
ABSTRACT 

OLIPHANT, ERINN JOYCE.  Performance of beef heifers grazing stockpiled 

endophyte-infected, endophyte-free or non-toxic endophyte-infected tall fescue.  

(Under the direction of Dr. Matthew H. Poore). 

A two-year grazing study was conducted from December to February of 2002-

2003 and 2003-2004.  The objective of this study was to evaluate animal performance 

and agronomic persistence of non-toxic endophyte-infected (EN) fescue in comparison 

to endophyte-infected (E+) and endophyte-free (E-) tall fescue in a stockpiling system.  

Forty-eight (year one) and 60 (year two) Angus-cross heifers were grazed on one of 

three treatments for 70 days in year one and 86 days in year two.  Plots were established 

in the fall of 1999 and averaged 1.01 ha.  All plots were clipped in August and fertilized 

in September with 94.9 kg/ha (year one) and 84.2 kg/ha (year two) nitrogen from 30% 

liquid urea/ammonium nitrate.  From August forward the forage was allowed to 

accumulate until the initiation of the study in December.  Each day heifers were given a 

fresh allotment of forage through use of a stripgrazing management system.   

 Digestibility of the forage did not differ by treatment (P = 0.51) but was higher in 

year one than in year two (IVTDMD 80% year one, 65% year two; P < 0.01). Crude 

protein tended to be greater in year one (10.9%) than in year two (9.74%; P = 0.08).  

Average daily gain (ADG) did not differ by treatment (P > 0.21) and was higher on 

pasture during year two than year one (0.48 kg/d vs. 0.40 kg/d, respectively; P = 0.03;  

SE ± 0.053). Final body condition scores (BCS) were higher in year one (5.25 E+, 5.26 

E-, 5.14 EN) than in year two (5.06 E+, 4.98 E-, 4.96 EN; P = 0.01; SE ± 0.049).  Serum 

urea nitrogen (SUN) did not differ by treatment (P = 0.77) but there was a significant 
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year effect (P < 0.01) with SUN levels being higher in year two than in year one, and 

there was also a significant year by treatment interaction (P = 0.02).  The percentage of 

heifers that experienced an estrous cycle at least once over the course of the study did 

not differ by treatment (P = 0.61) or year (P = 0.25).   

Endophyte-free fescue did not perform as well under heavy grazing conditions as 

did endophyte-infected or non-toxic endophyte-infected fescue over the course of the 

two-year study.  The area grazed was greater both years for E- fescue (0.870 ha year one, 

0.656 ha year two) than for E+ fescue (0.678 ha year one, 0.555 ha year two) or EN 

fescue (0.708 ha year one, 0.582 ha year two; P = 0.01; SE ± 0.0473).  The percentage of 

non-fescue species in the sward was greater for E- plots (18.9% year one, 25.0% year 

two) than for E+ (12.2% year one, 13.1% year two) or EN plots (12.5% year one, 15.9% 

year two; P = 0.02; SE ± 2.03) during both years.   Total pre-graze forage mass was 

lower both years for E- plots (P = 0.05).  Animal grazing days, gain per hectare and 

carrying capacity were all greater in year two than in year one (P < 0.01) but did not 

differ due to treatment.  The percentage of fescue that was green was greater in year one 

(66.5%) than in year two (51.8%), but there was no significant difference due to 

treatment (P = 0.91).   

These results indicate that E+ fescue may not affect ADG, BCS and progesterone 

concentrations when stockpiled and stripgrazed in the piedmont of North Carolina over 

the winter.  Non-toxic endophyte-infected fescue seems to support animal performance 

to a level equal that of E- fescue and have agronomic properties similar to E+ fescue. 
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Introduction 

Tall fescue is relatively infamous as far as its agronomic persistence and 

hardiness are concerned.  However, at the same time it also has a bad reputation for 

causing reductions in animal performance.  Throughout much of the Southeast tall 

fescue is the predominant cool season forage.  Upon the release of the Kentucky-31 

cultivar in 1943, producers in the Southeast were quick to replace warm season pastures 

that were traditionally brown by autumn with Kentucky-31, which stayed green well into 

the autumn and therefore lengthened the grazing season.   

While tall fescue seemed like a great addition to southern pastures, producers and 

researchers began to notice reductions in animal performance and generally poor animal 

health, including reduced weight gains, increased respiration rates and failure to shed 

winter hair coats during the summer.  In the upper South, occasionally sloughing of the 

tips of the ears, tails and even entire hooves was seen during the winter.  Furthermore, 

feedlot managers in the Midwest and West began to notice that feeder calves shipped in 

from the Southeast experienced more shipping stress and often gained at a slower rate 

than other cattle, therefore placing a stigma on cattle coming from the Fescue Belt.  

Researchers determined that the generally poor animal performance seen in cattle 

grazing tall fescue pastures could be attributed to toxins known as alkaloids produced by 

the fungal endophyte Neotyphodium coenophialum, which lives within the tall fescue 

plant.  These alkaloids turned out to be the very reason why tall fescue stands persist 

through overgrazing, drought, disease and pests, and yet also why cattle do not perform 

to full potential. 
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An alternative was developed in the 1980s when researchers found that the 

endophyte within tall fescue seed dies if the seed is stored for a year.  This tall fescue 

was referred to as endophyte-free tall fescue.  Upon initial establishment, endophyte-free 

fescue seemed to be the perfect replacement for traditional endophyte-infected fescue as 

animal performance was greatly improved.  However producers in the southern part of 

the Fescue Belt found that warm season perennial forages began to take over endophyte-

free stands within a few years.  Researchers began to recommend that producers not 

replace their stands with endophyte-free fescue, but rather try to dilute their already 

established endophyte-infected fields with some sort of legume, which most often turned 

out to be red clover.   

During the 1990s a non-toxic or ‘novel’ endophyte was discovered in a tall 

fescue plant growing wild.  This endophyte did not produce the ergot alkaloids 

commonly held responsible for causing fescue toxicosis, but produced the other 

alkaloids which help increase plant resistance to pests and disease.  This non-toxic 

endophyte was inserted into several different cultivars of endophyte-free fescue and 

cultivar testing followed soon thereafter.  Initial research has indicated that livestock 

performance is equal to that of animals on endophyte-free fescue and at the same time 

agronomic persistence is the same as that of endophyte-infected fescue.  A 

recommendation to producers to replace their endophyte-infected stands with non-toxic 

endophyte-infected stands has been slow in coming due to the relative novelty of this 

type of tall fescue and the substantial cost involved in replacing old stands.  At this time 

there is a need for continued research over several years to truly evaluate the 
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performance of non-toxic endophyte-infected under various environmental and climatic 

conditions before a widespread recommendation is made.     

 

Literature Review 

 The influence of tall fescue upon animal agriculture in the United States is both 

widespread and well known.  This pervasive, perennial, cool season grass occupies over 

35 million acres of grazing and hay lands in the eastern United States and Canada 

(Bacon and Siegel, 1988).  The region to which tall fescue is widely adapted is often 

referred to as the fescue belt, which stretches from Virginia to Georgia and west to the 

fringes of the Great Plains.  Approximately 90% of the tall fescue found in the fescue 

belt is endophyte-infected, referring to the mutualistic fungal endophyte Neotyphodium 

coenophialum, which lives within the leaf sheath of the vegetative fescue plant (Bacon 

and Siegel, 1988).  This endophyte produces alkaloids, which give the plant insect, 

nematode and disease resistance, but are also known to cause health problems in grazing 

livestock, a syndrome often referred to as fescue toxicosis.   

In 1990 it was estimated that endophyte-infected (E+) fescue cost the United 

States’ beef industry over $600 million dollars a year (Hoveland, 1990), and today some 

speculate that the annual cost of fescue toxicosis may be near $1 billion dollars.  

Primarily these economic losses occur due to reduced weight gain, general unthriftiness, 

agalactia or reduced milk production, and reduced reproductive performance.  The 

endophyte may exist in high, moderate or low proportions within the tall fescue sward.  

It has been reported that for each 10% increase in endophyte infection rate there is about 
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0.1 lb depression in average daily gain over the span of a grazing season (Stuedemann 

and Hoveland, 1988).  

N. coenophialum has been removed from several different cultivars of tall fescue 

in an effort to eliminate the toxicosis problem.  However, this endophyte-free (E-) fescue 

is less persistent against invading warm and cool season grasses, disease, drought, and 

pests such as insects and nematodes.  Most stands of endophyte-free fescue have to be 

replanted within one or two years of establishment even when managed carefully.  This 

created a dilemma for producers and scientists alike because both realized that 

endophyte-infected fescue causes reductions in animal performance but at the same time 

re-establishment of endophyte-infected stands with endophyte-free fescue costs a 

significant amount of time and money and does not persist.  An alternative became 

available when a non-toxic strain of N. coenophialum was discovered by Dr. Garry 

Latch of AgResearch Grasslands, New Zealand.  This specific strain of N. coenophialum 

was found living within wild-type fescue and it did not produce ergot alkaloids, the 

alkaloids believed to cause the symptoms associated with fescue toxicosis.  At the same 

time, the non-toxic endophyte still produced the alkaloids responsible for insect 

deterrence and disease resistance (Latch, 1998). Researchers hoped this would allow for 

greater persistence than was experienced with endophyte-free fescue.  Selected cultivars 

of endophyte-free fescue were then reinfected with the new non-toxic alkaloid, and non-

toxic endophyte-infected (EN) fescue was developed (Bouton et al., 2002).  The 

common name for this new type of fescue has been debated and it has many 

designations, including novel, endophyte-friendly, non-toxic and non-ergot alkaloid-

producing fescue.  While research is still ongoing, so far it appears that non-toxic 
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endophyte-infected fescue is more persistent than endophyte-free fescue, and at the same 

time animal performance is not negatively influenced by grazing this grass. 

Producers in the fescue belt are able to extend their grazing season into winter 

and reduce their need for hay and other supplemental feeds due to their ability to 

stockpile tall fescue.  Stockpiling simply refers to the practice in which tall fescue is 

allowed to accumulate in the late summer or early fall and is neither clipped nor grazed 

until the winter grazing season begins.  Even though nutrient quality declines as the 

winter progresses, pregnant brood cows can easily be maintained on this forage.  

Growing calves may also perform at an acceptable level when provided with an energy 

supplement.  Fescue maintains higher nutrient quality over the course of the winter than 

any other cool season grass, making it a good option for stockpiling.  It also contains 

more green tissue further into the winter than many other grasses.  Unfortunately, intake 

is reduced on all types of fescue and in comparison to other cool season grasses, animal 

performance does not meet its full potential given the quality of the grass.  At this point, 

little is known about the persistence of non-toxic endophyte-infected fescue in a 

stockpiling system and the subsequent performance of the cattle grazing in this type of 

production system. 

 

Fescue Toxicosis 

Fescue toxicosis is generally most associated with the collection of symptoms 

that it causes during warm weather, commonly referred to as summer slump.  Symptoms 

associated with this syndrome include elevated body temperature, increased respiration 

rate, reduced average daily gain and reduced or even undetectable serum prolactin 



 6

concentrations (Hoveland et al., 1983; Stuedemann and Hoveland, 1988).  Other 

problems that may occur, which are still debated amongst researchers, include reduced 

ovarian function, lower serum progesterone concentrations and decreased 

immunocompetence (Mahmood et al., 1994; Saker et al., 1998; Burke et al., 2001).  Due 

to the fact that these reductions in animal performance are most often seen during 

periods of heat stress, livestock grazing tall fescue in the Southeast are often most 

affected by consumption of this grass.  A general observation is that as the 

environmental temperature increases, the effects of fescue toxicosis become more 

noticeable.  

 

Body Temperature 

One of the most frequently observed symptoms of fescue toxicosis is elevated 

body temperature (Hoveland et al., 1983).  Cattle suffering from toxicosis are often 

found standing in creeks, ponds and mud holes, trying to reduce their elevated body 

temperature.  Generally blood flow close to the skin allows for dissipation of body heat, 

but in the case of animals grazing E+ fescue, there is reduced peripheral blood flow and 

subsequently increased body heat that cannot be released.  Al-Haidary et al. (2001) 

found that heifers under heat stress showed the highest rectal temperatures at night, and 

this extended to higher skin temperatures.  Trunk and tail temperatures were lower with 

consumption of an E+ diet, and repeated exposure of animals to heat stress tended to 

reduce trunk and tail temperatures further.  Rhodes et al. (1991) reported that wethers 

consuming high ergovaline diets experienced reduced blood flow to the adrenal glands, 

the skin covering the inner hind leg, the coronary band, most endocrine glands and the 



 7

gastrointestinal tract when compared to wethers consuming a low-ergovaline diet.  In a 

second experiment where cattle were used in place of sheep, they found that steers on a 

high-ergovaline diet had less blood flow to the skin covering the ribs, the cerebellum of 

the brain, the duodenum and the colon by day 14 of the trial.  However, eight days after 

all steers were put on a low-ergovaline diet, steers previously fed the high-ergovaline 

diet had increased blood flow to the coronary band compared to the steers that had 

consistently consumed a low-ergovaline diet.  It appears that both peripheral and core 

tissue blood flow was reduced in steers and wethers consuming a high-ergovaline diet.  

Heifers consuming E+ seed had higher rectal temperatures when placed under heat stress 

than heifers consuming E- seed (Burke et al., 2001).   

