
ABSTRACT 

 

MATTHEWS, APRIL KILLEBREW. The Effects of Traditional Endophyte, 

Endophyte-free, and Novel Endophyte (MAXQ) Jesup Tall Fescue Hay Consumption 

on Digestion and Nitrogen Retention in Steers. (Under the direction of Dr. Matthew H. 

Poore.) 

A digestion and nitrogen balance trial was conducted to compare the effects of 

traditional endophyte-infected (E+), endophyte-free (E-), and novel-endophyte (NE) 

(MaxQ™) Jesup tall fescue (Festuca arundinacea Schreb.) hay on digestion and N retention 

in steers.  Hay composition was as follows:  E+ (10.8% CP, 59.9% NDF, 29.4% ADF), E- 

(11.8% CP, 58.5% NDF, 28.4% ADF), and NE (11.6% CP, 58.6% NDF, 28.3% ADF).  Eight 

Polled Hereford steers (average initial BW ± SD 240 ± 24 kg) were used in a replicated, 3 x 3 

Latin square design, with an extra steer allotted to each square.  Steers were fed ad libitum 

for 14 d followed by a 9 d adaptation to a restricted intake (based upon the animal with the 

lowest ad libitum intake for the square), and a 5 d fecal and urine collection.  Endophyte-

infected differed from E- and NE (P < 0.01) in ad libitum DMI (4.99 vs 5.64 and 5.67 ± 

0.040 kg/d, respectively) and differed (P < 0.005) in ad libitum DMI as a percentage of BW 

(1.83 vs 2.07 and 2.09 ± 0.024%, respectively).  There were no differences among diets 

during the digestion trial for restricted DMI (4.99 ± 0.055 kg/d), water intake (20.22 ± 1.131 

L/d), and urine output (7.40 ± 0.650 L/d).  Plasma prolactin concentrations were lower (P < 

0.05) for steers on the E+ diet (7.76 ng/ml) versus those on the E- diet (18.57 ng/ml).  The 

plasma prolactin concentrations for the steers on the NE diet (13.14 ng/ml) were not different 

from those on the E+ or the E- diets.  Dry matter digestibility for E+ was lower (P < 0.05) 



 

than E- and NE (62.0 vs 67.4 and 66.6 ± 0.95%, respectively).  Organic matter digestibility 

was also lower for endophyte-infected (P = 0.05) compared to E- and NE (64.9 vs 69.4 and 

68.6 ± 0.89%, respectively).  Neutral detergent fiber, ADF, and cellulose digestibilities were 

similar among hay types. Crude protein digestibility was higher (P < 0.05) for E- and NE 

when compared to E+ (54.7 and 53.2 vs 47.4 ± 1.09%, respectively).  Nitrogen retention was 

lower for E+ than E- (P < 0.06) or NE (P < 0.07) (14.4 vs 22.1 or 21.7 ± 1.90 g/d, 

respectively).  Results from this study indicate that E+ tall fescue hay was lower in ad libitum 

DMI, DM digestibility, and N retention, than NE or E- and hay from NE and E- did not differ 

for any characteristic evaluation. 
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Origin of Tall Fescue 

Tall fescue (TF) was originally introduced as a contaminant of grass seed from 

Europe and was planted in the US in the late 1800’s.  It was found growing on a hill pasture 

of the W. O. Suiter farm, in Menifee County, Kentucky in 1931 by E. N. Fergus, an 

agronomy professor from the University of Kentucky.  Tall fescue was on this farm when 

purchased by Suiter in 1887.  Tests revealed that it was a productive grass of high nutritive 

value, and so it was released in 1942 in the United States as the cultivar “Kentucky 31”.  The 

TF variety “Kentucky 31” was widely accepted and planted in the late 1940’s and 1950’s due 

to being insect and nematode resistant, drought tolerant, easy to establish, tolerant of poor 

soil conditions, having a long grazing season, and tests had revealed it was of high nutritive 

value.  As a result, it has dominated pastures, yards, and roadsides in the southeastern US.  

Tall fescue is grown on over 35 million acres and is the predominant cool season grass of the 

US.  Over 8.5 million beef cows and nearly 700,000 horses are maintained on TF pastures.  

In North Carolina, TF covers over 1 million acres, and it supports approximately two-thirds 

of the state’s cowherd (Bacon and Siegel, 1988; Ball et al., 1993; Paterson et al., 1995; 

Stuedemann and Hoveland, 1988). 

Disorders Associated with Tall Fescue 

As early as the 1940s, cattle producers started to report declining health and 

productivity from cattle consuming TF.  Tall fescue became linked with 3 major disorders.  

Fescue foot, the most visible disorder, is related to cold ambient temperatures in the northern 

areas of the TF-growing region or in the winter in the southern region.  It is a gangrenous 

condition that develops in the extremities, characterized by vasoconstriction of blood vessels 
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which causes tenderness in the hind legs and sloughing off of hooves, tail switches, and ear 

tips (Bush and Buckner, 1973).  Bovine fat necrosis, the second disorder, is associated with 

cattle grazing nearly pure stands of TF with high rates of nitrogen fertilization (Stuedemann 

et al., 1975).  It is characterized by the presence of necrotic fat lesions in the abdominal 

cavity.  These lesions surround the digestive tract resulting in digestive disturbance, kidney 

dysfunction, and difficult births.  The third disorder, fescue toxicosis, is typified by a 

reduction in weight gain, feed intake, milk production and reproductive problems.  Other 

problems associated with fescue toxicosis include an increase in body temperature, excessive 

salivation, a decrease in prolactin (PRL) levels, a rough hair coat, listlessness, and an 

unthrifty appearance (Stuedemann and Hoveland, 1988).  Decreased production due to fescue 

toxicosis costs US producers an estimated $600 million annually (Hoveland, 1990).    

Discovery of the Endophyte 

In 1973, J. D. Robbins, C. W. Bacon, and J. K. Porter, researchers from the USDA 

research center in Athens, Georgia were asked to investigate a situation at a farm in 

Mansfield, Georgia.  Cattle on a TF pasture were exhibiting severe fescue toxicosis 

symptoms while cattle on a nearby TF pasture were exhibiting no symptoms.  Grasses from 

both pastures were sampled and a number of fungi species belonging to the tribe Balansiae 

were isolated.  The three species isolated were Balansia epichloe (Weese) Diehl, B. 

henningsiana Moell, and Myriogensopora atrementosa (Berk. & Curt.) Diehl.  These fungi 

were distinguished as being endophytic.  Toxicological studies of these fungi species 

demonstrated “that these Claviceps related, but endophytic species of fungi were toxic and 

possessed ergot alkaloid synthesis” (Bacon, 1995).   
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A search was conducted to find a species of Balansia or similar endophytes in toxic 

TF within these pastures.  Though no Balansia species were isolated from TF during a 2-yr 

observation period, another fungal endophyte was found to be associated with the toxic TF.  

Cattle exhibiting severe fescue toxicosis were grazing the pasture that was 100% infected 

with this fungal endophyte.  While cattle exhibiting no symptoms were grazing the TF 

pasture that was only 10% infected with this endophyte (Bacon et al., 1977).  Thus the 

hypothesis was formed that a fungus was the likely cause of the toxicosis.  A report of the 

initial findings was made in September 1978, at the 3rd Fescue Toxicity Conference.  Due to 

a lack of cattle toxicity data, this theory was not widely accepted. 

However, at the same time as the Georgia researchers were linking the endophyte to 

fescue toxicosis, cattle grazing studies were being conducted at the Black Belt Substation in 

Alabama, by C. Hoveland and colleagues from Auburn University.  There were TF pastures 

that were endophyte-infected (E+) and endophyte free (E-), as a result of different planting 

dates.  These grazing studies confirmed the hypothesis of Bacon and colleagues (Hoveland et 

al., 1980).   

Tall fescue originated from northern Europe, and E+ fescue has been reported there.  

Fifteen other species of fescue have been reported as being infected and several of these are 

common to the US (Bacon et al., 1986).  Based on extensive individual state surveys, it has 

been suggested that over 90% of the TF pastures in the US are E+ (Ball et al., 1993).  Since 

the main cultivar is Kentucky 31, and the endophyte is seed disseminated, it is not expected 

that other species of endophyte will be found in TF in the US.  If they do exist, they likely 
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will come from a grass that did not have Kentucky 31 in the background of the maternal 

parent (Bacon and Siegel, 1988). 

The Endophyte and the Compounds Proposed as Toxins of Tall Fescue 

This endophyte was originally identified as the fungal endophyte Epichloe typhina 

later reclassified as Acremonium coenophialum (Morgan-Jones & Gams, 1982), and is now 

known as Neotyphodium coenophialum (Glenn et al., 1996).  Seven different groups of 

compounds have been associated with E+ TF and investigated for their role in fescue 

toxicosis.  Perloline was one of the earliest studied, and was ruled out as a causative agent of 

fescue toxicosis because it is found in E- TF (Bush et al., 1976).  Halostachine is a 

sympathetic amine and has been linked to peripheral vasoconstriction in cattle.  β-carboline 

alkaloids, specifically harmane and norharmane, are potent reversible inhibitors of 

monoamine oxidase, the enzyme responsible for deamination of monoamines (Davis and 

Camp, 1983).  Loline alkaloids (N-formyl loline and N-acetyl loline) have been one of the 

two groups receiving the most attention as causative agents of fescue toxicosis.  These 

saturated pyrrolizidines have been associated with E+ TF.  Oliver et al. (1990) found that N-

acetyl loline caused a dose dependent contraction, in vitro, of the bovine lateral saphenous 

vein.  Oliver et al. (1990) speculated that N-acetyl loline conducts its contractile activity 

through α 2-adrenergic receptors.  Loline has also been found to suppress PRL secretion 

from rat pituitary cells in vitro, and has been recognized as being a weak D2-Dopamine 

receptor agonist.  This evidence suggests that loline alkaloids contribute to fescue toxicosis 

(Strickland et al., 1993).   
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  The clavine alkaloids, lysergic acid amides, and ergopeptines are the three groups of 

compounds that have been the most extensively studied group in the search for the cause of 

fescue toxicosis, the biologically active ergot alkaloids (Bacon, 1995; Bacon et al., 1986).  

