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BIOLOGICAL VARIABILITY AND CHANCES OF ERROR 

The variability among individual animals in an experiment creates problems 
in interpreting the results. Although the cattle on treatment X may have had a 
larger average daily gain than those on treatment Y, variability within treatments 
may mean that the difference was not the results of the treatment alone. 
Statistical analysis lets researchers calculate the probability that such differences 
were from chance rather than treatment. 

In some of the articles that follow you will see the notation (P < .05). That 
means the probability of the observed differences resulting from chance alone is 
less than five percent. When two averages are said to be "significantly different," 
the probability is less than five percent that the difference is from chance -- the 
probability exceeds 95 percent that the difference results from the treatment 
imposed. 

Some papers will report the correlation between two treatments or traits. 
Correlations are a measure of the relationship between traits. The relationship 
may be positive (both traits tend to get bigger or smaller together) or negative 
(as one trait gets bigger, the other gets smaller). The perfect correlation is one 
(plus 1 or minus 1). If there is no relationship, the correlation is zero. Correlation 
does not necessarily mean cause and effect but rather gives us insight into potential 
relationships between traits. 

In other papers, you may see a mean (statistical average) given as 2.50.±_ 
.10. The 2.50 is the observed mean; .10 is the "standard error," associated with 
the mean. The standard error gives a range within which we can be 68 percent 
certain that the real population mean (e.e., the mean obtained if it were possible 
to sample an unlimited number of animals) would fall, in this case between 2.40 
and 2.60 (2.5 - .10 = 2.40 and 2.50 + .10 = 2.60). 

If all animals performed exactly the same under a given environment, only 
one animal per environment (treatment) would be required to test research 
objectives. This however, is far from reality and therefore necessitates that many 
animals be used in research. As the ability to control the environment decreases, 
the number of animals required to test a research objective increases. 

Many animals per treatment, replicating treatments several times with pens 
of animals and using uniform animals increases the probability of measuring the 
real differences resulting from treatment and thus overcoming animal variation. 
The statistical analysis allows more valid interpretation of the results with a 
limited number of animals. In nearly all of the research reported here, statistical 
analyses are included to increase the confidence you can place in the results. 

Dr. Jack Whittier 
Co-Editor 

Dr. Monty Kerley 
Co-Editor 
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HERITABILITIES AND GENETIC AND PHENOTYPIC CORRELATIONS 
INVOLVING GROWTH AND COMPOSITION TRAITS IN 

PERFORMANCE-TESTED BEEF BULLS 

D.W. Vogtl, T. Yamagishi2 and J.W. Massey1• 

SUMMARY 

Genetic and phenotypic parameters were estimated for five post-yearling 
growth and composition traits in Angus and Polled Hereford bulls. Data were from 
records collected in the Missouri Performance-Tested Bull Sale program over the 
10-year period from 1974 through 1983. Records were available on 587 Angus bulls 
and 552 Polled Hereford bulls representing 85 and 84 paternal half-sib sire groups, 
respectively. Heritabilities for fat free body weight (FFW), percent fat free body 
weight (FFP), backfat thickness (BF), 590-day body weight (W590) and 590-day 
withers height (H590) for Angus were 0.74, 0.56, 0.28, 0.96 and 0.82 respectively. 
Corresponding values for Polled Herefords were 0. 70, 0. 72, 0.30, 0.62 and 0.40. 
Genetic correlations were generally larger than corresponding phenotypic 
correlations in both breeds. In both breeds, FFW was positively genetically 
correlated with FFP, W590 and H590 but had a near zero genetic correlation with 
BF. Genetic correlations involving FFP were consistently negative with all trruts 
except FFW. Genetic correlations involving BF were negative except with W590 
and, in the Polled Hereford only, H590. W590 and H590 were highly positively 
genetically correlated in both breeds. 

INTRODUCTION 

Increased consumer demand for lean meat production emphasizes the need 
for development and use of accurate, non-destructive measures of leanness in live 
meat animals. The use of the 4°K Whole Body Counter has been shown to be 
useful in evaluating lean muscle mass in bulls (Frahm et. al., 1971; Rider et. al., 
1981). 

Information concerning the magnitude of genetic parameters involving 
measures of fat free body weight and fat free body percent has not yet been 
published. Such information is important in developing efficient selection programs 
aimed at the genetic improvement of these traits. 

The purpose of this study was to estimate the heritabilities of five post
yearling growth and composition traits as well as the genetic and phenotypic 
correlations between these traits in beef bulls 16 to 23 months of age. · 

:nepattment of Animal Sciences, University of Missouri-Columbia 
2Faculty of Agriculture, Tohoku University, Sendai, Japan 
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MATERIALS AND METHODS 

Data for this study were from the records of Angus and Polled Hereford bulls 
completing the Missouri Performance-Tested Bull Sale Program. Records were 
collected in the spring and fall seasons in the 10-year period from 1974 through 
1983. Traits considered included backfat thickness per 1345 lb. of body weight 
(BF), 590-day adjusted body weight (W590), 590-day adjusted wither height (H590), 
percent fat free body weight (FFP), and 590-day adjusted fat free body weight 
(FFW). These traits were measured at sale time. Prior to the sale, all bulls were 
either in the Missouri On-Farm Beef Performance-Testing Program or on test at 
Missouri Central Test Stations. In either case, testing was supervised by University 
of Missouri Extension Service personnel. Measurements of fat free body percent 
and weight were obtained via 4°K evaluations in the whole body counter at the 
University of Missouri in Columbia. Backfat thickness was measured by scanoprobe 
at a point between the 12th and 13th ribs, about 5-6 inches laterally from the 
backbone. 

For the purpose of statistical analyses, sires were grouped by year according 
to the year in which their progeny first appeared in the bull sale program. This 
was done to avoid biases from genetic trends occurring in bull herds. Bulls with 
missing data and sires with fewer than three progeny were excluded from the 
analyses. A total of 587 Angus bulls representing 85 sire groups and 552 Polled 
Hereford bulls representing 84 sire groups were used in the analyses. Variance and 
covariance components were estimated by a mixed model least squares procedure 
which considered the effects of sire group, sires within sire groups, year, season and 
station. Heritabilities and correlations were estimated using paternal half-sib 
procedures. 

RESULTS AND DISCUSSION 

Means and heritability estimates 

Least squares means and heritability estimates for the five traits are shown 
in table 1 for the two breeds separately. Although breed means for W590 and 
H590 were similar, Angus bulls were higher in FFW and FFP and lower in BF 
than Polled Herefords. Breed differences in these latter three traits were 
significant (P < 0.05). 

Heritabilities for FFW and FFP were consistently high in the two breeds. 
For FFW, heritability was calculated to be 0.74±0.17 and 0.70±0.16 for Angus and 
Polled Hereford, respectively. Corresponding estimates for FFP were 0.56±0.16 and 
0.72±0.16. The authors are aware of no previously reported estimates of the 
heritability of FFW and FFP. 

Heritability estimates for BF thickness were on the low-medium side and very 
consistent for the two breeds. These estimates were 0.28±0.13 and 0.30±0.14 ,for 
Angus and Polled Hereford groups, respectively. Previous reports (Simm et. al., 
1986; De Rose et. al., 1988) give estimates of the heritability of BF ranging from 
0.19 to 0.76. 

2 



Estimates of heritability for W590 were high and ranged from 0.62±0.17 in 
Polled Hereford to 0.96±0.18 in Angus bulls. Previously published (Shelby et. al., 
1955; Togashi, 1986) estimates of the heritability of post-yearling body weight at 
ages from 14 months to 2 years in beef breeds range from 0.30 to 0.84. Pres~nt 

estimates, then, are on the high side with the estimate for Angus exceeding the 
previously reported upper value. 

Heritabilities for H590, like those of W590, were high with estimates of 
0.82±0.17 and 0.40±0.15 being obtained for Angus and Polled Hereford bulls, 
respectively. Both estimates are within the 0.42 to 0.94 range reported in previous 
studies (Okamoto et. al., 1966; Togashi, 1986). 

Genetic and Phenotypic Correlations 

Genetic and phenotypic correlations among the five traits, for the two breeds 
separately, are shown in table 2. Phenotypic correlations involving FFW, FFP, 
W590 and H590 are generally moderate to high and positive (range 0.26 to 0.75) 
with the exception that correlations involving FFP with W590 and H590 are near 
zero to low negative (range 0.04 to -0.16). Corresponding estimates for the two 
breeds are very similar for all trait combinations. The authors are aware of no 
previously published correlations (phenotypic or genetic) involving FFW, FFP and 
BF with any of the other traits in this report. There are few reports of 
correlations involving post-yearling weight and height. In one such study (Nelson 
et. al., 1982), phenotypic correlations between mature weight and height ranged 
from 0.37 to 0.89 and averaged 0.77. A second publication (Zerbino et. al., 1983), 
reported the phenotypic correlation between body weight and hip height to be 0.59. 
In the present study, estimates of the phenotypic correlation between W590 and 
H590 were consistent (Angus= 0.34 and Polled Hereford= 0.35) but lower than those 
previously reported. 

Like the phenotypic correlations, genetic correlations involving FFW, FFP, 
W590 and H590 show medium to high and positive values (range 0.31 to 0.96), 
again with the exception that correlations involving FFP with W590 and H590 
consistently show low negative values ranging from -0.07±0.22 to -0.22±0.22. 
Genetic correlations of BF with these four growth t~aits vary considerably. Genetic 
correlations of BF with FFW and H590 generally were near zero (range 0.04 to 
-0.07) except in Polled Herefords in which the value between BF and H590 was 
0.40. Genetic associations between BF and W590 were high and positive (0.50 in 
Angus and 0.55 in Polled Herefords) while between BF and FFP they were high 
and negative (-0.96 in Angus and -0.75 in Polled Herefords). For W590 and H590, 
estimated genetic correlations of 0.51±0.15 and 0.96±0.17 were determined for 
Angus and Polled Hereford bulls, respectively. These values are similar to the 
value of 0.62 reported by Grabowski and Dymnicki (1974) for the genetic correlation 
between withers height and body weight in 5-8-year-old Polish Black and White 
cows. Generally good agreement was found between corresponding genetic 
correlations across breeds in all trait combinations except for the association 
between BF and H590 (i.e. -0.03 in Angus and 0.40 in Polled Herefords). 
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The medium to high heritabilities obtained in this study indicate that direct 
selection would be effective in modifying any of the traits concerned. The 
consistently high heritabilities of FFW and FFP suggest that rapid changes could 
be effected in the whole body lean mass:fat ratio in the live beef bull. 
Consideration of the genetic correlations among these five traits indicates that 
selection for FFW would simultaneously increase W590 and H590 but would have 
little effect on BF. On the other hand, selection for increased FFP would reduce 
not only BF but might reduce W590 and H590 as well. 

Table 1 

Trait 

FFW, lb. 

FFP,% 

BF, in. 

W590, lb. 

H590, in. 

Least squares means and heritabilities (h2) for the five post-yearling 
growth and composition traits. 

Breed1 Mean h.2 

AA 963.9±3.8 074:±ill7 
PH 944.5±5.5 <ID±ill6 

AA 70.5±0.4 Cffi:±ill6 
PH 68.7±0.6 ai2±Q16 

AA 0.25±0.2 aB±ill3 
PH 0.29±0.4 an±ill4 

AA 1368.2±4.9 Cffi±Q18 
PH 1371.3±6.8 cm±ill7 

AA 49.3±0.5 C&±ill7 
PH 49.2±0.5 on±ill5 

1AA=Aberdeen Angus; PH=Polled Hereford 

L-R: John Massey, Don Mobley, Homer Sewell, Ross Swofford, and Ken Anderson 
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Table 2. Genetic (rG) and phenotypic (rp) correlations involving the five post-yearling growth and composition traits. 

Breed1 Trait FFP BF W590 H590 
rG rp rG rp rG rp rG rp 

AA FFW .31±.20 .54 -.04±.31 -.04 .85±.05 .75 .46±.16 .31 
PH .56±.15 .56 -.07±.30 -.13 .68±.12 .73 .66±.22 .26 

AA FFP -.96±.49 -.25 -.16±.23 -.13 -.07±.22 .04 
PH -.75±.34 -.25 -.22±.22 -.16 -.20±.25 -.04 

AA BF .50±.28 .14 -.03±.30 .03 
U1 PH .55±.29 .05 .40±.36 -.09 

AA W590 .51±.15 .34 
PH .96±.17 .35 

1AA = Aberdeen Angus; PH = Polled Hereford 
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GENOTYPE X ENVIRONMENT INTERACTION IN POSTWEANING GROWTH 
AND CARCASS TRAITS IN BEEF CATTLE 

R. Garnaoui1, D.W. Voge and M.R. Ellersieck2 

SUMMARY 

Records on 201 crossbred steer and heifer calves at the North Missouri Center 
Agricultural Experiment Station were available to study breed x management 
system interaction effects on postweaning growth and carcass traits. Calves were 
produced by matings of Hereford cows to Brahman and Angus bulls and were born 
over the four-year-period from 1983 through 1986. Calves were reared together 
until weaning. At weaning, one-half of the progeny from each sire group were put 
in the feedlot and full-fed to slaughter. The remaining calves were wintered on 
roughage and subsequently pasture-fattened to slaughter. Traits studied included 
two postweaning growth traits and seven carcass traits. Considered in the analyses 
were the effects of year, management system, sex, breed, sire and interaction 
terms. Significant (P < .05) breed x management system interactions were obtained 
with average daily gain from weaning to slaughter and carcass quality grade. For 
all other traits, breed x management system interaction values were not significant 
(P>.05). 

INTRODUCTION 

Performance differences among animal breeds may vary from one management 
system to another. Breed ranking in performance can change in comparisons 
involving different management circumstances. Additionally, in the absence of a 
rank change, magnitude of the difference in performance among breeds may vary 
from one management system to another (a scale effect). In either event, such 
differences can indicate the existence of a genotype (the breeds) x environment (the 
management systems) interaction. 

Information generated by genotype x environment interaction studies has the 
potential to increase efficiency of beef cattle production by 10-15 percent (Livestock
Forage Review Committee, 1978). 

The objective of this study was to investigate possible genotype x environment 
interaction effects on postweaning growth and carcass traits of Brahman-sired vs 
Angus-sired calves under forage vs feedlot systems of management. 

1Depa1tment of Animal Sciences, University of Missouri-Columbia 
2Agriculture Experiment Station, University of Missouri-Columbia 
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MATERIALS AND METHODS 

Data for this study were from the records of 201 crossbred steer and heifer 
calves at the North Missouri Center Agricultural Experiment Station in Spickard. 
Calves were produced by matings of Hereford cows to Brahman and Angus bulls 
and were born over the four-year-period from 1983 through 1986. Cows were 
assigned to five or six (depending on year) breeding groups with reassignment each 
breeding season. Assignments were random with the restriction that dams of 
various ages were evenly distributed to each group. One sire was randomly 
assigned to each breeding group of females each year. A different set of three 
Angus and two or three Brahman bulls was used each year. Matings were by 
artificial insemination. 

Calves produced were reared together until weaning at about seven months 
of age. At weaning, one-half of the progeny from each sire group were put in the 
feedlot and full-fed to slaughter. The remaining progeny were wintered on 
roughage and subsequently pasture-fattened to slaughter. Females were 
slaughtered at 950-1000 pounds and steers at 1000-1050 pounds. 

Traits studied included average daily gain from weaning to slaughter (ADG), 
slaughter weight per day of age (SWT), hot carcass weight per day of age (HCWT), 
fat thickness per one hundred pounds of carcass weight (FT), ribeye area per one 
hundred pounds of carcass weight (REA), marbling score (MBS), percent kidney, 
pelvic and heart fat (KPH), carcass yield grade (CYG) and carcass quality grade 
(CQG). 

Data were analyzed by least squares analysis of variance with unequal subclass 
numbers. Preliminary analyses showed that age of dam effects had no significant 
(P > .05) influence on variation in any of the traits studied. The linear statistical 
model used to describe each trait, then, included the effects of year, management 
system, sex, breed, sire and their interactions. Variances for each source of 
variance were expressed as a percent of total variance to evaluate their relative 
contribution to the total variance. Of particular interest in these analyses was the 
interaction term, breed x management system. This term permits an evaluation 
of the significance of breed type (Angus vs Brahman) performance differences under 
the two management systems (feedlot vs forage). 

RESULTS AND DISCUSSION 

Table 1 shows least squares means, pooled across years and sexes, for ~he 
two postweaning growth traits and seven carcass traits. Two of the nine traits 
(ADG and CQG) had significant breed x management system interactions. Feedlot 
ADG's of Angus-sired calves were higher than those of Brahman-sired calves (2.21 
vs 2.10). But under the forage system, Brahman-sired calves gained faster than 
Angus-sired calves (1.3 vs 1.2). The magnitude of these differences and the change 
in breed rank from one system to the other was reflected in a highly significant 
(P < .01) breed x management interaction. Breed superiority in ADG, then, in part, 
is dependent upon the type of management system followed. 
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Carcass quality grades of Angus-sired calves were greater than those of 
Brahman-sired calves under both management systems. Feedlot carcass quality 
grades were 12.5 (12 = low choice) for Angus- and 11.4 (11 =top good) for 
Brahman-sired calves. Corresponding values for forage-fed calves were 9.5 
(9 =low good) for Angus- and 9.3 for Brahman-sired calves. While no change in 
breed rank occurred from one management system to the other, the relative size 
of these differences produced a significant (P < .05) breed x management 
interaction. However, this has less practical importance than interactions caused 
by rank changes since decisions regarding breed choice need not be made. 

For all other traits, breed x management system interaction values were 
not significant (P > .05). 

REFERENCES 

Livestock-Forage Review Committee. 1978. Recommended adjustments in 
livestock-forage research in the southern region. 24 pp. 

U.S.D.A. 1987. Standards for grades of slaughter cattle and standards for 
grades of carcass beef. Federal Register, 52:35679. 

Table 1. Least Squares Means Pooled Across Years and Sexes For The Two 
Postweaning Growth Traits and Seven Carcass Traits 

Management System 
Feedlot Forage 

Breed _lL _A_ _lL ___A_ 

ADG 2.10 2.21 1.30 1.20 
swr, lbs 1.99 2.05 1.47 1.51 
Hcwr, lbs 1.20 1.21 0.82 0.83 
FT, in .10 .09 .05 .05 
REA, sq in 1.83 1.84 1.91 1.93 
MBS2 5.18 5.98 4.03 4.25 
KPH,% 2.85 2.60 1.54 1.51 
CYG3 3.37 3.20 2.15 2.11 
COG4 11.4 12.5 9.3 9.5 

B - Brahman sired calves; A - Angus sired calves 
24 = Slight; 5 = Small; 6 = Modest 
3USDA, 1987 
49 = Good-; 11 = Good +; 12 = Choice 
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ASSOCIATIONS OF' SCROTAl .. CIRCUMFERENCE SIZE WITH SEMEN 
(}UALITY AND POTENTIAL BREEDING EFFICIENCY IN YEARLING 

POLLED HEUEF'ORD AND SIMMENTAL BULLS. 

K. Diwyanto1 and D.W. Voge 

SUMMARY 

Records on 532 Polled Hereford and 682 Simmental bulls were used to provide 
further information on the relationship of scrotal circumference (SC) with semen 
quality traits and potential breeding efficiency and to determine a minimum SC 
value compatible with fertility in yearling bulls of these two breeds. Data collected 
on Polled Hereford bulls were divided into 12 SC size groups and on Simmental 
bulls into 17 SC size groups. The number of groups reflects differences in range 
of SC sizes within the two breeds. Within breed comparisons were then made 
among the various SC size groups with regard to mean age, body weight, percent 
live sperm, sperm number, sperm concentration, sperm motility, and potential 
breeding efficiency score. Maximum age and body weight differences were 16 days 
and 100 lbs, respectively, for Polled Hereford bulls and 26 days and 174 lbs, 
respectively, for Simmental bulls. Differences in ages and weights are expected to 
be of little importance in interpretations of observed associations of semen quality 
level with SC size groups. Relatively rapid improvements in potential breeding 
efficiency and semen quality were shown by Polled Herefords in going from group 
1 ( < 30 em) to group 3 (31-31.9 em) and by Simmentals in going from group 1 ( < 30 
em) to group 5 (33-33.9 em). Polled Hereford SC values of 31-31.9 and Simmental 
SC values of 33-3~l9 were nearly equivalent in terms of potential breeding efliciency 
and semen quality ratings. These data suggest that 31 em in Polled Herefords and 
33 em in Simmentals can be used as minimal acceptable SC sizes compatible with 
fertility in yearling bulls of these two breeds. 

INTRODUCTION 

Positive associations of scrotal circumference (SC) size with measures of semen 
quality in yearling bulls have been shown in several studies (Mickelsen and Paisley, 
1979; Freer, 1979; Brinks, 1983; Gipson et al., 1985). Semen quality increases with 
increasing SC size in all breeds evaluated. 

Recommended minimum SC size compatible with fertility in 12- month-old beef 
bulls completing gain tests in performance test stations is 32 em (Coulter, 1980). 
Breed differences are not considered in this recommendation. 

A recent study by Gipson et al (1985) suggested that minimum acceptable SC 
size likely should be greater in Simmental than in Polled Hereford yearling bulls 
but additional data were required to determine what those minimum values should 
be. A more recent report (Diwyanto and Vof,rt, 1988) suggested that 32 em was 
acceptable as a minimum SC size compatible with fertility in yearling Angus bulls. 
Standard minimum acceptable SC sizes compatible with fertility need to be 
established for each breed as well as by age groups within breed. 

1Department of Animal Sciences, University of Missouri - Columbia 
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The objectives of this study are 1) to provide additional information on the 
relationship of SC with semen traits and potential breeding efficiency in Polled 
Hereford and Simmental yearling bulls and 2) to provide information relevant to 
establishing a minimum SC size compatible with fertility in yearling bulls of these 
two breeds. 

MATERIALS AND METHODS 

Data for this study were from the records of 532 Polled Hereford and 682 
Simmental bulls born and raised at Nichols Farms in Bridgewater, Iowa. Records 
were collected over a 7 year period (1978 through 1984) for Polled Herefords and 
over a 10 year period (1978 through 1987) for Simmental bulls. Data taken from 
the records included age, body weight, scrotal circumference (SC), percent live 
sperm, sperm number, sperm concentration, sperm motility and potential breeding 
efficiency score. All measurements were made at the conclusion of a 140-day full
feed postweaning test period that was completed in the spring of each year. 
Descriptions of these traits regarding their measurement and classifications of 
excellent through unsatisfactory are given in detail in an earlier report by Diwyanto 
and Vogt (1988). In this earlier report, results are given from a similar study using 
corresponding data on yearling Angus bulls. 

Data were divided into 12 and 17 SC size groups for Polled Hereford and 
Simmental bulls, respectively. Comparisons were then made, for the two breeds 
separately, among the SC size groups with regard to their mean age, body weight, 
percent live sperm, sperm number, sperm concentration, sperm motility and 
potential breeding efficiency scores. SC size (in ems) for the 12 Polled Hereford 
groups, beginning with group 1, were <30, 30-30.9, 31-31.9, 32-32.9, 33-33.9, 34-
34.9, 35-35.9, 36-36.9 37-37.9, 38-38.9, 39-39.9 and >40, respectively. Similarly, for 
the Simmental bulls, the 17 SC size groups (in ems) begin with < 30 and end with 
> 45, respectively. Within breed differences among SC size groups in mean age, 
body weight, percent live sperm, and sperm number were tested by the method of 
least significant difference (LSD). Within breed differences among SC size groups 
in sperm concentration, sperm motility and potential breeding efficiency score were 
tested by the method of row x column chi-square. 

RESULTS AND DISCUSSION 

Table 1 shows, for Polled Hereford and Simmental breeds separately, number 
of bulls and mean age, body weight, percent live sperm and sperm number for each 
SC size group. Maximum age difference among groups was 16 days (groups 1 or 
3 and 12) for Polled Hereford and 26 days (groups 1 and 17) for Simmental. 
Differences in mean age among SC size groups were significant (P < .05) in only 13.6 
percent and 25.8 percent of the comparisons in Polled Hereford and Simmental 
breeds, respectively. Maximum body weight differences 
among SC size groups was 100 lbs. (groups 1 and 12) for Polled Hereford and 174 
lbs. (groups 2 and 17) for Simmental. Significant (P < .05) differences in body 
weight between groups were observed in 29.2 percent of the comparisons in Polled 
Hereford and in 30.0 percent in Simmental groups. While in some group 
comparisons differences were significant (P < .05) for both age and body weight, 
those differences should be of little importance in interpretations of observed 
associations of semen quality level with SC size groups. In Polled Herefords, rapid 
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improvement in percent live sperm and sperm number occur until SC size reaches 
31-31.9 em while in Simmentals, rapid increases in these traits occur until SC size 
reached 33-33.9 em. Thereafter, steady but smaller increases in these semen 
quality traits are seen as SC size increases from 32 em to > 40 em in Polled 
Herefords and from 34 em to > 45 em in Simmental. 

Tables 2 to 4, respectively, show sperm concentration ratings, sperm motility 
ratings and potential breeding efficiency score (PBE) ratings for the 12 and 17 SC 
size groups in Polled Hereford and Simmental breeds. Among Polled Herefords, 
all bulls in group 1 (SC size < 30) had unsatisfactory sperm concentration, sperm 
motility and potential breeding efficiency ratings. Levels of satisfactory ratings, for 
all 3 traits, increased from 0 percent (group 1) to 60 percent and 93 percent in 
groups 2 (30-30.9) and 3 (31-31.9), respectively. Simmental bulls generally showed 
poor semen quality until SC size reached 33-33.9 em. In groups 1 ( < 30 em) and 
2 (30-30.9), no Simmental bulls were rated satisfactory with regard to the three 
traits. In groups 3 (31-31.9) and 4 (32-32.9), 29 percent and 50 percent, 
respectively, of the Simmental bulls were rated satisfactory in these three traits. 
In group 5 (33-33.9), 100 percent of the Simmental bulls had ratings of satisfactory. 
Relatively rapid improvements, then, in potential breeding efficiency and semen 
quality were shown by Polled Herefords in going from group 1 ( < 30 em) to group 
3 (31-31.9 em) and by Simmentals in going from group 1 ( <30 em) to group 5 (33-
33.9 em). Polled Hereford SC values of 31-31.9 and Simmental SC values of 33-
33.9 were nearly equivalent in terms of potential breeding efficiency and semen 
quality ratings. 