A study by Chestnut et al. (1991) revealed that body temperature is affected by 

the rate of endophyte infection.  Temperatures in the summer were lower for stock 

grazing E+ fescue with a 22% infestation level than for those on the 35% infestation 

level, and lower once again for those on 35% infested than for those on the over 60% 

infested fescue.  Bouton et al. (2002) found that rectal temperatures obtained in the 

morning were not different between cattle on E+, E- or EN, but during a six week period 

when temperatures were obtained in the afternoon, differences were seen between 

treatments. Animals on E+ fescue had higher rectal temperatures than those on E- or EN 

fescue.   Parish et al. (2003a) discovered that there was no difference in rectal 

temperatures for lambs grazing E+, E- and EN pastures, but after the study concluded, 

higher rectal temperatures were observed in lambs on E+ pastures.  Similar to the 

conclusions of Bouton et al. in 2002, Parish and coworkers believed that these higher 

temperatures may have been seen at the conclusion of the project because temperatures 
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were taken in the afternoon instead of the morning.  In a second study, the same result 

was observed.  Cattle grazing E+ fescue had higher post-treatment rectal temperatures 

than those on EN (Ag Research (AR) 542), EN (AR502) and E-, but during the actual 

study itself, no differences were seen (Parish et al., 2003b).  Fanning et al. (1992) 

discovered that body temperatures did not differ between heifers on E- versus E+ 

pastures during the winter.   

 

Respiration 

As livestock suffering from fescue toxicosis attempt to dissipate the excess heat 

they are retaining, increased respiration rates and sometimes even panting are observed.  

Respiration rates were elevated for heifers consuming an E+ diet compared to their 

counterparts consuming an E- diet (Al-Haidary et al., 2001).  The same result was found 

by Burke et al. (2001) when beef heifers under heat stress consumed E+ fescue seed 

diets.  However, by day 20, the respiration rates of heifers on E+ seed returned to 

normal, perhaps indicating an adjustment to heat stress.  In a study by Peters et al. (1992) 

respiratory stress was not seen in cows grazing Mozark E- fescue or orchardgrass, but 

was noticed in cows grazing KY-31 E+ fescue during the month of August.      

 

Serum analytes 

Diagnosis of fescue toxicosis is neither clear-cut nor easy.  Within the fescue 

belt, toxicosis is often blamed for most any reduction in animal performance; anything 

that is wrong with an animal must be caused by fescue toxicosis.  One definite indication 

of fescue toxicosis is a reduction in the serum analyte prolactin.  This hormone, which is 
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primarily responsible for inducing lactation in females, can drop to very low or near zero 

levels in both females and males grazing E+ tall fescue.  When cattle are put on plots 

with different levels of infestation, prolactin levels reflect the difference.  Prolactin 

levels were lowest for cattle on pastures 35% or more infested, higher for those on 22% 

infested pastures, and highest for those consuming E- fescue (Chestnut et al., 1991).  

Bouton et al. (2002) saw reduced prolactin levels in lambs grazing E+ fescue.  Lambs on 

EN (AR502), EN (AR542) and E- fescue had higher prolactin levels.   

According to Parish et al. (2003a), prolactin concentrations were higher in the 

fall than in the spring for lambs on E+, E- and EN fescue, and prolactin concentrations 

were higher for lambs grazing EN (AR542) than for those grazing E+ pastures in the 

spring.  The seasonal differences may be due to the fact that sheep often have different 

levels of circulating prolactin due to photoperiod differences, which affect sheep because 

they are seasonal breeders.  In a second study by the same authors, cattle were used in 

place of lambs. Post-treatment prolactin concentrations were reduced in both the spring 

and fall for E+ fescue compared to EN (AR542), EN (AR502) or E- fescue, with 

concentrations nearly reaching zero for cattle on E+ fescue.  The authors suspect that 

spring prolactin concentrations were higher across all treatments because of photoperiod 

effects previously documented in cattle.   

Serum cholesterol and prolactin were reduced in a group of steers consuming E+ 

fescue (Rice et al., 1997).  Burke et al. (2002) did not see consistent reductions in 

prolactin when ewes were grazing E+ tall fescue.  Initially prolactin levels were lower, 

but by day 45 of the study they had surpassed the prolactin levels of the ewes grazing 

bermudagrass.  The same holds true for serum cholesterol levels.  Serum progesterone 
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was initially lower for ewes on E+ fescue, but by day 9 there was no difference.  In a 

second study by Burke et al. (2001) beef heifers consuming E+ seed had lower prolactin 

and cholesterol levels than their counterparts on E- seed diets.  Also, estrogen levels 

were reduced for heifers on E+ seed in thermoneutral conditions, and were reduced for 

both treatments under heat stress.  Emile et al. (2000) found that sheep were more 

seriously affected by consumption of E+ hay than cattle, as shown by a drastic decrease 

in circulating prolactin levels (100ng/mL to 2 ng/mL). Prolactin levels were unaffected 

by an energy supplement, with heifers on E+ pasture plus energy supplement still 

experiencing reduced prolactin levels (Fanning et al., 1992).       

Progesterone concentrations were lower in weanling heifers on E+ fescue with a 

high infection rate for both years of a two year study as indicated by Mahmood et al. 

(1994), but yearling heifers showed no treatment response.  Sudden and dramatic 

decreases in serum progesterone concentration were observed in weanling heifers on E+ 

fescue with a high infection rate, indicative of either short luteal phases or luteal 

dysfunction.  Oliver et al. (2000) found that serum copper levels in animals grazing E+ 

fescue were reduced.  This can have a serious impact on animal health, as copper 

deficiency can lead to problems with cellular respiration, reduced cross-linkage of 

collagen and elastin, reduced cardiovascular tissue integrity, and reduced myelinization, 

keratinization, tissue pigmentation and deamination of amines.  Also, copper deficiency 

depresses phagocytic activity.  They also found that mean corpuscular volume and mean 

corpuscular hemoglobin were lower in steers grazing E+ pastures, as well as globulin, 

prolactin, total bilirubin, total protein, cholesterol and creatinine.  On day 30 of an 

experiment by Mizinga et al. (1992), cows on E+ seed diets had lower serum 
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progesterone than cows on E- seed diets, but on every other collection day (days 28, 35 

and 38) there was no difference.  

 

Humoral Immune Response 

Recently there has been an increasing amount of work within the scientific 

community focusing on the immunocompetence of cattle raised on E+ tall fescue.  This 

has come about due to the presence of reports suggesting that cattle raised on E+ fescue 

and then subsequently sent to feedlots have a higher incidence of Bovine Respiratory 

Disease Complex (BRDC) and other ailments.  Rice et al. (1997) believed this may be 

due to the low prolactin levels often associated with fescue toxicosis, as prolactin has a 

role in enhancing humoral immune responses in mice.  Prolactin receptors are found on 

lymphocytes, and the alkaloids associated with tall fescue often inhibit prolactin 

secretion by way of dopamine D2 receptors.   During an immune challenge, humoral 

immune responses against concanavalin A and sheep red blood cells were higher in the 

group grazing E+ fescue.  Contrary to other reports, cattle on E+ fescue mounted similar, 

if not increased, humoral responses against injected antigens in this study.   

 

Hair Coat 

An outward sign of potential fescue toxicosis is a shaggy, long hair coat in the 

spring and summer, which may also be discolored.  Hair scores are assigned on a one to 

five scale, with one being smooth and shed out and a five being rough and shaggy, as 

according to the procedure outlined by Chestnut et al. (1991).  Copper deficiency in 

cattle grazing E+ fescue causes hair to be rust-colored in black cattle, and red cattle tend 
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to appear bleached (Oliver et al., 2000).  Hair scores were lower in steers on E- fescue 

than for those on E+ fescue (Chestnut et al., 1991).  In a study where cows grazed E+ 

fescue, E- fescue or orchardgrass, hair scores did not differ between treatments in June, 

but by August, cows on KY-31 E+ fescue had higher hair scores (Peters et al., 1992).   

 

Intake 

A reduction in intake is often associated with E+ fescue and seed, especially 

under conditions where heat stress is a factor.  Rhodes et al. (1991) discovered that 

wethers had lower feed intakes when offered high ergovaline diets as opposed to low 

ergovaline diets.  Consumption of E+ seed diets was reduced in comparison to 

consumption of E- seed diets (Burke et al., 2001). In a pasture setting, dry matter intake 

of fescue-red clover was lower than intake of orchardgrass-alfalfa or orchardgrass-red 

clover (Allen et al., 1992a).   In a second study by Allen et al. (1992b) intakes were 

highest for orchardgrass-alfalfa hay and lowest for N-fertilized fescue silage.  When 

weanling steers grazed Johnstone fescue (<1% infected) or KY-31 E+ (>65% infected) 

fescue from mid-October to mid-December, no difference in intake was observed 

(Beconi et al., 1995).  Emile et al. (2000) found that whether heifers consumed E- or E+ 

hay, there was no difference in intake.  They also determined, however, that palatability 

was largely affected by the presence of the endophyte, with both cattle and sheep 

preferring E- hay over E+ hay.  Intake differed between experimental periods in a study 

by Howard et al. (1992) when steers were grazing either KY-31 (high endophyte 

infection rate) plots versus Johnstone (low endophyte infection rate) plots, but intake 

was not different overall, showing that under pasture conditions intake may not be as 
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affected by endophyte status.  Mizinga et al. (1992) observed that cows offered diets 

containing 20% infected seed rejected 1.4 - 3% of feed offered, and those offered diets 

containing 30% infected seed rejected 7.7 – 8.7% of feed offered.  There was no refusal 

of feed from the group consuming E- seed in their diets.  Peters et al. (1992) found that 

during the month of August in the first year of the trial, when conditions were very hot 

and dry, organic matter intake was lower for KY-31 E+ fescue than for Mozark E- 

fescue or orchardgrass.  Throughout the rest of the trial there was no difference in intake.      

 

Weight Gain 

Perhaps the least noticeable effect of fescue toxicosis is a reduction in weight 

gain.  Producers who have all of their animals on E+ fescue may not realize that their 

livestock are not performing to their full potential. A three-year study focusing on ewe 

performance on either bermudagrass or E+ fescue revealed that ewes on E+ tall fescue 

did not gain weight in year two and lost weight in year three over the summer.  By late 

summer and into the fall, weight gains increased for ewes on E+ tall fescue in year one.    

In the winter ewes on E+ tall fescue gained weight, but ewes on bermudagrass lost 

weight (Burke et al., 2002).  Chestnut et al. (1991) found that steers grazing E- fescue 

gained 0.85 lbs/d more than steers on E+ fescue during the spring, and 0.3 lbs/d more 

during the summer and winter.  Steers on pastures more than 35% endophyte infested 

versus those on pastures over 60% infested did not perform differently as far as average 

daily gain is concerned.  However, there was a difference between the 22% infested 

pastures and the 35% infested pastures, with steers on the 22% infested pastures gaining 

more than those on the 35% infested pastures.  The most noticeable difference in animal 
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gain occurred in the spring, while symptoms associated with toxicosis were most 

obvious in the summer.   

Mahmood et al. (1994) found that weanling and yearling heifers had reduced 

weight gains when grazing E+ fescue with a high infection rate in comparison to those 

grazing E+ fescue with a low infection rate.  Lambs grazing EN (AR502) and EN 

(AR542) had gains similar to those grazing E-, and higher gains than lambs grazing E+ 

(Bouton et al., 2002).  ADG was higher on E-, EN (AR542) and EN (AR502) than on E+ 

pastures in both the spring and fall (Parish et al., 2003a).  An inverse relationship 

between annual ADG and annual grazing days was observed.  Gain per hectare was also 

higher on E-, EN (AR542) and EN (AR502) than on E+ tall fescue during the spring and 

fall, with differences being more pronounced in the spring.  In a second study, Parish et 

al. (2003b) saw a more noticeable effect of decreased ADG during the spring for cattle 

on E+ plots, possibly due to increased ergot alkaloid concentrations.  Overall, ADG was 

higher for cattle on EN (AR542), EN (AR502) and E- in comparison to E+ both years of 

the trial.  

When steers were backgrounded on E+ tall fescue pastures and then placed in a 

feedlot, ADG was depressed in the E+ group for approximately 30 days, but 21 days 

later weights were not different (Rice et al., 1997).  Fanning et al. (1992) found that 

heifers being rotationally grazed through four endophyte-free pastures gained 0.80 

kg/day, while their counterparts rotationally grazing four endophyte-infected pastures 

gained 0.53 kg/day.  The trial lasted throughout the winter, beginning in December and 

concluding in March.  
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Energy Supplementation 

Elizalde et al. (1998) studied the influence of energy supplementation on weight 

gain of steers on tall fescue pastures.  Cracked corn and corn gluten feed supplements 

fed to steers grazing E+ fescue increased average daily gain compared to those grazing 

only E+ fescue.  All steers gained less on E+ fescue compared to the gains previously 

seen in an experiment where steers were offered E- fescue pasture only or E- fescue 

pasture and an energy supplement.  Fanning et al. (1992) found that supplementation of 

grain at one percent of mean heifer group body weight along with E- fescue allowed for 

the greatest ADG.  Heifers grazing E+ fescue and receiving no supplement had the 

lowest gains.  Heifers on E- fescue receiving no supplement performed similarly to those 

on E+ pasture receiving the one percent of body weight supplement. 

Calf Performance 

Calves born to cows grazing a fescue mix tended to be heavier than calves born 

to cows grazing a bluegrass mix.  The weight difference was approximately one 

kilogram.  Calf average daily gain and weaning weight were not influenced by forage 

type (Allen et al., 1992a).  Calves alongside their dams in a study where cows grazed 

either E+ fescue, E- fescue or orchardgrass consumed 25% less milk when on KY-31 

(E+) plots than those on Mozark (E-) or orchardgrass plots. The calves also had lower 

ADG (Peters et al., 1992). 

Feedlot Performance 

After being backgrounded on tall fescue pastures with no, low or high endophyte 

infestation rates, steers were fed the same finishing diet.  Average daily gain, dry matter 

intake and gain to feed ratios were all higher for steers previously fed E+ fescue with a 
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high infection rate.  By the conclusion of the trial, body weights were equal across 

background treatments, indicating possible compensatory growth of steers previously on 

E+ fescue pastures with a high infection rate (Beconi et al., 1995).  Compensatory 

growth in the feedlot during the finishing phase was also seen by Cole et al. (1987), 

Piper et al. (1987) and Lusby et al. (1990).  However, Hancock et al. (1987) did not see 

compensatory weight gains in steers previously backgrounded on tall fescue and then 

subsequently finished in a feedlot.  Steers that had been on smooth bromegrass-red 

clover pastures or orchardgrass-red clover pastures were heavier at the conclusion of the 

feedlot trial, had more muscle thickness and marbling, longer ribeye areas and higher 

USDA yield and quality grades compared to those who had grazed endophyte-infected 

tall fescue.   