The lysergic acid amides have been found to cause dose-dependent inhibition of Na+/K+ 

ATPase activity.  Ergonovine, a lysergic acid amide, along with the ergopeptine, ergotamine, 

has been demonstrated to have a vasoconstrictor effect on the bovine dorsal pedal vein.  The 

ergopeptines account for as much as 50% of the total ergot alkaloid concentration and have 

been the main focus of research in search for a causative agent of fescue toxicosis.  

Ergotamine, the parent alkaloid of the peptide subgroup, has produced symptoms similar to 

fescue toxicosis in sheep and cattle.  These ergot alkaloids are distributed in the leaf blade, 

sheath, and seed.  Since the endophyte is not present in the leaf blade, the alkaloids are 

translocated to the blade (Bacon et al., 1986).   

Ergovaline accounts for greater than 80% of the ergopeptine fraction, and is often 

used as an indicator of endophyte level of infection (Paterson et al., 1995).  Ergopeptines are 

associated with E+ TF and are absent in E- TF.  Ergopeptines along with the other ergot 

alkaloids are structurally similar to the biogenic amines, epinephrine, norepinephrine, 

serotonin, and dopamine (DOP) (Paterson et al., 1995; Strickland et al., 1993).  Through their 

interaction with these receptors, the ergopeptines can alter control of normal homeostatic 

mechanisms, resulting in the symptoms of fescue toxicosis.  Studies have shown that 

ergopeptines cause peripheral vasoconstriction via antagonizing α-adrenergic receptors.  

Ergopeptines can also interact with D2-DOP receptors in an agonist fashion and suppress 

PRL secretion at the pituitary level.  Ergopeptines are the most likely candidates as the cause 
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of fescue toxicosis due to their structural similarities to the biogenic amines and their ability 

to interact with the D2-DOP receptors and α-adrenergic receptors (Strickland et al., 1993).  

The ergopeptine alkaloids have a wide range of actions that include vasoconstriction, 

vomiting, hyperthermia, salivation, excitatory reflexes, depressed serum PRL levels and milk 

production, serotonin antagonism, abortions, and abnormal uterine contractions. These 

symptoms are seen in cattle afflicted with fescue toxicosis, and the clavine group can 

produce several of these symptoms as well (Bacon et al., 1986). 

Animal Performance 

Summer fescue toxicosis is considered the most economically important aspect of the 

toxicosis syndrome.  As summer temperatures rise, cattle on E+ TF spend less time grazing 

and more time lying in the shade or standing in water.  Cattle suffering from fescue toxicosis 

exhibit weight loss, reduced milk production, intolerance to heat, elevated body temperatures 

and respiratory rates, reproductive problems, and lowered PRL and serum cholesterol levels.  

The greatest effects on animal performance are seen when the temperature exceeds 31 

degrees Celsius (°C), though the endophyte can have an effect at any temperatures.  The 

extent to which the herd would display these symptoms depends on environmental 

temperature and the amount and chemical species of the alkaloids consumed (Bacon et al., 

1986).   

Beef Production 

It has been found that decreases in body weight gains by steers grazing E+ TF are 

uniform and not limited by geographical region or management conditions (Schmidt and 

Osborn, 1993).  Compared to steers on E- TF, those on E+ TF experience a 30-100% 
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reduction in average daily gains (ADG) (Paterson et al., 1995).  Studies have shown a linear 

relationship between endophyte infection level and reduction in steer gains.  The general 

‘rule of thumb’, is that for every 10 percent increase in the level of endophyte infection, that 

there is a one-tenth of a pound reduction in daily weight gain among young beef cattle 

consuming E+ TF (Ball et al., 1993; Fribourg et al., 1991; Stuedemann and Hoveland, 1988).  

This generalization, however, can not be applied to every situation (Schmidt and Osborn, 

1993).  Other factors such as different forages available in the pasture and environmental 

temperature can affect animal daily gain.  While much of the reduction in animal gain is 

attributed to reduced feed intake, there are also other systemic effects that result from the 

presence of the endophyte. 

In a study conducted by Bond and Bolt (1986) two grazing trials were conducted with 

80 beef heifers per trial.  Five varieties of TF were fed: G1-307 (83% E+); Kentucky 31 

(77% E+); Kentucky 31 (0% E-); Kenhy (0% E-); and Johnstone (8% low E+).  For both 

trials, ADG for the heifers grazing the two highly E+ pastures were lower (P < 0.01) than for 

those on the E- pastures.  Steers on the E+ pastures were observed standing in the shade and 

spending less time grazing while preferring to graze in the cooler times of the day.  

Therefore, these heifers were consuming less dry matter resulting in the decreased ADG. 

In a study conducted by Chestnut et al. (1991), the ADG for steers grazing E- 

cultivars was greater (P < 0.05) than those of steers grazing E+ Kentucky 31 pastures by 

0.85, 0.3, and 0.3 lb/d for spring, summer, and winter grazing seasons, respectively.  

However, the ADG for steers on 22% E+ TF was greater than those on ≥ 35% E+ TF for 

spring (P < 0.05) and winter (P < 0.10) grazing seasons.  There were no differences in ADG 
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between steers on ≥ 35% E+ TF and those on ≥ 60% E+ TF pastures.  Beef production was 

127, 32, and 32 lb/Acre, for spring, summer, and winter grazing seasons, respectively, greater 

(P < 0.05) for E- TF than E+ TF pastures.  Pastures with an endophyte infection level of 22% 

had greater (P < 0.10) beef production than pastures with an infection level ≥ 35% for spring 

and winter grazing seasons.  Beef production was not different for TF pastures that were 35% 

E+ and pastures that were ≥ 60% E+.   

In a grazing trial conducted by Thompson et al. (1991), ADG were significantly 

higher (P < 0.05) for Forager (36% E+) than for Kentucky 31 (72% E+), both of which were 

overseeded with clover, during the spring (2.19 versus 1.76 lb/head/day), and for spring-

summer (2.15 versus 1.85 lb/head/day).  Forager pastures had significantly greater (P ≤ 

0.001) beef production than Kentucky 31 pastures for spring (262 versus 200 lb/Acre) and 

spring-summer (378 versus 314 lb/Acre).  Davenport et al. (1993) and Rice et al. (1997) also 

reported decreased body weight gain for cattle grazing E+ TF as compared to E- TF.   

Intake and Digestibility 

Studies have found decreased feed intake to be exacerbated by high environmental 

temperatures. While not completely understood, it has been suggested that the mechanisms 

for reduced intake include the increased body temperature and palatability factors associated 

with E+ TF (Thompson and Stuedemann, 1993).  When cattle have had similar intakes, cattle 

grazing E+ TF have lost weight while cattle on E- TF have gained (Paterson et al., 1995).  

Studies on the role of the endophyte on digestibility have shown mixed results.  However, 

Barth et al. (1991), suggest that for decreased digestibility of E+ TF to occur, three criteria 

must be met:  a threshold level of alkaloids in the fescue seeds, the animal reaching a certain 
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level of heat stress, and no reduction in feed intake; though not all studies reporting effects 

on digestibility meet all three of these requirements.  Ergot alkaloids affect assimilation of 

nutrients by altering motility and absorption.  It has been demonstrated that ergovaline 

increases ruminal fluid dilution rate and outflow (Thompson and Stuedemann, 1993) thereby 

possibly affecting digestibility.   

In a 5-year grazing study conducted by Thompson et al. (1991) mean forage 

consumption was slightly greater (P < 0.10) for Forager (36% E+) than for Kentucky 31 

(72% E+), both of which were overseeded with clover, for both spring (1.56 versus 1.23 

tons/acre) and spring-summer (2.28 versus 1.83 tons/acre).  Aldrich et al. (1993a) conducted 

2 trials to determine the effects of E+ TF consumption on diet utilization in cattle.  Diet 

composition for each diet was the same for both trials except for the ergovaline level.  

Chemical analysis determined similar DM and OM levels for E+ (89.3 % DM, 96.7 % OM) 

and E- (89.4 % DM, 96.9 % OM) but differences for CP (13.0 vs. 15.5 %) and NDF (43.2 vs. 

35.6 %) for E+ and E-, respectively.  In the first trial, 12 Angus steers were fed either an E- 

TF diet (ergovaline < .05 ppm) or an E+ TF diet (ergovaline .381 ppm), with environmental 

temperatures varying between 22 °C and 32 °C.  For this trial, DM intake was not different 

for E- versus E+ (3.61 vs. 3.45 % BW, respectively) nor was water intake different (49.3 vs. 