These data suggest that 31 em in Polled Hereford and 33 em in Simmentals 
can be used as minimal acceptable SC sizes compatible with fertility in yearling 
bulls of these two breeds. It should be recognized, however, that differences in SC 
size and associated semen quality may reflect, in part, differences in sexual 
maturity of these young bulls. It should also be remembered that SC size 
suggests a bulls potential breeding ability, it does not guarantee his success as 
a breeder. 
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'able 1. Mean age, body weight, percent live sperm, and sperm number by SC size group 

I 

"lllge in Percent Sperm 
~,em, & No. of Age Weight Live number** 
-xroup No.) bulls (days) (lbs) Sperm** (millions) 

PH. SM. PH SM PH SM PH SM PH SM 

. 30 (1) 9 1 375 363 1005 1049 oa 0 oa 0 

D-30.9 (2) 5 4 378 375 1063 1012 32b 58 620b 45" 

l-3I.g (3) 15 7 375 378 1010 1078 54c 21b 1046c 416"b 

2-32.9 (4) 26 8 383 378 1063 1076 55c 29c 1142c 574b 

3-33.9 (5) 58 9 377 365 1032 1078 61 d 60de 1419d 1161" 

1-34.9 (6) 96 16 380 373 1041 1034 65e 58d 1645c 1206d 

5-35.9 (7) 90 20 377 378 1054 1096 65e 62er 1699e 1410d 

3-36.9 (8) 110 59 384 376 1049 1065 67r 64r 1906r 1629<1 

7-37.9 (9) 61 49 384 375 1065 1098 69r 67g 2076g 1838c 

~-38.9 (10) 36 93 380 376 1069 1094 70r 67g 2069g 1907c 

l-39.9 (11) 17 103 376 381 1091 1091 69r 68gh 2121g 2049r 

l-1o_g ... (12) 9 82 391 381 1105 1109 70r 68gh 2472h 2073fg 

1-11.9 (13) 68 376 1078 6911 2176gh 

I 
··12.9 (14) 88 382 1124 6911 2240hi 

,~.43.9 (15) 26 385 1146 70h 2343; 
1ear 

1'14.9 (16) 30 380 1140 69h 2271; 

15 (17) 19 389 1186 70h 2418; 

~~ === Polled Hereford; SM = Simmental 
~ tthin breed mean percent live sperm and sperm number with no superscript in common 
~ er significantly (P < .05). 

Ot PH, 40-40.9 .2:. 40. 
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Table 2. Sperm concentration ratings by SC size group. 

Sperm concentration •• 

Range in 
SC (em) 

Polled Hereford Simmental 

Group" EX G+ G G- F UN Group • Ex G+ G G- F 

< 30 18 0 0 0 0 0 9 1 0 0 0 0 0 

30-30.9 28b 0 0 1 0 2 2 28 0 0 0 0 0 

31-31.9 3b 0 0 8 4 2 1 38 0 1 0 1 0 

32-32.9 4bc 2 3 9 4 7 1 48 0 0 2 0 2 

33-33.9 5c 19 10 18 5 5 1 5b 0 0 6 3 0 

34-34.9 6d 53 15 24 3 1 0 6b 1 3 9 2 0 

35-35.9 7d 57 8 23 0 2 0 7c 5 9 6 0 0 

36-36.9 8e 90 8 12 0 0 0 8d 32 11 16 0 0 

37-37.9 9e 57 2 2 0 0 0 9de 37 6 6 0 0 

38-38.9 10e 34 1 1 0 0 0 10e 69 17 7 0 0 

39-39.9 u e 16 1 0 0 0 0 ur 89 13 1 0 0 

40-40.9 ... 12e 9 0 0 0 0 0 12f 76 4 2 0 0 

41-41.9 13f 84 4 0 0 0 

42-42.9 14f 65 2 1 0 0 

43-43.9 15f 30 0 0 0 0 

44-44.9 16f 25 1 0 0 0 

> 45 17f 19 0 0 0 0 

Within breed groups with no superscripts in common differ significantly (P < .05) . 
.. Ex = Excellent; G+ = Good plus; G = Good; G- = Good minus; F = Fair; Un= Unsatisfact 

... For PH, 40-40.9 _?_ 40. 
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rable 3. Sperm motility ratings by SC size group 

~ge in 
Sperm motility .. 

.....-'.\C (em) 

Polled Hereford Simmental 
_.; 

Group· Ex G + G G- F Un Group • Ex G+ G G- F Un 
_.; 

' 30 la 0 0 0 0 0 9 1 0 0 0 0 0 1 

10-30.9 2ab 0 0 1 0 2 2 28 0 0 0 0 0 4 

11-31.9 3b 0 0 8 4 2 1 38 0 1 1 0 0 5 

12-32.9 4bc 2 3 9 2 9 1 48 0 0 2 0 2 4 

13-33.9 5c 16 10 21 5 5 1 5b 0 0 7 2 0 0 

14-34.9 6d 48 11 34 2 1 0 6b 1 2 11 1 0 1 

:s-35.9 7d 51 7 30 0 2 0 7c 5 6 9 0 0 0 

'6-36.9 8e 83 7 20 0 0 0 8d 25 10 24 0 0 0 

'7-37.9 9e 56 1 4 0 0 0 9de 37 4 8 0 0 0 

~-38.9 lOe 34 1 1 0 0 0 10c 63 14 16 0 0 0 

9-39.9 11e 16 1 0 0 0 0 11f 82 14 7 0 0 0 

0-40.9*** 12e 9 0 0 0 0 0 12f 70 4 8 0 0 0 

1-41.9 13f 84 4 0 0 0 0 

2-42.9 14f 63 2 3 0 0 0 

) 
3-43.9 15f 30 0 0 0 0 0 

) 
i-44.9 16f 24 1 1 0 0 0 

) 45 17f 19 0 0 0 0 0 

·~ithin breed groups with no superscripts in common differ significantly (P < .05). 
1cta}f X :::: Excellent; G+ = Good plus; G = Good; G- = Good minus; F =Fair; Un = Unsatisfactory. 

or PH, 40-40.9 ~ 40. 
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Table 4. Potential breeding efficiency ratings by SC size group 

Potential Breeding Efficiency •• 

Range in 
SC, (em) 

Polled Hereford Simmental 

Group· Ex G+ G G- F Un Group • Ex G+ G G- F I 

< 30 p 0 0 0 0 0 9 1 0 0 0 0 0 

30-30.9 2ab 0 0 1 0 2 2 2" 0 0 0 0 0 

31-31.9 3b 0 0 7 4 3 1 3" 0 1 1 0 0 

32-32.9 4bc 2 3 8 3 9 1 4" 0 0 2 0 2 

33-33.9 5c 17 9 29 4 5 1 5b 0 0 6 3 0 

34-34.9 6d 51 15 26 3 1 0 6" 1 4 9 1 0 

35-35.9 7d 53 8 27 0 2 0 7c 7 7 6 0 0 

36-36.9 8e 86 9 15 0 0 0 8d 28 13 18 0 0 

37-37.9 9e 57 1 3 0 0 0 9de 37 6 6 0 0 

38-38.9 lOe 34 1 1 0 0 0 lOe 68 17 8 0 0 

39-39.9 n e 16 1 0 0 0 0 llf 89 12 2 0 0 

40-40.9*** 12e 9 0 0 0 0 0 12f 76 4 6 0 0 

41-41.9 13f 84 4 0 0 0 

42-42.9 14r 65 2 1 0 0 

43-43.9 15f 30 0 0 0 0 

44-44.9 16r 25 1 0 0 0 

> 45 17r 19 0 0 0 0 

Within breed groups with no superscripts in common differ significantly (P < .05). 
··Ex = Excellent; G+ = Good plus; G = Good; G- = Good minus; F=Fair; Un = Unsatisfact1 

···For PH, 40-40.9 ~ 40. 
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YEARLING ADJUSTMENTS FOR PELVIC 
AREA OF TEST STATION BULLS 

Mike Siemens 1, Angie Siemens2· 

Jerry Lipsei and Gene Deutscher3 

SUMMARY 

Angus, Simmental and Polled Hereford yearling test station bulls were 
measured to obtain pelvic area. These measurements were collected at the 
conclusion of 21 tests in Missouri, Nebraska, Virginia, and Wisconsin. Bulls 
included in the analysis were 300 to 450 days old and 700 to 1430 pounds. 
Adjustment factors for age and for weight were calculated so that adjusted yearl~ng 
pelvic area could be determined. Adjusted pelvic size could be compared by ratios 
and perhaps by expected progeny differences. 

INTRODUCTION 

Calving ease problems continue as a major factor in production 
profitability. A recent survey indicates that Missouri cattle producers report about 
20% assisted births with first calf heifers. Several technical reports show that 40% 
of first calf heifers will experience dystocia and more than one-half require 
assistance. Calf death losses at or shortly after birth are reported at 5 to 8%. 

Aside from abnormal birth positions, one of the major factors of dystocia 
is disproportionality between fetal size and pelvic opening. Most research indicates 
that calf birth weight accounts for most of the variation in calving problems, and 
genetic selection that reduces the incidence of large weights must be considered. 
Scientists and producers agree that in terms of single trait modification, reducing 
birth weight is most effective in decreasing dystocia. 

Numerous researchers have reported that the relationship between pelvic 
area and calving ease is not great (Bellows et al., 1971; Laster et al., 1973; Laster, 
1974; Neville et al., 1978). Generally, larger females tend to have a large pelvic 
Rize and heavier calves at birth. Selection for pelvic size without regard for birth 
weight has not improved calving ease scores. 

Sire selection may provide an opportunity to break this apparent birth 
weight-pelvic size biological bond that clouds our management of dystocia. 
Identification of bulls with low birth weight EPD's and above average pelvic size 
could reduce calving ease problems directly and from a maternal aspect. Because 
the heritability of skeletal traits and birth weight are moderate to high, concurrent 
selection should be effective. 

1Animal Science Department, University of Missouri - Columbia 
~Food Science & Nutrition Department, University of Missouri - Columbia 
3University of Nebraska, North Platte 
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PROCEDURES 

Data were collected at 21 tests at 13 test stations from 1983 to 1989. 
The Krautmann - Litton Hydraulic Cylinder or Rice Pelvimeter were used to 
measure pelvic height and width (pelvic area = pelvic height x pelvic width) by 
rectal palpation. Only bulls 300 to 450 days old and 700 to 1430 pounds were 
included in the dataset. Simmental, Polled Hereford, and Angus were analyzed 
separately. Pooled within location regression analyses were performed within each 
breed to determine age or weight coefficients. 

RESULTS 

Adjustment factors for pelvic size are displayed in tables 1 and 2. 
Although we have recorded measurements for 8 breeds, only Polled Herefords, 
Simmentals and Angus provided sufficient numbers for confident estimates. 

TABLE 1. AGE ADJUSTMENT FACTORS FOR 
PELVIC AREA OF YEARLING BULLSa 

Breed 

Polled Hereford 
Simmental 
Angus 

Number used 

233 
213 
410 

aFor bulls 300 to 450 days of age. 

Adjustment, em/day 

.293 

.251 

.225 

TABLE 2. WEIGHT ADJUSTMENT FACTORS FOR 
PELVIC AREA OF YEARLING BULLSa 

Breed 

Polled Hereford 
Simmental 
Angus 

Number used 

105 
282 
588 

8 For bulls 700 to 1430 pounds. 

IMPLICATIONS 

Adjustment, cm/lb 

.108 

.100 

.066 

The ratio of calf birth weight to pelvic area is the major factor in describing 
the incidence of dystocia. Since pelvic area is highly heritable (Nelsen et al., 1986), 
modification of pelvic area through selection of superior animals can be quickly 
realized. This experiment further enables research to be conducted to determine 
if selection of sires, who are above average in their pelvic area size and are 
genetically low for birth weight, can reduce incidence of calving problems. 
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The following examples demonstrate use of these adjustments: 

Situation A. Angus bull, 310 days old, 1050 pounds 
13.5 em (vertical), 12 em (horizonal) 

Current PA = 13.5 x 12 = 162 sq em 

Yearling PA = 162 + .225 (365 - 310) 
= 162 + 12.4 
= 174.4 sq em 

1200 pound PA = 162 + .066 (1200 - 1050) 
= 162 + 9.9 
= 171.9 sq em 

Situation B. Simmental bull, 384 days old, 1410 pounds 
15.4 em. (vertical), 13.1 (horizonal) 

Current PA = 15.4 x 13.1 = 201.7 sq em 

Yearling PA = 201.7 + .251 (365 - 384) 
= 201.7 - 4.8 
= 196.9 sq em 

1200 pound PA = 201.7 + .100 (1200 - 1410) 
= 201.7 - 21.0 
= 180.7 sq em 
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PARTURITION IN BEEF HEIFERS FOLLOWING ADMINISTRATION OF 
PORCINE RELAXIN 

Russ Anthony1, Robert Caldwell, Robert Bellows2 and Jeff Hall3 

SUMMARY 

Intracervical administration of porcine relaxin (pRLX) to beef heifers at 5 days 
(d) prepartum has been reported to shorten gestation length, induce cervical 
dilation and increase pelvic area. Our objective was to determine if intramuscular 
(im) administration of pRLX (3000 U) at either 7 (R7) or 4 (R4) d before expected 
parturition could alter the physical changes that occur during the immediate 
precalving period, and reduce the incidence and severity of calving difficulty in beef 
heifers. Average gestation length tended to be shorter (P = .08) for control heifers 
(282.9 d) when compared to treated heifers (285.5 and 285.6 d; R4 and R7, 
respectively). Calving difficulty score (1 to 4) tended to be greater (P = .08) for R4 
and R7 heifers (1.75 and 2.04, respectively) than control heifers (1.30), but the 
incidence of calving difficulty and retained placentae were not different (P>.10). 
Cervical diameter, cervical softness score, pelvic measurements and vulva opening 
length during the precalving period were not affected (P > .1 0) by treatment, but all 
of these characteristics changed over time. We conclude that im administration of 
pRLX (3000 U) does not effectively alter precalving characteristics of beef heifers. 

INTRODUCTION 

Calf death caused by calving difficulty is a major causative factor in a reduction 
in net calf crop. Calving difficulty is most prevalent in first-calf heifers, calving at 
two years of age. The disproportion between calf birth weight and dam pelvic area 
is considered a major contributing factor to calving difficulty, however less than 50% 
of the incidence of calving difficulty can be accounted for by physical measurements 
of the calf and dam. Recent research has also implicated improper hormonal 
preparation for the event of parturition as a causative factor. 

Relaxin is a polypeptide hormone produced primarily during pregnancy, but as 
yet is essentially uncharacterized in cattle. In other species it has been shown' to 
be involved in: cervical dilation, relaxation of the pelvic girdle, inhibition of uterine 
contractility and stimulation of uterine growth. Intracervical administration of 
porcine relaxin (pRLX) to pregnant beef heifers 4 or 5 days before expected 
parturition, induced cervical dilation and increased pelvic area (Perezgrovas and 
Anderson, 1982; Musah et al, 1986a,b). Additionally pRLX has reduced the 
incidence of retained placentae following prostaglandin or dexamethasone induced 
parturition (Musah et al, 1987). 

1Russ Anthony, Department of Animal Science, University of Missouri - Columbia 
2Robert Caldwell and Jeff Hall, Graduate Students, University of Missouri - Columbia 
3Robert Bellows, Research Physiologist, USDA-ARS Fort Keogh Livestock and Range Research 
Laboratory, Miles City, MT. 
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The objectives of this research were to determine the effectiveness of 
intramuscular pRLX administration to first-calf heifers in reducing the incidence of 
calving difficulty, and its influence on physical changes of the dam during the 
precalving period. 

PROCEDURES 

Thirty-six crossbred heifers were bred by artificial insemination to a single 
Gelbveih sire, to calve at approximately two years of age. Expected parturition was 
determined to be 285 d of gestation, based on performance data of the sire. The 
heifers were randomly assigned to one of three treatment groups: one group (C; 
N = 15) served as untreated controls, a second group (R4; N = 11) received 1.0 mg of 
pRLX intramuscularly (im) in phosphate-buffered saline (PBS) 4 d before expected 
parturition, and a third group (R7; N = 10) received 1.0 mg of pRLX im in PBS 7 
d before expected parturition. The pRLX (UMC-R-P8) purified in our laboratory, 
was determined to have "3000 U jmg of biological activity by the mouse interpubic 
ligament assay, determined both before and after experimental use in cattle. 

Beginning 10 d before expected parturition, within 2 hours (h) of calving and 
through 2 d postpartum, daily physical measurements and scores were collected on 
all heifers. Pelvic measurements were obtained using a Rice pelvimeter. External 
length of the vulval opening was measured using a sliding caliper, and cervical 
diameter was estimated by rectal palpation. Cervical softness was scored from 1 
(firm and non-pliable) to 4 (soft and very pliable) via rectal palpation. 

At parturition calving difficulty was scored from 1 (no difficulty) to 4 (extreme 
difficulty or cesarean section), and calf vigor was scored on a scale of 1 (alive and 
vigorous) to 3 (dead). Within 2 h of parturition, calf birth weight and maternal 
measurements and scores were determined. Placentae were classified as retained 
if they had not been expelled within 24 h of parturition. Daily maternal 
measurements continued until 2 d postpartum. 

RESULTS 

Heifers assigned to the two pRLX treatment groups (R4 and R7) received 
treatment at either four or seven d before expected parturition. Actual elapsed 
time from treatment to calving was 4.81 :t 1.3 d and 6.86 :t 1.33 d for R4 and R7 
heifers, respectively. 

Pelvic height and width measurements and calculated pelvic area were not 
affected (P".10) by pRLX treatment, nor were the changes over time relative to 
calving in these characteristics affected by pRLX administration. Both pelvic height 
and pelvic area (Fig. 1) changed (P,.01) over time relative to calving, but pelvic 
width did not (P".10). 
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FIGURE 1. Changes in Pelvic Area, Vulva Length, Cervical 
Diameter and Cervical Score Relative to the Time of 
Calving. None of these variables were influenced by 
pRLX treatment. 
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Heifers carrying male calves tended (P = .06) to have greater pelvic height 
measurements (18.7 ± 0.26 vs 18.0 ± 0.21 em) than did heifers carrying female 
calves, but pelvic width (15.2 ± 0.25 vs 15.2 ± 0.21 em) and pelvic area (283.4 ± 6.9 
vs 274.0 ± 5.5 cm2) did not differ (P~ .10) by sex of calf (male vs female). 

Daily determinations of vulva length, cervical diameter and cervical softness 
score are also presented in Fig. 1. None of these variables were affected (P~. 10) 

by pRLX treatment or calf sex. All of these variables changed (P,.01) over time 
relative to calving, but these changes over time were not affected (P ~. 10) by pRLX 
administration or calf sex. 

Data obtained at the time of calving, as influenced by pRLX treatment, are 
presented in Table 1. Gestation length tended (P = .08) to be shorter for C heifers 
compared to R4 and R7 heifers, and male calves tended (P = .07) to gestate longer 
than female calves (286.1 :t 1.15 vs 283.3 :t 0.98 d). Calf birth weight was not 
affected by pRLX treatment, however male calves were heavier (P,.05) at birth 
than were female calves (94.3 :t 3.4 vs 81.4 ± 3.0 lbs.). Calf vigor score was not 
affected (PA.10) by treatment or calf sex. 

TABLE 1. DATA OBTAINED AT THE TIME OF CALVING. 

TreatmentError Mean 
Item C (N = 15)R4 (N = ll)R7 (N = 10)Square 

Gestation length, d 282.9285.5285.616.4* 

Calf birth weight, lb 39.7 37.6 42.040.6 

Calf vigor score" 1.08 1.25 1.17 .33 

Calvin~ difficulty 1.31 1.75 2.04 .77* 
score 

Incidence of calving 20.0 45.4 60.0 
difficulty, % 

Incidence of retained 0.0 9.1 10.0 
placentae, % 

"Calf vigor was scored from 1 (alive and vigorous) to 3 (dead). 
bCalving difficulty was scored from 1 (no difficulty) to 4 (extreme 

difficulty or cesarean section). 
*P,.10. Orthogonal contrast of C vs R4 + R7 for gestation length and 

calving difficulty score. 
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Severity of calving difficulty (Table 1) tended (P = .08) to be less for C heifers 
when compared to R4 and R7 heifers, but the incidence of calving difficulty (20.0 
vs 52.4%, C vs R4 + R7) was not statistically different (PA.10). Calf sex did not 
influence (PA.10) either severity (1.70 :1: 0.22 vs 1.58 :1: 0.19; male vs female) or 
incidence (33.0 vs 42.8%; male vs female) of calving difficulty. The incidence of 
retained placentae was not affected (PA.10) by pRLX treatment or calf sex. 

In conclusion, administration of 1.0 mg pRLX ( A3000 U /mg) by im injection at 
either 4 or 7 d before expected parturition did not favorably change calving events 
in beef heifers. These data are in contrast to earlier reports by Musah et . al. 
(1986a,b; 1987). The reason for these discrepancies is not readily apparent, but 
may be related to route and/or timing of administration of the pRLX. We chose 
im administration over intracervical infusion because of its ease and greater 
applicability to typical beef herds. Relaxin likely plays an important role during the 
precalving period in cattle, but concise interpretation of its role requires further 
investigation and the characterization of bovine RLX. 
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OXYTOCIN-INDUCED RELEASE OF PROSTAGLANDIN F 2a (PGF2a). 
IN POSTPARTUM BEEF COWS: COMPARISON OF SHORT 

VERSUS NORMAL LUTEAL PHASES 

W.G. Zoellers, Jr. 1 H.A. Garverick2 and M.F. Smith2 

SUMMARY 
The first postpartum ovulation after early weaning of calves (30 to 35 days 

of age) from cows is normally followed by a short estrous cycle unless the animals 
are pretreated with a progestogen (e.g., norgestomet). Reduced luteal lifespan in 
cattle is reportedly due to the premature release of a luteolysin, presumably PGF 2a. 

Inhibition of this release may prevent short estrous cycles and thus, decrease the 
interval from calving to conception. The objective of this experiment was to 
determine if the oxytocin-induced release of PGF2a (measured by the stable PGF2a 

metabolite, PGFM) from the uterus is greater for postpartum cows exhibiting short 
compared with normal luteal phases on day 5 postestrus. Thirty postpartum beef 
cows were randomly allotted into three groups (n = 10/group) expected to have 
short (Short d 5) or normal (Normal d 5 and Normal d 16) luteal phases. On day 
5 (Short d 5 or Normal d 5) or day 16 (Normal d 16) following first postpartum 
estrus, each animal was injected (I.V.) with 100 I.U. oxytocin. Mean concentration 
of PGFM increased (P < .01) following oxytocin injection in the Short d 5 and 
Normal d 16 groups, but not in the Normal d 5 group. Concentration of PGFM 
after oxytocin injection was greater (P < .01) on day 5 following the first postpartum 
estrus for cows having a short compared to a normal luteal phase. Furthermore, 
the oxytocin-induced release of PGF2a on day 5 of a short estrous cycle and day 16 
of a normal estrous cycle was similar. In summary, the uterus has a greater 
potential to release PGF2a in response to oxytocin earlier during the estrous cycle 
in cows exhibiting subnormal luteal function. 

INTRODUCTION 

The corpus luteum is an endocrine gland responsible for secreting 
progesterone and thus, regulating the length of the estrous cycle and gestation. 
Corpora lutea with short lifespans have been detected in post-partum cows 
following the early weaning of calves from cows and gonadotropin-induced ovulation 
during the early postpartum period. Subnormal luteal function is associated with 
infertility. Although the physiological relevance of a short-lived corpus luteum is 
unclear, a transient rise in progesterone appears to assist in initiation of normal 
estrous cycles. Previous studies indicate that subnormal luteal function in the 
postpartum beef cow is due to a premature luteolytic influence by the uterus. Our 
objective was to determine if oxytocin-induced release of PGF2a (measured by the 
stable PGF 2a metabolite, PGFM) was greater for cows having a short compared to 
a normal luteal phase on day 5 following the first postpartum estrus (day 0). 

1Graduate Student, University of Missouri - Columbia 
2Department of Animal Science, University of Missouri - Columbia 
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PROCEDURES 

Thirty mature, crossbred beef cows were randomly assigned at parturition 
into three groups (n = 10/group) expected to have short (Short d 5) or normal 
(Normal d 5 or Normal d 16) luteal phases. Cows in the Normal d 5 and d 16 
groups received norgestomet implants inserted into the ear for 9 days beginning 21 
to 23 days postpartum. Calves were weaned from cows in the Short d 5 group at 
30 to 35 days postpartum and from cows in the Normal d 5 and Normal d 16 
groups at implant insertion. Animals were observed for estrus twice daily from 
parturition until the end of the experiment. Blood was collected from each cow via 
jugular venipuncture three times weekly from parturition to weaning and daily 
from weaning to second estrus for determination of progesterone in serum. On day 
5 (Short d 5 and Normal d 5) or day 16 (Normal d 16) following first estrus, each 
animal was injected (iv) with 100 IU oxytocin. Blood was collected every 15 
minutes for 1 hour before oxytocin injection and every 15 minutes for 4 hours after 
injection for measurement of PGFM in serum. 

RESULTS AND DISCUSSION 

Estrous cycle length (x ± SE) was shorter (P < .01) for the Short d 5 group 
(8.7 ± .3) compared with the Normal d 5 (20.9 ± .6) and Normal d 16 (21.2 ± .3) 
groups. Mean concentration of progesterone was similar for all groups from day 0 
to day 5, but was lower (P < .01) by day 6 for the Short d 5 group compared with 
the other groups. Progesterone decreased thereafter to estrus in the Short d 5 
group and increased similarly in the Normal d 5 and d 16 groups and remained 
elevated until luteolysis (Figure 1). 
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Figure 1. Mean concentration of progesterone during the first postpartum estrous cycle in beef cows. 
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Mean concentration of PGFM increased similarly (P < .01) over preinjection 
concentration at 1 and 2 hours following oxytocin injection for cows in the Short 
d 5 and Normal d 16 groups (Figure 2). Mean concentration of PGFM did not 
change after oxytocin injection in the Normal d 5 group (Figure 2). Concentration 
of PGFM for the first and second hour following injection of oxytocin in the Short 
d 5 and Normal d 16 groups was higher (P<.01) than in the Normal d 5 group. 
This comparison provides evidence that a premature release of PGF2a may be 
responsible for short luteal phases, since oxytocin induced a release of PGF2a on 
day 5 of a short, but not a normal estrous cycle. Furthermore, the oxytocin
induced release of PGF2a on day 5 of a short cycle was similar to the oxytocin
induced release of PGF 2a at the normal time of luteolysis. 
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Figure 2. Mean concentration of PGFM in beef cows prior and subsequent to injection of 100 IU 
oxytocin on day 5 or day 16 following the first postpartum estrus. Hour 0 denotes the base period 
and includes the mean concentration of all samples taken prior to the oxytocin injection. Hours 1, 
2, 3 and 4 represent the mean concentration of all samples taken during the respective time periods 

following oxytocin injection. 