 

Reproductive Performance 

While the only definite connection between E+ fescue consumption and 

reproduction is fat necrosis, a condition where hard fatty deposits build up in the 

abdomen, many researchers and producers alike have questioned whether or not 

consumption of E+ tall fescue decreases conception rate and increases fetal loss.  There 

has been some research done concerning this issue, but often conflicting results are 

published by different authors to the point where a definite conclusion cannot be made. 

Yearling ewes grazing E+ tall fescue pastures had reduced pregnancy rates in 

comparison to mature ewes on fescue or yearling and mature ewes on bermudagrass 

(Burke et al., 2002).  Ovarian activity of weanling heifers was lower in both years of a 

study by Mahmood et al. (1994) when heifers grazed E+ fescue with a high infection 
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rate.  Yearling heifers, however, performed similarly between treatments.  In the second 

year of the study, weanling heifers on E+ fescue with a high infection rate showed less 

estrus activity, lower progesterone concentrations and shorter luteal phases after estrus 

synchronization.  Pregnancy rates were not affected by the endophyte infection rate.   

Fanning et al. (1992) found that estrus activity and pregnancy rates were not 

affected by endophyte status when heifers grazed E-or E+ pastures during the winter.  

The authors believe that heifers grazing E+ fescue and receiving an energy supplement 

can perform as well as heifers on E- fescue without supplementation, with no adverse 

effects on reproductive health.   Mizinga et al. (1992) studied hormone changes and 

other reproductive parameters in pregnant heifers, cycling heifers and cycling cows that 

were all fed a diet containing either E+ or E- seed.  Serum luteinizing hormone 

concentrations, pulse amplitude and pulse frequency were not different between groups.  

On day seven, cows consuming E+ seed were less sensitive to gonadotropin releasing 

hormone (GnRH), but after that point there were no other differences in sensitivity due 

to treatment.  The reduced sensitivity to GnRH could potentially cause interruption of 

the estrous cycle, as follicle stimulating hormone and luteinizing hormone would not be 

released from the anterior pituitary.  There was no difference in milk production between 

treatments.  Time from calving to the onset of ovulation was not affected by diet.  Allen 

et al. (1992a) found that there were no differences in pregnancy rates, calving 

percentages, live births or calf survival (to weaning) rates measured in cows grazing 

fescue-ladino clover, bluegrass-white clover, orchardgrass-red clover or orchardgrass-

alfalfa pastures.  Gestation periods were on average three days longer for cows grazing 

the fescue-ladino pastures.  Cow replacement rates were similar between systems. 
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The Alkaloids 

One mystery that still exists in the world of E+ fescue research is the mode of 

action of the alkaloids produced by Neotyphodium coenophialum.  At this point, there is 

still a lack of agreement over which class of alkaloid causes the problems associated 

with fescue toxicosis.  Work by Oliver et al. (1993) showed that vasoconstriction of the 

lateral saphenous vein and dorsal metatarsal artery occurred when the respective blood 

vessels were placed in organ baths containing the alkaloid lysergamide. Lysergamide is 

one of the alkaloids produced by Neotyphodium coenophialum, and is very similar in 

structure to the ergot alkaloid ergonovine.  It appears that veins are much more sensitive 

to lysergamide than arteries, and have a greater contractile response.  Contrary to the 

contractions caused by the ergopeptide class of alkaloids, three buffer rinses within thirty 

minutes caused contractions brought on by lysergamide to cease.  Lysergamide 

significantly antagonized the serotonin-2 receptor, which could have a role in the 

manifestation of fescue toxicosis symptoms.   

Hill et al. (2001) looked at alkaloid flux in gastric tissues and found that lysergic 

acid was the alkaloid at the highest concentration in all tissues.  Lysergol, ergotamine 

and ergocryptine serosal concentrations were not different.  Ergonovine concentrations 

were lowest in omasal tissues.  Potential transport across tissues was greatest for lysergic 

acid regardless of tissue type.  The ruminal posterior dorsal chamber was the gastric 

tissue with the highest potential alkaloid transport.  The least amount of transport 

occurred in the reticulum.   The authors questioned whether or not ergovaline is the ergot 

alkaloid responsible for causing fescue toxicosis, due to the fact that the simple ergoline 

alkaloids crossed tissues more easily and quickly than the ergopeptine alkaloids.  They 



 19

also pointed out the fact that alkaloid transport across tissues appears to be an active 

process, so drugs that hinder absorption of alkaloids into gastric tissues may work as a 

preventative measure against fescue toxicosis.  

Strickland et al. (1996) showed that N-acetyl loline had stimulatory effects on 

serum-deprived vascular smooth muscle cells, and inhibitory effects on serum-fed cells.  

Lysergic acid amide (ergine) increased vascular smooth muscle cell growth, which may 

implicate the lysergic acid amides as a major cause for vasoconstriction in animals 

grazing tall fescue.  A large percentage of the ergot alkaloids found in E+ fescue are the 

lysergic acid amides.  Ergovaline was similar to N-acetyl loline in that it had a dual 

effect on smooth muscle cells.  It stimulated quiescent cells and had an inhibitory effect 

on actively growing cells.  In summary, all alkaloids tested ended up stimulating 

quiescent bovine vascular smooth muscle cells, meaning that the alkaloids somehow 

stimulate the cells to produce the growth factors they need in order to proliferate.  These 

results also indicate that the health status of the animal at the time of alkaloid 

consumption may influence how the toxins work within the body and to what degree 

they cause toxicosis.  A second study by Oliver et al. (1998) showed that cattle grazing 

E+ fescue have increased contractile response in α2-adrenergic receptors in blood 

vessels.  This increased contractile response affects tissue perfusion as well as heat 

regulation.  The α2-adrenergic receptors are involved in tissue metabolism.  The changes 

in receptor activity due to ingestion of the alkaloids could explain why animal 

performance is reduced in comparison with the performance of cattle grazing E- fescue.  

Peters et al. (1992) saw that ergovaline levels were higher in E+ fescue when favorable 

growing conditions existed, as opposed to hot, dry conditions.  
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Endophyte-Free and Non-Toxic Endophyte-Infected Fescue 

The two available alternatives to E+ fescue, E- and EN fescue, are the subject of 

many research articles.  Most of those relating to E- fescue deal with improving 

persistence or replacing weed-overtaken stands.  The amount of work being done on EN 

fescue is increasing as it needs to be thoroughly researched before recommendations are 

made to producers.  This stems from the fact that many recommendations were made for 

producers to replace E+ stands with E- stands, and over the next few years the stands 

failed to persist, creating significant losses of time and money for producers.  

  

The Problem with Endophyte-Free Fescue 

Animal performance on E- is excellent, with gains sometimes approaching those 

seen with cattle on other, more palatable cool season grasses.  However, competition 

from both warm and cool season grasses is a problem for this grass, as stands thin over 

time due to decreased pest and disease resistance, drought tolerance and root depth.  

Particularly in the Southeast, E- stands are eventually taken over by other grasses, 

especially the warm season grasses such as bermudagrass (Bouton et al., 1993).   

Occasionally, thinning E- stands have even been encroached upon by E+ fescue (Shelby 

and Dalrymple, 1993).  Bouton et al. (2001) performed a study in order to evaluate the 

possibility of improving the persistence of KY-31 E- fescue.  Endophyte-free fescue was 

managed in one of four ways; it was seeded into bermudagrass and continuously grazed 

with beef cattle, seeded into bermudagrass and clipped with a mower, seeded into tilled 

soil and grazed continuously with beef cattle or seeded into tilled soil and clipped with a 

mower.  The stand survival was compared with that of Georgia-5 E+ fescue.  In every 
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treatment except the tilled clipped treatment, E+ fescue was more persistent than E- 

fescue.  Grazing combined with seeding into a bermudagrass sod created the greatest 

stress for both E- and E+ cultivars.  Selection of particular tillers to be used for genetic 

improvement of the E- strain’s persistence was unsuccessful.  The authors concluded 

that based upon these results, E- fescue will be very difficult to improve, and perhaps the 

best method of action for improving the outcome of this situation is to reinfect E- strains 

with endophytes that do not produce toxic alkaloids (Bouton et al., 2001).  

 Hill et al. (1998) tested the persistence of E- fescue and found that when grown 

in sods containing E+ fescue, dry matter yields of E- fescue were reduced in comparison 

to yields from E- fescue grown in pure stands.  Dry matter yields of E+ fescue were 

greater when E+ and E- were grown together in a mixed stand.  Yields were most similar 

in the year that the stands were established.  As time progressed, a greater difference in 

yield was noticed between E- and E+ fescue.  There was a trend for E+ fescue to 

encroach upon E- fescue. 

 

Cultivar Performance of E+, E- and EN Fescue 

Cultivar selection is essential in deciding which variety of grass should be 

released to the public.  Some are better suited than others to different climates, soil types 

and geographical areas.   One cultivar may simply be more persistent than another.  

Bouton et al. (2002) performed an experiment to test cultivars of EN fescue.  Either 

Jesup or Georgia-5 cultivars were infected with naturally occurring non-toxic N. 

coenophialum.  Stand survival of Jesup E+ was better than that of Jesup E- and Jesup EN 

(AR510) during the second sampling date.  Jesup EN (AR542), Georgia-5 EN (AR542), 
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and Jesup EN (AR502) were not different from either Jesup E+ or Jesup E-, but Georgia-

5 E+ showed poor stand survival.  By the third sampling period, Jesup EN (AR542) 

showed greater stand survival than Jesup E- and was not different from Jesup E+.  Jesup 

EN (AR502) and Jesup EN (AR510) showed survival similar to Jesup E- and less than 

Jesup E+.  By the conclusion of the trial, only Jesup EN (AR542) was found to have 

stand percentage equal to that of E+.  Forage yield averaged over the two-year trial was 

only equal for Jesup E+ and Jesup EN (AR542).  While Jesup EN (AR542) was 

statistically similar to E+, numerically it performed slightly below E+, showing that it is 

probably not likely that a perfect replacement for E+ fescue will be found.  

Bouton et al. (2000) had a clear-cut objective to challenge the Jesup and Georgia-

5 cultivars of E+, E- and EN fescue.  In order to create a real-world challenge for forages 

in the Southeast, both cultivars were sown into a bermudagrass sod.  Jesup and Georgia-

5 EN fescue showed better summer survival compared to Jesup and Georgia-5 E- fescue, 

and after one year appeared to have similar persistence to E+ fescue.  By the end of the 

second summer, only the Jesup cultivar of EN fescue was found to be equal in stand 

survival to Jesup E+ fescue.  Parish et al. (2003a) found that Georgia-5 EN (AR542) 

performed at a higher level during the spring, with more available forage than Georgia-5 

EN (AR502) or Jesup E+ pastures.  Mean stocking rates on E+ pastures were higher than 

on E- pastures, which may be due to reduced intake of E+ forage, or the negative impact 

that sheep had over time on the E- pastures.  During year two, when rainfall was 

decreased in comparison to the other two years, this difference was most noticeable.  

The authors also discovered that mean available forage and stocking rates were higher 

for Jesup E+ pastures than for Jesup EN (AR542), Jesup EN (AR502) and E- pastures 
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during the spring in a follow-up study.  Stocking rates were higher in all treatments in 

the spring, as opposed to the fall.  Gain per hectare followed the same pattern as ADG, 

with more dramatic differences in weight gain occurring during the spring as opposed to 

the fall, and gain was higher for Jesup EN (AR542), Jesup EN (AR502) and E- than for 

E+ fescue (Parish et al., 2003b).   

Chestnut et al. (1991) found that some cultivars of E- being tested did not 

perform well.  Johnstone and KY-31 E- cultivars had to be reseeded in an attempt to 

increase stand density.  AU-Triumph stands thinned at an increasing rate with each 

consecutive winter, most likely due to winterkill.  Endophyte-infected pastures produced 

35 more steer grazing days per acre than did E- pastures.  The pastures that were 22% 

endophyte infested provided 32 less days than 35% infested pastures, which provided 19 

fewer days than the over 60% infested pastures.  The authors speculated that the number 

of steer grazing days provided by the infected fescue was most likely a function of 

reduced intake instead of increased forage mass.  

 

Low versus High Infection Rate of Endophyte-Infected Fescue 

Fields of E+ fescue are not always equally infected with the endophyte.  Some 

may have a high infection rate, with over 90% of the tillers producing alkaloids, and 

others may have a low infection rate, with less than 20% of the tillers producing 

alkaloids.  Hoveland et al., (1983) found that botanical composition was slightly 

different for fescue with a low infection rate (5%) versus a high infection rate (94%).  

Dallisgrass was more of a problem in the high infection rate fields, whereas 

bermudagrass was more a problem in the low infection rate fields.  Winter weeds 



 24

became increasingly invasive over the four year trial for the plot with a low endophyte 

infection rate.  The number of total grazing days per hectare was 30% higher on the high 

infection rate plots, most likely due to decreased consumption of the grass, especially 

during warm weather.  Gain per hectare was on average 28% higher on low infection 

rate pastures, in both cool and warm weather, although differences in gain were most 

noticeable in hot weather.  Steers grazing high infection rate pastures had elevated body 

temperatures, rough hair coats that did not shed out in the spring (average hair score 

3.5), they salivated excessively, and they showed nervousness.  Their counterparts on the 

fields with a low infection rate did not show the same symptoms, and had an average 

hair coat score of 1.2.  Howard et al. (1992) discovered that fescue plots containing grass 

with a high infection rate (KY-31) showed numerically greater forage mass versus low 

infection rate (Johnstone) fescue.  Chemical composition, obtained from esophageally 

cannulated steers, was similar between treatments for organic matter (OM), neutral 

detergent fiber (NDF), acid detergent fiber (ADF) and crude protein (CP).   

