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ABSTRACT

Experiments were conducted to investigate effects of
endophyte (Acremonium coenophialum Morgan-Jones and Gams)
infection of tall fescue (Festuca arundinacea Schreb.) on
grazing cattle and subsequent feedlot performance, serum
minerals and prolactin, intake, digestibility, bite size,
and biting rate. Grazing animal performance was measured
April to October, 1989 and 1990, at two locations in VA.
Effects of grazing low (<5%) and high (>70%) endophyte
infected tall fescue, with and without white clover
(Trifolium repens L.), were studied with yearling steers. At
each location, two replicates were used with a stocking rate
of .3 ha/steer (116 steers/yr). At the end of grazing, all
animals were finished on a high corn silage diet and
slaughtered. Daily gains of steers grazing low endophyte-
infected pastures were higher (P<.01l) than for those grazing
high endophyte-infected pastures. Cattle grazing high
endophyte-infected tall fescue with clover at Glade Spring
gained at the same rate as those grazing the low endophyte-

infected tall fescue without clover during Summer, 1989.



During 1990, cattle at Glade Spring had higher (P<.05) daily
gains than did those at Blackstone.

Rectal temperatures were .5 to 1 °C higher (P<.05) for
steers grazing infected pastures by June of each year at
both locations. Prolactin concentrations were lower (P<.01)
in cattle grazing endophyte—infected fescue within 28 4 of
initiation of grazing at both locations. Visual evaluation
indicated that steers grazing high-endophyte pastures had
rough hair coats compared to those grazing low endophyte
pastures (P<.01), showing evidence of tall fescue toxicosis.
Serum mineral analyses indicated no consistent influence of
the endophyte. During feedlot finishing, there were no
detrimental effects from previously grazing endophyte-
infected tall fescue on animal performance.

Forage DM yield, and CP in 1990, and IVDMD in 1989 and
1990 from Glade Spring were higher (P<.05) compared to
Blackstone. Forage from Blackstone was typically higher in
NDF, ADF, and lignin compared to Glade Spring. Forage from
Glade Spring was higher in Ca, Mg, P, and Cu, compared to
Blackstone.

Diet selection, digestibility, biting size, and biting
rate were measured with esophageally-fistulated steers
grazing low (<5%) and high (>70%) endophyte-infected tall
fescue, with and without white clover. Bite size was

smaller (P<.05) in July compared to May, corresponding to



decreased quantity of forage available. Bite size and
biting rate were not affected by endophyte infection or
inclusion of clover. 1In vitro DM digestibility was higher
(P<.05) for high endophyte-infected tall fescue in July.
Animals consumed a higher percentage of clover than was
available in the sward.

Intake and digestibility were estimated using 48
experimental animals and four esophageally-fistulated
steers. Chromic oxide sustained-release boluses and forage
IVDMD were used to estimate intake. The chromic oxide
boluses were determined to be reliable for predicting intake
of steers during a 21 d trial involving total fecal
collection. Intake was higher (P<.01l) in cattle grazing low
endophyte-infected tall fescue compared to animals grazing
high endophyte-infected fescue.

Twenty-one Angus steers (256 kg) were used to compare
the effect of 0 and 40% endophyte-infected tall fescue and
orchardgrass hay on DM intake, daily gain, body temperature,
serum minerals, and prolactin concentrations during an 8 wk
study. Quality of the diets was low, as indicated by low CP
(8.1 to 10.3%), and IVDMD (41.3 to 47.1%). Daily DM intake
and daily gain were higher (P<.05) for animals consuming the
noninfected tall fescue compared to animals fed the other
hays. Body temperature and serum prolactin were not

affected by diet. These data suggest that other factors,



besides endophyte infection, are important in the etiology
of tall fescue toxicosis. Some of the decreased performance
of steers grazing endophyte-infected tall fescue was related
to lower intake. Additional research is needed to evaluate
higher levels of clover to possibly ameliorate some of the

problems of tall fescue toxicosis.
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CHAPTER I.
INTRODUCTION

Tall fescue (Festuca arundinacea Schreb.) is utilized as a
forage crop throughout the Southern and Mid-Atlantic states.
Approximately 14 million ha are grown in the United States.
Tall fescue is a widely adapted, high yielding, cool-season
grass. When properly managed, the quality of tall fescue is
good.