Since gestation length is approximately 285 days, a cow must return to 
estrus and conceive within 80 days following parturition to maintain a 12 month 
calving interval. Although the average interval from calving to first estrus is 
reported to be about 60 days, numerous 2 and 3 year old cows have a postpartum 
interval which exceeds 80 days. There have been numerous attempts to decrease 
postpartum interval length by hormonally inducing ovulation. Unfortunately, 
hormonal induction of ovulation frequently results in subnormal luteal function and 
pregnancy failure. The results of the study suggest that subnormal luteal function 
may be due to a premature release of PGF2a. Inhibition of this release may 
prevent short estrous cycles and therefore, increase the number of animals which 
conceive following hormonal induction of ovulation. 
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THE EFFECT OF THE ENDOPHYTE FUNGUS IN TALL FESCUE ON 
NUTRIENT UTILIZATION BY SHEEP AND CATTLE 

John Paterson and Monty Kerley1 
Greg Aldrich, Kyle Grigsby, Todd Rhodes, Jess Miner, Scott Hannah and Ken 

Turner2 

SUMMARY 

Tall fescue is the foundation forage for cattlemen in much of the 
Southeastern United States (22% of the US cow herd). Its' economic value is 
based on its tolerance to heavy grazing and ability to support excellent gains 
in cattle during the spring and fall. However, much of the fescue is infected 
with an endophytic fungus that results in decreased animal productivity. A 
consistent negative effect of the fungus is that it causes a reduction in dry 
matter intake, which impairs performance. Our laboratory has used the 
concentration of an ergot-like alkaloid (ergovaline) in tall fescue as a measure 
of the quantity of the endophytic fungus present. Research efforts have been 
aimed at understanding how the fungus influences nutrient utilization, 
blood flow to various organs, heat dissipation and changes in forage intake 
and how these factors then impact animal performance. 

When ergovaline concentration in the diet averaged 3.0 ppm, dry 
matter intake decreased, but flow of digesta through the intestinal tract 
increased and resulted in depressed fiber digestion. Ergovaline consumption 
caused a reduction in blood flow to the skin and the coronary band of the 
hoof compared to an ergovaline-free diet. Additionaly, core, rectal and skin 
temperatures were elevated when lambs consumed this diet. 
Supplementing the endophyte-infected diet with an antagonist increased 
blood flow to a level similar to that observed for animals consuming an 
endophyte-free diet. However, the antagonist did not reduce core body 
temperatures. Voluntary dry matter intake of the endophyte-infected diet 
was increased when the antagonist was fed. The amount of perspiration 
measured from lambs consuming the endophyte-infected diet was 40% less 
( 29.9 vs 50.5 g/m2/h) than for lambs consuming the endophyte-free diet. 
The average heat of production was 18% less (174 vs 212 kcal/h) for lambs 
consuming the endophyte-infected diet. 

A continuing objective has been to develop management strategies to 
maintain forage intakes at as high a level as possible during midsummer. 
Spraying tall fescue with a plant growth regulator, Mefluidide, prevented 
seedhead formation and extended tall fescue quality into June and July. 
Voluntary forage intakes were improved by more than 50% and steer gains 

1 Professor and Assistant Professor; respectively 
2 Graduate students; UMC 
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were improved by an average of 25% when consuming treated tall fescue 

forage. Complementary grazing of endophyte-free tall fescue and big 

bluestem was compared to season-long grazing of endophyte-infected or 

endophyte-free tall fescue. Forage intakes were 18 % greater when animals 

were assigned to the complementary system compared with steers grazing 
endophyte-infected tall fescue. 

Cow and calf performance were compared from May until September 

when pairs grazed endophyte-infected tall fescue (Kentucky 31), endophyte

free fescue (Mozark) or orchardgrass pastures. Cows grazing endophyte

infected pastures lost 137 lbs of weight compared with an average weight loss 

of 62lbs for the other treatments. Milk production was reduced by 30% for 

cows grazing Kentucky 31 compared with cows grazing Mozark or 

orchardgrass pastures. Weaning weights were approximately 50 lbs lighter 

for calves from the KY-31 treatment. Surprisingly, these calves did not show 

compensatory growth 60 days post-weaning when allowed to graze alfalfa 

pasture. 

INTRODUCTION 

Tall fescue is a major grass cultivar in the United States (35 million ac) 

and grows between the latitudes of Indiana and Georgia and meridians of 

eastern Kansas and the eastern edge of the Appalachian mountains (Siegel et 

al., 1984). This perennial grass has many desirable agronomic characteristics 

including a wide range of adaptation, ease of establishment, tolerance to 

heavy grazing pressure and ability to withstand an extended grazing season 

(Studeman and Hoveland, 1988). Unfortunately, several animal disorders 

associated with grazing tall fescue pastures or consuming hay diets have been 

identified. These disorders have generally been grouped under a general, 

descriptive condition termed "fescue toxicosis". Symptoms of summer 

fescue toxicosis syndrome include reduced growth and conception rates, 

decreased feed intake, rough hair coat, elevated "core" body temperature, 

rapid respiration rate, increased heart rate, excessive salivation and urination 

and reduced skin temperature (Jacobson and Hatton, 1973; Hernpken et al., 
1984). . 
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The reason for reduced animal performance when consuming tall 
fescue has been attributed to anti-quality compounds produced by a fungus 
found in the forage. This endophytic fungus (Acremonium coenophialum) 
exists in the plant leaves, leaf sheaths, flowering stems and ovary wall and 
seed (Hinton and Bacon, 1985). The fungus does not affect the appearance of 
the plant and requires an enzyme linked immunosorbent staining assay or a 
high performance liquid chromatography method for determining presence 
in the plant. These antiquality compounds are considered to be alkaloids and 
are classified in three categories: (1) the diazaphenanthrene group; (2) the 
pyrrolizidine group and the (3) ergot group (Bush and Burris, 1988). It has 
been suggested that from the ergot group of alkaloids, ergovaline and 
ergovalaline are the most prominent (Porter and Betowski, 1979; Porter et al., 
1980). These compounds, once ingested, have been reported to cause a wide 
spectrum of metabolic changes including hyperthermia, salivation, reduced 
milk production and vasoconstriction of blood vessels (Bacon et al., 1986); all 
symptoms of summer toxicosis. 

Although the exact mechanism of action is still unclear, reduced 
nutrient intake and impaired metabolism caused by the fungus appear to 
contribute to reduced animal productivity. It has been suggested that both 
high ambient temperatures and the presence of antiquality compounds in tall 
fescue are necessary for inducing the summer syndrome (Hempken et al. 
,1981). High temperatures apparently increase the animal's sensitivity to the 
antiquality compounds. Other research has suggested that increased 
environmental temperatures in combination with ingestion of toxins result 
in decreased flow of blood to the skin (Yates et al., 1979) and increased rectal 
and inner body temperatures (Jacobson et al., 1963). Behavioral observations 
suggest that these effects can reduce the total time and (or) time during the 
day when animals graze pastures (Bond et al. 1984; Hannah, 1988 and Turner, 
1989) leading us to speculate that reduced weight gain may be a direct result of 
reduced forage intake (Julien et al., 1974; Jackson et al, 1984; Cordes et al., 
1988). 

Nutrient Utilization Studies 

The Effect of Increasing Levels of Endophyte-Infected Tall Fescue Seed on 
Diet Digestibility 

Two experiments were conducted with lambs to determine the effects 
of increasing the level of dietary endophyte on changes in diet digestibility 
and ruminal parameters. For these studies, the concentration of ergovaline 
was used as an indicator of the presence of endophyte-fungus in the seed. 
Incr~~sing the level of ergovaline in the diet was accomplished by increasing 
the proportion of infected seed in the diet fed to the lambs. 
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For the first experiment, lambs were fed diets containing 0, 25 or 50% 
infected tall fescue seed (corresponding to 0, 1.5 and 3.0 ppm ergovaline) with 
the remainder of the diet composed of non-infected seed, soybean hulls, 
molasses, soybean meal and minerals (Table 1). Non-infected seed was 
substituted for infected seed to achieve desired levels of ergovaline in the 
diet. 

When lambs were fed increasing amounts of infected seed, 
digestibilities of organic matter and cellulose were decreased and appeared to 
be due to increased passage rate of liquid from the rumen into the small 
intestine (Table 2). Flow of liquid from the rumen was 24% faster for the 3.0 
ppm ergovaline diet compared to 0 ppm diet. Similarly, passage rate of solids 
from the rumen was increased 13%. These increased rates of passage suggest 
that the reason for decreased diet digestibilities was due to reduced time 
available for bacterial fermentation in the rumen. 

Table 1. Ingredient Composition of Diets 
~~em~--------------~%~o~f~D=M 

Fescue seed 50 
Soybean hulls 26 .6 
Cottonseed hulls 1 0 
Soybean meal 4.9 
Molasses 7.4 
Limestone .64 
Satt. trace nineralized .50 

Table 2. Effect of Dietary Ergoyaline on Diet Digestibility and Digestion Kinetics jn Lambs 
Dietary ergovaline.ppm 

IWJ 0 1.5 3.0 

OM intake, g/d 713 713 
Digestibility,% 

Organic matter 
Total tract 70.4a 67.3a 
Rumen 78.5 74.4 

Cellulose 
Total tract 62.4a 58.5a,b 
Rumen 77.0 74 .1 

Flow of: 
Lquid, mi!OOur 278c 33~ 
Solids, %'hour 5.3 6.0 

ab Means in the same row without a common superscript differ (P<.05) . 
cd Means in the same row without a common superscript differ (P<.1 0) . 
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A second experiment was conducted in two parts to determine the influence of 
ergovaline and temperature on diet digestibility and flow of digesta through the 
intestinal tract. The dietary treatments were 0 and 1.5 ppm ergovaline in the diet 
(provided by infected seed) and a third treatment of ergotamine tartrate (20 ppm) whid 
was purchased from a pharmaceutical company. This dietary treatment was included 
in an attempt to model similar metabolic effects as ergovaline since ergovaline is 
currently not available in a purified form. The temperatures at which the diets were 
evaluated were 80 F (two weeks) followed by evaluation at 92 F (two weeks). Similar 
diets were fed as described for Exp. 1 except that the concentration of ergovaline was 
approximately one-half that previously fed. The results of this experiment are 
presented in Table 3. 

Table 3. Effect of Dietary Ergovaline and Ergotamine Tartrate on Digestibility by Lambs at 
Too Environmental Terrperatures 

Diet: 
Terrp. (Fl: 

OM intake, % BW 
Digestibility, % 

Organic matter 
Cellulose 

Water consumption, 
ml/g DM consumed 

Rectal temp., F 

Control Ergovaline ErgJtanine 
80 

2.7 

3.7 
103.1 

92 80 92 80 92 
2.8 2.6 2.6 2.6 2.5 

76 
6?b 

4.7 
104.9 

75 
68b 

3.9 
104 

73 
63ab 

5.0 
106 

4.1 5.1 
104.4 106 

a,b Means in the same row without a common superscript differ (P<.05). 

P<.05 
NS 

NS 
DietxTemp. 

Diet 
Diet; Temp. 

Ergovaline or ergotamine tartrate did not depress digestibility of 
organic matter or cellulose to the same magnitude as was seen in the first 
experiment. However, increased rectal temperatures did indicate that the two 
compounds increased the animals core body temperature. It can not be 
determined from this experiment if differences in nutrient utilization would 
have been depressed with continued feeding of the infected diet. 

The results of these two studies would lead us to believe that when 
lambs consumed diets containing between 1.5 and 3.0 ppm ergovaline, diet 
digestibility was decreased, flow of liquid from the rumen to the small 
intestine was increased and rectal temperatures were increased . If rectal 
temperatures are increased, then core body temperatures are probably 
increased due to a restriction of blood flow to the skin surface because of 
capillary vasoconstriction. 

The Influence of Ergovaline and Metoclopramide on Changes in Intake, 
Blood Flow and Heat Dissipation in Lambs Under Heat Stress. 
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The objectives of these two lamb experiments were to feed diets with 
infected or noninfected tall fescue seed (50%) and ground hay (40%) at 90 F 
and 60% humidity to determine changes in voluntary intake, digestibility, 
body temperature and flow of blood to various organs of the body. A second 
objective was to determine if feeding an experimental compound 
(metoclopramide; dopamine antagonist) would increase flow of blood to the 
skin surface, thereby allowing the animal to rid itself of excess core body heat. 
The diets offered in Exp. 1 contained: (1) 0 ppm ergovaline; (2) 1.5 ppm 
ergovaline and (3) 1.5 ppm ergovaline + metoclopramide. Temperature 
probes were sutured to the cecum of all lambs to determine changes in core 
body temperatures. In addition to monitoring core temperatures, rectal and 
skin temperatures were also recorded. At trial completion, lambs were 
injected with radiolabeled microspheres to determine changes in blood flow 
to different tissues of the body. 

The diets offered in Exp. 2 were 0 vs 1.5 ppm ergovaline with or 
without supplemental metoclopramide (2 x 2 Factoral Design) . 
Metoclopramide was supplemented at a rate of 15 mg/kg of BW in both 
experiments. At trial termination, perspiration and heat losses were 
determined over two days. 

Changes in voluntary feed intakes (as fed basis) for Exp. 1 are 
presented in Figure 1. Voluntary intakes were lowest (P<.OS) for lambs fed 
the diet containing 1.5 ppm ergovaline and highest for the endophyte-free 
diet (0 ppm). However, when metoclopramide was supplemented, feed 
intakes were increased (P<.OS) to a level similar to the endophyte-free diet. 
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Average changes in feed and water intake and temperatures for both 
experiments are presented in Table 4. Results from Exp. 2 also showed that 
the endophyte reduced voluntary feed consumption compared to the 
endophyte-free diet. However, a significant interaction suggested that MET 
was only effective with the high endophyte diet. Water consumption tended 
to be higher (P= .10; Exp 1 and P= .11; Exp. 2) for the endophyte-infected diets . 
Surprisingly, water consumption was reduced by MET in Exp 2. 
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Changes in rectal temperatures support previous observations. When 
the infected diets were offered, rectal temperatures increased. Contrary to 
published results with the bovine, skin temperatures were numerically (Exp. 
1) or significantly (Exp. 2) greater when lambs were fed the infected diets. 
Core temperatures were similarly greater in lambs consuming the infected 
diets. Supplementation with MET did not reduce core temperatures. Lambs 
consuming the infected diets had higher core temperatures and appeared to 
be unable to dissipate body heat because perspiration and heat losses were 
significantly reduced. 

Table 4. Changes in Body Temperatures and Water Consumption by Lambs Offered Endophyte-Free (Free) or Infected (lnfec.) Tall Fescue Seed and Hay Diets Supplemented with the Dopamine Antagonist 
Metoc~o.pramde 

-fl. Exp1 . Exp.2 
nern Free lnfec. lnfec. +MET Free Freet MET lnfec. 

I 
lnfec. +MET ..B 

OM intake, 
%BW 2.55b 1.9oa 2.48b 2.f5C 2.48c 1.66a 2.2b 

Water intake 
mVgDMI 3.35d 5.7e 4.94de 3.38 2.76 4.6 2.99 Temperature, C 

Rectal 40.0 40.4 40.3 39.5 39.4 39.8 39.8 Skin 38.4 38.8 38.8 37.5 37.7 38.5 38.5 
Core 38.5a 39.5b 39.7b 

Perspiration loss 
g. m-2.h-1 55.2 45.9 36.4 23.3 Heat production 
kca~b 209 215 158 19Q 

a,b,c Means within an experiment in the same row without a common superscript are differ (P<.05) . 
d,e Means within an experiment in the same row without a common superscript are differ (P<.10). 

f E= Endophyte; D= Drug; Ex D = endophyte x drug interaction 

It has been suggested that one of the effects the alkaloids from tall 
fescue have on the animal is vasoconstriction of blood vessels near the skin 
and hooves causing the animal to increase core body tempera ture. Data in 
Table 5 suggest that the endophyte (ergovaline) is reducing blood flow to both 
peripheral and core body tissues. Supplementing metoclopramide appeared to 
increase blood flow back to a level similar to the endophyte-free diet. 
Although this w as a small study, our original hypothesis that the endophyte 
decreased blood flow to the peripherial tissues and diverted it to deeper bod y 
tissues was not supported . Rather, these d ata indicate that there was also 
reduced blood flow to core tissues. Aside from altering blood flow, the 
endophyte m ay be responsible for increasing blood pressure and (or) 
decreasing total blood volume. 
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Table 5. The Effects of the Endophyte Fungus in Tall Fescue and the Dopamine Antagonist 
Metoclopramide (MET) on Blood Flow in Lambs 

Organ Endophyte-Free Endophyte-Infected Endophyte t MET 
No. lambs 2 2 3 

mVmir"V1 00 g of wet tissue ---------
Peripheral tissues 

Rib skin 60 .9 15 .1 
Leg skin 36.5 16.8 
Ear skin 30.7 39.8 
Whole ear 9.6 9 .5 
Coronary band 65.9 26.6 
Tongue 239 126 

Core tissues 
Duodenum 486c 139de 

Pancreas 1048c 42ode 
Liver 20 .2 6 .8 
Brain cortex 330 472 
Leg muscle 6.3 8 .1 
Adrenals 916a 279bc 

a,b Means in the same row without a common superscript differ (P<.01 ). 
c,d Means in the same row without a common superscript differ (P<.05) . 
e,f Means in the same row without a common superscript differ (P=.1 0) 

Maintaining Forage Quality 

36.3 
23.7 
23 
11 .5 
70.4 

153 

384f 
870f 

15 .7 
500 

1 0.1 
399d 

Gains by cattle grazing tall fescue during the spring and early summer 
and again in late fall are normally in excess of 1.25-1.50 lb/day. However, as 
the plant matures, forage quality declines due to increased lignification and 
reduced protein content resulting in slower gains and decreased milk 
production. Figure 2 presents a theoretical concept showing when forage 
quality (and possiblly quantity) is insufficient to meet the nutrient 
requirements of the animal. 
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Figure 2 . Matching Forage Quality with the Needs of the Animal 

Cool season grass 

Requirements 

Winter Spring Summer 

Season 
Fall 

If forage quality could be extended into the period of summer slump, 
then overall gains should be improved. Methods to maintain weight gains 
have included supplementation with cereal grains, complementary grazing of 
tall fescue and native warm season grass (eg. big bluestem), clipping of tall 
fescue seedheads to extend the vegetative state and chemical treatment to 
prevent seedhead formation. All of these practices attempt to maintain 
forage intake and digestibility at a level sufficient to meet the animals 
requirement. 

Chemical Treatment of Tall Fescue to Prevent Seedhead Formation 

Three experiments were conducted to determine if retarding seed 
head development by chemical treatment of tall fescue in the spring would 
maintain animal gains during mid summer. Tall fescue pastures were 
sprayed with a plant growth regulator (Mefluidide) when the forage was 
approximately 4 in. tall and grazing commenced 14 days later. This 
experiment conducted with steers started during early May and concluded 
during the middle of October. Figure 3 indicates changes in cumulative 
weight gain throughout the experiment. · 
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Figure 3. Changes in Weight Gain by Steers 
Grazing Tall Fescue Sprayed with Mefluidide 
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The gain data indicate that weight gains by steers during June-August 
were greater (P<.05) when grazing sprayed pastures compared with untreated 
pastures. Results from two experiments have shown that weight gains have 
been improved by approximately 25%. Analysis of forage samples showed 
that by delaying seedhead development, forage quality (as determined by 
level of NDF) remained at a higher level than untreated tall fescue pastures. 
One negative effect of chemical treatment was a reduction in total forage 
production. When averaged by month over an entire experiment, forage 
mass was 4,400 lbs/acre for untreated pastures compared with 2,130 lbs/acre 
for sprayed pastures. Even though there was more available forage on the 
untreated pastures, forage intakes were greater (P<.05) on the sprayed pastures 
(Table 6). Additionally, by preventing seedhead formation, OM digestibilty 
of the treated forage remained at a higher level during July and August. After 
determining forage intake, digestible energy (DE) intakes were calculated and 
compared. Average DE intakes were 25% greater during August when heifers 
consumed treated tall fescue pastures. By maintaining tall fescue in a state of 
higher nutrient quality, animals were able to increase forage intake whkh 
resulted in improved rates of gain. - · 

Table 6. Forage OM Intakes and Digestibilitites by Heifers Grazing Tall Fescue Sprayed with the 
Plant Growth Regulator Mefluidide 

Ea~Ju~ LateAt.wst 
Item Uotreated Meflu!Qide Uotreated Mefluidide 

No. heifers 6 6 6 6 
OM intake,% BW 1.77a 2.61b 1.47a 2.21 b 
OM dig.,% 57.sa 69 .9b so.1a ssb 
Total tract fill, g 2722 2733 2615 2604 
Retention time, h 44.2a 35b so a 38 .9b 

ab Within a month, means in the same row without a common superscript differ (P<.05) 
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Although defhite nutritional and possibly economic advantages of 
treating cool-season grass pastures with plant growth regulators are evident, 
we are not aware of a product which is currently approved for commercial 
use by grazing cattle. 

Complementary Grazing of Tall Fescue and Big Bluestem 

The objectives of this summer grazing experiment were to determine 
differences in OM intake when steers grazed either endophyte-infected tall 
fescue, endophyte-free tall fescue or big bluestem. The steers (6/ treatment) 
were allowed to graze tall fescue pastures for the entire experiment (season 
long grazing) or spring and fall grazing of endophyte-free tall fescue 
interseeded with red clover and summer grazing of big bluestem 
(complementary grazing). When averaged over the summer, organic matter 
intakes by steers grazing endophyte-infected tall fescue (KY-31) were 13% less 
than by steers grazing endophyte-free tall fescue (M0-96) and 18% less than 
steers grazing big bluestem (Table 7). Voluntary intake of NDF was 
consistantly higher when steers grazed big bluestem compared to the tall 
fescues which were not different. Digestibility of endophyte- infected or 
endophyte- free esophageal extrusa were similar during both June and 
August. Although digestibility of bluestem extrusa was much higher during 
June, it was similar to the tall fescues during August. Particulate passage 
appeared to be consistently faster for the bluestem during both June (P>.OS) 
and August (P< .05). Daily gain was .8lb/day greater after grazing the 
complementary system compared with steers grazing endophyte-infected tall 
fescue (KY-31). Gains were .6lb/day faster when animals grazed the 
endophyte-free varieties season long compared with steers grazing endophyte 
infected tall fescue. 

Table 7. Voluntary Forage OM Intakes and Digestibilities by Steers Grazing Endophyte-Infected, 
EndQph~e-Eree Qr Big Bluestem Eastures Quriog June and August 

June Augu~t 

Item Eree lofeQted Bluestem Free lnfeQted 61uestem 
Voluntary intake, % BW 

Ov1 2.37a 2.27a 3.14b 1.97a 1.9oa 2.56b 
NDF 1.31 a 1.44a 2.1sb 1.16a 1 .11 a 2 .09b 

OM digestibility, % 57.7a 57.5a 66b 50.6 52.2 56 .3 
Particulate passage, %/h 4.57 3.65 5.16 4.35a 4.18a 5.3ob 
Hours spent grazing 10.1 b 9.7b 6.8a 1 0.9a 1 0.3a 11.4b 

--
--

a,b Within a month, means in the same row without a common superscript differ (P< .o5)· 

Cow Performance: The Effect of Summer Grazing Endophyte-Infected Tall 
Fescue vs Endophyte-Free Tall Fescue 
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The objectives of this ongoing three-year project are to determine cow 
and calf weight changes, milk production and forage consumption when cow
calf pairs graze either Kentucky 31 tall fescue (endophyte infected), endophyte
free tall fescue (Mozark) or Hallmark orchardgrass. Sixteen cow-calf pairs are 
assigned to each forage treatment during early May and graze experimental 
pastures until the first of September. 

All animals were weighed monthly and estimates of milk production 
were determined using the weigh-suckle-weigh procedure. Forage intake and 
digestibilities were measured during late May and early August. Results from 
the first year are presented in Table 8. These results demonstrate that the 
endophyte-fungus is responsible for increased cow weight loss, decreased 
milk production and subsequently lighter calf weaning weights . We believe 
that a major reason for decreased productivity is because of reduced forage 
intake since digestibilities of the forage were similar throughout the grazing 
season. Consumption of ergovaline averaged 6.5 mg/ d by cows on the 
infected pastures and less than 50 ppb for cows on the endophyte-free 
pastures. Figure 4 indicates changes in ergovaline consumption based on the 
collection data derived from late May and early August. 

Table 8. Changes in Forage OM Intake by Cows, Milk Production and Calf Weaning 
Weights when Cows Grazed Endophyte-Infected, Endophyte-Free or Orchardgrass 
Pa51ures 

Item Endophyte-Infected Endophyte- Free Orchardgrass 
Cows 16 16 16 

OM intake,% BW 

June 3.1b 2.9b 

August 2.2b 2.5a 
Ergovaline intake, mg/d 

June 6.52 0 
August 1.78 0 

Wt. change, lb -137b -57 a 

Avg. milk/day, lb 13a 1'~ 
Calves 

Adj. 205 d wt. lb 454a 507b 472 ab 

-----Weight change 60 days after weaning -------- --
Cows, lb 29 7 o 
Calves. lb 1 07 126 94 

a,b Means without a common superscript differ (P<.05) . 
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Ergovaline Intake by Cows Consuming 
Endophyte-Infected Tall Fescue 
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Cows grazing the endophyte-infected pastures lost approximately twice as 
much weight as cows grazing endophyte-free tall fescue. Milk production 
determined from weigh-suckle-weigh procedures showed that cows on the 
endophyte-infected pasture produced 30% less milk than cows on either the 
endophyte-free or orchardgrass pastures. The net result was that calves from 
the endophyte-free pasture weighed 53 lbs more at weaning. It was 
hypothesized that these calves would show compensatory growth if given 
access to a high quality diet. Surprisingly, compensatory growth was not 
measured 60 days after weaning when the calves had been allowed to graze 
alfalfa-orchardgrass pastures. Most of the weight gain occured during the last 
thirty days. 

Mineral Nutrition of Grazing Cattle 

Mineral requirements of grazing cattle when expressed as a 
concentration of the diet can often be misleading due to the variation in 
digestibility of minerals in the forage. For example, the phosphorus in 
forages can range in digestibility from 57% to 95%. Assuming similar intakes, 
the amount of P needed in a supplement would differ substantially between 
forages with such great differences in P digestibility. 