 

Nutrient Quality 

There have been concerns raised over potential differences in the nutrient quality 

of E+, E- and EN fescue, but the majority of the research done thus far has indicated that 

there is not a difference between the different endophyte statuses.  However, nutrient 

quality of E+, E- and EN fescue tends to change as the seasons change.  Parish et al. 

(2003a) discovered that in vitro dry matter digestibility (IVDMD) and CP were not 

different among E+, E- and EN fescue during the spring, but CP was higher in EN 

(AR542) and EN (AR502) pastures during the fall compared to E+ pastures.  In a second 
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study, they found that IVDMD values were lower for Jesup E+ than for Jesup E- during 

the spring.  Neutral detergent fiber, ADF and CP values did not differ amongst 

treatments during either season (Parish et al., 2003b).  Emile et al. (2000) found no 

difference in chemical composition or IVDMD of E- versus E+ hay.  Nihsen et al. 

(2004) tested HiMag4 (EN), HiMag9 (EN), HiMag E- or KY-31 E+ fescue and found 

that chemical composition varied across date, but was similar across treatment. 

 

Grazing Behavior 

Animals on E+ fescue tend to have different grazing behavior than their 

counterparts on E- or EN fescue, especially during the warmer months.  Parish et al. 

(2003b) observed that grazing behavior differed between E+, E- and EN treatments, with 

steers grazing fewer hours per day when on E+ plots than those on E- plots during the 

months of April, May and June.  Idling time was also higher for steers on E+ plots than 

for those on Jesup EN (AR542) or E- plots during the spring.  Steers grazing Jesup EN 

(AR542) pastures spent more time grazing during the fall than those on E+ pastures.  

During the spring, steers on Jesup EN (AR542) or E- pastures spent more time lying 

down than those on E+ pastures.  However, this difference was not observed during the 

fall.  Prehensions per day and biting rate were both higher for steers on Jesup EN 

(AR542) or E- tall fescue during both the spring and the fall when compared to steers on 

E+.  Daily dry matter intake (DMI) was also higher for steers on Jesup EN (AR542) or 

E- pastures during the spring and higher for E- pastures during the fall as compared to 

E+.  Water intake for steers on E+ was higher during the spring and lower during the fall 

in comparison to steers on Jesup EN (AR542) and E-.  Howard et al. (1992) found that 
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steers spent more time grazing during the day on Johnstone (low endophyte infection 

rate) plots, for an average of 65 minutes more over the experimental period.  Steers on 

KY-31 (high endophyte infection rate) spent more time idling during the day than steers 

on Johnstone, with the most noticeable difference occurring during the hottest months.  

During the summer, steers on KY-31 spent more time standing than steers on Johnstone, 

perhaps in an effort to increase evaporative cooling.  More bites were taken by steers on 

Johnstone plots, but bite size did not differ between treatments.   

 

Stockpiled Tall Fescue 

Fertilizer Application 

Recommendations on the amount and date of fertilization for stockpiled tall 

fescue are both varied and sometimes contradictory.  Increasing fertilizer amounts may 

increase dry matter yields, but then cause greater tissue loss throughout the winter.  

Summer yields of tall fescue were greatest when nitrogen (N), phosphorus (P) and 

potassium (K) fertilizer was applied in the spring as opposed to just N or N and P.  

Winter yields were only greater in one year of the study with this fertilizer application, 

though, and weather conditions were very favorable for good growth.  Plots receiving 60 

kg N/ha prior to three summer cuts for hay and another N application in August 

produced winter forage with higher IVDMD, N, K, Mg and nonstructural carbohydrates 

in comparison to plots that did not receive any fertilizer. Nitrogen fertilization increased 

IVDMD in three of four years.  Between December and January crude protein (CP) 

dropped nearly 2.8 percentage units.  Nitrogen application allowed for healthier tissue 

that was less likely to go through senescence, and therefore prevented leaching of 
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nutrients out of the forage (Balasko, 1977).  Applying fertilizer in July, at the start of 

accumulation, increased dry matter yield all three years as opposed to waiting until 

August to fertilize plots (Burns and Chamblee, 2000a).  Taylor and Templeton (1976) 

found that fescue plots receiving 100 kg N/ha showed substantial additional growth in 

November (17.7 kg/ha/d) compared to plots receiving no fertilizer.  However, the 

greatest loss in dry matter occurred from December through the remainder of the winter 

on the fescue plots receiving 100 kg N/ha.  Gerrish et al. (1994) found that stockpiled 

tall fescue yield increased about 30% when N application occurred on August 1 versus 

August 29.  

 

Accumulation Initiation Date 

Stockpiling may take place in early summer, late summer or early fall.  There are 

trade-offs for the different start dates, though.  The earlier stockpiling begins, the larger 

the difference in dry matter yield.  On the other hand, Balasko (1977) concluded that the 

later the accumulation start date, the higher the quality of the forage.  Burns and 

Chamblee (2000a) found that in years one and three of their three year study, for each 

week after June 1 where accumulation of fescue was delayed, a linear reduction in dry 

matter yield occurred.  Contrary to years one and three, during year two, when rainfall 

was below average in July, there was a quadratic relationship between dry matter yield 

and accumulation start date, with no significant difference between dry matter yield in 

July and August.  Collins and Balasko (1981) found that senescence was greatest in 

forage that had been accumulated for the longest period of time.  According to Rayburn 

et al. (1979), as stockpile initiation date progressed further into the fall, December dry 
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matter yields decreased.  Regrowth dry matter yields were reduced as accumulation start 

date extended past July.  There was a tendency for the later stockpile accumulation date, 

combined with the latest possible application of nitrogen, to yield higher crude protein 

values, although this was not significant.   

In a study by Fribourg and Bell (1984), fescue was stockpiled from three 

different start dates: July 1, August 1, or September 1, for two years.   The earlier the 

start date, the more forage dry matter was amassed.  Significant losses in dry matter were 

experienced when harvesting was delayed until January, whereas the greatest harvest 

was experienced between October and November.  The nutrient quality of the stockpiled 

fescue, regardless of the stockpiling start date, was about 62% to 71% neutral detergent 

fiber on a dry matter basis and 30% to 40% acid detergent fiber on a dry matter basis.  

When stockpiling was initiated in July, crude protein was initially 12% to 13%, but after 

one or two months of stockpiling decreased to 8% to 10% and by December and January 

fell to 6% to 7%.  They found that when stockpiling began in September, the decrease in 

crude protein was not as noticeable.  Potassium and phosphorus concentrations both 

decreased throughout fall and winter.     

 

Forage Yield 

There seems to be a general trend towards early accumulation dates being 

correlated with higher forage yields. When harvest of stockpiled forage was delayed 

from December to January, there was a 10% reduction in yield (Balasko, 1977).  Berry 

and Hoveland (1969) found that summer defoliation in southern Alabama decreased 

autumn and winter yields of both Goar and KY-31 tall fescue.  Clipping KY-31 in June 
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did not affect autumn yield, but clipping in July decreased autumn yield by 25% in 

comparison to the treatment that was never clipped.  Growth of KY-31 was increased 

over the cool season (October to April) when pastures were clipped in June as compared 

to those that were not clipped at all.  According to Taylor and Templeton (1976) higher 

stockpiled fescue yields were seen in all years of their trial in comparison to bluegrass.  

Late summer/early autumn precipitation amounts appeared to be the most influential 

factor affecting variation in forage growth for both species of grass.  Percent green 

vegetation decreased over the course of the winter for both bluegrass and tall fescue.  

Ocumpaugh and Matches (1977) wanted to determine the effect of spring-

summer defoliation and autumn-winter environmental conditions on the quantity and 

quality of tall fescue stockpiled through the fall into the winter.  It was determined that 

frequent defoliation during the spring-summer (5 cuts) as opposed to less frequent 

defoliation (2-3 cuts) did not decrease yields after the first two weeks of collection.  

They stated that environmental factors may play a large role in yield/ha, as the yield for 

1971 was 1,000 kg/ha and was nearly twice that amount in 1972.  The amount of 

accumulated growth was strongly correlated with the amount of precipitation.  

Inadequate rainfall has previously been shown to seriously limit the amount of 

stockpiled forage that may grow.  The date at which freezing temperatures occur also 

affects yield, due to dry matter loss.  Reductions in dry matter yield following a week of 

freezing temperatures were approximately 25 kg/ha/week.  The dry matter yield may 

change depending upon temperatures the day prior to harvesting.  Freezing temperatures 

the day before harvest may reduce the amount of forage harvested due to wilting, 

although this is only a hypothesis.  Other reasons for losses in dry matter may include 
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respiration, translocation and/or leaching out of digestible nutrients, as well as decay and 

desiccation, which may be increased by way of wind, rain, freezing and thawing, and 

snow.   

Kallenbach et al. (2003) determined that herbage mass of E+ fescue was 

approximately 20% greater than E- or EN fescue, which did not differ.  Herbage mass 

did not decrease over the span of the project for any treatment, indicating that mid-

December measurements offer a decent estimate of forage availability for the remainder 

of the winter.  Allen et al. (1992) found that out of a pure fescue stand and two fescue-

legume stands, the most stockpiled forage was available in the pure fescue stand, the 

fescue-red clover stand followed in forage mass and the fescue-alfalfa stand contained 

the least amount of stockpiled vegetation. 

 

Nutrient Quality and Retention 

The primary concern with stockpiled forage is the potential loss of nutrients that 

occurs through age and weathering.  Many agronomists have focused on nutrient quality 

of fescue at the initiation of stockpiling and the changes that occur throughout the 

stockpiling period. 

IVDMD 

Burns and Chamblee (2000a) found that given different accumulation periods, 

IVDMD averaged 64.2% and each 30-day delay in the start of accumulation resulted in a 

3% linear increase in IVDMD.  In a follow-up study, the authors concluded that the 

longer forage is stockpiled, the more IVDMD decreases over the course of the winter.  

Additional nitrogen application in July decreased IVDMD during October, November 
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and December, but had no effect from January to March.  A large decline in IVDMD 

occurred between December and January, and then an increase occurred in February and 

March (Burns and Chamblee, 2000b).   Collins and Balasko (1981) showed that nitrogen 

application decreased IVDMD of stockpiled fescue during two winter studies, which is 

contrary to the findings of most summer studies.  In vitro dry matter digestibility 

averaged 43.7% and decreased 18.6% from mid-June until January, but only decreased 

2.7% and 7.3% for early and mid-July stockpiling dates, respectively.  The authors 

concluded that dry pregnant cows may not meet their NRC requirements without energy 

supplementation during January and February when grazing stockpiled tall fescue 

pastures in West Virginia.  The IVDMD curve plotted by Ocumpaugh and Matches 

(1977) was not very consistent, falling during warm temperatures and dry conditions, 

then leveling off in September and October during sufficient rainfall and cooler 

temperatures, and finally falling after consistent freezing temperatures in November at 

the rate of approximately 1 percentage unit a week.  Scott (2000) found that IVTOMD 

was different between years and varied from 87% to78% in year one of the study and 

76% to 67% in year two.  

Crude Protein 

Crude protein values averaged 10.1% in December and 9.4% in January 

(Balasko, 1977). During a two year trial, Burns and Chamblee (2000a; 2000b) found that 

CP concentrations were not affected by accumulation start date or length of 

accumulation. There was a trend towards additional nitrogen application increasing 

crude protein.  Even with no fertilization, the CP of the fescue averaged 12.6%, 

exceeding a dry beef cow’s CP requirement of about 7.0% (NRC, 1996).  Crude protein 
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values decreased slightly from mid-December to mid-January, but then rebounded to 

nearly original values by mid-February.  Rayburn et al. (1979) did a winter study in 

Virginia, and saw that delaying the accumulation start date increased CP, with 

significantly different values of 9.8%, 10.3%, 10.8% and 11.9% in June, July, August 

and September in year 1.  In year two the values were slightly lower with CP in June 

being 9.0%, 9.8% in July, 10.1% in August and 10.6% in September.  The accumulation 

start date in year two did not significantly affect the crude protein concentration of the 

stockpiled tall fescue.  Nitrogen fertilization increased total yield and quality, but also 

caused a more rapid deterioration of plant tissue as the winter progressed.  Taylor and 

Templeton (1976) also showed that increased levels of nitrogen caused an increase in 

crude protein of stockpiled forage.  Bluegrass consistently had greater CP levels than 

fescue.  Brood cow requirements could have been consistently met by both grasses from 

December to March.  Bagley et al. (1983) harvested tall fescue in May, August, 

November and March and determined differences in digestibility, intake and nutrient 

quality of tall fescue based on harvest date.  The forage was stockpiled from August to 

November and from August to February. Crude protein only varied slightly between 

seasons, being 10.4% in May, 10.3% in August, 10.6% in November and 9.5% in 

March. Crude protein averaged 15% and 19% in 1971 and 1972, respectively in a study 

conducted by Ocumpaugh and Matches (1977).  They noticed that changes in crude 

protein over time appear to be of an exponential nature, with the rate of decline in 

quality being more rapid in the beginning of the winter and then decreasing as winter 

progressed, to about 0.1 percentage units a week after growth stopped.  Crude protein 

values of stockpiled tall fescue in the piedmont of North Carolina were 17.7% and 
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18.5% in December and February of year one, but decreased to 12.8% and 12.1% in 

December and February of year two (Scott, 2000).  

Neutral Detergent Fiber 

Scott (2000) collected forage samples to test for nutrient quality in tall fescue 

over the winter and found that NDF was 52.8% in December of year 1 in a two-year 

study and increased to 57.1% by the end of January.  In year two, NDF was slightly 

higher, being 59.3% in December and 65.2% by the end of January.  Another study in 

North Carolina showed that NDF concentrations decreased linearly as accumulation start 

date was delayed from June 1 to September 1.  As winter progressed from December to 

January there was a large increase in NDF (Burns and Chamblee, 2000b).  