The desirable agronomic characteristics of tall fescue
are often overshadowed by reduced performance of animals
consuming the forage. This reduced performance is
characterized by reduced daily gain, decreased reproductive
performance, reduced circulation to the extremities, rough
hair coats, and altered hormone concentrations. The
association of an endophytic fungus (Acremonium coenophialum
Morgan-Jones and Gams) and increased ergopeptide alkaloids
with tall fescue has been linked to the reduced animal
performance.

Plant growth and composition are affected by soil
fertility and moisture as well as environmental conditions.
The complex interaction of soil, plant and animal under the
constraints of the environment has not been addressed
concerning endophyte-infection of tall fescue. Moisture
stress may cause an increase in alkaloid content of

endophyte-infected tall fescue. The influence of



temperature on the toxic factors of tall fescue is less
clear.

Climatic differences exist in the area of adaptation of
tall fescue. Animal performance is affected by environment.
Ambient temperature outside the thermoneutral zone of the
animal results in reduced intake and therefore a reduction
in overall animal performance. Animals are able to cope
with some high-temperature stress if they are able to
maintain comfort during the nighttime hours. Information is
needed concerning the reduction in intake of animals grazing
endophyte-infected tall fescue and to what extent the
reduction in intake accounts for the reduced performance.
Experiments have not been conducted to evaluate the effects
of grazing endophyte-infected tall fescue in different
environments on animal performance.

Tall fescue, with little or no endophyte infection,
offers potential for reducing the impact on animal
performance. However, the limited information on endophyte-
free tall fescue indicates that stand persistence is
compromised in these cultivars. More intense management may
be required to extend the longevity of the stand.
Introduction of legumes may offer some benefit, possibly by
diluting the intake of toxic tall fescue.

Given the limited information available on

environmental and forage effects on cattle grazing



endophyte-infected tall fescue, experiments were designed to
address these issues. Animal performance, blood parameters,
hair coat scores, body temperatures, and forage yield and
composition were monitored during 2 yr of a long-term
experiment with cattle grazing low and high-endophyte-
infected tall fescue, with and without white clover, at two
locations in Virginia. In addition, the effect of the
endophyte on bite size, biting rate, and DM intake was
examined at one of the locations. The effect of grazing
high endophyte fescue on subsequent feedlot performance was

studied also.



CHAPTER II.

REVIEW OF LITERATURE

Tall fescue was first identified in the U.S. at
Suiter's farm in Kentucky (Fergus, 1972). ‘'Kentucky-31',
the most extensively grown cultivar of tall fescue, was
released in 1942, as noted by Stuedemann and Hoveland
(1988). The excellent growth, quality, and ease of
establishment of tall fescue resulted in wide acceptance.
There are approximately 14 million ha of tall fescue in the
United States, primarily in the transition zone between the
north and south in the east (Siegel et al., 1985).

Animal performance was not always as high as expected,
given the composition of the forage. Animals grazing tall
fescue developed various symptoms, that became synonymous
with "fescue toxicosis" (Pulsford, 1950; Goodman, 1952;
Stuedemann and Hoveland, 1988). Signs of these problems
included depressed gains, elevated body temperatures,
depressed serum prolactin concentrations, rough and dirty
hair coats, and gangrene of the extremities.

The identification of higher alkaloid content in
certain strains of tall fescue provided evidence concerning
the causes of fescue toxicosis (Robbins et al., 1972; Bush
and Jeffreys, 1975). Separation of alkaloids by gas

chromatography revealed pyrrolizidine alkaloids, especially



N-formyl-loline in toxic tall fescue. Kennedy and Bush
(1983) reported an increase in N-acetyl- and N-formyl-loline
content in water stressed endophyte-infected tall fescue
grown in a greenhouse subjected to low, medium or control
water treatments for 12 wk. Porter et al. (1981) and Yates
et al. (1985) identified ergopeptine alkaloids in endophyte-
infected tall fescue. Signs of fescue toxicosis were
identified in cattle grazing 'KY-31' tall fescue (95%
infected) with .4 ug/g ergopeptine alkaloids in the forage
(Yates et al., 1985).