Mineral composition of forages and digestibility by cattle change during 
the grazing season. Sodium, potassium, phosphorus, magnesium, calcium, 
sulfur, zinc, copper, iodine, iron, manganese and selenium have been 
reported to be deficient in forage compared to the animal's requirements. 
Generally, iron deficiencies in cattle grazing forages are not a problem and 
rarely does a deficiency in potassium or manganese occur. It should be noted, 
however, that these general rules are true only when cattle have adequate 
intakes (at least 2% of body weight) and no substances which interfere with 
mineral digestion are present in the animal's diet. 
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Mineral supplementation can be accomplished in several different 
ways. One method is by interseeding legumes into grass pastures. Legumes 
are generally higher in calcium, magnesium, iron and zinc than grasses. 
Another method is to offer a mineral supplement formulated to meet the 
animal's requirements. The disadvantage to this practice is that it leads 
producers to believe their mineral supplement provides all deficient 
minerals in excess. This assumption is erroneous and can be detrimental to 
maximizing performance efficiency of the animal and economics to the 
producer. Accurate supplementation of minerals to grazing cattle is limited, 
due primarily to our lack of knowledge regarding the composition and 
digestibility of minerals in forages throughout the grazing season. 

Table 9 indicates variation in mineral consumption that occured by 
steers during the 1984 grazing season on tall fescue pastures. This 
information was compared to the recommended animal requirement. These 
results show that mineral consumption changed drastically from April to 
August. Animal requirements were based upon a 500 lb steer gaining 1.5 
lbs/ day and consuming 12.8lbs of forage dry matter per day. Based on these 
calculations, the mineral supplements would differ substantially . 

Table 9. Mineral Requirements of a 500 lb Steer and Mineral Composition of Tall 
Fescue in April and August of 1984 

Animal ran FeSQJe 
Mineral Requirement QQmrJQsttiQo Estit:nated Consu!J:tJtiQo 

~I August ~I 8ugust 
g/day o;o ----------- ---------- g/day ------------

Calcium 23 .45 .34 26.2(M) 19.7(D) 
Phosphorus 13 .24 .18 13.9(M) 10.4(D) 
Potassium 38 2.11 .60 122(A) 35(M) 
Sodium 4.6 .07 .03 4.1(D) 1.7(D) 
Magnesium 5 .8 .11 .17 6.4(M) 9 .8(A) 

mg/day --------- mgt kg ---- ------------- mgtday ------
Copper 47 1.9 1·.4 11(D) 8.1 (D) 
Iron 291 301 121 1751 (A) 700(A) 
Zinc 174 13.1 9.5 76.1(D) 55 .2(D) 
Manganese 232 70.3 45 .2 408(A) 263(M) 

Data of Howard, 1984 (MS Thesis). 
A= adequate, M= marginal and D= deficient. 

Management Options 

The major strategy of the producer grazing endophyte-infected tall 
fescue during mid summer should be to reduce consumption of ergovaline 
by dilution. This could include interseeding legumes, feeding cereal grains, 
byproducts or hay, remove animals from the infected pastures to graze 
summer annuals or warm season grasses or convert infected pastures to 
endophyte-free status via a chemical burn down and no till planting of a 
summer annual followed by an endophyte-free variety of tall fescue. 
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Research will continue to determine if the negative effects of the 
endophyte can be overcome by blocking the effects of dopamine on blood flow 
and heat loss. Work is currently under way to determine changes in the 
mixed function oxidase activity in the liver of animals consuming infected 
diets and how mineral supplementation impacts the detoxifying activities. 

John Paterson, and steer with Vibricorder, a device to measure grazing time. 
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RELATIONSHIP BETWEEN WEANING WEIGHT AND SUBJECTIVE 
EVALUATION OF SYMPTOMS RELATED TO ENDOPHYTE INFECTED 

FESCUE TOXICITY 

Brad Belew\ Charles Peters\ Keith Moore2, Mike Siemens\ 
Alfred Decker1 and Jerry Lipsey1 

SUMMARY 

The objective of this study was to compare of fescue toxicity symptoms of cows 
grazing endophyte infected (>60%) tall fescue with preweaning growth performance 
of their progeny. Angus cows (n = 24) were evaluated monthly from April to 
September during stressful ambient temperatures. Each cow was assigned four 
scores describing their body condition (CS), hair coat (HS), muddiness (MS) and 
apparent respiration stress (RS). Hair coat, muddiness and respiration were sco~ed 
on a scale of 1 to 5 (1 =shaggy, muddy, open mouth breathing, respectively; 5=slick 
hair, mud free, no respiratory stress, respectively). Body condition was scored on 
a scale of 1 to 9 (1 =emaciated; 9 =extremely fat). Simple correlation analyses 
evaluated the relationships between calf adjusted 205-day weights and their dam's 
average scores. Mud score was not related (P = .85) to calf performance; however, 
there was a moderate to high correlation between all other scores and calf 
performance (P < .05). 

INTRODUCTION 

Tall fescue is a major cool season grass that grows on more than 35 million 
acres across the U.S., and more than 5 million acres in Missouri. As the primary 
forage for the second largest cow/ calf producing state, fescue is of major economic 
importance. We've known for several years that 90% of Missouri's tall fescue 
pastures are at least 50% infected by the endophytic fungus, Acremonium 
coenophialum. It has been shown that for each 10% increment in infection level, 
yearling cattle gains are reduced about 0.1 lb. per head per day. Due to economic 
costs or mechanical impracticality of renovating pastures or supplementing cattle 
many cattlemen are looking for new management tools to help them "live with" 
existing infected tall fescue pastures. 

As early as 1942, visible disorders and poor performance by cattle grazing tall 
fescue pastures were noted. These disorders have been identified as fescue foot, 
fat necrosis, and summer syndrome (intolerance to heat, poor gains, rough hair 
coat, excessive salivation, decreased milk production and poor conception rates), and 
collectively are termed fescue toxicosis. The greatest losses associated with fescue 
toxicosis are poor summer performance. Summer Syndrome is costing Missouri 

1Department of Animal Sciences, University of Missouri - Columbia 
2Currently located at MFA, Inc. in Owensville, Missouri 
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cow /calf producers an estimated loss of greater than 100 million dollars per year. 
The objective of this study was to compare subjective evaluations of fescue toxicosis 
symptoms of cows grazing highly endophyte infected tall fescue with the 
preweaning growth performance of their progeny. 

PROCEDURES 

During the summer of 1987 twenty-four purebred Angus cows, ranging in age 
from 3 to 9 years, with Angus sired calves grazed tall fescue pastures. The 
pastures were previously established stands of Kentucky-31 tall fescue, and the 
presence of the endophytic fungus Acremonium Coenaphialum was greater than 
60%. Once monthly, from April to September, four or five evaluators independently 
assigned subjective scores reflecting the cows' status relative to the symptoms of 
summer syndrome. These scores were recorded during days of stressful 
environmental conditions with temperatures greater than 85°F and humidity greater 
than 50%. This allowed stress to be more pronounced and differences between 
cows easier to detect. Each cow was assigned four scores describing their body 
condition (CS), hair coat (HS), muddiness (MS), and apparent respiratory stress 
(RS). Hair coat, muddiness and respiration were scored on a scale of 1 to 5, and 
body condition on a scale of 1 to 9. Table 1 details the scoring system used. The 
monthly values were averaged and used for correlation analyses. Calf adjusted 205-
day weights took into account cow age, calf age and calf sex. 

RESULTS 

A simple correlation analyses evaluated the relationships between calf adjusted 
205-day weights and their dams' average body condition, hair, muddiness, and 
respiration scores. Variations in these scores were moderately to highly correlated 
(P < .05) with calf adjusted 205-day weaning weights (Table 2). Mud score was not 
related (r = .04) to calf performance; however CS, HS, and RS were related to each 
other and weaning weights. In general, heavier conditioned, slick haired cows 
showing less respiratory stress weaned heavier calves than thin, shaggy, respiratory 
stressed cows. This subjective scoring system can be used to identify cows' 
sensitivity levels to Tall Fescue endophyte sensitivity as it is related to her calfs 
weaning weights. Since this study identified phenotypic associations between dams' 
fescue toxicity symptoms and their calves weaning weights. Current U.M.C. Animal 
Science studies are aimed at determining if these phenotypic associations are 
genetically influenced. The net result of this would be to investigate phenotypic 
and genetic variation of sensitivity and try to identify livestock that are less 
sensitive to fescue toxicosis and thus reduce economic loss. 
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Table 1. Scoring systems 

BODY CONDITION (CS} 

1. EMACIATED -- Cow is extremely emaciated with no detectable fat over spinous 
processes, transverse processes, hip bones or ribs. Tail-head and ribs project 
quite prominently. 

2. POOR-- Cow still appears somewhat emaciated but tail-head and ribs are less 
prominent. Individual spinous processes are still rather sharp to the touch 
but some tissue cover exists along spine. 

3. THIN -- Ribs are still individually identifiable but not quite as sharp to the 
touch. There is obvious palpable fat along spine and over tailhead with 
some tissue cover over dorsal portion of ribs. 

4. BORDERLINE -- Individual ribs are no longer visually obvious. The spinous 
processes can be identified individually on palpation but feel rounded rather 
than sharp. Some fat cover over ribs, transverse processes and hip bones. 

5. MODERATE-- Cow has generally good overall appearance. Upon palpation, fat 
cover over ribs feels spongy and areas on either side of tailhead now have 
palpable fat cover. 

6. HIGH MODERATE -- Firm pressure now needs to be applied to feel spinous 
processes. A high degree of fat cover is palpable over ribs and around 
tailhead. 

7. GOOD -- Cow appears fleshy and obviously carries considerable fat. Very 
spongy fat cover over ribs and over and around tailhead. In fact "rounds" or 
"pones" are beginning to be obvious. Some fat around vulva and in crotch. 

8. FAT -- Cow very fleshy and over-conditioned. Spinous processes almost 
impossible to palpate. Cow has large fat deposits over the ribs, around 
tailhead and below vulva. "Rounds" or "pones" are obvious. 

9. EXTREMELY FAT -- Cow obviously extremely wasty and patchy and looks 
blocky. Tail head and hips buried in fatty tissue and "rounds" or "pones" of 
fat are protruding. Bone structure no longer visible and barely palpable. 
Animal's mobility may even be impaired by large fatty deposits. 
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Table 1. (Cont) 

HAIR COAT SCORE (HS) 

1 - Long and shaggy over majority of the body. 
2 - Some long shaggy hair, shedding obviously incomplete. 
3 - Slick hair over lower parts of the body, some unshed on upper body. 
4 - Slick shiny coat over the majority of body with a minimum of unshed hair. 
5 - Slick shiny haircoat. 

MUDDINESS SCORE (MS) 

1 - Mud over the majority of the body and above hips and point of shoulder, even 
up on the back. 

2 - Mud over body parts from heavy to inconsistent locations. 
3 - Mud on central and lower portion of the body. 
4 - Mud below hocks and knees. 
5 - Free of Mud. 

APPARENT RESPIRATION STRESS SCORE (RS) 

1 - Mouth open, obvious salivation, very rapid breathing. 
2 - Some salivation, rapid breathing. 
3 - Little if any salivation, slightly above normal respiration. 
4 - No salivation, animal seeking relief or in shade. 
5 - No visual signs of 0 2 deprivation, animal is content. 

Table 2. Phenotypic Correlations 

HS 

cs .48 
HS 
MS 
RS 

MS RS 

.29 .45 
.57 .62 

.49 

*Unless noted (P < .05). 
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EFFECT OF HIGH AND LOW ENDOPHYTE TALL FESCUE AND ORCHARDGRASS 
ON INTAKE AND DIGESTIBILITY BY COWS AND PERFORMANCE OF 

COW-CALF PAIRS 

Charles Peters1, Kyle Grigsby1, John Paterson2, 

Jerry Lipsey2 and Monty Kerley 

SUMMARY 

From May 1 to September 1, 1988, a grazing trial was conducted to determine 
the effects of endophyte fungus infestation of tall fescue on forage intake by cows 
and cow and calf performance. Cows grazed either Kentucky-31 endophyte infected 
tall fescue (H), Mozark endophyte free tall fescue (L) or Hallmark orchardgrass 
(OG) pastures. Results indicated that performance of cows and calves was less 
(P<.05) on H compared to Land OG. Intake and digestibility did not differ (P>.10 
between forage treatments early in the grazing season but was significantly (P < .05) 
lower for H than L or OG during August. Ergovaline consumption was higher on 
H than L or OG. We suggest that continual consumption of ergovaline is 
responsible at the metabolic level for the decrease in cow and calf performance and 
for the visible symptoms related to fescue toxicosis. 

INTRODUCTION 

Limited research has been documented on the detrimental effects of endophyte 
infected tall fescue on cow-calf productivity. The objectives of this three year study 
are to measure changes in cow and calf performance when pairs grazed endophyte 
infected or endophyte free tall fescue pastures and to determine if changes in 
productivity were due to differences in forage intake, forage digestibility and (or) 
ergot-like alkaloid (ergovaline) consumption. Orchardgrass pastures were also 
evaluated consecutively. 

PROCEDURES 

Forty-eight Angus and Simmental x Angus cow-calf pairs (avg cow wt, 1133 lb) 
Were allotted to either high endophyte tall fescue (Kentucky-31;H), endophyte free 
tall fescue (Mozark;L) or orchardgrass (Hallmark;OG) pastures based on cow breed, 
Weight, age and calf sex (16 pairs/treatment; two replicates of eight each). Cow 
and calf body weights and estimated calf milk consumption via 12 hour weigh
suckle-weigh (WSW) were determined every 28 days. Final calf weights were 
adjusted to 205 day weaning weights (ADJ205). Every 14 days hand clipped forage 
samples and esophageal extrusa (EE) were collected. Handclipped samples were 
collected to determine forage availability while EE samples were collected to 
determine forage digestibility and ergovaline concentration. During the first week 
of June and August, cows were dosed with chromic oxide (external market) to 
estimate fecal output and therefore calculate forage intake. Every 28 days, body 
condition, hair coat and respiration scores were evaluated. Upon trial completion, 

1Graduate Students University of Missouri - Columbia 
2Department of Ani,mal Sciences Faculty, University of Missouri - Columbia 
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calves were weaned and grazed alfalfa for 60 days while cows grazed a common 
pasture of H. Performance, forage intake and digestibility data were analyzed by 
analysis of variance. The GLM procedure of SAS was used for statistical 
computations. 

RESULTS AND DISCUSSION 

Changes in cow and calf performance during and after the trial are presented 
in Table 1. Initial cow weights were similar (P = .96) across treatments as were 
initial calf weights (P = .60). Cows grazing H lost over twice as much (P < .05) 
weight (136 lbs) as cows grazing L or OG (avg 62 lb). Calves from H pastures 
gained 14% slower (P < .05) than calves from L or OG pastures (1.3 vs avg 1.5 
lb/day). Resulting adjusted 205 day weaning weights of H calves were lighter 
(P < .05) than calves from the L treatment but were similar (P = .39) to OG calves. 
The decrease in H calf performance followed changes in estimated calf milk 
consumption. Calves nursing dams gr~zing H consumed approximately 25% less 
(P < .05) milk than calves from the L or OG treatments. Cow weight gain 56 days 
post-trial favored cows previously grazing H while cows which previously grazed L 
or OG maintained their weight. When calves grazed alfalfa pastures for 56 days 
post-trial, gains did not differ (P > .1 0) across previous forage treatments. Expected 
compensatory growth of H calves was not evident. Palpation for pregnancy, also 
performed 56 days post-trial, determined that 69% of the H cows conceived 
compared to 88% of the L cows and 69% of the OG cows. 

Table 1: Summary of Cow-Calf Performance When Grazing High or Low 
Endophyte Tall Fescue or Orchardgrass Pastures 

Item H* L 
Initial cow wt, lb 1135 1133 
Cow wt change, lb -1368 -57b 
Initial calf wt, lb 190 197 
Calf ADG, lb/day 1.38 1.5b 
Adj 205 d wt, lb 4538 507b 
Milk consumption, lb/day 13.28 17.4b 
Cow wt gain 56 d post-trial, lb 29 7 
Calf wt gain 56 d post-trial, lb 107 126 
Pregnancy 11/16 14/16 
a,b Means without a common superscript differ (P < .05). 
* H =high endophyte Kentucky-31 tall fescue; L =endophyte

free Mozark tall fescue and OG =Hallmark orchardgrass. 

OG 
1135 
-66b 
195 

1.5b 
4728 b 
17.1b 
-7 
95 

11/16 

Table 2 presents differences in body condition, hair coat and respiration scores 
during August. Body condition, hair coat and respiration were all negatively 
(P < .05) affected when cows grazed H compare to L or OG. 
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Table 2. Cow Body Condition, Hair Coat and Respiration Scores by 
Forage Treatment During August 

Item H* L 
Body condition score1 4.48 4.7b 
Hair coat score2 3. 78 4.6b 
Respiration score3 3.38 3. 7b 
8b Means without a common superscript differ (P < .05). 
1 Body condition: (1 =emaciated; 9 =extremely fat). 

OG 
4.58b 

4.5b 
3.9 b 

2 Hair coat: (1 =shaggy hair coat; 5 =slick hair coat). 
3 Respiration score: (1 =open mouth breathing; 5=no apparent 

respiratory stress). 
* H=high endophyte Kentucky-31 tall fescue; L=endophyte

free Mozark tall fescue and OG =Hallmark orchardgrass. 

Forage availability, intake, digestibility and ergovaline consumption are 

presented in Table 3. Forage on offer was higher in June for all three treatments 
compared to August. Availability decreased because of plant maturity and lack of 
moisture during July and August. In vitro organic matter digestibility of esophageal 
extrusa was higher during June than August. However, digestibilities did not differ 
between endophyte-infected and endophyte-free tall fescue (H vs L) within each 
sampling period. These results are in agreement with other research that states 
in vitro dry matter disappearance was not changed by the presence of the 
endophytic fungus. Forage intake was higher during June than August across all 
treatments. Within the June period intakes did not differ among forage 
treatments; however during August cows grazing H consumed 18% less forage than 
cows grazing L or OG (1.60 vs avg 1.95% of body weight). Ergovaline consumption 
was three times greater in June compared to August for cows grazing H. There 
was no detectable ergovaline consumption by cows grazing L or OG pastures. 

Because forage intakes and digestibilities did not differ during June these 
factors apparently do not account for the decreased productivity on H. We suggest 
continual ergovaline consumption throughout the summer was responsible for the 
visible summer syndrome symptoms and accentuates the negative effects of 
decreased forage quality late in the grazing season. This may explain the lower 
forage intake by cows grazing H during August. 
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Table 3. Forage on Offer, Digestibility, Intake and Ergovaline 
Consum:gtion During June and Augyst by Forage Treatment 

June 1 Aug 1 
Item H* L OG H L 
Forage on offer, lb 
DM/100 lb BW 202.0 155.7 192.6 84.2 106.2 

Extrusa 
IVOMD,% 73.5 70.9 54.2 48.4 45.8 

Forage intake, 
% ofBW 2.6 2.7 2.5 1.68 1.9b 

Ergovaline intake 
mg/day 6.52 0.0 NM1 1.78 0.0 

a,b Means without a common superscript differ (P < .05). 
1 Not measures. 

OG 

88.2 

44.8 

2.0b 

NM 

* H=high endophyte Kentucky-31 tall fescue; L=endophyte
free Mozark tall fescue and OG =Hallmark orchardgrass. 

Jerry Lipsey 
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BEEF CATTLE PERFORMANCE ON HIGH AND LOW 
ENDOPHYTE KENTUCKY 31 FESCUE 

PASTURE 

R. Morrow\ C. Tucker2, J. Gerrish2, G. Garner1 

SUMMARY 

Cow-calf pairs and yearling steers were grazed on high and low endophyte 
Kentucky 31 fescue pastures at the Forage Systems Research Center. Half the 
cows were supplemented with grain during the winter (3.2 lb/d). During the 
summer half the calves had access to creep grazing areas containing bluegrass, 
timothy and birdsfoot trefoil. Reproductive performance of cows on high endophyte 
fescue and without winter grain supplementation was lower (66% vs 95%) than 
cows on low endophyte fescue with grain supplementation. Calves on high 
endophyte pastures without creep grazing gained less than other groups. Creep 
grazing offset the effect of the high endophyte. Steer gains were .23 lb/d less on 
high endophyte pastures. 

OBJECTIVES 

1. To determine animal gains (cow-calf and yearling steer) on tall fescue 
pastures with high and low endophyte infection. 

2. To determine reproductive performance of cows on pastures with high and 
low endophyte infection. 

3. To determine if grain supplementation during the winter affected 
reproduction of cows on the two fescue systems. 

PROCEDURES 

Spring-calving Hereford cows were randomly assigned to treatment in 
November. Treatments were grain (G) and no grain (NG) winter supplementation 
of cows, two fescue systems, and creep grazing (C) vs no creep grazing (NC) of 
calves. The experiment was conducted for 4 years. The winter phase was from 
mid-November to late-April each year, at which time the grazing phase began. 
This paper will focus only on the tall fescue system which had low and high 
endophyte levels. 

Cows were wintered on pastures con~isting of a mixture of "Kentucky-31" tall 
fescue and red-clover. Regrowth after haJing was accumulated for grazing during 

1Depa1tment of Animal Sciences, University of Missouri-Columbia 
2Forage Systems Research Center, University of Missouri-Columbia 
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fall and winter. When the stockpiled forage was all consumed, hay harvested from 
the same winter pasture and stored outdoors was fed to the cows and winter 
supplementation began. The supplementation for the G group consisted of 3.2 
lb/head/d of ground corn and soybean meal at a ratio of 85:15. Cows allotted to 
the NG treatment received hay only. 

Near the expected calving date in mid-February, cows were switched from 
winter pasture hay to hay obtained from assigned summer pastures. Cows were 
placed in their assigned summer pasture treatments in late April. Breeding season 
was from May 8 to July 8. In November, cows were palpated, and those not 
pregnant were removed from the project. Replacements were pregnant cows from 
the reserve herd. Cows were then rerandomized for assignment to treatments 
during the next yearly cycle. 

Summer pastures were of three sizes. Replicates I and II each consisted of 
two 13-acre pastures of 'Kentucky-31' tall fescue receiving nitrogen fertilization. 
Replicate III was structured the same as REPS I and II with the exception of 
pasture size. The stocking rate in REPS I and II was six cow/ calf pairs and four 
yearling steers per pasture. Replicate III consisted of eight cow /calf pairs and four 
steers per pasture. The 6 pastures contained a total of 40 cow /calf pairs and 24 
yearling steers. 

Tall fescue pastures were sampled twice during the project for endophytic 
fungus (Acremonium coenophialum). Percentage of endophyte-infected plants in 
REPS I, II and III was 77, 18 and 23 percent, respectively. Replicates II and III 
were combined and referred to as low, and replicate I was referred to as highly 
infected pastures in the analysis to determine the effect of endophyte infection on 
animal performance within the F-N system. Cows were weighed at the beginning 
and end of the winter phase and every 28 d during the summer. Nitrogen as 
ammonium nitrate was applied to tall fescue pastures each year as 60 lb N /acre 
in March and another 40 lb N /acre in August. 

All pastures were divided into three paddocks to allow rotational grazing and 
hay production for the winter phase. Each year a different paddock was harvested 
for hay in late May or early June. Cows were rotated between two paddocks until 
the paddock harvested for hay had enough regrowth for grazing. Then cows were 
rotated among all three paddocks during summer when forage growth was slow. 
A mixture of bluegrass, birdsfoot trefoil, and timothy was used for creep grazing. 

RESULTS 

Endophytic presence was associated negatively (P < 0.05) with the pregnancy 
rate of cows being 74% for high and 89% for low endophytic pastures (Table 1). 
Those on G winter treatment exhibited conception rates of 89%, while those on NG 
treatment averaged 76%. This suggests that supplementing cows on endophyte 
pasture led to pregnancy rates similar to those of other NG winter treatments and 
low endophyte pastures. Cattle wintered on hay only and placed on high endophyte 
pastures had a pregnancy rate of only 66%. 
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Three- and four-year-old cows on high endophyte pastures had decreased 
pregnancy rates compared with their counterparts on low endophyte pastures and 
mature cows on either level of endophyte. Pregnancy rates were 68% and 70%, 
respectively, for three- and four-year-olds grazing highly infected pastures. Rates 
for three-and four-year-olds on lowly infected pastures were 83% and 96%, 
respectively. 

The effect of percent endophyte and period on gain of cows is presented in 
Table 2. While there was a difference in weight gain during the summer, there 
was no difference in ADG during the last period of the grazing season. In May the 
low endophyte group exhibited large positive ADG whereas those on high 
endophyte were losing weight. By August both groups had large negative ADG. 
The weight loss of cows grazing the high infected pastures during summer, plus the 
loss during winter, led to a decrease in reproduction of this group of cattle the 
following year. 

Calves on low endophyte (21 %) pastures gained 9% (1.44 vs 1.57 lb/d, 
P<0.05) more weight per day than those on highly infected (77%) pastures. 
Significant differences in ADG were found for all summer months except June. By 
the end of the season, calves grazing the low infected pastures were 32 lb heavier. 

Pastures higher in endophyte had decreased calf gains for the season. 
However, there was not a creep effect for gain before the July-August period during 
which there was 0.12 lb/d advantage from creep grazing on high endophyte and a 
0.28 lb/d difference for those grazing low endophyte pastures. During September, 
calves on high endophyte pastures that were allowed to creep graze gained 0.32 
lbjd more, and calves on low endophyte pasture gained 0.41 lb/d more than calves 
not allowed to creep graze. Creep improved the performance of calves on 
endophyte pastures to a level similar to that of calves on low endophyte pastures 
and no creep during the last two months. 

Steer gains followed the same pattern as calf grains without creep grazing 
available. Steers on high endophyte pastures gained 0.83 lb/d and 1.06 lb/d on low 
endophyte. All steers gained 2.6 lb/d the first month on pasture. 

) -.. 
I - _, --

Ron Morrow talks rotational grazlne. at cow-calf clinic. 
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TABLE 1. 

Percent pregnant cows on tall fescue pastures by winter supplementation and 
percent endophyte. Data are average of 4 years. 

Supplement 

Percent No 
endophyte Grain grain 

77% 828b 66b 

21% 958 828b 

Means with different superscripts differ (P < 0.05). 

TABLE 2. 

Monthly cow gain on fescue pasture by percent endophyte and period. Data 
are 4 year average. 

lbs per 28-day weigh Period 

Percent 
Endophyte May June July Aug Sept Summer 

77% -2b -12bc 188 -29c -24c -49d 
21% 208 ob 5b ob -20c 5e 

•8,b,c,d,e Means with different superscripts differ (P < 0.05). 
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TABLE 3 

Calf monthly and summer gains on fescue pastures by percent endophyte and 
creep, 4 year average. 

Period 

Percent 
Endophyte Creep May June July Aug Sept Summer 

lbs per 28-day weigh period 

77% With 50b 38b 258 32bc 338b 210b 

Without 52b 36b 228 29c 24c 193c 

21% With 588 458 228 448 398 23JB 

Without 588 418b 228 36b 28bc 209b 

•a,b,c Means within each column with different superscripts differ (P < 0.05). 