Acid Detergent Fiber 

Archer and Decker (1977) conducted a study in Maryland to evaluate the quality 

of stockpiled tall fescue during the winter.  They found that acid detergent fiber means 

for unsorted forage were 28.0% in October and increased to 32.3% by December in year 

one.  In year two, the respective values were 30.9% and 31.6%.  They also evaluated 

quality as influenced by differing nitrogen applications, being 0, 50 or 100 kg N/ha, as 

well as different ambient soil temperatures (low, medium and high).  The differences in 

nitrogen amount and soil temperature did not have any significant effect on fiber 

content.  Bagley et al. (1983) determined that acid detergent fiber was fairly similar 

across four harvests, being 36.0%, 38.3%, 35.0% and 39.9% in May, August, November 

and February, respectively.  Acid detergent fiber increased from December to January 

(23.5 to 28.5%) and then decreased by February (26.6%) in year one of a two-year study 
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by Scott (2000) in the piedmont of North Carolina,  However, during year two ADF 

increased steadily throughout the course of the winter. 

Carbohydrates 

Berry and Hoveland (1969) found that total available carbohydrate values in 

stockpiled tall fescue peaked in the summer, declined throughout the fall and then 

increased slightly in December.  Also, they saw that clipping or grazing plots had little 

effect on carbohydrate levels the first season, and no effect the second season.   

 

Pasture Management and Nutrient Quality 

Management of E+ stockpiled tall fescue pastures may have an effect on dry 

matter yield, nutrient quality and alkaloid concentration. Clipping pastures two to three 

times per month to a height of five cm stimulated pasture growth during the summer 

prior to stockpiling.  Nutrient content of clipped pastures was about 14% crude protein in 

July and August, and 10% to 11% in the period from September to January.  Neutral 

detergent fiber, ADF and potassium concentrations were similar to those found in 

continuously stockpiled forage (Fribourg and Bell, 1984).  Biweekly mowing as opposed 

to weekly mowing caused a slight increase in total alkaloid concentration in month two 

of a study by Salminen et al. (2002).  Ergovaline levels were relatively lower than 

expected, as ergovaline is often considered to be the predominant alkaloid in tall fescue.  

Previous research has indicated that perhaps with frequent mowing, more carbon from 

photosynthesis goes into creating new leaf material than alkaloid synthesis. In a study by 

Kallenbach et al., (2003) ergovaline concentrations of E+ stockpiled fescue dropped 

drastically in mid-December, suggesting that E+ fescue may be less toxic to livestock 
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during the winter grazing period.  The authors postulated that if the concentration of 

ergovaline that induces symptoms of fescue toxicosis is assumed to be 150 µg/kg, then 

the E+ fescue would have been less likely to cause toxicosis after early February in year 

one and after early January in year two of the study.        

 

Percent Green Tissue 

Tall fescue is unique among all the cool season perennial grasses because of its 

ability to maintain green tissue for longer periods of time when stockpiled.  Taylor et al. 

(1976) found that percent green forage within the sward generally increased with 

increasing levels of fertilization during the winter, but no difference due to N level was 

seen by spring.  Over the course of a two year study, Burns and Chamblee (2000a) 

showed that shorter accumulation periods in years two and three led to greater amounts 

of green fescue out of the total sward.  However, as accumulation period shortened, 

green dry matter yield decreased in years two and three.  In a second study, they found 

that in year two, percent green tissue was 57% in November and declined to 26% green 

tissue by February.  In October of year three, the canopy was 76% green tissue and 

declined to 37% in January.  The sward further declined to 26% green in February and 

was 25% by March.  They also found that a hard winter with an early frost can 

significantly impact the percent green tissue in a stand, causing it to decrease more 

rapidly than would be expected.  For forage accumulated in June, July and August, each 

10% increase in dead tissue translated into a 5.5% decrease in IVDMD.   However, for 

fescue accumulated starting September 1, only a 3.8% decrease was seen.  The nutritive 
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value of the green and brown fractions remained relatively consistent over the course of 

the winter (Burns and Chamblee, 2000b).  

 According to a study by Taylor and Templeton (1976) green vegetation steadily 

declined in crude protein from October forward, but brown vegetation increased 

moderately in crude protein over the winter.  Sugar content rose in the green fraction of 

fescue until December when sugar concentration started to decline.  The brown fraction 

was consistently very low in sugar content, being around 1% to 2%.  Phosphorus levels 

in the green fraction changed very little from October to March, but brown fraction 

phosphorus levels were so low that as percent brown tissue increased in the sward, 

phosphorus levels declined sharply after December.  Archer and Decker (1977) found 

that the percent dead tissue in stockpiled tall fescue plots increased from about 20% in 

October to 46% in December.  Nitrogen application reduced the percent dead tissue in 

year one, but had little effect in year two.  In vitro dry matter digestibility of the green 

tissue was about 89% in early winter and declined a slight amount as winter progressed.  

In vitro dry matter digestibility of the brown tissue increased 4.6 percentage points from 

initial to final harvest in year one. There were trends for IVDMD of dead leaves to 

increase with an increasing amount of N application, and for IVDMD to decrease at low 

soil temperatures.  For every 10% increase in dead leaf tissue, digestibility decreased by 

an average of 3.38 units.  

 

Temperature 

Certain regions of the fescue belt have weather that is more conducive to nutrient 

retention within stockpiled fescue fields.  Long periods of time with temperatures below 
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freezing, ice accumulation and snow all increase the rate of nutrient leaching and 

degradation in the stockpiled sward.  The quality of stockpiled forage tends to decrease 

over the winter due to rupturing of plant cells caused by cold temperatures (Bagley et al., 

1983).  Fales (1986) found that as environmental temperature increased, NDF, 

hemicellulose and cellulose concentrations all increased.  Hemicellulose was more 

responsive to temperature than cellulose, and was higher than cellulose at all 

temperatures.  In general, cell wall content increased in tall fescue as temperature 

increased.  Indigestible NDF increased with each incremental increase in temperature.  

Fribourg and Bell (1984) found that the amount of deterioration in winter stockpiled 

fescue is very dependent upon weather.  Kallenbach et al. (2003) showed that brief 

periods of warmth increased nutritive value of stockpiled fescue for a short period, but 

older tissue decayed more rapidly in warm temperatures.        

 

Intake and Rumen Measurements 

The date that stockpiled fescue is consumed can have an effect on the rumen of 

livestock on pasture.  Bagley et al. (1983) found that rumen fluid pH was higher for 

sheep fed February harvested tall fescue as opposed to November harvested tall fescue.  

Acetate to propionate ratios were lower for sheep fed February harvested forage than for 

any other harvest date.  Intake was higher for sheep fed November harvested forage 

versus those fed February harvested forage.  A negative relationship was established 

between intake and cell wall constituents, most likely due to ruminal fill.   Early 

stockpiled forage has high nutrient quality and is relatively palatable, but towards 

February, winter burn causes a decrease in quality and an associated decrease in intake. 
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Animal Performance on Stockpiled Fescue 

Cows consuming a tall fescue-ladino clover mix maintained a higher body 

weight than cows grazing a bluegrass-white clover mix.  During the years in which 

precipitation was below the 30-year average, the difference in performance was less 

noticeable.  Cows supplemented with orchardgrass-red clover or orchardgrass-alfalfa 

were heavier than cows supplemented with fescue-red clover (Allen et al., 1992a).  In a 

second study by Allen et al. (1992b) stocker calves were fed different types of stockpiled 

forage, hay or silage.  Endophyte infection rate in the fescue hay and pastures was not 

correlated with a decrease in weight gain.  Calves fed stockpiled fescue fertilized with N 

had higher final weights (310 kg) than those fed fescue hay (284 kg) or fescue silage 

(263 kg) while housed in the barn.  Calves grazing pastures of stockpiled fescue mixed 

with legumes gained similar amounts of weight as those grazing pure fescue stands 

fertilized with nitrogen (0.33 kg/d versus 0.34 kg/d), except in year three, when they 

gained more.  Calves consuming fescue hay gained very slowly at the initiation of the 

study (0.18 kg/d), but weight gain slowly increased as the study progressed.  Overall, 

gains were greater for animals grazing stockpiled fescue than for those consuming 

fescue hay.  Calves consuming fescue silage performed very poorly throughout the trial 

(0.07 kg/d).  Calves grazing the mixed red clover-tall fescue required twice the amount 

of supplemental hay as calves grazing pure fescue fertilized with nitrogen.  The amount 

of hay required by calves grazing alfalfa-fescue pastures was three times as high.   

Beconi et al. (1995) grazed weanling steers on different cultivars of stockpiled 

fescue with different infection rates, and saw various levels of performance.  Average 

daily gains were greatest in groups grazing Kenhy (less than 1% infected) fescue (1.11 
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kg/d implanted, 1.09 kg/d not implanted), intermediate for KY-31 E- fescue (0.95 kg/d 

implanted, 0.89 kg/d not implanted) and Johnstone (less than 1% infected) fescue (1.05 

kg/d implanted, 0.85 kg/d not implanted)  and lowest for endophyte-infected KY-31 with 

a high infection rate (0.76 kg/d implanted, 0.60 kg/d not implanted).  Steers implanted 

with the estradiol implant 17-β gained 14% more weight regardless of treatment 

compared with those who were not implanted.  This increase in weight gain occurred 

within 28 days of implantation.  The failure of the implant to work beyond day 28 could 

be due to reduced blood flow to the ears, exacerbated by decreased December 

temperatures, an effect independent of the endophyte.  In summary, the implant 

improved gains of all the cattle that received that treatment, but cattle on E+ fescue that 

were implanted still gained less than cattle on endophyte-infected fescue (with a low 

infection rate) who did not have an implant.  These results indicate that at best the 

implant may partially decrease the negative effects of fescue toxicosis, but still does not 

completely make up for the reduced gains caused by the endophyte.  Poore et al. (2000) 

reviewed a great deal of the literature available concerning animal performance on 

stockpiled fescue and saw that in general, the shorter the grazing period on stockpiled 

fescue, the better the performance of the livestock on pasture.  Cattle also performed to a 

higher degree the earlier in the autumn they grazed.  Also, animal performance on 

stockpiled fescue seems to be less than would traditionally be expected given the high 

quality of the forage.   
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Prevention or Alleviation of Fescue Toxicosis 

Due to the poor stand persistence seen in E- fescue and the relative novelty of EN 

fescue, some researchers have focused on the use of pharmaceutical and hormonal 

products in order to alleviate toxicosis.  Taking this approach allows producers to 

continue to use their well established E+ pastures.  

 

Dopamine Antagonists 

It is believed that ergopeptide alkaloids may act like dopamine, which is known 

to decrease circulating prolactin levels and perhaps may be responsible for some other 

symptoms associated with fescue toxicosis.  In an effort to counteract the effects of the 

alkaloids, Aldrich et al. (1993) supplemented lambs on E+ seed diets with 

metoclopramide, a dopamine antagonist.  They saw an increase in intake of the E+ seed 

diet, but nothing else was changed.  Core, skin, and rectal body temperatures were not 

reduced, dry matter digestibility was not increased, skin vaporization was not increased, 

and prolactin levels were not increased.  Ergovaline, the most abundant ergopeptide 

produced by Neotyphodium coenophialum, is a known dopamine agonist.  Jones et al. 

(2003) were interested in seeing how domperidone, a dopamine antagonist, might affect 

body weight gains and luteal and follicular function of heifers grazing E+ tall fescue.  

Body weight gains did not differ amongst the endophyte-free (E-) and endophyte-

infected plus domperidone (E+D) heifers, but heifers grazing E+ fescue without 

domperidone experienced reduced weight gains.  Plasma progesterone concentrations 

were greater in heifers consuming E- fescue in the mid-to-late luteal phase, on days 14, 

13, 12 10, nine and seven before ovulation compared with the heifers on an E+ diet.  
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E+D heifers were not different from the E- heifers.  Progesterone concentrations were 

elevated in E+D as compared with E+ on days 10, nine and six before ovulation.  

Consumption of E+ fescue shortened the length of the total estrous cycle.  

Administration of domperidone significantly decreased follicular phase duration 

compared with both E- and E+ treatments. 

 

Tasco-Forage 

Supplementation with seaweed (Ascophyllum nodosum) has been known to 

increase the activity of the antioxidant superoxide dismutase.  Tasco-Forage, a seaweed-

based product, was applied to tall fescue and antioxidant activity in plants and in 

ruminants grazing the forage was measured.  The interest in this study stemmed from the 

fact that cattle grazing E+ fescue have shown depressed immunocompetence in the past. 

Tasco may increase immunocompetence by way of increasing selenium levels. Increased 

levels of this mineral were seen in both sheep and steers grazing Tasco-treated E+ and E- 

fescue.  Superoxide dismutase activity in forage was increased by application of Tasco 

to both infected and uninfected tall fescue in Virginia and Mississippi.  The effect was 

both rapid and long-lasting.  An increase in superoxide dismutase in Virginia pastures 

was observed 28 days following Tasco application in April, and the effect was 

measurable through November, although Tasco was not reapplied after July.  Further 

research is needed, but Tasco may aid in increasing antioxidant function, which could 

help reduce damage from toxic oxygen species and improve stress tolerance in both 

plants and animals (Fike et al., 2001).   
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Saker et al. (2001) found that steers grazing E- fescue gained more weight than  

steers grazing E+ fescue, whether the forage was treated with Tasco or not.  Application 

of Tasco to infected pastures alleviated some of the adverse effect on hair coat condition 

up through day 28 of the study.  After that date, no more treatment effects were seen.  In 

July monocyte major histocompatability complex class (MHC) II expression was higher 

in steers that grazed E+ fescue than in those that grazed E- tall fescue when both were 

treated with Tasco (results averaged from Virginia and Mississippi cattle).  This finding 

indicates that application of Tasco to E+ fescue may aid cattle in maintaining adequate 

immune responses.  However, it appears that application of Tasco to E- fescue may 

actually have a dampening effect on the immune system, which is similar to past 

research that has found that the presence of antioxidants in the absence of oxidative 

stress sometimes has an immunosuppressive effect.   