48.9 L/d, respectively).  

In the second trial conducted by Aldrich et al. (1993a), 24 Holstein steers received 

either an E- or E+ diet (ergovaline .285 ppm) and were housed within one of two environ-

mental temperatures (22 or 32°C).  Following a 16-day adaptation to the environmental 

chambers, temperatures, and treatment diet, ad libitum intake measurements were made from 
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days 18-22, then feed intake was restricted to 2.5 % BW and diet digestibility was 

determined on days 26-30.  Ad libitum DM intake was significantly lower (P < 0.05) at  

32 °C by a reduction of 22%, while water intake was significantly increased (P < 0.05) by 

62% compared to steers housed at 22 °C.  Water intake was not affected by endophyte status; 

however, DM intake was reduced (P < 0.05) by 10% for steers consuming E+.  Dry matter 

and OM digestibilities were 9% lower (P < 0.05) for steers on the E+ diet than those on the 

E- diet.  However, there was no difference between diets for NDF digestibility.  

In a 2-year grazing trial, conducted by Barth et al. (1991), DM digestibility was 

determined for beef steers grazing E+ (>75% E+) and E- TF pastures grown with legumes or 

fertilized with nitrogen, for the spring and summer grazing seasons.  On the N fertilized 

pastures, DM digestibility of the E+ TF pastures were 3 to 7 percentage points lower (P < 

0.10) than the E- TF pastures.   

In a trial conducted by Burke et al. (2001b) twenty-four Angus and Angus x Hereford 

heifers received either E+ seed (ergovaline 1.9 ppm) or E- seed in a mixed feed ration at one 

of two environmental temperatures (thermoneutral (TN) 19°C; heat stress (HS) 25-31°C).  

Heifers under HS conditions had reduced feed intakes (P < 0.001).   

Emile et al. (2000) conducted a trial to evaluate the effects of E+ (ergovaline .41 

ppm) and E- TF hay on cattle performance.  In a 97-day TF hay feeding trial, levels of intake 

were not different (P > 0.20), between the E+ and E- hays, while ADG were lower for the 

heifers on E+ hay versus E- hay (891 vs. 1,025 g/d, days 1-98, P < 0.05) (Emile et al., 2000).  

In a second experiment by Emile et al. (2000), hay DM intake was similar between Texel 

ram lambs fed either E- or E+ TF hay (ergovaline .96 ppm), while ADG were higher (P < 
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0.05) for the E- diet versus the E+ diet (126 vs. 95 g/d, respectively).  When lambs were 

slaughtered, those that were on the E+ hay had less ruminal content.  Since feed intake was 

similar between lambs on both E+ and E- hay, the variation in ruminal content is possibly a 

result of modification in flow of digesta through the rumen (Emile et al., 2000). 

Fiorito et al. (1991) demonstrated depressed total tract digestibilities of DM, NDF, 

and ADF by the presence of the E+ TF hay in the diet of lambs.  Hannah et al. (1990) 

reported decreased ruminal and total tract OM, NDF, and cellulose digestibility in sheep on 

an E+ diet.  In both studies, intake was similar between treatment groups, and so effects on 

digestibility were the result of the endophyte presence.  This supports the theory that 

decreased daily weight gain can be contributed to decreased digestibility in addition to 

reduced feed intake (Strickland et al., 1993).  Westendorf et al. (1993) and  

Aldrich et al. (1993b) both reported reduced feed intakes for ruminants on an E+ diet while 

Westendorf et al. (1993) and Peters et al. (1992) both reported reduced digestibility as a 

result of the presence of E+ in the diet.   

Behavior and Appearance 

In addition to decreased feed intake, digestibility, and ADG, cattle on E+ TF have 

altered behavior.  Cattle on E+ TF graze less often, shift to grazing during the cooler parts of 

the day and night, and spend more time standing in water and lying in the shade (Fribourg et 

al., 1991; Paterson et al., 1995; Stuedemann and Hoveland, 1988; Thompson and 

Stuedemann, 1993).   Steers on E+ TF also have a tendency to wallow in the mud during the 

hot parts of the day, and their haircoats are often caked with mud (Fribourg et al., 1991; 

Stuedemann and Hoveland, 1988).    
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Cattle on E+ TF retain their winter haircoats during the summer and the coats are 

long and shaggy and become matted with mud and feces.  Chestnut et al. (1991), scored 

haircoats during each grazing season on a scale of 1.0 (shiny, smooth, short) to 5.0 (dirty, 

matted, long, rough).  Scores were lower (P < 0.05) for steers grazing the E- pastures versus 

those on E+ pastures at the end of each season.  Using the same scale for scoring haircoat 

appearance Thompson et al. (1991) showed steers grazing fescue overseeded with clover, 

during the spring summer grazing season, had lower (P < 0.05) haircoat scores on Forager 

(36% E+) than those on Kentucky 31 (72% E+).   

Steers on the E+ pastures were observed standing in the shade and spending less time 

grazing while preferring to graze in the cooler times of the day (Bond and Bolt, 1986).  It has 

also been observed that cattle, when given a choice, will select diets without the endophyte 

(Paterson et al., 1995).   

Thermoregulation 

Increased respiration rates and excessive salivation are found in cattle and sheep 

grazing E+ TF.  These are adaptive mechanisms by the animal to dissipate heat.  The 

animal’s ability to dissipate heat is impaired by the endophyte through a decrease in blood 

flow to the periphery.  Endophyte-infected TF decreases the animal’s ability to dissipate heat 

via skin vaporization.  Alkaloids of E+ TF forage and seed have hyperthermic and 

vasoconstrictive effects in cattle (Paterson et al., 1995; Thompson and Stuedemann, 1993).  

Oliver et al. (1998), found that cattle on E+ (100%) TF pasture had greater (P < 0.05) 

contractile response of the lateral saphenous veins to BHT-920 (selective α2-adrenergic 

receptor agonist) than those on E- TF.  Stimulation of the α2-adrenergic receptor is known to 
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result in vasoconstriction and therefore it would contribute to the hyperthermia symptoms 

seen in cattle on E+ TF.    

In a study conducted by Strickland et al. (1996), alkaloids interacted with vascular 

biogenic amine receptors to induce vascular smooth muscle cell growth.  This can result in a 

decreased luminal diameter of the blood vessels and a resultant decrease in blood flow to the 

afflicted tissues.  This would reduce the animal’s ability to dissipate heat and would 

eventually result in tissue death, as seen in fescue foot (Strickland et al., 1996).  Effects of E+ 

TF on respiratory rates and skin vaporization vary among experiments, which may be due to 

different levels of endophyte and environmental temperature variation among studies 

(Paterson et al., 1995).   

Respiration rates were elevated (P < 0.01) for 2-4 hours after treatment in Holstein 

cows (average dose of ergot alkaloids 19 µg/Kg BW) receiving intravenous (iv) injections of 

ergotamine tartrate (Browning et al., 1998b), however, in Angus yearling steers (average 

dose of ergot alkaloids 23.9 µg/Kg BW), respiration rates were higher 30 minutes after 

treatment, for those that received ergonovine maleate than for those that received ergotamine 

tartrate (P < 0.07) or saline (P < 0.02) (Browning et al., 1997).  However, by 210 minutes 

after treatment, they were higher (P < 0.05) for steers receiving ergotamine than for those 

receiving ergonovine or saline (Browning et al., 1997).   

In a trial conducted by Burke et al. (2001b), rectal temperatures were similar among 

treatments before heat stress (HS) (25-31°C) was imposed, however they increased in HS 

heifers on the E+ diet (ergovaline 1.9 ppm) compared to those on the E- diet (diet x 

temperature x day x time, P < 0.001).  Likewise, respiration rates were similar among 
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treatments before HS was imposed, and then increased for heifers under HS on the E+ diet 

(diet x temperature x day x time, P < 0.001).  By the end of the 7-week trial, respiration rates 

were similar among all treatments.  Chestnut et al. (1991) found that at the end of the 

summer and winter grazing seasons, body temperature was lower (P < 0.05) for steers on E- 

than those on E+ TF pastures.  For the summer grazing season, body temperatures were 

lower for 22% E+ versus ≥ 35% E+ (P < 0.05), and for 35% versus ≥ 60% E+ TF (P < 0.10).   

Although not expected, rectal temperatures were lower (P < 0.05) for heifers on an 

E+ diet (ergovaline .381 ppm) than those on an E- diet (ergovaline <.05 ppm) (39.0 vs. 39.3 

°C for the 0800 measurements and 39.8 vs. 40.0 °C for the 1700 measurements, 

respectively).  However, skin vaporization was numerically lower (P = 0.14) for heifers on 

the E+ diet (91.3 Kcal·m2-1.h-1) than for heifers on the E- diet (113.7 Kcal·m2-1.h-1), 

supporting the theory that cattle consuming an E+ diet at elevated temperatures suffer a 

decrease in their ability to dissipate heat (Aldrich et al., 1993a).   

Rectal temperatures were higher for steers on an E+ diet (ergovaline .285 ppm) (P = 

0.06) and for those at 32°C (P < 0.05).  Endophyte status did not affect skin temperature, 

however, at 32°C skin temperature was higher (P<0.05).  Regardless of the endophyte status 

of their diet, steers housed at 22°C did not differ in skin vaporization (average 38.2 Kcal·m2-

1.h-1).  However steers housed at 32°C on the E- diet were able to increase skin vaporization 

(87.2 Kcal·m2-1.h-1), and were different (P < 0.05) from steers on the E+ diet at 32°C that 

were not able to increase skin vaporization (47.1 Kcal·m2-1.h-1) (Aldrich et al., 1993a).  This 

is a sign of the animal having decreased blood flow to the periphery and the inability to 

dissipate heat when exposed to a higher environmental temperature.  This supports the theory 
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that higher environmental temperatures exacerbate the symptoms of fescue toxicosis.  Others 

have reported increased body temperatures, respiration rates, and decreased skin vaporization 

(Aldrich et al., 1993b; Burke et al., 2001a; Burke et al., 2001b; Rice et al., 1997).   