TABLE 4. 

Steer gains on tall fescue pastures by percent endophyte and period, 4 year 
average. 

lbs per 28-day Period 

Percent 
Eendophyte May June July Aug Sept Summer 

lbs 

77% 758• 16c 26bc -1d 1d ll6e 
21% 728 34b 20c 15c -1d 148f 

•8,b,c,d,e,r Means with different superscripts differ (P < 0.05). 
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EFFECT OF ALFALFA ADDITION ON NUTRIENT DIGESTION OF 
EARLY AND LATE MATURITY TALL FESCUE BY CATTLE 

Kyle Grigsby1, Charles Peters1, Monty Kerley and John Paterson2 

SUMMARY 

Nine ruminally- and duodenally-cannulated steers were fed 100% Tall Fescue 
(F) or 80% Tall Fescue: 20% alfalfa (FA) green chop at an immature and mature 
stage of fescue growth. Digestibility of the immature forage was not influenced by 
alfalfa addition to the diet; however, alfalfa supplementation to the late maturity 
fescue increased digestibility of the diet. Calves fed FA consumed more (P < .01) 
crude protein at each stage of maturity than those fed F but all treatments had 
similar duodenal flows of crude protein. This research suggests that legume 
supplementation of mature forages was beneficial, with little effect being realized 
for immature forages. 

INTRODUCTION 

Forage digestibility decreases as a plant matures. Therefore, grazing animals 
require supplemental nutrients to maintain acceptable performance when forage 
digestibility decreases. Depending upon the type and form of the supplement, 
additional protein and/or energy may benefit the animal in two primary ways. 
One, supplemental nutrients can be absorbed by the animal. Two, supplemental 
nutrients can be utilized by ruminal microbes which will in turn increase 
digestibility of the mature forage consumed by the animal. Previous research has 
shown that calves grazing fescue/red clover mixed pastures consumed approximately 
20% red clover and 80% fescue in their diet. Therefore, this research was 
conducted to determine the effect of supplementing alfalfa at 20% of the diet on 
digestibility of immature and mature Tall Fescue forage. 

PROCEDURES 

At an immature (Period 1; late May) and mature (Period 2; mid August) 
stage of Tall Fescue growth, nine ruminally- and duodenally cannulated steers 
were randomly allotted to 100% Tall Fescue (F; n-5) or 80% Tall Fescue: 20% 
Alfalfa (FA; n-4) diets. Alfalfa was in early vegetative stage of growth during each 
period. The nutrient composition of fescue and alfalfa fed in each period is 
presented in Table 1. Fescue and alfalfa were green chopped daily (6 am) and 
fed (8 am) on a dry matter basis. Animals wete penned individually and allowed 
ad libitum intake for 5 days. Thereafter, all animals were restricted to 95% of 
intake of the lowest consuming animal. Calves were allowed 5 days to adjust to 
the restricted level of intake prior to a 4 day collection period. Chromic oxide 
was dosed daily 7 d prior to collections via gelatin bolus placed directly into the 
rumen (15g/hd/d). Feces were collected daily and composited while duodenal 
samples were collected at 4 hour intervals and stored separately. Fecal and 
duodenal composites were analyzed for chromium, dry matter, neutral detergent 
fiber (NDF), acid detergent fiber (ADF), gross energy and crude protein to partition 
nutrient digestion between the rumen and the hindgut. Chromium was used to 

'Graduate Students, University of Missouri - Columbia 
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determine dry matter flow to the duodenum and to the feces. All digestibilites are 
expressed as a percent. 

RESULTS 

Period 1 (May growth tall fescue): Dry matter intake was not differ~nt 
(P>.10) between treatments (Table 2). Although crude protein intake was higher 
(P<.01) for FA (1.13) than for F (.92 lb/d), duodenal flow of crude protein was 
similar for F and FA (P>.90) at 1.27 and 1.26 lb/d, respectively. Gross energy 
intake tended to be higher (P<.06) for F(19.26 Meal/d) than for FA (18.75 Meal/d). 
There were no treatment differences (P > .1 0) in total tract or ruminal 
disappearance of dry matter, ADF, NDF, or gross energy. Ruminal protein 
digestibility of F (-37.5) and FA (-12.7%) was different (P<.02). Hindgut 
digestibility of all fractions tended (P<.10) to be higher for F than FA. 

Period 2 (August growth tall fescue): Dry matter and gross energy intakes 
were not significantly different (P>.10) between treatments; however, crude protein 
intake was higher (P<.01) for FA (.95) than F (.76 lb/d). As in period 1, duodenal 
flow of crude protein was similar (P>.10) between treatments. Total tract 
digestibility of dry matter, NDF, ADF, and energy was higher (P<.02) for FA than 
F. Total tract digestibility of dry matter, NDF, ADF, and energy in calves fed FA 
was 34.6, 16.9, 29.9, and 39.7% higher than F. Ruminal digestibility of dry matter, 
ADF, and gross energy was higher (P<.03) for FA than F; while ruminal NDF 
digestibility also tended (P<.08) to be higher for FA than F. Ruminal dry matter, 
NDF, ADF, and gross energy digestion was 111.4, 15.3, 41.6, and 94.2% higher for 
FA than F. Ruminal crude protein digestibility for F and FA was -25.7 and 6.9%, 
respectively. 

DISCUSSION 

The addition of alfalfa to high quality Tall Fescue did not influence nutrient 
digestibility; whereas the 20% alfalfa addition to low quality Tall Fescue increased 
total tract dry matter digestibility by 34.6% and ruminal dry matter digestibility by 
111.4%. Alfalfa could account for the entire increase in diet digestibility only if it 
were 91.6% digestible. Digestibility in excess of 90% is unlikely since in situ 
experiments have shown alfalfa to be approximately 80% digestible at its maximum 
extent. Also, it is very doubtful that the alfalfa reached its maximum extent of 
digestion in these diets, since average ruminal retention time should be much 
shorter than 120 hours. Although calves in the FA treatment consumed more 
crude protein in each period, crude protein flow to the small intestine was similar 
between treatments and within period which suggests recycling of nitrogen to the 
rumen and incorporation of nitrogen into microbial protein in the rumen was 
similar for both diets. The primary effect of alfalfa supplementation, in period 2, 
seemed to be increased digestion of energy in the rumen. Calves fed FA digested 
94.2% more gross energy in the rumen than nonsupplemented calves, which 
calculated to 1.55 Meal of additional energy digested per day from the FA than 
from F diets. Therefore, data obtained in this experiment would suggest that 
supplementation of low quality forages may be beneficial, whereas supplementation 
of high quality forage may be of no benefit. 
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Table 1. Nutrient Composition of Diet Components 

1NDF(%) 
2ADF(%) 
Crude Protein(%) 
Gross Energy 

(Mcal/1b) 

1NDF-Neutral Detergent Fiber 

Period 1 
Immature 
Fescue 
70.31 
39.47 
8.76 

Alfalfa 
47.81 
34.59 
19.82 

1.87 1.81 

Period 2 
Mature 
Fescue 
69.66 
42.79 
8.42 

Alfalfa 
35.21 
22.87 
23.75 

1.87 1.87 

2 ADF -Acid Detergent Fiber 

Table 2. Nutrient Flux of Calves Receiving 100% Tall Fescue (F) or 
80% Tall Fescue: 20% Alfalfa (FA) greenchop 

Period 1 

Dry Matter (lb) 
Crude Protein (lb) 
Gross Energy (Meal) 

Duodenal Flow 
Crude Protein 

(lb/d) 

Total Tract Dig (%) 
Dry Matter 
1NDF 
2ADF 
Gross Energy 

10.50 
.92b 

19.26 

1.26 

57.5 
60.3 
55.3 
56.6 

Rumen Dig(% of intake) 
Dry Matter 31.6 
NDF 57.1 
ADF 51.2 
Gross Energy 31.1 
Crude Protein -37 .5b 

Hindgut Dig (% of intake) 
Dry Matter 25.9 
NDF 3.2 
ADF 4.0 
Gross Energy 25.5 

1NDF-Neutral Detergent Fiber 
2 ADF -Acid Detergent Fiber 

10.30 
1.138 

18.75 

1.27 

57.6 
60.1 
54.4 
54.9 

36.1 
60.3 
54.4 
32.5 

-12.78 

21.6 
0.0 
0.0 
6.0 

Period 2 

9.00 
.76d 

16.53 

.96 

33.5d 
39.0d 
30.1d 
31.2d 

12.3d 
34.7 
20.7d 
12.1d 

-25.7d 

21.2 
4.4 . 
9.3 

19.1 

8.31 
.95c 

15.29 

.89 

45.1c 
45.6c 
39.1c 
43.6c 

26.0c 
40.0 
29.3c 
23.5c 

6.9c 

19.0 
5.6 
9.9 

20.1 

% increase 

34.6 
16.9 
29.9 
39.7 

111.4 
15.3 
41.6 
94.2 

a,bMeans in same row are different (P < .05) 
c,dMeans in same row are different (P < .05) 
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THE EFFECTS OF A DOPAMINE ANTAGONIST (METOCLOPRAMIDE) 
ON HEAT STRESSED LAMBS FED TALL FESCUE INFECTED 

WITH THE ENDOPHYTIC FUNGUS ACREMONIUM 

C.G. Aldrich, M.T. Rhodes, J.A. Paterson and M.S. Kerley1 

SUMMARY 

Two experiments were conducted to determine the effects of Metoclopramide 
(M) on voluntary feed intake, total tract dry matter digestibility and body 
temperature in lambs fed endophyte-infected tall fescue. Lambs (12 in trial one 
and 19 in trial two) were housed in environmental chambers at 90°F and 60% 
relative humidity for the duration of the experiments. Diets consisted of 50% 
fescue seed (infected or non-infected), 40% fescue hay (infected or non-infected), and 
10% protein-mineral supplement. Ergovaline was used as an indicator of fungus 
level. Metoclopramide was supplemented at 15 mg/kg bodyweight (trial1) and 20/ 
mg/kg BW (trial2). In trial one, lambs also had thermoprobes surgically implanted 
at the interior groove of the cecum to determine changes in core body temperature. 
Trial 1 compared an endophyte-free diet (<50 ppb ergovaline; Free) to endophyte
infected (1169 ppb ergovaline) diet with M (Endo+M) or without (Endo) M. Trial 
2 was a 2x2 factorial arrangement of treatments with main effects of 
metoclopramide and endophyte tested. In both experiments endophyte-infected 
fescue reduced (P < .05) DM intake while M increased (P < .05) the consumption. of 
endophyte infected (avg 35%) diet but not endophyte free diet. Core body 
temperatures were increased (P < .05) by the endophyte-fungus but supplementation 
with M did not change core body temperature in lambs. 

INTRODUCTION 

Tall fescue is the predominant pasture forage for cattle and sheep in much 
of the south-central United States. In addition it is a hardy and well adapted 
cultivar for the majority of Missouri's pastureland. However, an antiquality factor 
within the plant causes decreased performance by grazing livestock, especially under 
conditions of high ambient temperature and high relative humidity. An endophytic 
fungus (Acremonium Coenophialum) existing in a symbiotic manor with the tall 
fescue produces ergot-alkaloid(s) (ie. ergovaline) which is believed to be the 
causative agent of summer toxicosis. Summer toxicosis is characterized by animals 
seeking shade, standing in ponds, having rough hair coats, etc.; indicating that the 
animal is unable to dissipate body heat. This has resulted in decreased grazing 
time and feed intake and subsequently reduced productivity. Investigations into 
digestive attributes have revealed little differences between the endophyte infected 
or non-infected tall fescue. The attempt to describe this phenomena has centered 
upon the hormonal and nervous stimuli controlling feed intake and feeding 
behavior. The activity of these ergot-alkaloids are thought to disrupt the "feed" 
stimulus to the brain. A hormone, dopamine, has been strongly implicated as the 
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neurotransmitter which is triggered or accentuated by ergovaline. Activities 
associated with dopamine and its role in the hypothalamus are thought to directly 
or indirectly cause depressions in feed intake and disrupt other metabolic processes. 
In essence, the animal detects that it is overheating, slows eating rate and attempts 
to continually cool itself by standing in pond or under shade. Our objective was 
to utilize a dopamine antagonist (metoclopramide) to control the negative effects 
of the alkaloid contained in the endophyte infected tall fescue and to measure its 
effects upon voluntary feed intake, digestibility and body temperature changes in 
lambs. 

PROCEDURES 

Exp. 1. Twelve ruminally cannulated wether lambs (avg wt. of 95.9 lbs.) 
were allotted to three diets. Lambs were housed in the Brody Climatology 
Chambers at a constant temperature of 90°F and 60% humidity. Our aim was to 
mimic environmental conditions during the months of July and August when 
toxicosis is most noticeable. Diets were composed of endophyte-free (Kenhy) tall 
fescue seed and hay (Free), endophyte-infected (KY-31) tall fescue seed and fescue 
hay (Endo) and Endo plus Metoclopramide (Endo + M; Table 1). Metoclopramide 
(M) was dosed daily via the rumen fistula at 7:00pm at the rate of 15 mgjkg BW 
in an attempt to ensure each animal received the proper dosage. All lambs were 
surgically implanted with a thermocouple probe near the large intestine to measure 
changes in internal "core body" temperature. The implanted thermocouple was 
attached to a computer where temperatures could be constantly recorded. After 
implanting temperature probes, animals were allowed to recover from surgery for 
two days. Skin and rectal temperatures were taken at lO:OOam and 6:00pm daily 
starting on day eight and continued for eight additional days. Total tract dry 
matter digestibility was also determined for the three diets. 

Exp. 2. Nineteen crossbred wether lambs (avg wt. of 53 lbs) were alloted to 
four diets. Diets and housing were similar to Exp. 1. This experiment also 
evaluated endophyte-free tall diet with Metoclopramide (Free + M; Table 1). 
Metoclopramide was fed in a supplement at 20 mgjkg BW daily immediately 
preceding the 7:00am feeding. Voluntary feed intake was monitored for 19 days, 
then restricted to 1.5% of bodyweight for six days. Total tract digestibility was 
determined between days 16-19 under ad libitum intakes and days 22-25 during 
restricted intakes. Rectal and skin temperatures, and water consumption w~re 
monitored on day 20. 

RESULTS AND DISCUSSION 

These experiments were conducted under environmental temperatures which 
we believe mimic conditions during the months of July and August in Missouri. 
Under these conditions, consumption of the Endo diet was significantly less (1. 76% 
of BW) than consumption of the Free diet (2.55% BW). Supplementing the Endo 
diet with M increased consumption of the Endo diet by 38% which was a level 
similar to consumption of the Free diet (Table 2). Digestibility of Free diet was 
higher than either the Endo or En do+ M diets. In experiment 2, consumption of 
the Endo diet was again less than the Free diet (1.66% vs 2.6% BW). Similar to 
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Exp. 1, supplementation with M increased intake to the level of the Free diet. 
Surprisingly, supplementation of the Free diet with M did not change dry matter 
consumption. In this experiment, diet digestibilities were similar among 
treatments. 

Unlike previously reported data, the endophyte appeared to reduce rather 
than increase flow of liquid from the rumen (Table 3) compared to the free diet 
(11.5%/h vs 19.9%/h). Supplementation with M did significantly increase fluid flow 
(15.3%/h) but was less than the Free diet. Although there was a trend towards 
increased water consumption (mljgram of DM intake) by lambs consuming the 
endophyte-infected diets (Exp. 1) results were not different than the Free diet. 
This trend was also observed for the diets fed in Exp. 2. 

Our objectives in feeding a dopamine antagonist were three-fold. We want 
to increase intake of endophyte-infected seed and hay, increase blood flow to the 
skin (see report by Rhodes) and lower core body temperature. Consumption of the 
Endo diet resulted in significantly higher "core body" temperatures (102.7 °F) than 
consumption of the Free diet (101.1°F; Table 4). Unfortunately, supplementation 
with M did not reduce core body temperature when lambs consumed the Endo diet 
(103.2°F). 

Results of these two experiments demonstrate that supplementation of 
endophyte-infected tall fescue diets has the potential of dramatically increasing dry 
matter consumption when animals are under temperature stress. 

Monty Kerley 
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Table 1. Nutrient Composition of Diets Fed in Exp. 1 and Exp. 2 

Endophyte diet 
Crude 
Protein 

Experiment 1a 

Neutral Detergent 
Fiber Ergovaline 

----------%------------ ppb 

Endophyte free 
Endophyte infected 

Endophyte free 
Endophyte infected 

14.49 
11.74 

13.7 
10.84 

46.74 
50.64 

Experiment 2a 

46.64 
52.08 

0 
1168 

0 
2428 

aDiets contained 50% tall fescue seed, 40% tall fescue hay and 
10% protein-mineral supplement. 

Table 2. The Effects of Tall Fescue Endophyte (Endo) and 
Metoclopramide (M) on Voluntary Feed Intake and 
Diet Digestibility by Lambs 

Experiment 1 

Item Free En do Endo + M 
Intake DM 
(% of bodyweight) 
DM Digestibility,% 
Digestible DM 

intake, lb. 

Ad libitum intakes 
Intake DM, (% of BW) 
DM dig., % 
Digestible DM 

intake, lbsd 
Restricted intakes 
DM dig., % 
Digestible DM 

intake, lbs 

Free 

2. 6c 
62.51 

1.18 
( 1. 5% BW) 

66.26 

.69 

Experiment 2 

Free + M 

2. 48cb 
62.20 

1. 21 

63.22 

.62 

En do 

1. 66a 
60.49 

.71 

64.56 

.53 

Endo + M 

2. 20b 
57.67 

.68 

66.57 

.59 

a, ,cMeans in the same row with different superscripts differ 
( P<. 05) . 
dMain effect due to endophyte. 
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Table 3. Effect of Endophyte Fungus and Metoclopramide on 
Ruminal Dilution Rates, Water Consumption and Respiration 
Rates by Lambs 

Experiment 1 
Item Free En do Endo + M 

Liquid passage 
%/hr. 
mljhr 

Rumen vol. Liter 
Water consumption 

ml/d 
mljg DM intake 

Respiration 
breaths/min 

19.98 

460 
2.3 

4234 
3.4 

143 

375 
3.0 

5339 
5.7 

146 
Experiment 2 

414 
2.7 

5596 
4.9 

149 

Free Free + M Endo Endo + M 

Water Consumption (ml/d) 
Diet; restricted 

( 1. 5% BW) I ml 4189 3556 4193 2345 
Diet; ad libitum, 

ml 3624 3482 2805 2646 
mljg DM intake 3.38 2.76 4.6 3.27 

a,h,cMeans in the same row with different superscritps differ 
( P<. 05) . 

Table 4. Effect of Endophyte and Metoclopramide Upon Core, 
Skin, and Rectal Temperature in Lambs 

Item 

Temperatures, °F 
Core Body 
Rectal 
Skin 

Rectalc 
Skin 

Free 

101.088 

104.09 
100.85 

Free 

103.57 
101.53 

Experiment 1 

En do 

102.74b 
102.74 
101.28 

Experiment 2 

Free + M 

103.53 
101.79 

Endo + M 

En do 

103.24b 
103.24 
101.46 

Endo + M 

104.00 
101.95 

104.14 
102.13 

a,hMeans in the same row with different superscripts differ 
( P<. 05) . 
cMain effect due to endophyte. 
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RESULTS 

Feed intake was greatest for wethers consuming the EF (2.69% body wt) and 
EI + M (2.56% body wt) diets and was least for the EI diet (1.85% body wt). Feed 
intake of the EI diet resulted in ergovaline intakes of 0.9 and 1.3 mgfday for the 
EI and EI +Met treatments, respectively. 

Significant differences in blood flow were found in five of twenty-eight tissues 
studied. Blood flow to the pancreas, adrenal glands, spleen and cecum in wethers 
consuming the EF diet were greater than either of the EI treatments (Table 2). 
Blood flow to the duodenum was greater in both EF and EI + M than in the EI 
treatment (Table 2). 

Numerical differences in several tissues showed that blood flow to these 
tissues was less in the EI than in the EF treatment and that the addition of Met 
to the EIU treatment increased blood flow. Tissues showing this numerical 
response in blood flow were skin covering the inner hind leg and ribs (Fig. 1). 
coronary band of the rear hooves (Fig. 1), nasal turbinates (Fig. 2), tongue (Fig. 2), 
thyroid, heart, kidneys, liver, reticulum, omasum, abomasum, colon, jejunum and 
ileum. 

Contrary to the original hypothesis of endophyte-infected tall fescue causing 
the diversion of blood flow from the periphery to the deep body tissues, it appeared 
that the toxin decreased blood flow to the deeper tissues as well as to the 
periphery. Therefore, in addition to altering blood flow , endophyte-infected tall 
fescue may also be responsible for decreasing cardiac output. 

Table 2. Effect of Endophyte-Infected Tall Fescue and Metoclopramide (Met) 
Supplementation on Flow of Blood to Various Tissues in Lambs1 

Endophyte 

Tissue Free Infected Infected+ Met 

ml/min/100 g wet tissue 

Pancreas 382.8c 153.4d,e 

Adrenals 334.68 101.9b 
Spleen 219.0e 26.2f 
Duodenum 177.5e 50.7f 
Cecum 129.8e 41.4f 

1Average values for each treatment are given. 
2Pooled standard deviation of the means. 

•.bMeans within tissue with different superscript differ P < .01. 
c,dMeans within tissue with different superscript differ P < .05. 
•.rMeans within tissue with different superscript differ P<.lO. 
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317.9f 
145.6 
172.5 
140.5 
106.2 

Pooled SD2 

56.1 
15.2 
58.1 
31.6 
36.7 
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EFFECT OF GRAZING INTENSITY ON 
BIG BLUESTEM DIGESTIBLE DRY MATTER YIELD1 

E.J. Piwonka, J.W. MacAdam, J.G.P. Bowman, K.N. Grigsby, 
M.S. Kerley, J.A. Paterson, J.R. Forwood and M.M. Magai2 

ABSTRACT 

Warm-season grasses provide an alternative to poor forage quality of 
cool-season grasses in mid-summer. The acreage of warm-season grasses · in 
Missouri has increased due to their use in grazing regimens and planting on 
Conservation Reserve Program acres. A major limitation to maximizing use of 
warm-season grasses by cattle is our lack of knowledge regarding their proper 
grazing management. Therefore, the effects of three simulated grazing intensities 
on digestible dry matter yield (DDMY) of big bluestem were evaluated. 

Big bluestem samples were collected in 1985 and 1986 using the following 
clipping treatments imposed from May through September: growth to 12 in., 
clipping back to 8 in (12/8); growth to 16 in., clipping back to 8 in. (16/8); growth 
to 20 in., clipping back to 4 in. (20/4). The proportion of neutral detergent fiber 
(NDF) did not change throughout the growing season within or among treatments 
(P < .05), varying from 64 to 7 5%. Digestible yield of 16/8 and 20/4 leaf material, 
however, was approximately double that of 12/8. In vitro digestibility of NDF 
declined from 56 to34% for the 12/8 treatment and from 49 to 36% for the 20/4 
treatment by the end of June, while the 16/8 treatment remained above 40% till 
mid-July. The 16/8 treatment had the greatest (P<.05) overall NDF digestibility. 
Concentration of non-core lignin components (p-coumaric and ferulic acids) were 
inversely related to cell wall digestibility and were higher (P > .05) for the 12/8 
clipping treatment than for either the 16/8 or 20/4 treatments. We conclude that 
NDF digestibility of big bluestem leaf material declines after mid-July regardless 
of grazing management, but may be managed to remain 10 or more percentage 
units higher in NDF digestibility throughout July. 

INTRODUCTION 

There has been increased interests in warm-season grasses and controlled 
rotational grazing systems in recent years. Primarily in an effort to maintain cattle 
production during mid-summer when cool-season grass species become dormant. 
There is little information of how grazing intensity effects warm-season grass 
digestibility throughout the summer. Therefore, our objective was to determine 
the effects harvesting intensity (grazing pressure) has on big bluestem digestibility. 
This information would allow big bluestem to be optimally managed for high yield 
and quality to achieve maximum cattle performance. 

1This research supp01ted in patt by the Missouri Research Assistance Act and the Food for the 21st 
Century Program-UMC 

2Depattment of Animal Sciences, University of Missouri - Columbia 
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PROCEDURES 

Three clipping treatments were imposed on big bluestem plots at the 
Bradford Research Center from May through September in 1985 and 1986: growth 
to 12 in., clipping to 8 in., (12/8); growth to 16 in., clipping to 8 in. (16/8); growth 
to 20 in., clipping to 4 in. (20/4). Only leaf material was studied from these 
clipping treatments. Leaf material was extracted with neutral detergent solution 
to determine NDF (cell wall) content. Digestibility of NDF was determined by in 
vitro fermentation. To study factors that influence cell wall digestibility, non-core 
lignin components (p-coumaric and ferulic acids) were measured on the leaf NDF 
material. 

RESULTS 

Figure 1 shows the total plant and leaf dry matter yields for the clipping 
treatments. Total plant dry matter yields were greatest for the 20/4 clipping 
treatment (3,453 lbs/acre) followed by the 16/8 (1,716lbs/acre) and 12/8 (1,517 
lbs/acre) treatments. Total leaf dry matter yield followed the same trend as total 
plant dry matter yield. Concentration of NDF in grass is a determining factor of 
forage quality. The concentration of NDF in big bluestem leaves was the same for 
all three clipping treatments and did not significantly change over the growing 
season, varying between 64 and 7 5%. 

With this high concentration of NDF material, NDF digestibility is the most 
important factor regulating forage quality. Figure 2 shows in vitro NDF 
digestibility for the clipping treatments. In vitro NDF digestibilities of leaf material 
declined sharply by mid-June for the 12/8 treatment (56%, mid-May, to 34%, mid
June) and for the 20/4 treatment (49%, mid-May, to 36% mid-June), but remained 
above 40% digestible until mid-July for the 16/8 treatment. The 16/8 treatm~nt 
had the greatest (P < .05) overall mean NDF digestibility throughout the mid
summer. 

Non-core lignin components (p-coumaric and ferulic acids) have been shown 
to have an inverse relationship on NDF digestibility. This is because they are 
highly correlated with lignification of the plant polysaccharides and result in 
decreased digestibility of the forage by cattle. Figures 3 and 4 show the 
concentration of these two components throughout the grazing season. In this 
study, these components were observed to have the sharpest increase by mid-June 
for the 12/8 treatment (from 0.49 to 0.60% ferulic acid and from 0.29 to 0.44% p
coumaric acid), but remained constant for the 16/8 and 20/4 treatments throughout 
the mid-summer (0.38% ferulic and 0.23% p-coumaric acid). 