In order to evaluate feedlot performance, Allen et al. (2001) studied steer health 

after leaving Virginia and Mississippi pastures.  Steers sent from both locations to a 

feedlot had higher rectal temperatures if they had previously grazing E+ fescue, 

continuing the same pattern as had been observed while steers were on pasture.  The 

steers from Virginia, mostly Angus and Angus Hereford crosses, were more affected by 

the higher temperatures than the steers from Mississippi that were Angus Brahman 

crosses.  By day 14 on the feedlot, this difference disappeared and by day 28 the effects 

of the endophyte were reversing. On days 14 and 28, and at the end of the finishing 

period, phagocytic activity was higher in steers that had grazed Tasco-treated E+ 

pastures than in those that had grazed untreated E+ tall fescue.  Tasco treatment of E+ 
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fescue resulted in phagocytic activity that was similar throughout the feedlot period to 

that in steers that grazed E- tall fescue.   

Upon entry to the feedlot, steers that had grazed the Tasco-treated E+ pastures 

tended to exhibit higher MHC class II expression than steers from non-Tasco-treated  E+ 

pastures.  No endophyte or Tasco effects were measurable by the end of the feedlot 

period.  Serum Vitamin E was higher in steers that grazed Tasco-treated E+ pastures 

compared to those on untreated E+ pastures.  Steers that had grazed E- tall fescue 

pastures had heavier hot carcass weights than steers that came from E+ pastures.  Thus, 

the endophyte reduced pasture, finishing and carcass weights, which reduced the total 

saleable product.  Application of Tasco to tall fescue, regardless of endophyte status, 

increased marbling score.  Steers that had grazed the Tasco-treated pastures prior to 

feedlot finishing graded at least Choice-, whereas steers that grazed the untreated 

pastures graded Select+, regardless of endophyte status.   

Carcass data was collected by Montgomery et al. (2001) and analyzed for Tasco 

and endophyte effects.  Steers from Virginia exhibited slightly lower Warner-Bratzler 

shear force values if they had previously grazed E+ rather than E- tall fescue (3.0 vs. 

3.4).  Meat from steers on Tasco-treated fescue tended to be more tender than that from 

steers that grazed the untreated fescue on postmortem day seven, but by postmortem day 

28 there was no difference.  Aging increased sustained tenderness in both Tasco-treated 

and untreated steers, but the effect tended to be greater in steers that had previously 

grazed the Tasco-treated pastures regardless of endophyte status.  Application of Tasco 

to pastures in Mississippi resulted in steaks that were redder than steaks from untreated 

pastures.  Steaks from steers that had grazed E+ pastures seemed to have less desirable 
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color than those from steers that grazed E- fescue, but the effect was reversed when E+ 

pastures were treated with Tasco.  Effects of Tasco treatment on lean uniformity, 

discoloration, and browning were more obvious in steers from Mississippi than in those 

from Virginia.  Serum cholesterol was lower at slaughter in steers that had previously 

grazed E+ compared with E- tall fescue pastures, but the effect of endophyte on serum 

cholesterol was only present in steers from Mississippi.  Steers from Mississippi had 

higher serum cholesterol than steers from Virginia.  Serum Vitamin E: cholesterol ratio 

was higher in steers from E+ than in those from E- pastures, but this effect was negated 

by application of Tasco.  Tasco and Neotyphodium coenophialum seemed to interact, 

resulting in better performance in steers that had grazed the Tasco-treated, E+ fescue as 

compared to those on untreated, E+ fescue.  Interestingly, the relationship was reversed 

for steers on E- fescue. 

 

FEB-200TM 

 FEB-200 is a yeast-derived (S. cerevisiae) glucomannan fraction marketed by 

Alltech, Inc.  It is given as a feed supplement and is intended to adsorb toxins in the 

gastrointestinal tract.  The supplement has shown a strong affinity for the ergot alkaloid 

ergotamine, which is very similar in structure to the ergot alkaloid ergovaline.  

Ergovaline is believed to be the alkaloid responsible for causing the symptoms 

associated with fescue toxicosis.  Twelve Holstein steers were put on one of four 

treatments: E+ seed, E+ seed with FEB-200, E- seed or E- seed with FEB-200.  The 

supplement was added at a rate of two kg/ton to a ration of cracked corn, cottonseed 

hulls, crimped oats, fescue seed, soybean meal and a vitamin and mineral supplement.  
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In trial one, greater amounts of ergovaline and ergovalinine were excreted in the feces of 

animals receiving FEB-200.  In trial two, supplementation of FEB-200 to the E+ seed 

diet caused increased dry matter intake and decreased rectal temperatures.  During this 

trial, ergovaline and ergovalinine concentrations were 0.490 and 0.399 ppm, 

respectively.  These concentrations were approximately half of those in trial one.  The 

dry matter intake of steers fed E- seed and FEB-200 increased as well.  This could be 

due to the fact that FEB-200 may reduce heat stress or it may adhere to the 

diazaphenanthrene alkaloids, which are still present in endophyte-free fescue.   

 A second study was conducted on E+ pasture with 27 Angus and Angus 

Beefmaster cross cows to determine the effects of FEB-200 on internal body 

temperature.  Cows were either given no supplement, 0.450 kg/head/day ground shell 

corn or 0.450 kg/head/day of a mix made up of 95.6% ground shell corn and 4.4% FEB-

200.  Temperatures were taken with thermistor probes placed near the tympanic 

membrane in the ear in the middle of June, July and August.  During July and August, 

cows treated with FEB-200 had lower maximum tympanic temperatures than cows in 

other treatment groups.  Average minimum and average daily tympanic temperatures 

were significantly lower for cows receiving FEB-200 when compared with cows 

receiving no supplement.   

 The third study conducted by Akay et al. studied the ability of FEB-200 to 

mitigate the negative effects of E+ tall fescue on animal weight gain.  This study was 

conducted on pasture with 92 Angus and Angus Beefmaster cross cow/calf pairs.  The 

rations were the same as those used in study two.  The rations were meant only for cow 

consumption, but the calves did have access to the feed.  In year one of the study, cows 
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given FEB-200 gained more weight than the unsupplemented cows and cows receiving 

only corn.  During year two, unsupplemented cows and cows receiving only corn lost 

weight while those receiving FEB-200 gained weight.  Calves on dams receiving the 

supplement were numerically heavier than their counterparts on dams not receiving any 

supplement, but this difference was not significant (Akay et al., 2003).   

 

Summary 

 Overall, E+ tall fescue has many positive attributes, including its high nutrient 

quality, ability to retain green tissue in stockpiled stands far into the winter and 

incredible persistence.  However, the problems livestock experience when grazing this 

grass, especially in periods of high ambient temperature, make it undesirable to many 

producers in the southern and mid-western states.  Attempts to remove the endophyte, 

but still retain the other positive attributes of this forage failed when E- stands did not 

persist.  Now researchers and producers have a new alternative, which is non-toxic E+ 

fescue.  Due to the poor performance of the once-heralded E- fescue, scientists and 

producers have been very cautious about EN fescue, but so far research is showing that 

while a perfect replacement for traditional E+ fescue may not be found this EN fescue 

could be a good option.  Stockpiling and grazing fescue during the winter is an 

economical use of this forage, and generally fescue toxicosis symptoms are not seen in 

cooler temperatures.  Perhaps systems may be implemented where fall and spring 

grazing can occur on EN fescue and winter grazing can take place on the traditional E+ 

fescue.  Careful management of livestock and continued research efforts in the fescue 
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belt may one day lead to an end of the fescue toxicosis problem and the stigma placed on 

livestock from this area.  
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Materials and Methods 

Animals 

Forty-eight Angus cross heifers (year one) and 60 Angus cross heifers (year two ) 

(initial body weight 262 kg (year one), 250 kg (year two), with an initial body condition 

score of 5.0 both years) were used for this study.  The protocol for this study was 

approved by the Institutional Animal Care and Use Committee at North Carolina State 

University and assigned #01-137.  Heifers were placed in groups according to weight 

and then were randomly assigned to twelve groups.  All heifers were vaccinated for 

respiratory and clostridial disease with Titanium 5 (Agri Labs, St. Joseph, MO) and 

Vision 7 (Intervet, Millsboro, DE).  Lutalyse (Pfizer, New York, NY) was also 

administered to ensure that there were no pregnant heifers on trial.  Dewormers were 

also given/applied at the initiation of this study.  Safeguard drench was used in year one 

(Intervet, Millsboro, DE, 2.3 mL/45.5 kg body weight) and Bovimec pour-on was used 

in year two (Virbac, Ft. Worth, TX, 1 mL/10 kg body weight).  Administration of 

injections and dewormers occurred upon the heifers’ arrival to the farm from the sale 

barn.   

Two weeks prior to placement on plots, weights and blood samples were taken.  

One week later, full weights were taken on two consecutive days and a second blood 

sample was taken in order to determine baseline serum progesterone concentration.  

After weights and blood samples were taken on the second consecutive day each year, 

heifers were placed in a pen with no food or water.  The following morning all heifers 

were weighed again to determine shrunk weights.  The same procedure was followed at 

the conclusion of the trial, with the exception of the blood samples which were not taken 
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during the consecutive three days of weighing.  Prior to being put out on the plots and 

after the conclusion of the trial, an experienced technician assigned body condition 

scores to all of the heifers.  He had no affiliation with the trial and did not know which 

heifers would be assigned to which treatment.   

Once the heifers had been grazing their respective plots for seven days, there 

were two consecutive weigh days in order to determine pasture-adjusted start weights.  

However, during year one the time in between the heifers’ arrival to the plots and the 

pasture-adjusted start weights was 17 days in length due to a severe ice storm that hit six 

days after the heifers had been put on their plots.  Weights and blood samples were taken 

in 14-day intervals throughout the duration of the study.  All work done with the heifers 

occurred in the morning, prior to being given their allotment of forage for the day.  The 

blood samples, taken by way of jugular venipuncture, were analyzed for progesterone 

concentration and serum urea nitrogen (SUN).  Fresh water was provided in plastic tubs 

and Ru-Min 1620® mineral mix containing 1780 mg/kg monensin (Southern States 

Cooperative, Inc.,  Richmond, VA) was available ad libitum.  During the last two days 

of the grazing period each year the heifers were weighed in order to determine pasture 

end weights. 

 

Plot Establishment and Set-Up 

 The plots were established in the autumn of 1999 with the Jesup variety of tall 

fescue.  The land had previously been KY-31 endophyte-infected tall fescue  pasture and 

before pasture establishment was used to grow corn.  The soil is a Georgeville silt loam 

(clayey, kaolinitic, thermic Typic Hapludults) that is very deep and well drained.  To 
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prepare the area for the grazing experiment, the fields were hayed in the spring, prior to 

seedhead emergence, hayed again in midsummer and sprayed with Round-Up.  After 60 

days pastures were again sprayed with Round-Up and the soil was lightly disked and 

then seeded with endophyte-infected, endophyte-free or MaxQ tall fescue.  This 

experiment is a randomized complete block design, with three treatments and four 

replications.  The plots averaged 1.01 ha, with a range of 0.89-1.21 ha.  Grazing periods 

were Dec. 2 to Feb. 28 (year one) and Dec. 1 to Feb. 26 (year two).  Plots were fertilized 

with 94.9 kg/ha 30% urea ammonium nitrate on September 25, 2002 and 84.2 kg/ha 

September 4, 2003.  Prior to fertilization all plots were mechanically clipped.  From the 

time of fertilization forward the forage was neither grazed nor clipped and was allowed 

to accumulate until the initiation of the grazing trial each year.  Once the grazing trial 

began, heifers were given a strip of fresh forage daily.  Temporary fencing consisting of 

plastic tread-in posts and polywire was used to contain the heifers within the designated 

area.  In mid-January of both years back fences were installed to cover approximately 

half of the grazed area in order to prevent regrazing of pasture allotted to heifers in the 

first half of the study.  Ruminal fill was evaluated visually and behavior of the heifers 

was monitored closely in an effort to avoid limiting intake.  Also, the amount of residue 

left on the plots up to the next days’ feeding was visually evaluated. 

Tiller samples were taken November 29, 2001 and June 7, 2004 in order to 

determine endophyte infection status and the percent of endophytes producing ergot 

alkaloids (Agrinostics, Ltd., Watkinsville, GA).  Approximately 720 tillers were taken 

each sampling year (60 tillers per replication).  In 2001 the E- tillers were on average 

4.6% endophyte-infected with 100% of the endophytes producing alkaloids.  The E+ 
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tillers were 85.8% infected with 100% of the endophytes producing alkaloids.  Finally, 

the EN tillers were 91.6% endophyte-infected with 2.9% producing alkaloids.  The 

results from 2004 were nearly identical.  The summer preceding year one of the grazing 

study, all plots were harvested for hay several times.  This hay was stored under cover 

for use during inclement winter weather when grazing was not possible.  Prior to year 

two of the trial, the heifers were placed in three treatment groups and were rotationally 

grazed through their respective treatment plots.  One cutting of hay was taken following 

the removal of the heifers from the plots and prior to fertilization.   