Hormone Profiles of the Blood and Tissue 

Decreasing PRL concentrations is a consistent measurable result of fescue toxicosis 

and is used to substantiate the effect of the endophyte.  Pituitary secretion of PRL is under 

tonic inhibition by DOP.  The endophyte has a dopaminergic effect, illustrated by the 

increase in PRL secretion following the administration of a DOP antagonist in cattle on E+ 

TF.  Steers on E+ TF have reduced hypothalamic concentrations of DOP and homovanillic 

acid, a DOP metabolite.  Decreased PRL concentrations are seen at both low and high 

temperatures (Paterson et al., 1995; Thompson and Stuedemann, 1993).   

Serum PRL concentrations averaged 85 ng/ml greater (P < 0.05) for steers on E- 

pastures than E+ pastures, at the end of the spring grazing seasons (Chestnut et al., 1991). 

After exposure to increased temperature and E+ consumption, plasma PRL concentrations 

decreased for heifers on an E+ diet (ergovaline .381 ppm) and were significantly lower (P < 

0.05) than those on an E- diet (ergovaline <.05 ppm) (53.0 vs. 91.4 ng/ml, respectively) 

(Aldrich et al., 1993a). 

Plasma PRL levels decreased (P < 0.05) for steers on an E+ diet (ergovaline .285 

ppm).  Aldrich et al. (1993a) reported that this decrease occurred within 48 hours of E+ 

consumption and was not affected by environmental temperature and remained decreased 

throughout the remainder of the trial.  Plasma PRL concentrations were reduced over time 

while grazing the fescue paddocks in two grazing trials (Bond and Bolt, 1986).  However, the 
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decrease in PRL was lower (trial 1, P < 0.05; trial 2, P < 0.07) for the heifers grazing E- 

varieties than for those heifers on E+ varieties. 

Serum PRL concentrations were lower for heifers on the E+ diet (ergovaline 1.9 ppm) 

under heat stress (25-31°C) conditions, but not those under thermoneutral conditions (diet x 

temperature, P < 0.003) (Burke et al., 2001b).  Plasma PRL concentrations were reduced (P 

< 0.001) by ergotamine and ergonovine, 2-4 hours after treatment (Browning et al., 1998b).  

Plasma PRL concentrations were reduced by ergotamine throughout the 120-minute period 

after treatment compared to those before ergotamine treatment and after saline treatment, 

while ergonovine lowered (P < 0.01) PRL concentrations for a shorter time than ergotamine 

(Browning et al., 1997). 

Plasma PRL concentrations decreased rapidly in a TF hay feeding study, for heifers 

on E+ hay (ergovaline .41 ppm). The average 14-week PRL for the E+ heifers was 30.2 

ng/ml compared to 56.7 ng/ml for the E- heifers (P < 0.0001) (Emile et al., 2000).  On day 

27, of a 95-day TF hay feeding trial (Emile et al., 2000), PRL concentrations dropped 

significantly (P < 0.001) for lambs on E+ hay (ergovaline .96 ppm).  By day 95, the average 

PRL concentration was 2 ng/ml for lambs on E+ hay and 43 ng/ml for lambs on E- hay  

(P < 0.001).  Plasma PRL concentrations were undetectable for 3 of the lambs on the E+ TF 

hay.  Others have also reported decreased PRL concentrations for cattle and sheep on E+ TF 

diets (Aldrich et al., 1993b; Burke et al., 2001a; Burke et al., 2001b; Davenport et al., 1993; 

Goetsch et al., 1987; Jackson et al., 1997; Oliver et al., 2000; Rice et al., 1997). 
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Plasma melatonin concentrations are also reduced in steers by the endophyte (Porter 

et al., 1993).  Melatonin secretion may mediate photoperiodic control of reproduction and 

haircoat growth, as seen in the red deer (Thompson and Stuedemann, 1993).  

Triiodothyronine, thyroxine, and cortisol are associated with the regulation of metabolic rate.  

Browning et al. (1998a) reported seeing an increase in triiodothyronine in Angus steers and 

Holstein cows via injection of ergonovine and ergotamine, and an increase in cortisol via 

injection of ergotamine.  Serum cholesterol concentrations are reduced by the endophyte in 

response to stress (Burke et al., 2001a), (Burke et al., 2001b), (Oliver et al., 2000), (Rice et 

al., 1997).  Luteinizing hormone has been measured in cows on E+ TF because of its role in 

ovarian function.  Luteinizing hormone was reported to be lowered by endophyte alkaloids 

ergotamine and ergonovine (Browning et al., 1997), (Browning et al., 1998b).  Also, little to 

no endophyte effects have been seen on insulin or growth hormone (Thompson and 

Stuedemann, 1993).      

Reproduction and Milk Production 

A variety of symptoms have been reported in relation to the effect of E+ TF on 

reproduction and milk production in cattle.  These symptoms include a delay in puberty, 

decreased pregnancy rates, decreased milk yield, decreased calving rates, and calves with 

reduced birth weights.  Delays in puberty and reduced first service conception rates have 

been reported in heifers on E+ TF.  A reduction in conception rates has also been reported in 

cows.  Decreased conception rates may be a result of weight loss and loss of body condition 

for those grazing E+ TF (Paterson et al., 1995).  Decreases in serum progesterone (PROG) 

levels, the corpus luteum (CL) being morphologically altered and having sub-optimal 
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functioning, and vasoconstrictive effects may not support pregnancies and therefore the 

animal aborts resulting in decreased calving rates.  Cows on E+ TF take a longer time to 

return to estrus as a result of embryonic mortality.  Burke et al. (2001b) reported that beef 

heifers on an E+ TF diet had decreased PROG levels under heat stress.  They also had 

reduced diameter of the preovulatory dominant follicle along with fewer large follicles 

during the estrous cycle and reduced serum estradiol (Burke et al., 2001b).  Decreased milk 

yield is a function of decreased intake and suppressed PRL secretion.  Prolactin is involved in 

lactogenesis and mammogenesis in cattle.  The decrease in milk production is the probable 

cause of lower weaning weights for calves born to cows on an E+ TF diet (Thompson and 

Stuedemann, 1993).   

Little work has been done on the effects of E+ TF on male reproduction.  Lowered 

serum PRL levels have been reported in bulls on an E+ TF diet, but with no effects on serum 

testosterone (Thompson and Stuedemann, 1993).  Endophyte does not appear to have an 

effect on sperm production and maturity, and testicular weight (Strickland et al., 1993).   

Reduction in the number of sertoli cells in the testes of bulls has been caused by the presence 

of the endophyte and suggests permanent injury to the testicle (Thompson and Stuedemann, 

1993).   

Horses 

Agalactia is a condition observed in pregnant mares grazing E+ TF.  In addition to 

agalactia, other symptoms observed include high rate of abortion, foaling problems, 

lengthened gestation, and giving birth to weak or dead foals (Ball et al., 1993).  Foals born to 

mares grazing E+ TF have been reported as being weak and having spindly appearances with 
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overgrown hooves.  Placentas of affected foals exhibit, microscopically, edema, fibrosis, and 

mucoid degeneration of the arteries.  This is consistent with hypoxia as a result of 

vasoconstriction.  Decreased circulating concentrations of PRL and PROG have been 

reported in mares on E+ TF.  The decrease in PRL would play a role in poor milk production 

in horses.  Researchers have reported treatment of fescue toxicosis in horses using the 

pharmacological agent, domperidone, to act as a D2-dopamine receptor antagonist and 

reverse the hypoprolactinemia effect of the alkaloids of E+ TF in horse (Strickland et al., 

1993; Strickland et al., 1994).  A decrease in PROG concentrations is an indicator of a 

compromised in placental function.  Decreased PRL concentrations are supportive of the 

high incidence of agalactia (Thompson and Stuedemann, 1993).  Studies have found that 

mares are more susceptible during their last trimester of gestation and should be moved off of 

E+ TF pasture prior to the last trimester (Fribourg et al., 1991). 

In a 1986 study from Auburn University, 22 pregnant mares were fed either E+ or E- 

TF hay or grass.  The mares were on the diets during gestation, foaling, and the immediate 

post partum period.  All mares except for one on the E+ TF had foaling problems.  Only three 

of eleven foals were born alive, while only one foal survived past the first week.  Only seven 

of the mares on E+ TF survived, while all mares on the E- TF had normal pregnancies and 

both they and their foals survived (Putnam et al., 1990). 

Endophyte-Free Tall Fescue 

The studies discussed have shown that E+ TF has a negative effect on animal 

performance compared to E- TF.  At the same time these studies have shown that animal 

performance is improved when grazing E- grass versus E+, so an apparent solution to the 
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fescue toxicity problem is to remove the endophyte.  This should result in increased livestock 

production because TF is considered high quality forage, and cattle would have no symptoms 

of fescue toxicosis.  