This study demonstrates that cell wall digestibility of big bluestem leaf 
material declines sharply after mid-July regardless of management. However, 
pastures can be managed to remain 10 or more percentage units higher in cell wall 
digestibility from early June to mid-July by regulating grazing pressure. 
Differences found in cell wall digestibility would make a large difference in total 
digestible dry matter intake and subsequent cattle performance. Therefore, big 
bluestem should be optimally managed for high yield and quality in order to obtain 
the maximum benefit of cattle gains when using warm-season grass pastures. 
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Fig. 1 Total plant and leaf dry matter yields for the 
clipping treatments. 
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\IILK PRODUCTION OF POLLED HEREFORD COWS ON COOL AND WARM 
SEASON PASTURE SYSTEMS1 

F.A. Martz2, V. Johnson3, J.R. Gerrish3 , 

G.B. Garner\ and R.E. Morrow4 

SUMMARY 

This progress report includes two years of a 3-year study. Forty-eight Polled 
Hereford cows with Gelbvieh sired calves at side were used to evaluate 4 grazing 
systems. Grazing systems varies in stocking rate and forage base. Production of 
milk by machine milking and calf ADG was measured. Grazing systems were 1) 
low input (LO), 2) medium input (ME), 3) high input (HI), and 4) cool season 
pasture with Big Bluestem, June to September (CMP). Milk production in 1987 
was sustained at a higher level during June and JUly for treatments HI and CMP 
but all systems declined to similar levels for August and September. In 1988 milk 
production tended to be similar for June, July, August and September, possibly 
because of hot weather and sever drought conditions. Gains of calves were similar 
in 1987 for all systems (near 1.9 lb daily) but favored the HI, ME, and LO systems 
over CMP (1.9 lb vs 1.8 lb daily) in 1988. In both years total gains/acre for cows 
and calves favored HI and CMP systems and calf gains/acre also favored these 
systems over ME and LO. The advantage in gain/acre was mainly a function of 
the higher stocking rate for HI and CMP, since gain per day per animal unit 
(animal performance) was similar for all systems. 

INTRODUCTION 

Assessment of milk production by Polled Hereford cows on differing levels 
of grazing management and forage types was conducted. Forty-eight spring calving 
Polled Hereford cows with Gelbvieh sired calves at side were randomly allotted to 
four grazing systems. Grazing management varied in acct:>rdance to forage type. 
Low (LO), medium (ME) and high (HI) input systems consisted of cool season 
grass-legume mixtures. A complementary (CMP) grazing system consisted of fescue
legume in early spring and early fall, while the summer portion (June through 
September) was Big Bluestem. 

PROCEDURES 

The experimental procedure is presented in Table 1. 

1Appreciation is expressed to the Missouri Department of Conservation for financial suppott of this 
project. 

2USDA Agricultural Research Service , Columbia, MO 
3Forage Systems Research Center, University of Missouri - Columbia 
4Department of Animal Sciences, University of Missouri - Columbia 
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Table 1. Experimental Procedure 

Variable Forage System 

LO MEHICMP 

Forage Base Orchardgrass Orchardgrass W / Bromegrass W / Big Blua3tem 
W/0 legumes 6 lb. Rd. Cl. Ann. Alf. & Bds 

Trefoil 

Subdivisions 3-5.3 A 6-2.7 A 12-1.3A 6-2.2A 
(paddocks) 

Stocking Rate 2.7 A/CC pr. 2 A/CC pr. 1.3 A/CC pr. 1.3 A/CC pr. 

Pasture 
Rotations 2-3 weeks 5-10 days 2-4 days 5-7 days 

Fertilizer 40-0-0 40-0-0 40-0-0 Apr. 60-0-0 
(NPK)1 April April 40-0-0 Aug. Late May 

Hay Harvest 1-paddock 2-3 paddocks 2-5 paddocks none 
as needed as needed 

1P & K was applied to soil test for all paddocks. 

Milking Procedure 

Milk production was determined by monthly machine milking on two alternate 
days. Twenty-four cows were milked on a Tuesday /Thursday schedule, and twenty
four cows were milked on a Wednesday/Friday schedule. The day prior to each 
milking, calves were removed from their dam at 1:00 p.m. At 6:00p.m., all calves 
were allowed to nurse their dam during a 1 hour controlled nursing period. Cows 
were then placed back on their respective treatment pastures without their calves 
and milked the following morning. To ensure milk letdown, all cows were injected 
with 20 IU's of oxytocin. Milk was analyzed for fat, protein and somatic cells. 

Forage Sampling and Analysis 

Forage samples were taken at each paddock before and after each grazing 
rotation. Forage quality was estimated by using Near Infrared Reflectance 
Spectroscopy (NIRS). The NIRS was calibrated using a subsample set from the 
sample population which had been analyzed by chemical analysis. 

OBJECTIVES 

1. To measure cow-calf performance as effected by different input systems. 
2. To relate forage quality and availability to subsequent animal performance. 
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RESULTS 

1987 Milk Production 

Milk production curves are in Figure 1. All cows produced equivalent milk 
yields in April while still on a winter ration of hay. During May, the ME system 
cows had the lowest daily milk yields. This drop in milk production cannot be 
explained by any forage quality data. In June, the CMP system cows were placed 
on the summer forage treatment Big Bluestem. The CMP system cows had the 
highest milk yields during June. HI system cows had significantly higher milk 
yields in June than did the LO or ME system cows. 

During July, the CMP system maintained the highest milk yields. This high 
milk yield seems to be a direct response to high forage availability to the cows, 
even though Big Bluestem at this time was analyzed to have over 70% NDF and 
38% ADG, while its crude protein level was 9%. In comparison, the nutrient 
composition of the high system forage was 15% crude protein, 56% NDF and 32% 
ADG. In August, the Big Bluestem continued to mature and decrease in quality 
but these changes didn't appear to hamper milk production when compared to the 
other three treatments. 

By September no treatment effects were evident. The pattern of seasonal 
milk production was similar for the CMP, HI and LO input systems (16.3, 16.0 and 
14.2 avg. lbsfday, respectively). The ME system produced the lowest avg. daily 
yields of milk at 13.6 lbs/day. 

1987 Calf Gains 

Calf gains are illustrated in Figure 2. During April, the LO and ME system 
calves achieved the highest gains. During May, the ME system calves maintained 
the lowest daily gains. The low ADG's are in agreement with the low milk 
production of the ME system cows, which shows the ME system cows producing the 
lowest milk yields. In June, the effects of Big Bluestem on cow milk production 
and subsequent calf gains was significant. The HI system, at an increased stocking 
rate and pasture rotation, maintains forages in a more vegetative state of growth. 
The forage intake by calves is thus, enhanced, and helps to account for the higher 
gains achieved by calves on the HI system, when compared to the LO and ME 
systems. 

During July, the CMP calves again gained the fastest. This growth seems to 
be in direct response to the CMP system cows maintaining higher daily milk yields. 
Seasonal ADG's were similar for all treatments. 

1988 Milk Production 

Milk production curves for 1_988 are in . Figure 3. The effects of the regional 
drought on forage growth and milk productiOn was severe during June and July. 
In late June, the HI, LO and ME system cows were removed from treatments due 
to lack of forage and placed on backup pastures of stockpiled fescue-legume. The 
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CMP system withstood the lack of moisture approximately 10-14 days longer than 
the HI, LO and ME systems. However, in early July the CMP system cattle were 
removed and placed on similar backup pastures. All cows were returned to their 
respective pasture systems the last week of July. 

Milk production in July, while all cows were on Fescue-legume, was down 
from the previous month. However, the CMP system cows appeared to decline the 
most in terms of milk yield. The adjustment the cows had to make to a change 
in diet type and quality is the probable cause for these reduced milk yields. 
During August, the HI system cows produced the highest milk yields. 

1988 Calf Gains 

Calf gains for 1988 are illustrated in Figure 4. Gains were fairly similar April 
through June. During July when cattle were on backup fescue-legume pastures, 
the CMP system calves produced the lowest gains. This low performance was 
probably due to the lowered milk production by their dams and the need to adjust 
to the change in diet. In August, the CMP system calves responded to placement 
back on Big Bluestem in an almost compensatory fashion. The gains in September 
were similar for the HI, LO and ME systems, with the CMP system calves starting 
to show the depressed ADG's that occur when Big Bluestem matures. Season 
average gains were lowest for the CMP system and greatest for the HI system. 

CONCLUSION 

Some preliminary conclusions from two years data of a 3-year pasture grazing 
trial follow. 

Big Bluestem as used in this study appears to be a viable mid-summer pasture 
alternative for lactating beef cows. Production by cattle in all systems was at least 
equal during the mid-summer months in terms of milk production and calf gains. 
Rapid maturation of Big Bluestem in August, which appears to be accompanied by 
reduced milk production and calf gains, might be offset by incorporation of more 
paddocks and/or higher stocking rates than what was used. Also, frost or no-till 
seeding of a mid summer legume such as Korean lespedeza or birdsfoot trefoil 
might be beneficial as a protein source. This type of legume incorporation with 
warm season grasses is currently being studied at FSRC. 

The advantage of the HI and CMP systems appears to be in terms of live
weight gains per acre (Figure 5 and 6). The advantages in gains/acre appear to 
reflect the increased stocking rate of the HI and CMP systems, since animal 
performance was similar for all systems. 

The LO system allows individual animal performance to be maintained at a 
relatively satisfactory level but at the expense of low animal output per acre. 

The ME input system appears to hamper individual cow and calf performance, 
but gain per acre is increased over the LO system, without having the increased 
management requirement needed for the HI system. 
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FIGURE 5. 
1987 CALF, COW AND TOTAL LIVEWEIGHT GAINS PER ACRE 
FOR COMPLEllENTARY ( c::J ), HIGH ( IXl ), LOW ( ~) AND 

KEDIUll ( KXii) INPUT GRAZING SYSTEMS. 
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EFFECTS 011' SUPPLEMENTATIONS WITH COHN AND SODIUM HICARHONA1'£ 
ON UTil .. IZATION O:F AMMONIA TUF...ATED WHEAT STRAW BY SHEEP 

Z. Guo, J.A Paterson, and M.S. Kerle/ 

SUMMARY 

Lambs were used to evaluate the effects of supplementations of ammonia
treated wheat straw with corn or corn plus sodium bicarbonate (a rumina} buffer) 
on nutrient digestion. Supplementation with corn increased organic matter 
digestibility and decreased neutral detergent fiber (NDF) digestibility of diets. Corn 
supplementation also depressed NDF digestion rate and extent of ammoniated 
wheat straw in the rumen. Feeding or infusing sodium bicarbonate did not 
overcome the depressing effect of corn on extent of NDG digestion in the rume. 

INTHODUCTION 

Low quality wheat straw has very limited digestibility and low crude protein, 
thus can not supply growing ruminants with sufficient energy and nitrogen, even 
if it is treated with ammonia. When high eneryg supplements such as corn are 
used to supply more energy to the diet, fiber digestion of forage is depressed, . so 
called negative associative effect. However, the results varied so that no definite 
conclusion can be drawn. The objective of this experiment was to evaluate the 
validity of sodium bicarbonate as a buffer agent delivered by different ways to the 
digestive tract of lambs to reverse the negative effect induced by supplementation 
of corn to ammoniated wheat straw diets. 

PROCEDUHES 

Eight lambs (approximately 80 lbs) with permanent rumina} and abomasal 
cannula were used. The four treatments were: 

1. Ammonia-treated wheat straw alone (WS). 
2. Treatment 1 plus corn at the level of 60% of dry matter intake (C). 
3. Treatment 2 plus sodium bicarbonate fed with corn (BF'). 
4. Treatment 2 plus sodium bicarbonate infused directly into the rumen 

constantly by pump (BI). Sodium bicarbonate was fed or infused at 2c}(, 

of the diet. 

Ammoniated wheat straw (3.5% ammonia) was ground in a Fritz Mill with 
a 4 mm screen. Lambs in C, BF and BI were offered similar quantities of 
ammoniated wheat straw while those in WS received 100 g more. Nitrogen inU~kc 
of all treatments was brought to the same level by supplementing diets fed to 
lambs in WS with soybean meal. Water was aecessible to lambs without restriction 
at all times. Composition of ammoniated wheat straw and corn used in this 
experiment are presented in table 1. 

1Depa1tmcnt of Animal Sciences, University of Missouri - Columbia 
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Table 1: Composition of Ammoniated Wheat Straw and Corn (%) 

Feeds 

Ammoniated wheat straw 
Corn 

NDF 

74 
11 

ADF 

55 
I 

CP 

11 
10 

ADF - Acid detergent fiber CP - Crude protein NDF - Neutral detergent fiber 

RESULTS 

Ash 

8 
2 

Digestibility of dietary organic matter in those lambs fed ammonia-treated 
wheat straw alone was substantially lower than any other treatment (table 2), .an 
expected result for ammoniated wheat straw. Supplementation of ammoniated 
wheat straw with corn at 60% of dry matter intake with or without sodium 
bicarbonate, either fed or infused into the rumen constantly, increased the 
digestibility of dietary organic matter by 7.5 to 9.5% (P<.05). Supplementation 
with corn, however, suppressed dietary NDF digestibility by 16.4 to 19.9% (P<.05). 
This indicated that the increased digestibility of organic matter in these treatments 
was due to the digestion of non-NDF components in the corn, assumbly readily 
digestible carbohydrates. 

Feeding or infusing sodium bicarbonate did not alter the negative effect of 
corn supplementation on dietary NDF digestion. 

From in situ data, digestion rate of ammonia-treated wheat straw in the 
rumen was also depressed by supplementation fo corn althought the difference was 
not statisticly significant (P > .05). Sodium bicarbonate infusion into the rumen did 
not alter this negative effect. When fed with corn, however, sodium bicarbonate 
reduced this negative effect to some extent (4.1 vs 3.7%/h) although it was not 
significat (P > .05). Extent of NDF digestion of ammoniated wheat straw, as 
indicated by disappearance of ground ammoniated wheat straw in dacron bags 
incubated in the rumen for 96 hours, was greatly reduced by corn supplementation 
by 27.5% (P<.05). Sodium bicarbonate, by either method of delivery, did not 
produce effect on overcoming this negative effect of corn on digestion extent of 
ammonia-treated wheat straw in the rumen. 

Table 2. Dietary Digestibilities and NDF Digestion Rate and 
Extent in the Rumen 

Treatments 
Items ws c BF 

No. Lambs 8 8 8 
Dietary digestibility 

62.38 71.8b 69.8b OM (%) 
NDF (%) 60.88 44.0b 40.9b 

Wheat Straw-NDF digestion 
3.78b Rate (%/h) 4.28 4.18 

Extent (%,96h) 64.18 36.6b 36.7b 

a,bFigures with different superscripts differ (P<.05). 
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CONTROL OF FEED INTAKE IN SHEEP: 
ROLE OF NEUROPEPTIDE Y AND NOREPINEPHRINE 

Jess Miner1, Mary Anne Della-Fera2, John Paterson3, 

Clifton Baile4 and David Bylund5 

SUMMARY 

Injection of neuropeptide Y (NPY) more than doubled the short term feed intake 
of sheep. It also stimulated feeding when feeding had been depressed by 
distending the rumen with a water balloon or by infusing propionate into the 
rumen. Norepinephrine also markedly enhanced feed intake. 

INTRODUCTION 

Feed intake is the primary determinant of animal productivity. Once the 
nutrient requirement for body maintenance has been met then any strategy which 
doubles feed intake could far more than double growth. The key to such a strategy 
is to understand enough about how animals regulate feed consumption so that we 
can alter the regulatory mechanism. We know that consumption of feed stretches 
the digestive tract. The nervous and endocrine systems carry information about 
nutrient availability and gut stretch to the brain. Somehow the brain integrates 
this information and determines feeding behavior. This report summarizes our 
research of the roles of two major neurotransmitters involved in the brain's control 
over feeding in sheep. 

EXPERIMENTS 

Groups of eight growing lambs were surgically fitted with cannulas into the 
lateral ventricle of the brain. These cannulas were used to inject sterile solutions 
containing pharmacological agents. Neuropeptide Y (NPY) injection caused sheep 
to eat over twice as much as injection of the saline control solution (see figure 1). 
NPY must have acted within the brain and not another organ because injection of 
NPY into the jugular vein had no effect on intake. Scientists at other universities 
have indicated that NPY is part of a natural mechanism which stimulates eating 
in rats. Our data support the hypothesis that it functions similarly in sheep. The 
increased eating due to NPY disappeared in 2 to 3 hours, however, and by 24 hours 
after injection the sheep treated with NPY had eaten no more than those treated 
with saline. 

1Graduate Student, University of Missouri - Columbia 
2Research Professor, Washington University and Adjunct Professor, Depa1tment of Animal Sciences, 
University of Missouri - Columbia 
3Professor, Department of Animal Sciecnes, University of Missouri - Columbia 
4Distinguished Fellow and Director of Research and Development, Animal Sciences Division, Monsanto 
Company, St. Louis and Adjunct Professor, Depa1tment of Animal Sciences, University of Missouri 
5Professor and Chairman, Depa1tment of Pharmacology, University of Nebraska Medical Center, Omaha 
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The information from peripheral organs is carried to the brain by multiple 
pathways. One product of digestion, propionate, probably initiates a signal of 
nutrient availability. Infusion of propionate reduces feed intake. Stretch of the 
rumen apparently also regulates feed consumption by ruminants. Artificial 
distension of the rumen reduces feed intake. We used these two manipulations to 
produce an artificial satiety. Next, NPY was injected into the brain. NPY 
stimulated feeding in animals made not hungry due to rumen distension and in 
animals which were not hungry due to infusion of propionate into the rumen. This 
is interpreted to mean that NPY acts within the brain at a site where signals of 
propionate and distension have already merged or that it acts on both of these 
separate signal pathways. 

Norepinephrine also elevated feed intake and like NPY its effect was gone in 2 
to 3 hours. We next tested the hypothesis that NPY acts by stimulating 
norepinephrine while norepinephrine stimulates feed intake. Continued stimulation 
of receptors by norepinephrine causes down-regulation and may explain why the 
response to NPY disappears similarly to that of norepinephrine. To know which 
type of receptor is involved could lead to discovery of a drug which enhances feed 
intake by livestock. Phentolamine was injected to block the alpha-1 and -2 
receptors of norepinephrine. After phentolamine injection the ability of 
norepinephrine injection to increase feed intake was greatly reduced. It thus 
appears that norepinephrine uses alpha receptors to mediate its feeding effect. 
Injection of yohimbine, which selectively blocks alpha-2 receptors enhanced the 
intake-stimulating properties of both norepinephrine and NPY. We interpret this 
to mean that alpha-1 receptors mediate norepinephrine-induced feeding. Alpha-2 
receptors probably act presynaptically to inhibit more activation of alpha-1 receptors 
and consequently more feeding. This theory would be supported by data showing 
that blockade of alpha-1 receptors prevents the ability of norepinephrine to induce 
feeding. Similarly, if alpha-1 blockade eliminated the effect of NPY one could be 
more sure of a relationship between NPY and norepinephrine. At present it seems 
they are linked but just how is uncertain. NPY .may up-I."egulate norepinephrine 
receptors or neurotransmitter release or it may down-regulate presynaptic alpha-
2 receptors. 
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TREATMENT 

~ Propionate+ NPY 
~ 
C) Rumen Propionate 
0) 

~ 
Balloon+NPY 

~ Rumen Balloon 
(/) 

~ Saline Control 

NE+PHEN 

~ 
NE+YOH 

~ NPY+YOH 
'<:( 

i:: Phentolamine (PT) 
~ 

Yohimbine (YOH) 
~ 
l.iJ Norepinephrine (NE) 
~ 

Neuropeptide Y (NPY) 

Saline Control 

0 50 100 

FEED CONSUMED IN 30 MIN. (grams) 

FIGURE 1. Feed Intake By Sheep As Influenced By Injection Of Drugs 
Into The Brain , Rumina! Distension With A Water Balloon And 
Infusion Of Propionate Into The Rumen. 

Before treatments were imposed the sheep were either allowed 
to eat to satiety or were fasted for 90 min . as indicated. 

Norepinephrine activates alpha-1, alpha-2 and beta receptors; 
Phentolamine inactivates alpha-1 and alpha-2 receptors; and 
Yohimbine inact ivates only alpha-2 receptors . 

These values represent average responses measured in several 
separate trials. 
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BACKGROUNDING SYSTEMS FOR BEEF STEERS 

J.L. Ellis\ H.B. Sewell2, R. Smooe and G.B. Garner2 

SUMMARY 

Eighty steers were maintained for 90 days during the winter at two levels 
of gain (1.14 lbs. for calves fed fescue-grain vs. 1.46 lbs. for calves fed alfalfa-corn). 
In April, these same steers were assigned to 4 supplement treatments while on 
pasture. Spring supplement treatments were (1) no supplement control, (2) 3 lbs. 
corn/hd/day, (3) 1 lb. soybean meal plus 2 lbs. of corn/hd/day, or (4) 0.35 lbs. blood 
meal, 0.35 lbs. corn gluten meal and 2.35 lbs. corn/hd/day. After grazing for 70 
days, all animals were finished on a high concentrate diet until they were visually 
determined to be of choice quality grade. 

Alfalfa-corn steers gained 1.46 lbs./day which was significantly (P < .01) 
greater than the 1.14 lbs./day gained during the winter by steers fed the fescue
grain mix. Compensatory gains did not occur during the spring grazing period with 
the alfalfa-corn steers gaining the same as the fescue-grain steers (2.38 vs. 2.36 
lbs./day, respectively, P = .79). Supplement treatments during the spring had no 
significant effect on spring gains (2.43, 2.25, 2.33 and 2.48 for treatments 1, 2, 3 
and 4, respectively). Steers wintered on fescue-grain required significantly longer 
(122 vs. 113 days P < .05) to reach choice quality grade than steers wintered on 
alfalfa-corn due to a lighter (823 lbs. vs. 881 lbs. alfalfa-corn vs. fescue-grain, 
respectively, P = .0566) weight when they were placed in the feedlot. There were 
no significant differences for any carcass traits. 

INTRODUCTION 

Cattle wintered at higher rates of gain may have lower rates of gain during 
the subsequent summer grazing period while cattle wintered at a lower level of 
performance may compensate for reduced winter gains with increased summer 
gains. This project was designed to determine the effects of winter perform~ce 
on spring rate of gain on low endophyte (10%) tall fescue pasture. 

In addition to the effects of winter performance on subsequent summer 
performance, supplementation with energy or protein during the grazing season 
may also affect the summer. gains and the amount of compensation by steers 
wintered at lower rates of gam. Much o 
f the protein in early spring grass is easily degraded to nonprotein nitrogen in the 
rumen. This trial was designed to determine the effects of supplemental feed 
during spring grazing on compensatory gain after being wintered at two different 

1Graduate Student, Department of Animal Sciences, University of Missouri - Columbia 
2Faculty, Depa1tment of Animal Scien~es, ~niversi!Y of ~issouri - Columbia 
3Forage Systems Research Center, Umvers1ty of M1ssoun - Columbia 
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rates of gain. The final objective was to determine the effects of energy 
supplementation, energy and protein supplementation or energy and low rumen 
degradable protein supplementation on spring grazing performance. 

PROCEDURES 

Eighty crossbred steers were purchased at local cattle auctions during early 
January 1988. Steers were randomly assigned by weight to two rates of winter 
gain. Treatments were (1) fescue hay free choice, supplemented with 3.6 lbs. of 
a corn:soybean meal mix and (2) alfalfa hay free choice supplemented with 4 lbs. 
of corn. These treatments were designed to achieve gains of about 1.5 
lbs./head/day and 2 lbs./head/day, respectively. All steers were weighed every 28 
days. Steers were maintained on these rations from January 12 until April 21, 
1988 (99 days). 

On April 21, 1988, all steers were weighed off their winter treatments, 
treated with lvermectin, implanted with Ralgro and randomly assigned to spring 
supplement treatments by weight and winter treatment. Spring treatments were 
(1) unsupplemented control, (2) 3 lbs. of corn/head/ day, (3) 1 lb. of soybean meal 
plus 2 lbs. of corn/head/day and (4) .35 lbs. of bloodmeal, .35 lbs. of corn gluten 
meal and 2.35 lbs. of corn/head/day. All supplements were hand fed. Treatments 
3 and 4 were designed to be isonitrogenous while treatments 2,3,and 4 were 
isocaloric. Pastures were predominately fescue with an endophyte infection level 
of less than 10%. Cattle were weighed every 28 days. All steers were to receive 
their supplement treatments the entire summer but due to severe drought 
conditions, adequate grazing was only available for 70 days. 

On June 30, 1988, all steers were weighed off pasture, transported to 
Columbia, Missouri, reimplanted and placed in feedlot pens at the University of 
Missouri South Farm to be finished for slaughter. The finishing ration consisted 
of 5 lbs. corn silage, 1 Y2 lbs. of a pelleted urea-mineral supplement and ad libitum 
whole shelled corn. Individual animals were slaughtered when they were visually 
determined to be of choice quality grade. Animals were slaughtered at a 
commercial slaughter plant. Carcass data were collected 24 hours after slaughter. 

Gain during the winter period, spring grazing period, finishing period, days 
to finish, starting weight, slaughter weight and carcass traits were analyzed by the 
GLM procedure of SAS. 

RESULTS 

Cattle were on winter treatments from January 12, 1988 until April 21, 1988. 
The fescue hay contained 8% crude protein while the alfalfa hay contained 17% 
crude protein on a dry matter basis. The groups fed fescue hay were expected to 
gain 1.25 -1.5 lbs./day while the steers fed alfalfa hay were expected to gain about 
2 lbs./headjday. The actual gains (table 1) however, were 1.14 lbs./head/day for 
the fescue hay cattle and 1.46 lbs.jhead/ day for the alfalfa hay cattle. These 
values were significantly (P < .01) different. 
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Days 
Beginning Wt 
Ending Wt 
Gain 
ADG 

Days 
Ending Wt. 
Gain 
ADG 

TABLE 1: WINTER PERFORMANCE 

Winter Treatments 

99 
561 
674 
113 

1.14** 

99 
555 
698 
145 

1.46 

Spring Gain By Winter Performance 

70 
839 
165 

2.36 

70 
865 
167 

2.38 

The effects of winter performance on gain while grazing during the spring 
was an objective of this project. Previous work at Greenley Memorial Center 
(Smoot et al., 1988) has demonstrated compensatory growth for heifers in the 
spring, but not for steers after wintering at two different levels of gain. Heifers 
recovered 59% of their reduced winter gains during the first 63 days on pasture. 
After 83 days on pasture heifers had recovered 91% and steers had recovered 29% 
of their deficiencies in winter gains. Steers in this trial exhibited no significant 
differences in spring growth rates (Table 1). Due to extremely dry conditions, 
these steers were only grazed for 70 days. Compensatory growth might have 
occurred if these calves had been grazed for the entire summer. This is supported 
by previous work (Smoot et al., 1988) where after 146 days of grazing, steers 
wintered at a low level of gain had 50 lbs. of additional gain on grass. Actual 
spring gains were 2.38 lbs./ head/day for the steers on the alfalfa-corn treatment 
and 2.36 lbs.jhead/day for the steers on the fescue-grain treatment. 