 

Forage Measurements 

 Total forage yield and graze yield (forage over five cm) were determined prior to 

the initiation of grazing each year by taking an average of 15 canopy and drop height 

readings per paddock with a plate meter (Vartha and Matches, 1977; Mueller et al., 

1990).  The readings were taken at random.  Regression equations for total forage yield 

and graze yield were used to find actual yield values.  Total forage mass and total graze 

mass were calculated by multiplying the total forage yield and the graze yield by the 

number of hectares in each paddock.  At the conclusion of the trial the area grazed was 

determined by mapping with a Global Positioning System.  In an effort to improve the 

amount of forage utilized within the grazing period, put and take grazing management 

was used during year two.  Depending on the amount of forage left to graze within the 

plots, put and take animals (“grazers”) were moved from plot to plot in an effort to 

utilize all plots equally. 
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Forage Sampling 

 Ten randomly selected areas measuring approximately 0.3 meters by 0.3 meters 

were clipped to approximately five cm with hand held battery operated grass shears 

(Black and Decker, Inc., Towson, MD).  These total sward samples were taken from 

each of the 12 paddocks starting at the initiation of the study (December 2 year one, 

December 1, year two) and every 14 days thereafter until the conclusion of the study.  

The area used for sampling was estimated to be within the area that would be grazed 

over the next two weeks.  These samples were used to determine the nutritive value of 

the forage.  Samples were placed in a refrigerator at three degrees Celsius until they 

could be mixed well and 150-200 grams of forage could be subsampled for hand 

separation.  During hand separation, the fractions consisted of green fescue (live fescue), 

brown fescue (dead fescue), green non-fescue species (live species other than fescue) 

and brown non-fescue species (dead species other than fescue.)  The green non-fescue 

fraction consisted primarily of bluegrass in year one and bluegrass as well as some 

clover in year two.  The brown non-fescue fraction consisted mostly of crabgrass and 

some Johnsongrass.    Following hand separation, all samples were frozen at -19°C until 

it was time for them to go into the oven so that dry weights could be determined.   

 All total sward samples were weighed wet in order to determine green weights 

(to compare to dry weights and ensure there were no problems with the sample or the 

oven), placed in large aluminum pans, and put in a forced air oven at 60°C for 48 hours.  

Total sward samples were handled carefully throughout mixing and subsampling in an 

effort to prevent excessive air drying of samples prior to being placed in the oven.  At 

the conclusion of the 48 hour period, the oven was turned off and the samples were 
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allowed to air-equilibrate in the oven for 48 hours before air-equilibrated weights were 

taken.  Hand separated samples were placed in brown paper bags, weighed wet and then 

put in the forced air oven at 60°C for 48 hours.  Hot weights were taken at the 

conclusion of the 48 hour period, and then samples were allowed to air-equilibrate for 48 

hours before final weights were obtained.  Total sward samples were then taken into the 

lab and ground through a five millimeter screen in a Wiley Mill (Arthur H. Thomas Co., 

Philadelphia, PA).  A subsample was taken weighing approximately 25 grams, which 

was then reground through a one millimeter screen.  It was decided that lab analysis 

would be run on samples taken from weeks zero, four, eight and 12 of the trial (Dec. 2, 

Dec. 30, Jan. 27 and Feb. 24 year one; Dec. 1, Dec. 29, Feb. 2, and Feb. 23 year two).  

The green and brown fescue samples from separation were also run through the five 

millimeter screen in the Wiley Mill and if exceeding 25 grams were subsampled.  

Samples were then ground through the one millimeter screen.  The small sample size of 

the green and brown non-fescue fractions required pooling prior to grinding and lab 

analysis.  All green non-fescue samples were pooled across replications and treatments 

by week, creating one green non-fescue sample per analysis week.  The maximum 

amount of green non-fescue available used in each sample was two grams in the event 

that some samples were large.  Brown non-fescue samples were pooled across the four 

replications, but there was enough sample that the three treatments could be analyzed 

separately every analysis week, creating three samples per analysis week.  Each brown 

non-fescue sub-sample weighed at least five grams.    
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Laboratory Analysis 

 All forage samples (total sward, green and brown fescue, and green and brown 

non-fescue) were analyzed in duplicate for dry matter (DM), organic matter (OM), 

neutral detergent fiber (NDF), acid detergent fiber (ADF), cellulose, lignin, crude protein 

(CP) and in vitro true dry matter digestibility (IVTDMD).  Dry matter, OM and CP 

(Kjeldahl N * 6.25) were run with modifications as outlined by AOAC (1990).  Nitrogen 

concentration in the samples was determined by auto-analyzer (Technicon Industrial 

Systems, Tarrytown, NY).  The fiber fractions were run sequentially according to the 

procedures outlined by Van Soest et al., (1991) using the ANKOM Fiber Analyzer 

(Ankom Corp., Fairpark, NY).  Neutral detergent fiber was determined first, followed by 

ADF, 72% sulfuric acid cellulose and acid detergent lignin.  The methods outlined by 

Tilley and Terry (1963) were used with slight modification to determine IVTDMD in 

ANKOM DaisyII IV 100 apparatus (Ankom Corp., Fairpark, NY).  Microbial digestion 

was halted with a NDF run.   

Serum progesterone concentration was determined by radioimmunoassay.  Coat-

A-Count progesterone kits from Diagnostic Products Corporation (Los Angeles, CA) 

were used.  The tubes used in the assay were coated with rabbit antibody to 

progesterone.  Seven standards were prepared in duplicate to create a standard curve.  

The remainder of the tubes were filled in duplicate with 100 µL of vortexed serum from 

each heifer from each blood sampling day.  One mL of 125I labeled progesterone was 

then added to each sample tube, the samples were covered in parafilm and were shaken.  

Samples were allowed to sit for three hours and then decanted into an approved 

container.  The tubes were placed in a gamma counter and the concentration of 125I 
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labeled progesterone was determined.  Heifers whose duplicate tubes contained serum 

progesterone concentrations averaging over 1.0 ng/mL were considered cycling.  Serum 

urea nitrogen (SUN) was determined in an auto-analyzer (Technicon Industrial Systems, 

Tarrytown, NY) by way of colorimetry according to standards outlined by AOAC 

(1990).  Samples were frozen until analysis to prevent microbial degradation of urea.   

 

Statistics 

All data were analyzed using the PROC MIXED procedure of SAS (SAS Inst. 

Inc., Cary, NC) with the exception of green and brown non-fescue samples.  Green and 

brown non-fescue samples were analyzed using the PROC GLM procedure due to the 

lack of the random replication effect in this data set.  Nutrient quality of green and 

brown fescue as well as total sward samples was analyzed using repeated measures.  

Repeated measures were also used for SUN analysis.  The experimental unit in this study 

consisted of the group on each plot.  Treatment and year were the fixed variables of 

interest for all data, as well as the interaction between the two variables. Week and week 

by week were other fixed variables of interest for the total sward data and the green and 

brown fescue data, allowing for the analysis of a linear or quadratic effect on date.  The 

interactions of week by treatment and week by year were included in these models, as 

well as week by week by treatment and week by week by year.   

The error term for all forage data analyzed in PROC MIXED as well as ADG, 

progesterone concentration and BCS was rep by treatment by year.  The SUN data was 

analyzed using the error term of animal within rep by treatment by year in order to 

account for the individual animal data contained within this set.  The covariance 
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parameters for all data analyzed in PROC MIXED were rep, rep by treatment, rep by 

year and rep by treatment by year.  The covariance structure was autoregressive for the 

total sward and green and brown fescue nutrient quality data, as well as the percent of 

fescue that was green out of the sward, the percent green fescue out of total fescue and 

the amount of fescue in the sward.  The total amount of non-fescue forage in the sward 

as well as the percent of brown non-fescue was analyzed using the autoregressive 

covariance structure.  Serum urea nitrogen and percent green non-fescue were analyzed 

using an unstructured covariance structure.  Significant differences were defined as P ≤ 

0.05 and tendencies were identified at P ≤ 0.10.   
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Results and Discussion 

Nutrient Quality 

Total Sward Analysis 

 There was no significant treatment effect for any nutrient measure either year, so 

means of all treatments are presented for all total sward nutrient data.  There was a linear 

decline in in vitro true dry matter digestibility (IVTDMD) over both years (P < 0.01) and 

a quadratic decline when analyzed by year (year one P = 0.05, year two P < 0.01).  

There was a significant difference in IVTDMD between years, with year one declining 

from 87.6% in December to 72.1% by the end of February.  In year two IVTDMD 

dropped from 72.8% to 61.4% during the same period (Table 1; SE ± 0.74).  There was a 

significant week by year interaction (P = 0.01) as well as a week by week by year 

interaction (P < 0.01).  A study conducted in the piedmont of North Carolina by Scott 

(2000) showed that in vitro total organic matter digestibility (IVTOMD) ranged from 

87% to 78% in year one and 76% to 67% in year two.  Burns and Chamblee (2000a), 

also working in central North Carolina, found that in general, even when tall fescue was 

stockpiled for varying amounts of time, IVDMD averaged 64.2%.  In vitro dry matter 

digestibility of stockpiled fescue harvested from plots in West Virginia over four years 

varied a great amount from year to year.  Initially IVDMD was 64.6 and 62.4% in 

December and January of year one.  In vitro dry matter digestibility in year two was 56.1 

and 53.7% for December and January.  During year three IVDMD was 47.4 and 47.2% 

over the two consecutive months and in year four it was 59.8% in December and 51.2% 

in January (Balasko, 1977).  Balasko also noted that matting of fescue leaves and an 

increased rate of senescence and decomposition occurred on high yielding (i.e., two to 
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three metric tons/ha) fescue plots.  This could help explain the lower nutrient quality of 

the forage in year two of this study. 

 There was a tendency for crude protein to vary by year (P = 0.08).  Values 

ranged from 12.6% to 9.68 % in year one and from 11.9% to 8.47% in year two (Table 

1; SE ± 0.18).  There was a significant linear and quadratic effect for both years (P < 

0.01).  The CP requirement for a 227 kg heifer gaining about 0.45 kg/day is 9.8% on a 

dry matter basis (Davis, 2001).  This means that the heifers grazing plots in the second 

half of year two were most likely protein deficient.  The values obtained in this study 

were lower than what is traditionally found in the piedmont of North Carolina.  Burns 

and Chamblee (2000b) found that CP of stockpiled forage harvested in November 

averaged 12.6% over two years, regardless of accumulation start date.  Scott (2000) 

showed even higher CP levels in stockpiled forage, with year one ranging from 17.7% to 

18.5% in December and February and year two ranging from 12.8% to 12.1% in 

December and February.  Crude protein of stockpiled forage in Virginia was closer to 

what was seen in this trial, with values being 10.6% in November and then declining to 

9.5% in March (Bagley et al., 1983).  Balasko (1977) also saw lower crude protein in 

stockpiled fescue harvested from plots in West Virginia, with values at 10.1% in 

December and 9.4% in January.   

 Neutral detergent fiber did not show a linear increase over time (P = 0.97) but 

did show a quadratic increase as it gradually rose at different rates over the winter (P < 

0.01).  Values ranged from 44.2% to 61.4% in year one and 58.6% to 67.6% in year two 

(Table 1; SE ± 0.50).  The difference between years was significant (P < 0.01).  During 

year one NDF increased from Dec. 2 to Dec. 16, but then changed very little until Feb. 



 59

10 when it began to increase again.  In year two there was a less dramatic increase from 

Dec. 1 to Dec. 15, but from Dec. 30 forward NDF increased.  Neutral detergent fiber 

levels were similar to those seen by Scott (2000) with levels ranging from 52.8% in 

December to 57.0% in February of year one.  In year two NDF was higher, being 59.1% 

in December and 61.4% in February.  Burns and Chamblee (2000b) found that NDF 

averaged 50.1% in December, 57.7% in January and 55.5% in February of year one, and 

was 53.0% in December, 61.5% in January and 65.4% in February of year two.  Neutral 

detergent fiber was 56.8% in December, 62.3% in January and 65.4% in February of 

year three. 

 Both linear and quadratic effects were seen for ADF over both years (P < 0.01, P 

= 0.03, respectively).  Acid detergent fiber levels ranged from 21.0% to 31.0% in year 

one and 29.6% to 34.3% in year two (Table 1; SE ± 0.28).  The difference between years 

was significant (P < 0.01) and there was a tendency towards a week by week by year 

interaction (P = 0.10).  There was a more consistent increase in ADF both years of the 

study in comparison to NDF.  Archer and Decker (1977) obtained similar results in 

Maryland, with ADF averaging 28.0% to 32.3% from October to December in year one.  

Values were slightly higher in year two, being 30.9% in October and 31.6% in 

December.  Bagley et al. (1983) harvested stockpiled tall fescue at four different points 

in time and found that ADF content of tall fescue harvested in November and February 

averaged 35.0% and 39.9%, respectively.  Over three years ADF averaged 29.1%, 30.1% 

and 31.7% in a study by Burns and Chamblee (2000a).   

Cellulose increased linearly (P = 0.03) in years one and two and also showed a 

quadratic trend (P < 0.01).  There was a significant week by year interaction (P < 0.01) 
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and a significant week by week by year interaction (P = 0.03).  Cellulose was higher in 

year two than in year one (P < 0.01) increasing from 25.8% to 29.9% from December to 

February of year two and rising from 19.2% in December to 25.9% in February of year 

one (Table 1; SE ± 0.25).  These values were nearly identical to those found by Scott 

(2000).  Scott found that cellulose levels were higher in year two than in year one, being 

25.2% to 29.0% in year two and 20.9% to 24.7% in year one.  Burns and Chamblee 

(2000a) found that over three years cellulose averaged 23.3%, 23.9% and 25.6%, 

respectively.  Cellulose content in stockpiled fescue from Virginia increased from 27.5% 

in November to 29.6% in March as indicated by Bagley et al. (1983). 

 Similar to the other measures of fiber content, lignin was higher in year two than 

in year one (P < 0.01) and increased in a linear fashion over the winter (P < 0.01).  There 

was also a quadratic effect in both years (P = 0.04).  There was a trend towards a week 

by year interaction (P = 0.06) and there was a significant week by week by year 

interaction (P < 0.01).  Values ranged from 1.53% to 3.19% in year one and 3.17% to 

4.27% in year two (Table 1; SE ± 0.186).  Once again, Scott found very similar results, 

with lignin ranging from 2.2% to 2.6% in year one and 3.6% to 3.8% in year two.  