While E- TF has been accepted as a solution to the fescue toxicosis dilemma, “the 

concept of mutualism suggests that neither partner of the relationship can ultimately survive 

if separated” (Bacon and Siegel, 1988).  “The finding that endophytes were associated with 

many grasses, particularly Festuca species, as symptomless symbioses was important in that 

it indicated that the relationship was widespread, compatible, and not pathogenic” (Bacon, 

1995). This mutualism is a result of coevolution characterized by the grass benefiting from 

the production of these defensive secondary metabolites produced by the fungus, and the 

fungus in return receiving nutrition, protection, and dissemination.  The dissemination of the 

endophyte via seed is the only dispersal mechanism.   

The endophyte appears to increase the vigor of the TF plants (Bacon et al., 1986).  

Infected seeds produce more tillers and seedlings that are heavier and more likely to survive 

(DeBattista et al, 1990).  Studies have suggested that E+ grasses can withstand drought 

whereas E- grasses die.  This ability to tolerate drought is the result of the plant developing a 

low osmotic potential (Bacon, 1995), leaf rolling (Arechavaleta et al, 1989), leaf senescence 

(Belesky et al., 1989), and stomatal closure (Belesky et al, 1987).  As a result, E- TF has been 

difficult to establish and maintain.  Chestnut et al. (1991) reported difficulties in maintaining 

E- cultivars even under a high level of management.  They had to overseed stands that had 

deteriorated and suffered winterkill, which had originally been deemed good stands.  Another 

benefit of the endophyte is the determent of nematodes, insect attack, and grazing animals.  
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The anti-herbivore characteristic protects the grass from stress due to overgrazing.  

Endophyte-free TF is more susceptible to overgrazing, and so it will require greater 

management of grazing animals to maintain E- TF in the pasture (Bacon and Siegel, 1988).  

This became evident with E- TF grass being more susceptible to predation by insects.  It was 

found that insect resistance was imparted to the plant by the endophyte via the alkaloid 

peramine (Bacon, 1995; Porter, 1995).   

Management strategies for Endophyte-Infected Tall Fescue 

Fertilizer application levels and timing can be manipulated to favor the growth of 

other pasture species, to help “dilute” the toxic TF by creating a mixture of pasture forages.  

Barth et al. (Barth et al., 1991) reported improved cattle gains as a result of the addition of 

clover to the E+ TF pastures.  This dilution effect increased digestibility for these pastures to 

be similar to E- TF pastures.  This lower digestibility plus the lower intake for the E+ plus 

nitrogen fertilized TF pastures was concluded to be the primary cause for lower body weight 

gains for cattle on these pastures (Barth et al., 1991). 

Higher stocking rates may help decreased the toxic effects on E+ TF being grazed 

(Ball et al., 1993) by reducing seedhead formation (Bransby et al., 1988).  Mowing TF before 

development of seed heads serves to keep the infection level from increasing as well as to 

prevent cattle from consuming these plant fractions with high alkaloid concentrations.  

Chemical means have been attempted to try to retard seedhead formation.  Mefluidide (plant 

growth regulator) use has resulted in an increase in organic matter intake and improved 

weight gain (Turner et al., 1990).   
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Another option would be creep grazing, which allows calves to have access to high 

quality forage while the cows would be grazing the E+ TF.  Such activity would result in 

higher weight gains for calves.  During the summer when temperatures are high and nutrient 

digestibility of the forage is declining, removing animals from the E+ TF to a warm season 

pasture, if possible, or providing an energy supplement could help maintain the desired level 

or performance (Paterson et al., 1995). 

Other Solutions and Thoughts 

Researchers have tried several remedies to alleviate the severity of fescue toxicosis.  

These remedies include minerals, vitamins, growth stimulants, anthelmintics, and other 

natural products (Paterson et al., 1995; Schmidt and Osborn, 1993).  None of these remedies 

have been effective in alleviating fescue toxicosis.  Though producers and researchers have 

reported success with some of these treatments, the results usually could not be replicated 

consistently.  The list of treatments include:  sodium bentonite, fat, calcium carbonate, 

sodium bicarbonate, zeolite, activated carbon, iron, selenium, enzyme-culture products, B-

vitamins, vitamin E, yucca plant extract, phenothiazine, ivomectin, panacur plus warbex, 

yeast cell wall, ralgro, synovex, thiabendazole, calcium aluminosilicate, acetylsalicylic acid, 

and selenium plus zinc plus vitamin E (Schmidt and Osborn, 1993).   

Studies have shown that energy and protein supplementation and implantation have 

had positive effects on weight gain and milk production but did not alleviate the other effects 

of fescue toxicosis.  Aiken et al. (2001) conducted a trial to determine the influence of 

protein supplementation and growth promoting implant status on body temperature and 

serum PRL concentration in steers exhibiting fescue toxicosis.  The first part of the trial was 
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a 66-day pasture-grazing phase to induce symptoms of fescue toxicosis.  The pastures 

consisted of mature forage with seedheads and had an ergovaline level of 2.35 ppm DM.  

Conditions were inductive of fescue toxicosis.  Steers were implanted at the initiation of the 

pasture-grazing phase.  This phase was followed by an 18-day pen phase, where rectal 

temperatures and serum PRL concentrations were monitored.  During this phase steers 

received bermudagrass hay with or without protein supplementation.  There was no E+ TF in 

their diet during the pen phase. 

During the pasture-grazing phase, implantation tended (P = 0.16) to improve ADG, 

however, there was high variability among pastures (CV = 34.1%).  The ADG for the 

implanted group was 0.46 ± 0.08 kg and 0.32 ± 0.03 kg for the nonimplanted group.  For the 

pen phase, rectal temperatures for all steers declined linearly (P < 0.01) over the 5-day 

monitoring period.  Changes in rectal temperatures during the period were not influenced (P 

> 0.10) by protein supplementation or implanting.  Implantation did not affect (P > 0.10) the 

initial serum PRL concentrations taken on day one of the pen phase, which averaged 25 

ng/ml.  Serum PRL concentrations show curvilinear increases (linear, P < 0.01; quadratic, P 

< 0.05; cubic, P > 0.10) and were not affected (P > 0.10) by implantation or protein 

supplementation over time.  Serum PRL concentrations gradually increased (P < 0.001) to a 

peak at 82 hours following the initiation of the pen phase, and then stabilized.  While neither 

protein supplementation nor implantation with an anabolic agent resulted in a decrease in 

body temperature or an increase in serum PRL concentrations, removal of E+ TF from the 

calves’ diet for 3-4 days does show an alleviation of the symptoms of fescue toxicosis.   
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Forcherio et al. (1995) found that supplements containing rumen degradable protein 

increased milk production in multiparous beef cows.  Supplementation of cracked corn and 

blood meal could be used by lactating cows grazing E+ TF to increase body weight gain, by 

supplying 200 g/day of rumen undegradable protein.  Increased ADG were reported by 

Elizalde et al. (1998) via supplementation of an energy and protein supplement.  Davenport 

et al. (1993) and Beconi et al. (1995) also reported improved ADG of steers on an E+ diet 

with implantation of estadiol-17β.   

Dopamine antagonists have been administered to animals to minimize the symptoms 

of fescue toxicosis.  It is thought that these pharmacological agents could counteract the 

action of E+ TF as a DOP agonist.  Results have shown increases in PRL concentrations but 

have not altered the animal’s ability to dissipate body heat (Paterson et al., 1995).   

Another suggested strategy has been to prevent the toxicosis by preventing the 

absorption of the alkaloids rather than trying to block their metabolic effect once they are in 

the circulatory system.  Ergot alkaloids are rapidly absorbed from the digestive tract.  

Lysergic acid, lysergol, and ergonovine have exhibited the greatest absorption potential 

compared to the ergopeptine alkaloids that have been the main toxins implicated in fescue 

toxicosis (Hill et al., 2001; Stuedemann et al., 1998).   

Novel endophyte 

“The marked variation in the production of ergot alkaloids by grass endophytes in 

culture and in planta indicates that the population of infected grasses consists of diverse 

individuals and suggests the very important probability that there is a non-ergot alkaloid-

producing fungus that might contain desirable agronomic characteristics” (Bacon, 1995).  
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The transfer of a different fungus into the host plant could allow for the production of 

beneficial properties without the deleterious effects, since the fungus-plant interaction plays a 

role in determining these properties (Bacon and Siegel, 1988).  It is necessary to understand 

all interactions between the animals, plants, insects, and environment when developing a new 

endophyte-grass combination.   

Within a species of endophyte, there are many different strains, which can differ in 

their production of alkaloids.  N. coenophialum endophytes can be cultured and transferred 

from one grass species to another, providing the ability to insert a specific strain and its 

desirable alkaloid properties into a desired grass.  Strains of endophytes have been found in 

nature which produce little or no alkaloids that are responsible for animal toxicosis, allowing 

scientist to produce a desirable grass-endophyte combination and possible solution to the 

fescue toxicosis problem (Latch, 1998).   

MaxQ™ is a non-toxic N. coenophialum endophyte developed by Dr. Joe Bouton, 

University of Georgia, and Dr. Garry Latch, Ag Research, New Zealand (Latch et al., 2000).  

This MaxQ™ has been inserted into tall fescue to remove the undesirable alkaloids from this 

combination while still providing the agronomic benefits of desirable alkaloids.  The 

ergopeptines, which play a role in decreased PRL secretion and vasoconstriction, are absent 

from MaxQ™.  Loline, which is of low toxicity to mammals and is active against insects, 

and peramine, which has an antifeeding affect on larvae and is non-toxic to sheep and mice 

are both present in MaxQ™ .   