During the spring grazing period, gains were expected to be highest for the 
corn-low rumen degradable protein steers. They had gains of 2.48 lbs./headjd'ay. 
Control steers gained 2.43 lbs./day (Table 2). Gains on other treatments were 2.33 
lbs. for the corn-SBM treatment and 2.25 lbs. for the corn treatment. The reason 
for the control steers out-gaining the corn and corn-SBM treatments is not known. 
However, all steers had very good gains. The early spring growth may have been 
adequate in both energy and protein so the calves really didn't need supplemental 
feed. The overall summer gains might also have been quite different if the steers 
had been grazed the entire summer. The corn-low rumen degradable protein steers 
had significantly higher gains than the corn supplemented steers (P < .05). 
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TABLE 2. SPRING PERFORMANCE 

Spring Treatments 

BM-CGM 
Control Corn SBM-Corn Corn 

Days 70 70 70 70 
Begin. Wt. 688 684 686 685 
Ending Wt. 859 842 849 859 
Gain 171 158 163 174 
ADG 2.44ab 2.25b 2.33ab 2.488 

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

Differences in gain during the finishing period were also 
not significantly different as a result of either winter treatments or spring 
treatments. Overall gains on the finishing ration were low. Rates of gain by 
spring and winter treatments are listed in Tables 3 and 4. The number of days 
required before the fescue-grain mix calves reached choice quality grade was 
significantly (P < .05) longer. The beginning weight of the fescue-grain mix calves 
was lower (P = .057) than that of alfalfa-corn calves. This probably accounted for 
the difference in days required to finish these steers. There were no significant 
differences in slaughter weight due to winter treatment. These values are 
presented in Table 3. Carcass traits were not significantly (P > .05) different due 
to either winter or spring treatments. 

ADG 
Days on Feed 
Beginning Wt. 
Slaughter Wt. 

TABLE 3. FEEDLOT PERFORMANCE 

Winter Treatments 

Fescue-Grain 
2.66 

122.40 
823* 

1127 

* Values in the same row are significantly different (P < .05). 
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ADG 
Days on Feed 
Beginning Wt. 
Slaughter Wt. 

TABLE 4. FEEDLOT PERFORMANCE 

Spring Treatments 

Control Corn SBM-Corn 
2.60 2.67 2.69 

121.30 116.70 118.65 
859 842 849 

1110 1096 1118 

BM-CGM-
Corn 

2.70 
116.55 
859 

1125 

The results of this study suggest that supplementing calves grazing low 
endophyte fescue during the spring does not improve performance. In addition, 
higher rates of gain during the winter does not adversely affect early spring gains 
on grass. 
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DAIRY BIOMASS AS A PROTEIN SOURCE IN HEIFERS FED MEDIUM 
CONCENTRATE DIETS: INTAKE, RUMINAL FERMENTATION AND 

LIQUID DIGESTA KINETICS 

T. May, J.E. Williams and J.S. Caton1 

SUMMARY 

Eight crossbred heifers (914 lb) fitted with rumina! cannulae were offered 
one of 4 diets: control (soybean meal, SBM); 33% biomass nitrogen; 67% biomass 
nitrogen or 100% biomass nitrogen (2 heifers/diet). Dry matter intake, rumina! pH 
and liquid digesta kinetics were unaffected by biomass nitrogen (P>.10). At 1-
1/2h postfeeding, heifers fed 67 and 100% biomass nitrogen had lower rumina! 
ammonia concentrations compared to heifers fed SBM (P < .01). Rumina! volatile 
fatty acids were highest for heifers fed SBM and lowest for heifers fed 100% 
biomass nitrogen (P < .01). In summary, biomass may replace 50% of dietary 
nitrogen without affecting intake, liquid digesta flow or rumina! fermentation. 

INTRODUCTION 

Cattle have the ability to use a wide range of feed ingredients. Feeding 
municipal sewage or food processing wastes is an economical means of disposal. 
Feeding wastes can be economical to the producer by reducing feed costs. Feeding 
wastes also lessens the economic and environmental burden to the food processing 
industry. 

Dairy biomass is a washwater solid from a milk processing plant. Unlike 
other types of wastes (i.e., sewage) biomass contains no toxic levels of heavy metals. 
Dairy biomass has a high level of crude protein (35%); 70% of the nitrogen is in 
amino acid form. 

The objectives of this research were twofold. The first objective was to 
determine if heifers fed medium concentrate diets could use dairy biomass. The 
second objective was to determine at what level biomass could replace SBM. 

EXPERIMENTAL METHODS 

Eight Hereford crossbred heifers (914 lb) had been previously fitted with 
rumen cannulae. The heifers were randomly allotted to one of four medium 
concentrate diets (table 1) arranged in a 4 x 4 Latin square. Each diet contained 
9% crude protein (table 2). The diets contained increasing levels of dairy biomass 
nitrogen (BN) as the protein source: 0, 33, 67 or 100%. The remainder of the 
protein was from SBM. Heifers were housed indoors in individual stanchions with 
free access to water. Cattle were fed once daily at 9:00 a.m.; diets were offered at 
2 x maintenance energy requirement. Experimental periods consisted of 14 days 
for diet adaptation and 5 days for digesta collection. At 7:00a.m. on day 5 of each 

1Department of Animal Sciences, University of Missouri - Columbia 
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collection period heifers were dosed with 200 ml cobalt-EDTA to measure liquid 
kinetics. Ruminal samples were taken at -2, 0, 1-1/2, 3, 6, 9, 12 and 24 hours 
postfeeding. These samples were immediately checked for pH with a portable pH 
electrode. Ruminal samples were strained through 4 layers of cheesecloth and 
frozen for future lab analyses. Prior to analyses, ruminal samples were thawed. 
Samples used to determine ruminal ammonia, cobalt and volatile fatty acid 
concentrations. 

RESULTS AND DISCUSSION 

Dry matter, organic matter and crude protein intakes are listed in table 3. 

Volatile fatty acids were lower in heifers fed all levels of BN (P<.01; table 
4) compared to SBM. This suggests a reduced supply of energy. Ruminal pH was 
unaffected by BN (P>.10; table 4). 

Ruminal ammonia concentrations (figure 1) are an indication of nitrogen 
available for rumen microbial protein synthesis. In general, heifers fed SBM had 
higher ruminal ammonia concentrations than heifers fed 67 or 100% BN (P<.01). 

Ruminalliquid digesta kinetics (table 4) were unaffected by dietary biomass 
(P<.10). Heifers fed 100% BN had a numerically increased dilution rate and 
depressed retention time. These factors may have contributed to a decreased 
digestibility at this level of dairy biomass. 

These data suggest biomass may be fed to heifers receiving a medium 
concentrate diet. Based. on this research and previous work by the authors, 
biomass should be used m place of SBM at the lower levels evaluated. Higher 
levels may depress ruminal fermentation and result in lower digestibilities. 

An economic evaluation of this research has not been attempted. The food 
processing industry loses less money feeding their dry waste to livestock compared 
to land application. Other. wastes have shown to be. economical feed ingredients 
for livestock producers. Bwmass used at the lower levels suggested here would 
probably not exert a great influence on feed costs. The plant providing dairy 
biomass generates about 2 tons dry material per day. If biomass were used to 
replace 10% of the SBM in cattle diets, 2 tons would feed about 27,000 head of 
cattle! 
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TABLE 1. COMPOSITION OF DIETS (DRY MATTER BASIS) 

% Biomass Nitrogen 
Ingredient 0 33 67 

Cracked 
cor n 24.6 24.6 24.6 
Cottonseed 
hulls 49.7 49.6 Sl. 3 
Soybean meal 8.6 5.8 2.8 
Dairy biomass 4.2 8.5 
Corn starch 11.4 10.0 7. 0 
Molasses 5.0 5.0 5.0 
Trace Mineral 
salt .10 . 10 .10 
Limestone .59 .65 .65 
Vitamin premix • OS .OS • OS 

TABLE 2. CHEMICAL COMPOSITION OF DIETS (DRY MATTER BASIS) 

Item 

Dry matter, % 
Ash, % 
Nitrogen, % 
Crude protein, % 

0 

88.3 
95.1 
l.S 
9. 1 

%Biomass Nitrogen 
33 67 

88.4 88.3 
91.8 93.1 

1.4 1.4 
9.0 9.0 

100 

24.6 

52.6 

12.7 
4.8 
5.0 

.10 

.68 

.OS 

100 

88.3 
92.0 
1.4 
9.0 

TABLE 3. INTAKE OF HEIFERS FED MEDIUM CONCENTRATE DIETS CONTAINING 
SOYBEAN MEAL OR DAIRY BIOMASS 

% Biomass Nitrogen 
Item 0 33 67 100 

Intake (lb/d) 
Dry matter 17.0 17.0 17.0 17.0 
Organic matter 18 . 1 18.1 17.9 17.6 
Crude protein 1.5 l.S l.S l.S 
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TABLE 4. RDH~AL H A AND PH AS DiFLCE~CED BY DAIRY BIOHASS IN CATILE 
FED :1EDit::1 CO~CE~TRATE DIETS 

"' Biomas s \itrogen ' 
Item 0 33 67 lOC 

Total \'f.\' mmol 130.1 a 119. 7a,b ll4.7a,b 1C6 . 4 b 

pH , mg/ 100 ml 5.9 6.2 6. 1 6 . 2 

a b ' Numbers with different superscripts are different (P <.CS). 

TABLE 5 . EFFECT OF DAIRY BIOMASS ON LIQCID DIGESTA KINET I CS I\ HEIFERS 
FED MED It:! CO~CENTRATE DIETS 

, Biomass Nitrogen '0 

Item 0 33 

Dilution rate, %/ h 6.4 6.5 6.5 6.9 
Liquid flow, 1/h 2.2 2.3 2.4 1.3 
Liquid volume, 1 35.0 35.0 36.2 34.3 
Retention time, h 15.9 15.9 15.4 14.8 

Figure 1. RUMINAL NH31N HEIFERS AS AFFECTED BY DAIRY BIOMASS 
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PERFORMANCE, COMPOSITION OF GAIN AND CARCASS 
CHARACTERISTICS OF COMPENSATING STEERS 

AFTER ENERGY RESTRICTION 

John M. Hayden and James E. Williams1 

SUMMARY 

Eighteen large-framed crossbred steers were placed into two groups of 9, 
representing both a restricted (R) and non-energy restricted (NR) treatment group. 
Steer weights were monitored weekly for 90 days (d) and individual dry matter 
intakes (DMI) were adjusted to allow consumption of a low energy alfalfa
orchardgrass and moderate energy corn-alfalfa diets to equal 2.0 and 2.4% of steer 
body weight (BW), respectively. Both diets contained 13% crude protein. Following 
the restriction period steers were fed a finishing diet consisting of corn and corn 
silage, and DMI was maintained at 2.4% of BW. Every 30 d whole- body protein 
and fat composition was determined by monitoring the change of body potassium-40 
concentration. After the 90 d repletion phase the steers were penned together and 
fed ad libitum until slaughter. Point of slaughter was determined by a whole-body 
fat end point of approximately 31%. During repletion, R steers were more efficient 
towards converting feed to live- weight gain (F /G = 6.3 vs 7.1; P < .05), as a result 
of attaining similar gains while consuming less dietary DM (P < .01). After repletion, 
protein deposition did not differ between treatments. However, for the first 60 d 
R steers deposited more lean tissue as a percentage of gain (13 vs 11 %; P < .05). Fat 
deposition and proportion of fat gain were greater (P < .05) in NR steers through 
d 60. Although by d 90, R steers demonstrated a similar rate and proportion of 
fattening as NR animals. Hot carcass weight and fat thickness did not differ 
between treatments at slaughter. However, R steers demonstrated a greater 
(P<.lO) yield and quality grade, and a lower ribeye area (P<.lO) and kidney, pelvic 
and heart fat measurement (P < .02). 

INTRODUCTION 

Increased rates of whole-body gain and feed conversion efficiency commonly 
occur after nutritionally restricted cattle are refed a diet adequate in energy and 
protein. Enhanced performance over non-restricted animals has usually been 
attributed to greater rates of gain, since feed intake during ad libitum repletion are 
also considerably greater. Some researchers have suggested that growth 
compensation may be a consequence of lower maintenance requirements, where 
the refed animal is more energetically efficient irregardless of feed consumption. 

During periods of compensation, most cattle seem to demonstrate a great 
propensity to fatten. However, accelerated protein gains have also been shown prior 
to the onset of the fattening response. The physiological reasons why compensation 

1 John Hayden is a Ph.D. candidate and Jim Williams is an Associate Professor 
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of both protein and fat accretion occur after dietary repletion still needs to be 
established. In this present study, we utilized a standardized feeding system (dry 
matter intake based on a percentage of body weight) to decrease the variation 
derived from individual feed consumption. By this method we can better 
demonstrate whether changes in performance and body composition are strictly 
affected by changes in metabolic efficiency rather then an overall increase in feed 
consumption during dietary repletion. 

PROCEDURES 

Eighteen Chianina x British-cross steers (average initial weight = 614 lb) were 
randomly placed into two experimental treatment groups; non-restricted and 
restricted. Both groups consisted of 9 animals per treatment. Steer weights were 
recorded weekly (after being withheld from feed and water for 12 hours) for 90 
days and individual dry matter intakes were adjusted to allow consumption of 
orchardgrass-alfalfa hay (CP = 13%; NEg = 1.39 Mcal/lb) and whole-shelled 
corn-alfalfa hay (CP = 13%; NEg = 2.51 Mcal/lb) diets (Table 1) equaling 2 and 
2.4% of body weight, respectively. For an additional 90 days, steers were 
realimented to a whole-shelled corn-corn silage diet (CP = 11.5%; NEg = 3.12 
Mcal/lb) (Table 1), and dry matter intakes were maintained at approximately 2.4 
% of BW. All experimental diets were balanced for calcium and phosphorus (2.2:1), 
and potassium. Monensin sodium was added to the repletion diet to provide 200 
mg/head/day. 

Steer protein and fat composition was determined by monitoring naturally 
present body potassium-40 at the University of Missouri Whole-Body Counter every 
30 days throughout the 180 day experimental period. 

Treatment responses reported are mean differences of period intervals 
statistically derived from analysis of variance. 

RESULTS AND DISCUSSION 

During the initial 30 days of the restriction phase, diets were adjusted to 
maintain a selected gain. Since this period is not truly representative of the total 
restrictive phase, it was eliminated from collective statistical analyses. Presented 
in table 2 are the gains and composition of gains during the later 60 days of the 
restriction period. As expected, the non- restricted steers provided adequate energy 
demonstrated marked increases (P < .01) in gain, protein deposition, and fat 
deposition. The minimal gain demonstrated by the limit-fed steers, during the 
restriction period, consisted predominantly of fat (63.1% vs 42.2%; P < .01). This 
response in the restricted cattle may ~e due to a greater utilization of ruminally 
produced acetate towards _fat producti?n•. ~hereas energy substrates (primarily 
glucose) for muscle metabolism may be hm1tmg. Further experimentation is needed 
to fully understand this occurance. 

Displayed in table 3 is steer performance during the total 90 day repletion 
period. During this time i~terval, _the restricted steers gained more efficiently (11 
%; p < .05) then non- restncted animals. Due to the feeding system utilized in this 
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experiment the restricted animals did not show the usual increase in compensatory 
gain. However, it is evident that they were more efficient utilizing 11% less (P<.01) 
feed to attain a similar rate of gain comparable to the non-restricted steers. 

During initial refeeding, steers from both treatment groups were adjusted to 
the finishing diet (Table 1) for 2 weeks. As indicated in table 4, the restricted 
animals required a longer period to adapt to the new experimental diet (average 
daily gain = 2.0 vs 3.0 lb; P < .05). However, beyond day 60 the restricted animals 
demonstrated a similar rate of gain as the non-restricted animals. Although initial 
gains were lower, the restricted animals showed a greater (P < .05) percentage of 
gain as protein. In addition, restricted animals also displayed a slight numerical 
increase in protein deposition during days 60 through 90 of refeeding. During the 
60 days of repletion the non-restricted animals demonstrated an increased (P < .05) 
propensity to deposit fat, which was also reflected in a greater percentage of fat 
within gain (52.5 vs 43%; P<.05). However, by day 90 of repletion the restricted 
animals attained a similar degree of fattening as compared to the non-restricted 
group. 

After a period of ad libitum feeding the steers were slaughtered according to 
a consistent fat percentage (as measured by whole-body counting). Whole-body and 
carcass weights were not significantly different among treatment groups (Table 5), 
however, restricted cattle demonstrated a higher yield and quality grade (P<.10). 
Kidney, pelvic and heart fat was 29% greater (P < .02) in non-restricted steer 
carcasses, indicating that compensating fat deposition in the restricted animals was 
predominantly deposited in later maturing fat depots (i.e. subcutaneous, 
intramuscular and intermuscular). Although both treatments did not differ with 
regard to whole-body protein, the restricted animals demonstrated smaller ribeye 
areas (13.4 vs 14.5 in2; P<.10) than the non-restricted steers. 
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TABLE 1. COMPOSITION OF DIETS (X DRY MATTER) 

Item Restricted Non-Restricted Repletion 

Chopped alfalfa hay 50.0 42.0 
Chopped orchard grass 42 . 0 
Whole-shelled corn 7.0 57.0 74 . 0 
Corn silage 20.0 
Soybean Meal 3.7 
Limestone 1.3 
Potassium Chloride .24 
Sodium Phosphate .60 
Trace Mineral .25 .25 .25 
Urea .40 
Vit. A & D Premix .05 . 05 .09 

TABLE 2. THE EFFECT OF RESTRICTION ON GAIN AND COMPOSITION OF GAIN 

Item Restricted Non-Restricted 

Average Daily Gain, lb/d .628 2 . 6 b 
Protein Deposition, lb/d .058 . 36b 
Protein/Gain, X 7.4 b 13.3 c 
Fat Deposition, lb/d .38 8 l.lb 
Fat/Gain, X 63.1 b 42.2 c 

a,b Means within rows differ (P<.OOl). 
b,c Means within rows differ (P<.Ol). 

TABLE 3. STEER PERFORMANCE DURING THE TOTAL REPLETION PERIOD 

Item 

Liveweight Gain, lb 
Dry Matter Intake, lb 
Feed/Gain 

Restricted 

271 
1701 a 

6. 3b 

a,b Means within rows differ (P<. 01) 
b,c means within rows differ (P< . 05) 
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Non-Restricted 

272 
1914 b 

7.1 c 



TABLE 40 GAIN AND COMPOSITION OF GAIN DURING THE REPLETION PERIOD 

Period (days)/Item Restricted 

0-30 
ADG, lb/d 200 a 

Protein Deposition, lb/d 033 
Protein/Gain, % 1603 a 

Fat Deposition , lb/d 0 65b 
Fat/Gain , % 33 00 a 

0-60 
ADG, lb/d 2 07 
Protein Deposition, lb/d 036 
Protein/Gain, % 13 ol a 
Fat Deposition, lb/d 1.2 a 

Fat/Gain, % 4303 c 

0-90 
ADG, lb/d 301 
Protein Deposited, lbjd 045 
Protein/Gain, % 1406 
Fat Deposition, lb/d 1.2 
Fat/Gain , % 3809 

a,b Means within row differ (P< 0 OS) 0 
b,c Means within row differ (P< oOl) 0 
c,d Means within row differ (P<o03) 

Non-Restricted 

3 00 b 
039 

13 0 7 b 
1.4 c 

43 00 b 

209 
033 

110 2 b 
1. 5 b 

52 05 d 

301 
041 

13 04 
1.4 

4404 

TABLE So THE EFFECT OF RESTRICTION AND REPLETION ON CARCASS 
CHARACTERISTICS 

Item Restricted 

Final weight, lb 1302 
Whole-Body Protein, lb 199 06 
Whole-Body Fat, lb 430 08 
Carcass Weight, lb 820 06 
Fat Thickness, in 037 

Ribeye Area, in2 1304 a 
KPH Fat , % 1. 7 b 
Yield Grade, % 206 a 
Quality Grade 1100 a 

a, Means within rows differ (P<olO)o 
b,c Means within rows differ (P<o02) 0 

d Select+= 10, Choice- = llo 
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Non-Res tricted 

1290 
20309 
40309 
79903 

034 

1406 b 
202 c 
202 b 

1004 b 



WHOLE OR GROUND CORN FOR LIGHTWEIGHT, DROUGHT-STRESSED, 
FRESHLY WEANED BEEF CALVES 

Jack C. Whittier\ Jack R. Cooley and David McAtee2 

SUMMARY 

The spring and summer of 1988 were extremely dry in Northwest Missouri. 
Feed resources were minimal during the summer grazing period. As a result, the 
calf crop at the University of Missouri, North Missouri Research Center at Spickard, 
Missouri, offered an opportunity to evaluate the gain and feed conversion of 
drought stressed calves when fed whole or ground corn. The calves were weaned 
at 183 days of age and fed either a whole or ground corn ration using self feeders 
for 39 days following weaning. At weaning, calves were weighed and randomly 
placed in one of eight pens which containing a self-feeder and a hay manager. 
The self-feeder contained either whole or ground corn and a 32% protein pellet 
containing BovatecR. Marginal quality orchardgrass hay was available at 2 
pounds/head/day during the study. Total feed consumption was greater (P=.03) 
for calves fed ground corn compared to calves fed the whole corn diet (12.84 vs 
13.50 lbs/head/day). Weight gain was not significantly effected (P > .05) by corn 
processing (3.36 for whole corn vs 3.50 for ground corn), however cost of gain was 
reduced (P=.ll) by 4 cents per pound in calves fed the whole corn mix. It appears 
from this study that adequate performance at a lower cost can successfully be 
achieved by feeding whole corn rather than ground corn to light-weight, freshly
weaned calves. 

INTRODUCTION 

Management of weaned calves can be done in several ways. The decision of 
how to manage freshly weaned calves should be based on factors such as current 
age and weight of the calves, season of the year, and plans for future development 
of the calves. Calves used in this study were lighter in weight and younger aged 
than typical, however, due to drought conditions it was advisable to wean the 
calves early. Weaning the calves approximately 30 days early, allowed their dams 
to rebuild body reserves and prepare for the winter more effectively. As a result 
of the drought-stress, the calves had the ability to compensate in weight gain when 
fed a nutrient-dense ration following weaning. 

Processing of cereal grains for consumption by cattle is primarily done to 
improve the digestibility and efficiency of utilization. For mechanical processing of 
grains to be advantageous, it must result in improved animal performance sufficient 
to offset the costs associated with processing. Studies with whole shelled corn in 
feedlot rations have indicated that dry corn grain gives similar performance to 
ground or rolled corn in most ration formulations and with heavier weight cattle 
(Sewell, 1968, 1970, 1986). Studies in New Mexico (Lofgreen, et al. 1988) evaluated 

1Faculty, Depa1tment of Animal ~cienc~s, University of ~issouri - Columbia 
2University of Missouri, North Mtssoun Test Center, Sptckard, MO 
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whole corn inclusion in diets of newly received, stressed calves weighing 
approximately 360 pounds. These researchers concluded that whole shelled corn 
and grass hay can be used in receiving calf rations, provided the protein deficiency 
is corrected. With these factors in mind, this study was designed to evaluate the 
following objectives: 

1. Evaluate the gain and feed conversion of drought-stressed calves when 
weaned at an average of 183 days of age. 

2. Compare the performance of lightweight, young, freshly weaned calves 
when fed either whole or coarsely ground corn in self feeders. 

PROCEDURES 

One-hundred eight calves, sired by either MARC 1 or MARC 3 composite 
bulls (USDA Meat Animal Research Center, Germ Plasm Utilization Project), were 
randomly assigned, within sire breed, to one of 8 pens (13 or 14 calves per pen, 4 
replications per treatment) at an average of 183 days of age. Following separation 
from their dam, the calves were weighed and placed in a pen containing a self
feeder and a hay manager. The self-feeder contained a ration of corn (whole 
shelled or coarsely ground) and a 32% protein pellet containing BovatecR (see Table 
1). Marginal quality, 1st cutting, orchardgrass hay was available on an ad libitum 
basis for the first 2 days following weaning. The amount of hay was reduced over 
the next 5 days so that by 7 days following weaning the calves were offered 
approximately 2 pounds per head per day (1.87 pounds dry matter) for the 
remainder of the study. Feed disappearance was measured at the end of each 
period, then calculated to estimate daily feed consumption. Weight gain was 
measured during the first 21 (period 1) and the next 18 (period 2) days following 
weaning. 

Table 1. Nutrient Analysis (DMB) and Composition of the Ration Offered to Light 
Weight, Freshly Weaned Calves. 

Protein Corna/ Orchardgrass 
Pellet Pellet Mixb Hay 

Dry Matter, % 89.00 89.68 90.96 
Crude Protein, % 34.00 17.44 7.63 
TDN,% 65.00 85.10 55.15 
N em, Meal/lb .63 .62 .54 
NEg, Mcal/lb .38 .94 .25 
Calcium, ppm 2.02 .74 .23 
Phosphorus, ppm .72 .56 .18 
Crude Fiber, % 10.50 6.84 33.78 
BovatecR, mg/lb 63.00 

"Corn was fed in whole shelled or ground form according to treatment. 
bMixture was 2 parts corn to 1 part 32% protein pellet. Mixture was offered ad libitum. 
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RESULTS AND DISCUSSION 

The weight gain and feed intake measurements are shown in Table 2. 

Table 2. Weight Gain, Feed Conversion, and Feed Costs for Light Weight Freshly 
Weaned Calves Fed Whole of Ground Corn. 

Whole Ground Probability 
Corn Mix Corn Mix Level 

Starting weight, lbs. 371.9 377.9 .48 
Ending weight 503.0 514.4 .23 
Period 1, (0 to 21 days) 

ADG, lbs/d 
Dry Matter Intake, lbs/d 

3.52 3.64 .75 

Corn-pellet mix 8.99 9.55 .34 
Hay 1.85 1.89 .48 
Total 10.85 11.44 .34 

Total Feed/Gain Ratio 3.15 3.16 .97 

Period 2, (22 to 39 days) 
ADG, lbs/d 3.18 3.33 .58 
Dry Matter Intake, lbs/d 

Corn-pellet mix 13.62 14.20 .24 
Hay 1.55 1.69 .10 
Total 15.17 15.88 .15 

Total Feed/Gain Ratio 4.83 4.79 .90 

Overall (0 to 39 days) 
ADG, lbs/d 3.36 3.50 .52 
Dry Matter Intake, lbs/d 

Corn-pellet mix 11.13 11.70 .03 
Hay 1.71 1.80 .16 
Total 12.84 13.50 .03 

Total Feed/Gain Ratio 3.85 3.86 .95 

Cost of ratione, $/lb $.074 $.076 <.01 
Cost of gain (feed only), $/lb $.304 $.344 .11 

clncludes $.20/cwt for grinding of the corn, with hay valued at $40.00 per ton. 