The identification of an endophytic fungus (Epichloe
typhina, later reclassified as Acremonium coenophialum Morgan-
Jones and Gams) infecting tall fescue resulted in additional
insight about the causes of fescue toxicosis (Morgan-Jones
and Gams, 1982). Hill and Stringer (1985) reported that 75%
of the fescue samples submitted from SC were more than 60%
infected. 1In VA, 75% of the fields sampled for the
endophyte had greater than 50% infection (Gerken et al.,
1986). An analysis of 4,500 samples from 30 states and
several foreign countries tested at Auburn University
indicated that 90% of the samples had some level of
infection (avg infection=60%; Ball et al., 1991).

Acremonium coenophialum exists in a symbiotic relationship
with tall fescue (Clay, 1987; Cheplick et al., 1989). The

grass provides the endophyte with a suitable environment and



the endophyte confers resistance to insect predation (Clay
et al., 1985; Buttrey, 1989), drought tolerance (Read and
Camp, 1986), and altered metabolism (West et al., 1990) on
the host grass which would result in competitive advantage
over non-infected plants.

Yates et al. (1985) reported the presence of ergot
alkaloids in infected 'KY-31' tall fescue from Missouri but
none were located in noninfected plants from Georgia. High
levels of N fertilizer have been reported to aggravate the
symptoms of fescue toxicosis (Stuedemann et al., 1975;
Garner and Cornell, 1985). This may be explained, at least
partly, by the increased ergot alkaloids detected in leaf
sheath and blade from N-fertilized, infected tall fescue,
compared to nonfertilized, infected fescue (Lyons et al.,
1986) .

Symptoms in animals consﬁming endophyte-infected tall
fescue are similar to those observed in animals suffering
from ergot alkaloid poisoning (Burns, 1978; Bacon et al.,
1986; Ensminger et al., 1990). Ergovaline constituted the
greatest percent of total ergot alkaloids in tall fescue
(Lyons et al., 1986). Garner (1989) reported that as little
as 200 ppb ergovaline resulted in classical fescue toxicosis
signs. More recently, Cornell et al. (1990) reported that

as little as 50 ppb ergovaline supplied through endophyte-



infected seed caused measurable physiological effects in 180

to 250 kg Angus calves.

Agronomic Description

Endophyte-infected plants were larger and had more
tiller growth compared to endophyte-free planﬁs in the
greenhouse (Clay, 1984). Buttrey (1989), in Virginia,
reported a numerical increase in tiller number of endophyte-
infected 'Kenhy' tall fescue compared to endophyte-free
fescue of the same cultivar. In Texas, high (>90%) infected
tall fescue of the cultivar 'Kenhy' consistently had more
forage available per animal than low endophyte-infected tall
fescue (Read and Camp, 1986). In addition, two of three
replicates of the low infected pastures were lost, possibly
due to drought. Under field conditions endophyte-infected
tall fescue consistently out yielded noninfected tall fescue
(Bouton et al., 1988; Hill, 1988; Joost, 1988; West et al.,
1988).

Buttrey (1989) reported an increase in DM yield of
'Kenhy' tall fescue infected with the endophyte compared to
endophyte-free 'Kenhy' when maintained in the greenhouse
with adequate moisture. However, Hill et al. (1990) and
Chestnut et al. (1991) reported that for tall fescue grown

in the greenhouse, DM yield was not affected by the

endophyte.



Forage analysis identified few differences between
infected and noninfected tall fescue. Endophyte infection
did not affect NDF or ADF of seed (Jackson et al., 1984) or
hay (Straham et al., 1987). Bond et al. (1984) examined
composition of four varieties of tall fescue of varying
levels of endophyte infection. No differences were detected
for ADF, NDF, and CP. Crude protein in forage from infected
and noninfected tall fescue was not different (Hemken et
al., 1981).

Buttrey (1990) reported few differences in mineral
composition between endophyte-infected 'Kenhy' tall fescue
and endophyte-free 'Kenhy' when grown in the greenhouse.
When grown under field conditions, the only consistent
result observed was a lower Cu concentration in high
endophyte-infected tall fescue compared to tall fescue with
no infection. Tall fescue forage from plants with 9 to 97%
infection from 7 farms in VA indicated no excesses or
imbalances in mineral content (Fontenot et al., 1988).