Bouton et al. (2002), conducted a 10-week spring grazing trial and an 8-week fall 

grazing trial, using lambs to compare Jesup (novel endophyte-AR502), Jesup-MaxQ™, and 
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Georgia 5-MaxQ™ versus toxic E+ and E- Jesup TF.  Lambs on the AR502 and MaxQ™ 

strains had higher ADG (P < 0.05) than those on E+ forage and gains were similar to lambs 

on the E- forage.  Blood serum PRL concentrations were decreased (P < 0.05) for lambs on 

E+ TF compared to those on E- TF, AR502, and the MaxQ™ strains.  During the third year 

of the grazing trials, lambs on the E+ forage showed higher rectal temperatures in the 

afternoon (P < 0.05) compared to those on E- and MaxQ™.   

Watson et al. (2002) observed serum PRL levels that were higher (P < 0.05) for cows, 

steer calves, and heifer calves on MaxQ™ than those on E+ TF.  Average daily gains were 

higher (P < 0.05) for cows, steer calves, and heifer calves on MaxQ™ versus E+ TF.  Calf 

weights (day 200) were higher (P < 0.05) for both steer and heifer calves on MaxQ™.  Cows 

grazing MaxQ™ were in significantly better body condition at weaning than those on E+.  

No differences between treatments were seen for reproductive parameters evaluated.   

Decreased serum PRL levels were also seen in stocker cattle grazing E+ TF compared 

to those on MaxQ™, AR502, and E- TF (P < 0.05).  In addition, these cattle exhibited higher 

rectal temperatures, lower ADG, and lower gain/hectare compared to those on MaxQ™, 

AR502, and E- TF (P < 0.05) (Parish et al., 2002).  In a steer grazing trial conducted in 

Louisiana, Alison (2002) reported seeing significantly lower final weights, lower total gain, 

and lower daily gain for steers on E+ TF compared to E- and Georgia 5 with MaxQ™ and 

Jesup with MaxQ™.   

Overall, studies with the novel endophyte, MaxQ™, have had positive results on 

animal and plant performance, in comparison to E+ TF.  However, research needs to 

continue to investigate the performance of MaxQ™ in various scenarios.  In support of 
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fulfilling this need, the objective of our study was to compare and evaluate the effects of 

TE+, E-, and MaxQ™ Jesup TF hay consumption on ad libitum intake, water intake, 

digestion, PRL concentrations, and rectal temperatures without the effects of heat stress.   
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ABSTRACT 

A digestion and nitrogen balance trial was conducted to compare the effects of 

traditional endophyte-infected (E+), endophyte-free (E-), and novel-endophyte (NE) 

(MaxQ™) Jesup tall fescue (Festuca arundinacea Schreb.) hay on digestion and N 

retention in steers.  Hay composition was as follows:  E+ (10.8% CP, 59.9% NDF, 29.4% 

ADF), E- (11.8% CP, 58.5% NDF, 28.4% ADF), and NE (11.6% CP, 58.6% NDF, 28.3% 

ADF).  Eight Polled Hereford steers (average initial BW ± SD 240 ± 24 kg) were used in 

a replicated, 3 x 3 Latin square design, with an extra steer allotted to each square.  Steers 

were fed ad libitum for 14 d followed by a 9 d adaptation to a restricted intake (based 

upon the animal with the lowest ad libitum intake for the square), and a 5 d fecal and 

urine collection.  Endophyte-infected differed from E- and NE (P < 0.01) in ad libitum 

DMI (4.99 vs 5.64 and 5.67 ± 0.040 kg/d, respectively) and differed (P < 0.005) in ad 

libitum DMI as a percentage of BW (1.83 vs 2.07 and 2.09 ± 0.024%, respectively).  

There were no differences among diets during the digestion trial for restricted DMI (4.99 

± 0.055 kg/d), water intake (20.22 ± 1.131 L/d), and urine output (7.40 ± 0.650 L/d).  

Plasma prolactin concentrations were lower (P < 0.05) for steers on the E+ diet (7.76 

ng/ml) versus those on the E- diet (18.57 ng/ml).  The plasma prolactin concentrations for 

the steers on the NE diet (13.14 ng/ml) were not different from those on the E+ or the E- 

diets.  Dry matter digestibility for E+ was lower (P < 0.05) than E- and NE (62.0 vs 67.4 

and 66.6 ± 0.95%, respectively).  Organic matter digestibility was also lower for 

endophyte-infected (P = 0.05) compared to E- and NE (64.9 vs 69.4 and 68.6 ± 0.89%, 

respectively).  There were no differences for NDF, ADF, and cellulose digestibility 
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among hay types. Crude protein digestibility was higher (P < 0.05) for E- and NE when 

compared to E+ (54.7 and 53.2 vs 47.4 ± 1.09%, respectively).  Nitrogen retention was 

lower for E+ than E- (P < 0.06) or NE (P < 0.07) (14.4 vs 22.1 or 21.7 ± 1.90 g/d, 

respectively).  Results from this study indicate that E+ tall fescue hay was lower in ad 

libitum DMI, DM digestibility, and N retention, than NE or E- and hay from NE and E- 

did not differ for any characteristic evaluation. 

 

Key words:  Tall fescue, Festuca arundinacea, Endophytes, Cattle, Acremonium 

coenophialum, Neotyphodium coenophialum, Fescue toxicosis, MaxQ 

 

Introduction 

Consumption of tall fescue infected with the endophytic fungus Neotyphodium 

coenophialum (Glenn et al., 1996), formerly known as Acremonium coenophialum 

(Morgan-Jones & Games, 1982), has been linked with poor cattle performance.  The 

endophyte produces ergovaline, an ergot alkaloid, which has been suggested to be the 

primary causative agent of tall fescue toxicosis.  Symptoms of fescue toxicosis include 

reduced weight gain (Chestnut et al., 1991), feed intake (Aldrich et al., 1993), diet 

digestibility (Barth et al., 1991), plasma (or serum) prolactin levels (Bond and Bolt, 

1986), increased body temperatures (Rice et al, 1997), and an impaired ability to dissipate 

heat (Burke et al, 2001; Strickland et al., 1996).  The greatest effects on animal 

performance are seen when the temperature exceeds 31°C, though the endophyte can 

have an affect at any temperature.  MaxQ (Pennington Seed, Inc., Madison, GA) is a non-
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toxic endophyte (N. coenophialum) that has been inserted into tall fescue.  The MaxQ 

endophyte does not produce the ergot alkaloid ergovaline.  Grazing studies with MaxQ 

have shown promising results (Bouton et al., 2002).  However, continued research needs 

to be done, in order to evaluate MaxQ tall fescue in a variety of location and scenarios.  

The objective of this study was to compare and evaluate the effects of toxic endophyte-

infected, endophyte-free, and novel endophyte (MaxQ) Jesup tall fescue hay consumption 

on ad libitum intake, water intake, diet digestibility, plasma PRL concentrations, and 

rectal temperatures under thermoneutral conditions in growing beef steers.   

Materials and Methods 

The forage stand from which the hay was harvested was planted in the fall of 

1999.  One-hundred and twenty tillers were randomly collected from two replications of 

each hay type for analysis. Tiller infection by N. coenophialum for E+, E-, and NE was 

87.5, 4.2, and 94.1%, respectively.  Tiller infection was detected according to the 

procedure of Hiatt et al. (1999).  Tillers producing ergot alkaloids were 87.5, 4.2, and 

3.4% for E+, E-, and NE, respectively.  Alkaloid production was determined according to 

the procedure of Adcock et al. (1997).  To minimize the potential toxic effect of the 

endophyte, hay was harvested at the recommended late boot stage (Ball et al., 1996) and 

packaged into round bales in late April 2001.  After hay was transported to the North 

Carolina State University Metabolism Unit, it was rebaled into rectangular bales of 

approximately 20 kg and stored indoors.  During the trial, the rectangular bales were 

sliced with a Vandale six-hundred bale processor (Vandale Inc.) and placed in feed carts 

for ease of feeding. 
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Eight Polled Hereford steers (average initial BW ± SD 240 ± 24 kg) were used in 

a replicated, 3x3 Latin square design, with an extra steer allotted to each square.  Steers 

were divided into two replications with the second replication following the first by two 

weeks.  The North Carolina State University Animal Care and Use Committee approved 

care, handling, and sampling of steers.  Steers were obtained from the university herd, 

trained to be led by halter, and accustomed to close human interaction.  Two weeks prior 

to the trial, steers were weighed, dewormed, and haircoats were clipped.  One week prior 

to the start of the trial, steers were blocked by weight into two groups and were 

transported to an indoor facility where they were housed in individual tie stalls (114.9 x 

177.8 cm) with individual feeders and water cups with water meters.  The steers were 

allowed to exercise in an outdoor pen on a regular basis (2 to 3 times a week for 1 h) 

between collection periods.  The experiment was conducted during the summer; however, 

to prevent heat stress, room temperature was kept < 27°C by use of air conditioner units, 

located at the rear of the barn.  Daily high and low room temperatures were recorded at 

both ends of the barn.   