Weight gain was not significantly affected by type of corn used in the diets. 
Calves gained well during both periods. This was presumably due, to some extent, 
from compensatory growth and the energy dense ration. It demonstrates that 
inexpensive gains in fres~ly weaned calves can be achieved prior to marketing, if 
calves are thin at we~mng. T~e use ?f self-feeders in calf weaning programs 
reduces the labor reqmred for druly feeding. ~ased on observations in this study, 
the calves adapted to the self-feeders very qmckly. It appeared from observation 
and response of the calves that they were eating from the feeders within 1 to 2 
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days following weaning. Sickness was not a problem in the calves, and none of the 
calves required treatment during the study. The herd health and vaccination 
program used at the North Missouri Center and the moderate, dry weather likely 
contributed to this result. 

Daily dry matter intake of the ground corn mix tended to be higher in periods 
1 and 2 than the whole corn mix. Intake of the ground mix was significantly 
greater (P=.03) for the total 39 day study (11.13 vs. 11.70 lbs/hd/day). In turn, 
total dry matter intake was greater (P = .03) for the ground corn group (12.84 vs 
13.50 lbsjhd/day). The dry feed to weight gain ratio (lbs of feed (DMB) divided 
by average daily gain) was not different (P = .95) due to type of ration. 

The cost per pound of the rations was higher for the ground corn mix, due 
to the cost of grinding ($.20/cwt). The difference in cost of feed per pound of gain 
approached significance (P=.ll) in favor of the group fed whole corn. This lower 
cost is in agreement with other research with whole corn when fed to heavier, 
older cattle than were used in this study. It appears from this study that adequate 
performance at a lower cost can successfully be achieved by feeding whole, rather 
than ground corn to light-weight, freshly-weaned calves. 
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STEER-OlD VS RALGRO IMPLANTS FOR HOLSTEIN CALVES FULL FED 
CONCENTRATES1 

Homer B. Sewell2 and Dale Watson3 

ABSTRACT 

Seventy-seven Holstein and Holstein crossbred steer calves with an initial 
average weight of 416 lbs. were full-fed a high grain ration during a 133-day 
field trial. Calves were randomly divided into two groups by gate cut. One of 
these groups was implanted with Steer-oid and the other with Ralgro. Calves 
were kept on pasture over the entire trial period but little forage was available 
after the first 30 days. There was no difference in the average daily gain (2.38) 
of the two groups. 

INTRODUCTION 

This trial was conducted to compare the response from Steer-oid vs Ralgro 
growth promoting implants for light-weight Holstein calves grown on a high 
grain ration prior to finishing in a commercial feedlot. Steer-oid is a growth 
promoting implant for steers. Each dose contains 200 mg of progesterone and 
20 mg of estradiol benzoate. Ralgro is a growth promoting implant for steers 
and heifers. A Ralgro implant dose contains 36 mg of zeranol. 

PROCEDURE 

Seventy-seven Holstein and Holstein crossbred steer calves (average 
weight = 416 lbs) were allotted to Steer-oid and Ralgro implant treatment 
groups by a gate cut. They were implanted, ear tagged, dewormed, inoculated 
for blackleg, IBR, Pl3, BSRV and given a fly tag when weighed on trial. These 
calves were received from a southeastern state a few days before starting on 
trial. Calves were individually weighed once on and once off trial. They were 
kept in a small pasture and fed a high concentrate ration for the 113 days of 
the trial (May 6 to September 16, 1988). They had little grazing after the first 
30 days of the trial. Four pounds of built-in-roughage pellet and .5 lb of a 
liquid, 40% protein urea supplement containing Rumensin were fed per head 
daily with a full feed of shelled corn. 

1 Support of this trial provided by Boehringer lngelheim Animal Health, Inc., St. Joseph, Missouri. 
2 Professor, Animal Science . . 
3 Area Extension Livestock Spec1ahst 
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RESULTS 

There were no differences in the average daily gains of Holstein calves 
implanted with Steer-oid vs Ralgro in this 133-day trial (table 1). Both groups 
gained an average of 2.38 lbs per day. 

Table 1. Gains of Holstein and Holstein crossbred steers given Steer-oid and 
Ralgro Implants. (May 6 to September 16, 1988 - 133 days) 

Implant 

Steer-oid 
Ralgro 

No. 
Head 

40 
37 

Initial 
Weight 

lb 

415 
418 

Final 
Weight 

lb 

102 

732 
735 

Total 
Gain 
lb 

317 
317 

ADG 
lb 

2.38 
2.38 



COMPARISON OF HEIFER-OlD AND RALGRO IMPLANTS FOR 
YEARLING HEIFERS ON SUMMER PASTURES1 

Homer B. Sewell2 and Albert Kennett3 

ABSTRACT 

One hundred fifty-one head of 517 lb crossbred, yearling heifers were 
allotted to three treatments of one initial Ralgro implant, one initial Ralgro plus 
a reimplant of Ralgro at midtrial and one initial implant of Hiefer-oid. They 
grazed for 165 days on droughty fescue pastures where they consumed 3.35 lb 
per head daily of a self-fed salt-concentrate mixture. Heifers receiving one 
Ralgro implant gained 1.47 lb per head daily vs 1.51 lb (2.7% greater) for those 
given two Ralgro implants and 1.49 lb (1.7%) for those implanted with Heifer
aid. None of these differences were significant. 

INTRODUCTION 

Heifer-oid is a growth promoting implant for heifers. Each dose contains 
200 mg of testosterone propionate plus 20 mg of estradiol benzoate. A Ralgro 
implant dose contains 36 mg of zeranol and is effective for steers and heifers. 

A 180-day study with steers showed an initial implant of Steer-oid or an 
initial implant of Ralgro followed by a reimplant of Ralgro in mid-trial gave 
equal responses but a 14% increase in daily gain vs one initial implant of Ralgro 
(Sewell et al, 1988). This study was designed to evaluate the response in daily 
gain of yearling heifers implanted with Heifer-oid vs Ralgro vs an initial implant 
of Ralgro followed by a reimplant of Ralgro midway of a 165-day grazing trial. 

PROCEDURE 

Yearling heifers of mixed English and Continental breeding, averaging 517 
pounds, were allotted by a gate cut to treatments of one initial implant of 
Heifer-oid and one initial implant of Ralgro. Two-thirds were implanted with 
Ralgro and one-half of these were reimplanted with Ralgro after 82 days. These 
151 heifers had been purchased at local sale barns within 30 days prior to being 
put on test and were in thin to medium flesh. They were inoculated for IBR, 
PI3 and BVD; dewormed, ear-tagged and given a fly tag. Cattle were 
individually weighed once at the start and at the close of the trial. 

1 Support of this trial provided by Boehringer Ingelheim Animal Health Inc., St. Joseph, Missouri. 
2 Professor Animal Science 
3 Area Ext~nsion Livestock Specialist 
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The heifers grazed for 165 days (April 8 to September 20, 1988) on 
Kentucky 31 fescue pastures in Sullivan County near Green City. They grazed 
150 acres until July 1 and were given access to an additional 150 acres for the 
remainder of the trial. There was an extreme drought throughout the grazing 
season. After 20 days, the cattle were self-fed a ground corn and commercial 
protein supplement mixture that contained MGA. Intake of concentrates was 
limited to 3.35 lb per head daily with the inclusion of plain salt at 12% of the 
mixture. 

RESULTS 

Two heifers in the Ralgro reimplant group died and one broke out of the 
holding pen and was not weighed off test. There were no significant differences 
among the treatment groups in average daily gain. Cattle that received a 
Ralgro reimplant at 82 days in this 165-day trial averaged 1.51 lb per head daily 
gain vs 1.49 lb for Heifer-oid and 1.4 7 lb daily for one Ralgro implant. The 
group reimplanted with Ralgro gained 7 lb (2.7%) more and those implanted 
with Heifer-oid gained 4 lb (1.7%) more than heifers implanted with a single 
Ralgro. Why these heifers did not give a similar response to the steers 
implanted with Steer-oid or Ralgro reimplant in a 1987 trial is not known. 

Table 1. Heifer-oid vs One or Two Ralgro Implants 
for Yearling Heifers on Summer Pasture 

Grover Gamm, Ewing, MO 
Initial Implants - April 8, 1988 
2nd Ralgro - June 29 -- 82 Days 
Final weight - September 20 -- 165 Days 

Implant 

1-Ralgro 
2-Ralgro 
Heifer-oid 

No. 
Head 

50 
47 
51 

Initial 
wt. 
lb. 

515 
524 
511 

Final Total 
wt. gam 
lb. lb. 

757 242 
773 249 
757 246 

*None of these measurements differ significantly. 

104 

ADG 
lb 

1.47 
1.51 
1.49 

Diff. vs 
Gain ADG 
lb. lb. 

7 
4 

.04 
.02 

1 Ralgro 
% 

2.7 
1.7 



COW-CALF PERFORMANCE ON ROTATIONAL GRAZING SYSTEMS 
WITH THREE LEVELS OF MANAGEMENT INTENSITY 

Ron Morrow\ Jim Gerrish2, David Gourley and George Garner1 

SUMMARY 

Our objective was to evaluate summer grazing performance of cow-calf pairs 
on three forage systems with different levels of management intensity. The forage 
systems compared are as follows: Low - three paddock rotation of orchardgrass; 
medium - six paddock rotation of orchardgrass with four paddocks interseeded with 
red clover and two paddocks fertilized with nitrogen; and high - 12 paddock rotation 
on bromegrass with four paddocks fertilized with nitrogen, four interseeded with 
alfalfa and four with birdsfoot trefoil. Stocking rate was 2.67 acres per cow-calf 
unit for the low system, 2.0 for the medium and 1.33 for the high. No differences 
were observed in cow gain, calf gain or pregnancy rate of the cows. Calf gain per 
acre was different because of the grazing pressure differences (187, 137 and 103 
pounds for the high, medium and low intensity systems, respectively). We feel that 
with intensive rotational grazing of cow-calf pairs, higher quality forages should be 
used for a higher gain per acre through better forage utilization and high individual 
animal gain through higher quality. 

INTRODUCTION 

Intensive rotational grazing (sometimes referred to as controlled grazing) is 
receiving much attention in the U.S. We feel that the biological concept of high 
intensity, short duration grazing is sound for achieving a high degree of forage 
utilization, such as grazing fescue during its rapid growth phase. Normally when 
grazing pressure is increased, gain per acre increases and gain per animal decreases 
because of the decreased selectivity of grazing. Intensive grazing may give better 
results for a backgrounder than cow-calf producer because a nursing calf is a very 
selective grazer. Because of this, we wanted to evaluate a forage system in which 
intensive grazing could be used as a management tool to maintain higher quality 
forages. We could increase stocking rate because of a higher degree of forage 
utilization but with the higher quality forage we would not decrease individual calf 
gain. 

PROCEDURES 

Spring-calving Hereford cows with Gelbvieh-sired calves were assigned to one 
of three forage systems for late April through September grazing. Data on 86 cow
calf pairs were collected for three grazing seasons. Each forage system was 

1Faculty, Depa1tment of Animal Sciences, University of Missouri - Columbia 
2University of Missouri Forage System_s Rese~rch Cente~ . 
3Graduate Student, Department of Ammal Sctences, Umvers1ty of Missouri - Columbia 
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replicated three times. The three forage systems are broadly described as "low", 
"medium" and "high" grazing intensity. Following is a brief description of each 
system: 

"Low" - orchardgrass pasture subdivided into 3 paddocks for haying and rotational 
grazing. No legumes are interseeded and a single application of approximately 40 
lb N I A is made in April or early May. One paddock is cut for hay in spring then 
used for grazing. Approximate rotation schedule is 14 days on and 28 days off with 
a seasonal stocking rate of 2.67 acres per cow-calf unit. 

"Medium"-orchardgrass base overseeded annually with 6 lb red clover + 112 lb 
ladino clover. Subdivision is 6 paddocks with one, two, or three paddocks cut for 
hay depending upon seasonal growth. Two paddocks receive 40 lb N I A spring and 
fall for early and late season grazing. Rotation is approximately 7 days on and 35 
days off with a seasonal stocking rate of 2 acres per cow. 

"High"-base is smooth bromegrass subdivided into 12 paddocks. Four paddocks each 
were interseeded at the beginning of the trial with "Spredo II" alfalfa or "Noreen" 
birdsfoot trefoil and the remaining 4 receive 40 lb N I A spring and fall. Rotation 
schedule utilizes the N pastures early and late in the season and as emergency 
summer forage. The alfalfa and trefoil interseeded pastures are grazed days on 
and 14 to 21 days off basis. Paddocks are cut for hay if excess forage accumulates 
during the grazing season. Seasonal stocking rate is 1.33 acres per cow. 

Cattle are weighed on 28 day intervals from placement on pasture in late April to 
termination of grazing around October 1. Cows from all treatments are handled 
as a common herd over winter and return to their assigned treatments in the 
spring. 

RESULTS 

As shown in table, no differences were observed for gain per cow, gain per 
calf or pregnancy rate (P > 0.05). A slight decrease in calf gain and cow pregnancy 
rate was observed on the high system the first grazing season. This was because 
the legumes in that system were not well established and forage quality was not 
as high as in subsequent years. We feel that differences in pregnancy rate are 
determined prior to the grazing season by condition of the cow before the 
beginning of winter and by winter nutrition level after calving. Since these cows 
were wintered together, we did not expect any reproduction differences. We did 
expect a slightly higher ADG on the calves on the high system after the legumes 
were established. A difference in gain per acre is shown, which is a function of the 
stocking rate. This illustrates the primary benefit of intensive grazing is a higher 
degree of forage utilization, which is important when considering the price of land 
in the economics of beef production. 
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TABLE 1. Summary of performance data over three years for summer 
grazing. 

Calf Cow Pregnancy Calf Cow Total 
ADG. lb ADG. lb Rate Gain/Acre Gain/Acre Gain/Acre 

High 
(12 paddock) 1.89 .90 81% 1878 888 2758 

Medium 
(6 paddock) 1.96 .90 82% 137b 61 b 198b 

Low 
(3 paddock) 1.97 1.02 83% 103c 52c 155c 

8,b,c P<.05 

George Garner talks to producers at a field day. 
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RESEARCH 

IN 

PROGRESS 

This section contains brief descriptions of research trials 
currently underway in the Department of Animal Sciences. 
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RESEARCH IN PROGRESS 

FORAGE DIGESTIBILITY, INTAKE, AND PERFORMANCE 
OF BEEF COWS WHEN OFFERED WHOLE COTTONSEEDS 

AS A SUPPLEMENT TO ORCHARDGRASS HAY 

E.G. Schmitz, J.C. Whittier, J.A. Paterson, and F.H. Hseih, Departments of Animal 
Sciences and Ag Engineering, University of Missouri - Columbia 

OBJECTIVES 

Determine the effects of: 

1) Two forms of whole cottonseed supplementation on hay and total diet dry 
matter intake and digestibility. 

2) Two levels of whole cottonseed supplementation on hay and total diet dry 
matter intake digestibility. 

3) Whole cottonseed supplementation of orchardgrass hay on the performance 
of beef cows. 

PROCEDURE 

The nutrient profile of whole cottonseeds (WCS) (24% CP, 96% TDN, and 23% 
Fat) appears to make them an attractive supplement in beef cow wintering diets, 
particularly during late gestation and early lactation. Literature evidence suggests 
processing of WCS by extrusion may increase the feeding value of WCS. Two trials 
with gestating heifers are underway to evaluate the effects of level and form of 
WCS on hay and total diet intake and digestibility. Trial 1 compared 
supplementation of orchardgrass hay with WCS, extruded WCS (EWCS), or a 
corn/soybean meal (C/SBM) mixture to a control diet of only orchardgrass hay. 
Trial 2 evaluated two levels of WCS to determine a possible supplementation rate. 
Trial 3 compared the performance (weight gain and body condition) of gestating 
cows when offered no supplement or supplementation with equivalent levels of CP 
and energy from either WCS or C/SBM. 

The results of these experiments will more fully characterize the responses of 
gestating beef cows to the supplementation of grass hay diets with WCS. This 
information will then allow cow-calf producers to compare various sources of 
supplemental energy and protein to provide these necessary nutrients on a cost
effective basis. 
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RESEARCH IN PROGRESS 

EFFECTS OF AMINO ACID CHELATED MINERALS ON PERFORMANCE 
OF CATTLE GRAZING ENDOPHYTE INFECTED 

TALL FESCUE PASTURES 

G.P. Gengelbach, J.C. Whittier, M.S. Kerley, Department of Animal Sciences, R.B. 
Jepsen, Albion Laboratories, Inc. Clearfield UT 

OBJECTIVE 

Determine the effects of supplementation with a mixture of amino acid chelated 
minerals and inorganic minerals, compared to either inorganic minerals alone or no 
trace minerals on there performance of both yearling steers and cow-calf pairs 
grazing endophyte infected tall fescue pastures. 

PROCEDURES 

The mineral treatments to be tested are: 1 8 ) a combination of amino acid 
chelated minerals and inorganic minerals; 28

) inorganic minerals at a level 
equivalent to the total mineral level in Treatment 1; and 3) a control mixture 
containing calcium, phosphorus, and a carrier equivalent to that in Treatments 1 
and 2, but with no trace minerals. White salt will be included in all mineral 
treatments, and all will be fed free-choice. 

This study will consist of two trials. Trial 1 will consist of 4 yearling crossbred 
steers per treatment group, randomly assigned to one of 9, 3-acre endophyte 
infected tall fescue pastures at the UMC Beef Farm, with 3 replications of each 
treatment, for a total of 36 steers. Trial 2 will consist of 8 cow-calf pairs per 
treatment group, randomly assigned to one of 12 10-acre endophyte infected tall 
fescue pastures at the North Missouri Center, with 4 replications of each 
treatment, for a total of 96 cow-calf pairs in the trial. 

In each trial, pastures will be rotated every 7 days. All animals will be weighed 
every 28 days. Performance parameters to be measured will be: weight gain of 
steers for the entire grazing season (Trial 1), cow weight change calf weight gain, 
cow breed-back time and conception rate (Trial 2). 

The results of these trials will be used to determine the economic advantages 
of trace mineral supplementation of beef cattle grazing endophyte infected tall 
fescue pastures in Missouri. 

"Minerals and funding for this project provided by Albion Laboratories. 
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RESEARCH IN PROGRESS 

VERIFICATION OF THE ROLE OF ERGOVALINE IN 
FESCUE TOXICOSIS AND FESCUE FOOT 

G.B. Garner, C.N. Cornell, Haluk Testereci, Department of Animal Sciences, 
University of Missouri - Columbia 

OBJECTIVES 

A. To test in cattle the concentrations (1) of ergovaline (dose) x time (period 
of exposure) x temperature for physiological responses related to fescue 
toxicosis and fescue foot. 

B. To isolate a large quantity of enriched ergovaline fraction from Acremonium 
coenophialum infected tall fescue seed to carry out objective C. 

C. To demonstrate with purified ergovaline that it is the principal, if not sole 
chemical cause of fescue toxicosis and fescue foot. 

( 1) To be carried out using a seed source of ergovaline. 

In previous studies with infected vs non-infected tall fescue hay fed during 
June-July-August, we found marked differences in ADG and heat stress. The 
ergovaline level of the infected hay averaged 200 parts per billion. This study is 
to determine the lower limit of ergovaline that produced physiological change in 
cattle. We are testing 0, 50, 100 and 200 ppb in the climatic chambers. This part 
of the study is being supported by a Missouri Research Assistance Act fund. Merck 
and Company being the source of non-tax dollars. 

Objective B is supported by a Missouri Beef Industry grant and we expect to 
be able to produce enriched (purified) fraction of ergovaline for use in objective C. 

For the past 3-4 years, we have concentrated on fescue toxicosis (summer 
syndrome) because it represented greater economic importance than fescue foot. 
We will be returning to fescue foot research as we believe ergovaline and associated 
other ergot-like alkaloids are the causative agents. The overall project is supported 
by USDA Animal Health Formula Money. 
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RESEARCH IN PROGRESS 

ROLE OF IVERMECTIN IN FESCUE TOXICOSIS MANAGEMENT 

G.B. Garner, R. Crawford, C.N. Cornell, Department of Animal Sciences, University 
of Missouri - Columbia, and D. Wallace, Merck and Co., Fulton, MO 

OBJECTIVE 

To determine the efficacy of lvermectin in reducing the effects of Fescue 
Toxicosis on weight gain and heat stress symptoms. The use of slow-release bolus 
vs repeated IM injection of lvermectin is being studied. There have been 
observation in controlled experiments of a marked improvement in weight gain over 
a grazing season and we are trying to partition the effect due to parasite control 
vs a direct role in fescue toxicosis. We are also trying to look at the repeatability 
of results so that producers can evaluate the cost/benefit ratio. As part of the 
experimental design, we can evaluate non-infected Ky-31 hay vs infected Ky-31 hay 
on growth of yearling cattle during the summer time. This is the second year of 
the study and we expect to summarize the data this fall. 
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RESEARCH IN PROGRESS 

SOMATOTROPIC MECHANISMS ALTERING INSULIN-LIKE 
GROWTH FACTOR PRODUCTION DURING DIETARY 

RESTRICTION AND REPLETION IN STEERS 

J.M. Hayden, Graduate Research Assistant (UMC), J.E. Williams Associate Professor 
(UMC), R.V. Anthony, Assistant Professor (UMC), R. Collier, Research Fellow, 
Monsanto, St. Louis, MO and G. Krivi, Research Fellow, Monsanto, St. Louis, MO. 

OBJECTIVES 

1) To determine the circulating concentration of growth hormone (GH) and the 
relative ligand-receptor binding of GH in liver tissue excised from dietary restricted 
and repleted steers. 2) To establish how GH binding events effect insulin-like 
growth factor (IGF) production and GH receptor expression during these dietary 
conditions. 

PROCEDURE 

Presently a pilot-study is being conducted utilizing 8 steers randomly allocated 
into two dietary treatments. Treatments consist of a restricted (R) and a non
restricted (NR) group. Dry matter intake will be standardized on a body weight 
(BW) basis (NR = 2.2% of BW and R = 1.1% of BW) during a 90 day (d) restriction 
period. After restriction, both treatments will be fed at 2.2% of BW for an 
additional 60 d (repletion period). The basal diet utilized for both periods Will 
consist of corn silage supplemented to provide 12% crude protein and an NEg of 
2.09 Meal/lb. Blood samples and liver tissue will be collected on d 60 of restriction, 
and on d 7, 30 and 60 after repletion. Consecutive liver biopsies will be obtained 
by aseptic surgical techniques utilizing a stainless-steel stylette. Circulating GH 
concentration will be determined by radio immunoassay and related to GH binding 
events to isolated hepatic cell membrane receptors. Hepatic tissue will be further 
prepared for the isolation of total RNA; the amount of IGF and GH receptor 
message expression will be attained by use of RN ase protection assays (solution 
hybridization) and dot-blot analyses. By simultaneous quantification of these 
parameters we hope to establish information pertinent to a mechanism which may 
be directly involved with compensatory gain. 
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RESEARCH IN PROGRESS 

EVALUATION OF COW-CALF PERFORMANCE ON MARTIN TALL FESCUE, 
ORCHARDGRASS-ALFALFA OR BIG BLUESTEM PASTURES 

Ron Morrow, Jim Gerrish, George Garner, David Sieper, Ron Plain 

OBJECTIVE 

To compare three forage systems with cow-calf pairs grazing "Martin" fescue, 
alfalfa-orchardgrass or big bluestem. 

PROCEDURES 

As a reference treatment for this study, cattle will graze season-long on a 
mixture of Martin tall fescue, red clover and ladino clover. Martin is a new 
endophyte-free tall fescue. Clovers will be overseeded each spring at 6 and 1 lb/ A 
for red and ladino, respectively. Cattle from all three systems will continuously 
graze these pasture from approximately April 15 to June 15. At the latter date, 
cattle assigned to the other two systems will be removed. Ten pairs will be 
transferred to alfalfa-orchardgrass pastures (A-OG). The first growth of A-OG will 
be removed as hay or silage, and if necessary a portion of the second growth will 
mechanically harvested for the same purpose. Cattle will graze using an eight 
paddock rotation of approximately 5 days on and 35 days off. Alfalfa-orchardgrass 
pastures will be allowed to recover and become winter hardy. The summer 
stocking rate will be 1.3 acres/ AU. Ten cow-calf pairs will graze big bluestem 
fertilized with 60 lbs N /A, and all growth will be used for grazing. The remaining 
10 cow-calf pairs will proceed through an eight-paddock rotation will remain in 
place until grazing terminates on October 31. Cow-calf pairs from the other 
systems would return to the common fescue-clover pastures about September 15. 
Spring and fall stocking rate will be 0.5 acres/ AU while summer stocking rate will 
be 1.6 acres/ AU. 

PRELIMINARY RESULTS 

Results from one year of research in this objective indicate calf gains are 
similar (2.30 and 2.22 lb/d) for big bluestem and alfalfa-orchardgrass, respectively. 
Grazing days were the same but the first growth of the alfalfa was cut for hay, 
increasing the return per acre. 
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RESEARCH IN PROGRESS 

QUANTIFYING DAILY PASTURE CHANGES 
IN INTENSIVELY GRAZED FORAGE SYSTEMS 

Ron Morrow, Jim Gerrish, Tim Shockley, Valerie Schulze 

OBJECTIVE 

To estimate daily changes in available dry matter per acre, botanical 
composition and forage quality of intensively grazed pastures to determine proper 
stocking rates, potential for type of animal to optimally graze and environmental 
effects on pasture regrowth. 

PROCEDURES 

In order to evaluate the forage parameters, 24 forage samples are collected 
from each paddock. Samples are clipped to a 2 em. height using a .2 m 2 quadrat 
and visual estimations of each sample sight recorded before clipping to estimate 
botanical species composition. Each paddock is sampled before cattle are turned 
in to determine the pre-grazing availability. During the grazing period samples are 
cut each consecutive day on the pastures. Mter cattle are removed to the next 
paddock in the rotation, residual samples are collected. 

Six of the samples are randomly selected and sorted into component species 
to determine botanical composition. The individual weight of each are recorded, 
dried, and reweighed to corroborate visual estimates. Six different samples from 
each paddock are randomly selected for analysis of crude protein (CP), acid 
detergent fiber (ADF), neutral detergent fiber (NDF), and acid detergent protein 
(ADP) using near infra-red spectroscopy (NIR). 
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