Total non-structural carbohydrates (TNC) of endophyte-
free tall fescue plants tended to be greater than endophyte-
infected plants (Hill et al., 1990). However, no difference
was detected for TNC between the varieties 'KY-31', ‘'Kenhy',
and the experimental lines 'G1-306' and 'Gl-307' examined by
Bond et al. (1984b). Similar results were reported by

Buttrey (1989) when comparing TNC of endophyte-infected



'Kenhy' tall fescue compared to endophyte-free 'Kenhy'.
Hemken et al. (1981) reported that ether extract and ash
were not different between infected and noninfected tall
fescue forage.

Altered N metabolism was proposed by Lyons (1985) who
reported that endophyte-infected tall fescue plants had
increased glutamine synthetase activity. Belesky et al.
(1985) examined amino acid composition of tall fescue seed
because pyrrolizidine alkaloids are secondary metabolites of
amino acids. The amino acid composition of varieties,
'Fawn', 'Kenhy', 'KY-31', and an experimental line of tall
fescue, each infected and non-infected, were not different.
It is interesting to note that glutamate/ glutamine
accounted for the greatest amount of amino acids recovered.
The metabolism of endophyte-infected tall fescue compared to
non-infected plants deserves additional research.

The influence of environmental conditions on tall
fescue composition is important, given the impact on animal
performance during different seasons. A higher perloline
content of tall fescue analyzed in July compared to tall
fescue collected in winter may have been due to decreased
photosynthesis associated with decreased hours of light in
winter (Gentry et al., 1969). At that time infection with

the endophyte was not known.



Animal Response to Endophyte Infection of Tall Fescue

Nutritive value of tall fescue is high (Jacobson, 1957;
Buckner et al., 1967); however, animal performance is often
compromised when endophyte-infected tall fescue is fed or
grazed. Hoveland et al. (1980) reported a reduction of .23
kg in daily gains of crossbred steers in Alabama grazing
high (>60%) endophyte-infected tall fescue compared to those
grazing fescue of <20% infection.

Read and Camp (1986) reported that grazing endophyte-
infected tall fescue reduced daily gains of half-sibling
steers (.97 kg vs .46 kg). Levels of infection were >90%
compared to <25%. Crawford et al. (1989) examined the
influence of endophyte infection of tall fescue on daily
gains of Holstein steers. Their results and those of
Stuedemann et al. (1985d), indicated that for each 10%
infection rate of tall fescue, there was a concomitant
decrease of .045 kg in daily gain. Angus and Holstein
steers had lower daily gains when grazing 100% infected 'Gl-
307' compared to those grazing non-infected 'KY-31' or
'Kenhy' (Bond et al., 1984b). From these data, it was easy
to conclude that endophyte infection of tall fescue
adversely affected animal performance.

A reduction in intake could account for some of the
poor performance observed. Consumption of endophyte-

infected seed and hay was reduced in steers by 2.3 and .39

10



kg/d, respectively (Schmidt et al., 1982). 1Intake of DM by
sheep was reduced by 50% when fed endophyte-infected tall
fescue hay compared to endophyte-free hay (Spears et al.,
1984). A 20% reduction in intake was reported for cattle
fed endophyte-infected (71%) tall fescue hay compared to
animals fed fescue of less than 20% infection (Chestnut et
al., 1991). Crossbred wethers (avg wt 30 kg) fed endophyte-
infected ('G1-307', >95%) tall fescue hay consumed less
forage and required more time to consume the entire meal
than lambs fed low-endophyte (<1%) 'KY-31' tall fescue
(Fiorito et al., 1991).

The reduction in intake would appear to be temperature
related from the results of Hemken et al. (1981). Holstein
calves were housed at 10 , 21, and 34 °C and fed 'Gl1l-307' or
'G1-306"' tall fescue. At the low temperatures there was no
difference in performahce or intake, but as the temperature
increased from 21 to 34 °C DM intake decreased 20% with a
concomitant loss of body weight. Hannah et al. (1990) fed
sheep (avg initial wt, 26.8 kg) 0 or 1.5 ppm ergovaline
,through infected tall fescue seed, when housed at 27 and 34
°C. Feed was offered at 100 g of diet per kg of BW- /3,
Intake was not changed by temperature in lambs fed either 0
or 1.5 ppm ergovaline.

Reduction of intake in animals grazing endophyte-

infected tall fescue has been reported (Stuedemann et al.,

11














































































































































































































































