During a 7 d adaptation to the indoor facility and exercise pen, all steers were fed 

a common diet of switchgrass hay and mineral supplement, a 2:1 mix of Southern States 

SSC 317805 mineral mix ( 16.5% Ca, 7.0% P, 24.5% NaCl, 3.5% Mg, 2.0% S, 1.0% K, 

70 ppm I, 1,50 ppm Cu, 32 ppm Co, 52 ppm Se, 3,200 ppm Zn, 3,000 ppm Mn, 260,000 

IU/lb Vitamin A, 20,000 IU/lb Vitamin D, 200 IU/lb Vitamin E) and molasses ( ≥ 3.0% 

crude protein, ≥ 0.1% crude fat, ≤ 28.0% crude fiber, ≥ 38.0% total sugars, as invert) to 

provide all necessary vitamins and minerals for desired growth (NRC, 2000).  Water was 
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available at all times.  Steers were fed at 120% of the previous day’s intake to ensure ad 

libitum intake.  Orts for the previous day were collected at 0830, hay was offered in two 

equal portions at 0900 and 1600, and the mineral supplement (56.8 g/d) was offered with 

the 0900 feeding.  Daily water intake was measured after the 1600 feeding.  Following 

adaptation to the facilities, steers were randomly assigned to a rotation of the three 

treatments.  

The chronology for each period (d 0 to 28) is presented in Figure 1.  Steers were 

fed ad libitum for 14 days, with ad libitum feed intake measurements made on d 10 

through 14.  Hays were offered at 120% of the previous day’s intake.  Hay and orts were 

sampled on d 10 through 14, pooled, and then dried in a forced air oven at 100°C to 

determine ad libitum DMI.  Following the ad libitum phase, hay offered was restricted for 

a 9 d adaptation phase, based upon the steer with the lowest ad libitum intake for that 

period within square.  A 5 d collection phase followed (d 24 to 28), ending the period.  

Prior to the collection phase, pens were thoroughly scrubbed and washed.  Separation 

boards, designed to allow visual contact among steers, were attached to the pens to 

minimize cross-contamination of feces between steers.  The haircoat of the underline, 

hind legs, and two strips across the back were clipped (d 22 to 23) to minimize matting of 

fecal material and to allow for secure attachment of the urine harness during the 

collection phase.   

Total collection of urine, feces, and orts was conducted during the 5 d collection 

phase.  Collections were made at 0800 each morning.  Daily grab samples of each hay 

and mineral supplement were collected and pooled to represent intake composition.  
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Urine was collected by aspiration into polypropylene jugs from a urine collection harness 

(Figure 2).  Urine jugs contained 400 ml of 6 N HCl daily, which kept urine pH < 4 in the 

jug.  For the second and third periods of both squares 4 L of water was added to each 

urine jug to prevent a crystal residue from forming, which was observed in the first 

periods of both squares.  It was thought that the crystal residue was the result of the 

combination of a high volume of acid and the small volume of urine at the start of the 

collection day.  Urine was collected daily, volume and weight were recorded, and a 

representative aliquot was retained (5% for the first periods and 3% for the second and 

third periods of both squares).  Urine pH was measured prior to collection of an aliquot to 

verify proper acidification and all aliquots were pooled for each steer in a given period.  

Feces were also collected daily, weighed, and a representative sample was retained.  

After the fifth day of collection, steers were removed from the pens and pens were 

thoroughly scraped to ensure total collections.  Scrapings were included in the final day’s 

output of feces.  Fecal samples were dried with forced air at 55°C for 48 h, air-

equilibrated, ground, and then sub-sampled (.5% of each day’s sample on a DM basis) 

and pooled for each steer in a given period.   

Rectal temperatures were measured at 1630 each day of the trial using a handheld 

digital thermometer (GLA M216TC/H Trickle Charge with Hold Thermometer, GLA 

Agricultural Electronics, San Luis Obispo, CA).  During the collection phase, rectal 

temperatures were also measured at 0930.  For each period, steers were weighed on d 1, 

15, 24, and 29.  Day 29 was actually d 1 of the next period (Figure 1).  Blood samples 

were collected in heparinized tubes on d 1 and 29 of each period.  Samples were stored 
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on ice until plasma could be separated and frozen for later determination of plasma 

prolactin concentrations.   

Chemical analysis 

All hay, hay orts, and feces samples were ground in a Wiley mill (Thomas 

Scientific, Swedesboro, NJ) to pass through a 1 mm screen and stored in sealed plastic 

containers at room temperature until analyzed.  Duplicate samples of hay, hay orts, and 

feces were analyzed for DM, ash, and Kjeldahl N using AOAC (1984, 1999) procedures.  

Neutral detergent fiber, ADF, and 72% sulfuric acid residue of the duplicates were 

sequentially determined using the method of Van Soest et al. (1991) in a batch processor 

(Ankom Technology Corp., Fairport, NY).  In vitro true dry matter digestibility 

(IVTDMD) of hay samples was determined by a 48 h in vitro fermentation.  Samples 

were inoculated with 1600 ml McDougal’s buffer (Tillery and Terry, 1963) and 400 ml 

strained ruminal fluid from a Polled Hereford steer on an alfalfa hay diet, using the 

Ankom II Daily batch fermenter (Ankom Technologies, Fairport, NY).  After 48 h, in 

vitro fermentation was terminated, and an NDF procedure in the Ankom 200 fiber 

analyzer was done to remove the residual microbial fraction.  All mineral samples were 

stored in sealed plastic containers at room temperature until analyzed.  Dry matter and 

ash were determined for duplicate mineral samples using AOAC (1984, 1999) 

procedures. 

Urine samples were stored in 30 mL plastic bottles and frozen at < - 4°C until 

analyzed.  Duplicate urine samples were analyzed for Kjeldahl N using AOAC (1984, 

1999) procedures and for urea content using the diacetyl monoxime method of Marsh et 
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al. (1957), using a Technicon Auto Analyzer (Technicon Instruments Corporation, 

Tarrytown, NY, USA).   

Statistical analysis 

Statistical analyses of data were performed using analysis of variance for a Latin 

square design and the GLM procedure of SAS (SAS Inst. Inc., Cary, NC).  The model 

included the independent variables:  square, animal(square), period, square x period 

interaction, treatment, and period x treatment interaction.  Results are reported as least-

squares means.  Data for one steer on the E+ diet, for the third period of the first square, 

was not used in the analysis, due to an elevated body temperature and change in intake 

during the final period and sudden death shortly following the end of the final collection 

period. 

Results and Discussion 

Results of chemical analyses of hay treatments are reported in Table 1.  Chemical 

analyses of hay treatments indicated that the E+ diet was lower (P < 0.05) in CP than the 

E- and NE diets (10.8 vs 11.8 and 11.6%), and higher (P < 0.05) in ADF (29.4 vs 28.4 

and 28.3%).  Ergovaline concentrations, determined according to the method of Hill et al. 

(1993), were 120 ppb for E+, 3 ppb for E-, and 0 ppb for NE.  Ergovaline concentrations 

for each period and square, for each hay are reported in Table 2.  Reported levels of 

ergovaline in E+ grass and seed range from 50 to 600 ppb (Browning, et al., 1997; Porter, 

1995; Welty et al., 1994).  While 120 ppb is low in comparison to some reports, 

ergovaline concentrations greater than 100 ppb, can solicit adverse effects in animals (T. 

J. Evans, personal communication). 
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Average overall high and low room temperatures for each period within a square 

are reported in Table 3.  The overall high temperatures ranged from 26.8 to 27.3°C and 

the overall low temperatures ranged from 21.4 to 22.6°C.  Though the study was 

conducted during the summer, hay is most often fed in the winter when the effects of heat 

stress are not a concern.  By keeping the environmental temperature ≤ 27°C, the potential 

effect of heat stress on dependent variables was limited.  Aldrich et al. (1993a) reported 

lower (P < 0.05) ad libitum DMI in steers housed at 32°C by a reduction of 22%, while 

water intake was increased (P < 0.05) by 62% compared to steers housed at 22°C.  Rectal 

and skin temperatures were higher (P < 0.05) for steers housed at 32°C, while the ability 

to dissipate heat via skin vaporization decreased (P < 0.05) for steers on E+ (ergovaline 

.285 ppm) tall fescue housed at 32°C, compared to steers housed at 22°C.  Burke et al. 

(2001) reported heifers on an E+ diet (ergovaline 1.9 ppm) under heat stress (four hour 

daily exposure to a maximum daily temperature of 31 °C) had reduced feed intakes (P < 

0.001), reduced serum prolactin levels (diet x temperature, (P < 0.003)), increased 

respiration rates (diet x temperature x day x time, (P < 0.001)), and increased rectal 

temperatures (diet x temperature x day x time, (P < 0.001)).   

In this study, water intake, urine output, and rectal temperatures were similar 

among diets (Table 4).  The absence of the effect of heat stress on the steers, could have 

contributed to these similarities.  The low level of ergovaline in this study could also have 

contributed to these similarities.  The greatest effects of heat stress on animal 

performance for animals on E+ tall fescue have been seen when the temperature exceeds 

31°C, though the endophyte can have an effect at any temperature.   
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Plasma prolactin (PRL) concentrations are reported in Table 4.  Plasma PRL 

concentrations were lower (P < 0.05) for steers on the E+ diet (7.76 ng/ml) compared to 

the E- diet (18.57 ng/ml), but were not different from those on the NE diet (13.14 ng/ml).  

These findings are in agreement with other studies (Aldrich et al., 1993b; Chestnut et al., 

1991; Emile et al., 2000) where ruminants on E+ diets had lower PRL concentrations 

than those on E- diets.   

Ad libitum and restricted DM intake and diet digestibility are reported in Table 5.  

Ad libitum (d 10 to 14) DMI (P < 0.01) and DMI as a percentage of BW (P < 0.005) 

were 12% higher for both the E- (5.64 kg/d; 2.07%) and NE (5.67 kg/d; 2.09%) diets 

compared to the E+ diet (4.99 kg/d; 1.83%).  In two trials conducted by Aldrich et al. 

(1993b) DMI as a percentage of BW was lower for lambs on an E+ tall fescue diet 

(average 1.71%) compared to those on an E- tall fescue diet (average 2.58%).  Aldrich et 

al. (1993a) reported lower (P < 0.05) DMI as a percentage of BW for steers on an E+ tall 

fescue diet (4.51%) than steers on an E- tall fescue diet (4.79%).  Goetsch et al. (1987) 

reported lower DMI as a percentage of BW as the dietary level of E+ hay increased (P < 

0.05).  Restricted DMI were not affected by dietary treatment (P < 0.641).  Similar 

restricted DMI among diets was a goal of this experiment.  This was done so that intake 

would not confound the differences or similarities among treatments. 

Apparent DM, OM, and CP digestibilities were lower (P < 0.05) for the E+ diet 

than for the E- and NE diets.  Others have reported results similar to those reported in the 

present study.  Similar studies where DM intake was equalized among diets have reported 

lower DM (Aldrich et al., 1993a; Fiorito et al., 1991; Westendorf et al., 1993), OM 
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(Aldrich et al., 1993a; Hannah et al., 1990), and CP (Westendorf et al., 1993) 

digestibilities for ruminants on E+ diets versus those on E- diets.  In the present study, 

apparent NDF, ADF, and cellulose digestibilities were similar among diets.  However, 

there was a trend for the E+ diet to have lower NDF (P = 0.0781), ADF (P = 0.0874), and 

cellulose (P = 0.1186) digestibilities compared to the E- and NE diets.  Analytical 

variability could account for the similarity in fiber digestibility among the diets.  These 

results are in agreement with Aldrich et al. (1993a) who reported similar NDF 

digestibilities for ruminants on E+ and E-.  However, Hannah et al. (1990) and 

Westendorf et al. (1993) reported different fiber digestibilities for ruminants on E+ and 

E- diets.  One reason why our findings are in agreement with the Aldrich study may be 

due to a similar ergovaline concentration in the diet.  The E+ diet in the Aldrich study 

was 285 ppb whereas Hannah and Westendorf had E+ diets with ergovaline 

concentrations of 1500 and 3000 ppb.  It is thought that the differences in digestibility 

seen with E+ and E- tall fescue could be due to an array of factors that include: 

ergovaline concentration consumed, hay quality, environmental temperature, level of feed 

intake, altered ruminal flow kinetics, and analytical variability.  

Nitrogen balance data are reported in Table 6.  Nitrogen intake was higher (P < 

0.01) for steers on E- and NE diets.  Fecal and urinary N were not different among diets.  

Nitrogen retained was lower (P < 0.07) for the E+ diet compared to the E- and NE diets.  

There was a trend (P < 0.10) for N retained as a percentage of N intake to be lower for 

E+ than E- or NE.  However, N retained as a percentage of N digested was similar 

between diets.  These results are similar to Fiorito et al. (1991) who reported a tendency 
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(P < 0.10) for N retained and N retained as a percentage of N digested to be higher for E- 

versus E+ tall fescue hays.  Humphry et al. (2002) reported no differences in N retained 

and N retained as a percentage of N intake between E+ and E- fescue hay.  However, the 

E+ hay in the Humphry study was 1.5 percentage points higher in CP than the E- hay 

which may have prevented seeing a difference as a result of the endophyte.  While in this 

study, the E+ hay was 0.8 to 1.0 percentage points (Table 1) lower in CP than the E- and 

NE hays, we can not rule out the possibility that the presence of the endophyte may 

contribute to the reduced N intake and N retained for the steers on the E+ hay. 

Urine urea content results will be reported in a later publication.  

Implications 

Growing steers on endophyte-infected tall fescue hay had lower ad libitum DMI, 

lower diet dry matter and crude protein digestibility, lower plasma prolactin 

concentrations, and lower nitrogen retention.  While the endophyte-infected tall fescue 

hay was of slightly lower quality than the endophyte-free and novel-endophyte hays, 

results suggest that the toxic endophyte played a role.  These findings suggest that intake 

and digestibility of MaxQ novel-endophyte tall fescue hay are equal to that of endophyte-

free hay, and are higher than endophyte-infected tall fescue hay. 
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Table 1.  Chemical composition and ergovaline concentration of endophyte-infected 
(E+), endophyte-free (E-), and novel-endophyte (NE) tall fescue haya 

aMeans are calculated from six samples 
b,cMeans in rows with unlike superscripts are different ( P < 0.05) 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

Item E+ E- NE SE 

 ------------------------ % of DM ----------------------  

DM, % 90.4b 90.3b,c 88.6c 0.32 

OM, % 93.2b 93.5c 93.2b,c 0.05 

CP, % 10.8b 11.8c 11.6c 0.07 

NDF, % 59.9 58.5 58.6 0.37 

ADF, % 29.4b 28.4c 28.3c 0.12 

Cellulose, % 27.4b 26.6b,c 26.0c 0.21 

Hemicellulose, % 30.5 30.0 30.2 0.30 

Lignin, % 1.8 1.7 2.2 0.34 

IVTDMD, % 80.9 82.5 82.6 0.81 

Ergovaline, ppb 120b 3c 0c 12.6 
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Table 2.  Ergovaline concentrations (ppb) of endophyte-infected (E+), endophyte-free  
(E-), and novel-endophyte (NE) tall fescue hay 

 

Square Period E+ E- NE 

1 1 85 20 0 

1 2 100 0 0 

1 3 115 0 0 

2 1 150 0 0 

2 2 145 0 0 

2 3 125 0 0 
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 Table 3.  Overall high and low average room temperatures (°C) for each period within 
square 

 

Square Period Overall high 
temperature (°C) ST DEV Overall low 

temperature (°C) ST DEV 

1 1 26.7 1.6 21.4 1.7 

1 2 27.1 0.9 22.5 1.1 

1 3 26.9 1.2 22.2 1.4 

2 1 27.3 1.1 22.6 0.9 

2 2 26.8 1.1 21.8 1.5 

2 3 27.2 0.9 22.6 0.8 

 



 57

 Table 4. Water intake, urine output, rectal temperatures, and plasma prolactin 
concentrations for Polled Hereford steers consuming endophyte-infected (E+), 

endophyte-free (E-), and novel-endophyte (NE) tall fescue hay  
 

Item E+ E- NE SEM 

Water intake, L/d 20.5 19.9 20.3 1.13 

Urine output, L/d 7.33 7.40 7.46 0.650 

Rectal temperature, °C     

Am 38.9 38.8 38.8 0.02 
Pm 39.1 38.9 38.9 0.04 

Plasma prolactin, ng/ml 7.76a 18.57b 13.14a,b 2.331 
a,bMeans in rows with unlike superscripts are different ( P < 0.05) 
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Table 5.  Ad libitum and restricted dry matter intake and diet digestibility for Polled 
Hereford steers consuming endophyte-infected (E+), endophyte-free (E-), and novel-

endophyte (NE) tall fescue hay  
 

Item E+ E- NE SEM 

Ad libitum DMI, kg/d 4.99b 5.64c 5.67c 0.040 

Ad libitum DMI,  
% BW 1.83d 2.07e 2.09e 0.024 

Restricted DMI, kg/d 4.86 5.27 4.84 0.510 

aDiet digestibility, %     

     DM  62.0f 67.4g 66.6g 0.95 

     OM  64.9f 69.4g 68.6g 0.89 

     CP  47.4f 54.7g 53.2g 1.09 

     NDF  64.1 68.9 67.7 1.34 

     ADF  61.1 66.4 64.7 1.55 

     Cellulose 73.0 76.4 74.5 1.12 

     Hemicellulose 67.0 71.2 70.5 1.20 

aDiet digestibility is calculated with restricted DMI 
b,cMeans in rows with unlike superscripts are different ( P < 0.01) 
d,eMeans in rows with unlike superscripts are different ( P < 0.005) 
f,gMeans in rows with unlike superscripts are different ( P < 0.05) 
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Table 6. Nitrogen balance for Polled Hereford steers consuming endophyte-infected (E+), 
endophyte-free (E-), and novel-endophyte (NE) tall fescue hay  

 

a,bMeans in rows with unlike superscripts are different ( P < 0.01) 
c,dMeans in rows with unlike superscripts are different ( P < 0.07) 
e,fMeans in rows with unlike superscripts are different ( P < 0.10) 
 
 
 
 
 

Item E+ E- NE SEM 

Nitrogen intake, g/d 87.7a 98.3b 95.5b 0.93 

Fecal Nitrogen, g/d 45.9 44.6 44.9 1.22 

Urinary Nitrogen, g/d 27.4 31.6 28.8 1.65 

Nitrogen retained, g/d 14.4c 22.1d 21.7d 1.90 

Nitrogen retained as a % 
of nitrogen intake 16.0e 22.5f 22.8f 1.95 

Nitrogen retained as a % 
of nitrogen digested 34.4 40.4 42.4 3.34 
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a Blood samples collected. 
 

      
b Animal weigh dates. 

 
Figure 1.  Chronology of events for each period 
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Figure 2. Rear view of steer in individual tie stall attached to urine harness during  

   collection phase 
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Figure 3. Change from day 1 in ad libitum intake for polled hereford steers on endophyte- 
free tall fescue hay 
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Figure 4. Change from day 1 in ad libitum intake for polled hereford steers on novel- 
endophyte tall fescue hay 
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Figure 5. Change from day 1 in ad libitum intake for polled hereford steers on endophyte- 

infected tall fescue hay 