However, Scott found that lignin increased mid-way through the trial both years and 

then decreased by the final sampling date in late February.  This was not the case with 

this trial, as lignin increased fairly consistently over the course of the winter.  Bagley et 

al. (1983) actually found that lignin content decreased from November to March, being 

7.6% in November and decreasing to 7.3% by March.  This could be due to the addition 

to fresh spring growth to the sward, which could cause an increase in the nutrient quality 
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of the sward.  Burns and Chamblee (2000a) found that lignin content varied by year, 

being 4.6% in year one, 5.1% in year two and 5.2% in year three.    

 

Green and Brown Fescue Analysis 

 In vitro true dry matter digestibility was higher in year one than in year two for 

both green and brown fescue (P < 0.01).  Green fescue was higher in nutrient value than 

brown fescue for all analyses (P < 0.01) both years of the study.  Green fescue was 

between 89.3% and 91.8% IVTDMD year one and was between 83.5% and 85.7% year 

two (Table 2; SE ± 0.91).  Brown fescue ranged from 59.9% to 69.8% in year one and 

was 52.6% to 54.9% in year two (Table 3; SE ± 0.91).  The IVTDMD of both green and 

brown fescue decreased with both linear (P = 0.02) and quadratic effects (P < 0.01).  

There was a trend towards a week by year interaction (P = 0.10) as well as a significant 

week by week by year interaction (P = 0.01) for IVTDMD.  Burns and Chamblee found 

that green fescue remained fairly consistent in IVDMD over the winter, being 66.3% in 

November, 76.2% in December and 74.9% in February of year two and 65.6% in 

November, 70.4% in December and 74.9% in February of year three (2000b).  Brown 

fescue IVDMD was not nearly as high as green fescue, but did stay fairly stable over the 

winter.  In year two, brown fescue was 39.6% in November, 37.8% in December and 

33.5% in February.  In vitro dry matter digestibility was slightly higher in year three of 

the study, with brown fescue averaging 40.6% in November, 40.9% in January and 

42.7% in February (Burns and Chamblee, 2000b).  A study by Archer and Decker (1977) 

showed that green fescue IVTDMD was fairly consistent from October to December, 

ranging from 87.0% to 90.1%.  Brown fescue was significantly lower in IVTDMD, 
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being 65.7% to 68.2% from October to December.  Archer and Decker (1977) 

formulated a relationship between IVTDMD and the percentage of dead leaves in the 

sward.  They found that in year one for each 10% increase in dead leaf content, 

IVTDMD decreased about 3.38 units.  In year two, the decrease in IVTDMD was less 

than one unit for each 10% increase of dead tissue in the sward. 

 There was no significant difference in crude protein between the two years (P = 

0.41) for green or brown fescue.  Green fescue contained 12.7% to 10.4% CP in year one 

and varied from 13.6% to 10.4% CP in year two (Table 2; SE ± 0.24).  The CP in the 

green fescue for both years decreased until week eight and then rebounded by week 12.  

Brown fescue was 8.34% to 6.99% CP in year one and 8.11% to 7.27% CP in year two 

(Table 3; SE ± 0.242).  Green and brown fescue showed a linear decrease in CP as well 

as a quadratic effect (P < 0.01).  Burns and Chamblee found that CP averaged 11.9% in 

green fescue and 9.5% in brown fescue over the course of a three year study where 

stockpiled fescue was analyzed for nutrient content (2000b).  Crude protein content of 

green fescue decreased from October to December (14.0% to 11.1%) and then 

rebounded in February to 12.7% in a study by Taylor and Templeton (1976) carried out 

in Kentucky.  Brown fescue followed a similar pattern, dropping from 6.9% in October 

to 6.6% in November, but then rising to 7.7 and 8.6% in December and February, 

respectively (Taylor and Templeton, 1976).   

 All measures of fiber content were lower for green and brown fescue in year one 

than in year two (P < 0.01).  Neutral detergent fiber varied from 39.1% to 49.7% in year 

one to 47.3% to 51.8% in year two for green fescue (Table 2; SE ± 0.72).  Over the 

course of both years there was a quadratic effect (P < 0.01), with the NDF of green 
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fescue decreasing between weeks zero and four, staying fairly stable through week eight 

and then increasing again by week 12.  Brown fescue increased linearly in NDF (P < 

0.01) both years of the study and was 61.8% to 74.2% in year one and 72.7% to 73.8% 

in year two (Table 3; SE ± 0.72).  There was a significant week by week by year 

interaction for NDF (P < 0.01).  Burns and Chamblee (2000b) showed that the NDF 

content of green fescue accumulated from September 1 forward stayed relatively 

consistent over the course of the winter and averaged 47.5%.  Brown fescue averaged 

70.0% over the three years of their study.  Archer and Decker (1977) found that NDF of 

green fescue averaged 46.2%, while brown fescue averaged 63.0%. 

 The ADF content of the green fescue during year one followed the same pattern 

as NDF, where it was initially higher at 19.7% week zero, fell to 19.3% and 18.3% 

during weeks four and eight and then rose again to 21.3% week 12.  However, in year 

two ADF fell from 24.6% week zero to 22.1 % week four and then remained at 22.0% 

through weeks eight and 12 (Table 2; SE ± 0.39).  Acid detergent fiber in brown fescue 

rose consistently over time in year one from 32.3% to 37.3%, but fell between weeks 

zero and four from 37.3% to 36.2% and then rose throughout the rest of the trial to 

38.0% during year two (Table 3; SE ± 0.39).  There was a significant linear and 

quadratic effect for both green and brown fescue over the two years (P < 0.01).  Acid 

detergent fiber of tall fescue stockpiled from September 1 stayed fairly level from 

November to February according to Burns and Chamblee (2000b), averaging 23.7% for 

green fescue and 39.1% for brown fescue.  Archer and Decker (1977) found that ADF 

was 25.9% for green fescue and 38.3% for brown fescue. 
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 Cellulose content of green fescue started at 18.4% year one, fell during weeks 

four and eight to 18.1% and 17.1%, respectively then rose again to 19.7% by week 12.  

During year two, cellulose fell from 22.6% week zero to 20.3% week four and then 

remained fairly consistent throughout weeks eight and 12, being 20.4% and 20.5%, 

respectively (Table 2; SE ± 0.42).  Brown fescue rose fairly consistently in cellulose 

content over the four sampling weeks of each year.  Cellulose showed a linear increase 

over time, as well as a quadratic effect (Table 3; P < 0.01; SE ± 0.42). 

 Green fescue decreased in lignin content from 0.950% to 0.761% from weeks 

zero to eight of year one and 1.49% to 1.25% weeks zero through eight in year two and 

was higher again by week 12 of both years (1.02% year one, 1.30% year two; Table 2; 

SE ± 0.092).  Brown fescue followed the same pattern in year one, being 2.95% in week 

zero, 2.44% in week four, 2.48% in week eight and 3.41% in week 12 but decreased 

from 4.51% week zero to 4.07% and 4.12% weeks four and eight and decreased again by 

week 12 to 3.45% in year two (Table 3; SE ± 0.092).  There was an overall linear 

increase in both fractions over the two year period, and there was a quadratic effect (P < 

0.01).  Lignin showed a week by year (P < 0.01) and week by week by year interaction 

(P < 0.01).  Lignin content in green fescue averaged 2.9% and brown fescue averaged 

6.3% in a study out of Maryland by Archer and Decker (1977). 

 

Green Non-Fescue Analysis 

 Green non-fescue samples were composited across all replications and all 

treatments for each sampling week due to the small size of the samples.  Therefore, no 

treatment effect could be analyzed.  There was no week effect for IVTDMD, showing 
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that over the course of the winter nutrient quality did not decrease (P = 0.79).  In vitro 

true dry matter digestibility was 87.9% to 90.8% in year one and 80.3% to 83.1% in year 

two (Table 4; SE ± 0.76).  The difference between years was significant (P < 0.01).  

Crude protein did not differ by week (P = 0.36) or year (P = 0.88).  The ranges for each 

year were 13.8% to 16.3% in year one and 13.9% to 16.9% in year two (Table 4; SE ± 

0.78).  Neutral detergent fiber did not consistently increase by week as was the case with 

fescue, so there was no significant week effect (P = 0.27).  However, there was a 

significant year effect, where NDF in year one was lower (38.3% to 48.3%) than NDF in 

year two (49.8% to 55.9%; Table 4; P = 0.02; SE ± 2.19).  The same pattern held for 

ADF (P = 0.29) and cellulose (P = 0.24) where week was not significant, but ADF and 

cellulose were higher in year two than in year one (P = 0.02, P = 0.01, respectively).  

Acid detergent fiber ranged from 17.4% to 20.6% in year one and 22.6% to 26.6% in 

year two (Table 4; SE ± 0.97).  Cellulose content was lower in year one at 15.8% to 

18.6% and higher in year two, being 20.9% to 24.2% in year two (Table 4; SE ± 0.79).  

There was no significant week or year effect for lignin.  Lignin content averaged 1.67% 

in year one and 1.99% in year two (Table 4; SE ± 0.109). 

 

Brown Non-Fescue Analysis 

 Brown non-fescue samples were large enough that each treatment could be 

analyzed by sampling date.  The only nutrient measure that differed due to treatment was 

cellulose.  In vitro true dry matter digestibility and CP were higher in year one than in 

year two (P < 0.01).  In vitro true dry matter digestibility ranged from 65.0% to 43.5% in 

year one (Table 5) and 49.2% to 39.0% in year two (Table 6; SE ± 2.69).  Crude protein 
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ranged from 15.6% to 12.9% in year one (Table 5) and 11.6% to 8.78% in year two 

(Table 6; SE ± 0.17).  There was a significant treatment by year interaction for CP (P = 

0.03).  Neutral detergent fiber and ADF were lower in year one than in year two (P < 

0.01) and there was a trend towards a treatment by year interaction for NDF (P = 0.07) 

and ADF (P = 0.10).  Neutral detergent fiber varied from 69.1% to 71.8% in year one 

(Table 5) and 73.0% to 77.9% in year two (Table 6; SE ± 0.29).  Acid detergent fiber 

was anywhere from 35.6% to 38.7% in year one (Table 5) and 40.9% to 44.7% in year 

two (Table 6; SE ± 0.28).  Cellulose differed by year and by treatment.  Cellulose was 

higher in year two than in year one (P < 0.01).  Endophyte-infected fescue had a higher 

cellulose content than E- fescue over the two year study (P = 0.01) averaging 32.6% 

over both years, while E- fescue averaged 31.5%.  There was also a tendency for E+ 

fescue to have higher cellulose content than EN fescue (P = 0.07).  Non-toxic 

endophyte-infected fescue averaged 31.8% cellulose (Table 6, Table 7; SE ± 0.21).  

There was a trend towards a treatment by year interaction for cellulose (P = 0.07).  

Lignin was higher in year two than in year one (P < 0.01) ranging from 4.54% to 7.80% 

in year one (Table 5) and 6.29% to 7.90% in year two (Table 6; SE ± 0.247). 

 

Animal Performance 

Average Daily Gain 

 Average daily gain (ADG) on pasture was greater in year two than in year one (P 

= 0.03) and there was a trend towards a treatment by year interaction (P = 0.10; Table 7).  

There was no difference in gain due to treatment (P = 0.45).  The mean pasture ADG 

was 0.40 kg/d in year one and 0.48 kg/d in year two (SE ± 0.053).  Average daily gain 
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from the first of two full barn weights at the initiation of the trial to the last of two full 

barn weights at the conclusion of the trial (full barn weights) were greater in year one 

(0.46 kg/d) than in year two (0.29 kg/d; P < 0.01; SE ± 0.034).  The same was true for 

gains calculated from the weight taken when heifers had gone 24 hours without feed or 

water at the beginning of the trial (shrunk barn weights) to the weight at the conclusion 

of the trial after 24 hours without feed or water.  Shrunk barn ADG averaged 0.43 kg/d 

in year one and 0.27 kg/d in year two (SE ± 0.032).  While there was no treatment effect 

for the full barn ADG or the shrunk barn ADG (P = 0.32, P = 0.21, respectively) there 

was a significant treatment by year interaction for the shrunk barn ADG (P = 0.05; Table 

7).  This difference in full and shrunk barn gains is most likely due to the low nutrient 

quality of the hay fed to the heifers at the end of the study in year two.  The in vitro true 

dry matter digestibility of the orchardgrass hay at the end of year two was 46.4% which 

could have caused low intake due to fill and poor weight gain due to low nutrient 

quality. 

 The lack of a treatment effect on weight gain is generally not seen.  It is common 

for livestock on E+ fescue to perform at a lower level than those on E- or EN fescue 

whether the season is winter, summer, spring or fall.    Chestnut et al. (1991) showed that 

steers grazing E- fescue gained 0.55 kg/day whereas those grazing E+ fescue 

(approximately 81% infected) gained 0.41 kg/day during the winter (early December 

through early April).  Lambs grazing E+, E- and EN fescue from March until May in 

Georgia showed large differences in weight gain.  Those on Jesup E- and Jesup EN 

(AR542) gained 0.12 kg/day and 0.13 kg/day, respectively, while lambs on Jesup E+ 

gained only 0.08 kg/day (Bouton et al., 2002).  Average daily gains from 
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September/October to November/December differed by treatment in a study by Parish et 

al. (2003b).  Cattle grazing E+ pastures in the fall gained 0.41 kg/day at the Calhoun 

location and 0.56 kg/day at the Eatonton location.  Those on E- fescue gained 0.84 

kg/day at the Calhoun location and 0.87 kg/day at the Eatonton location.  Finally, cattle 

on EN (AR542) gained 0.82 kg/day and 0.81 kg/day at the Calhoun and Eatonton 

locations (Parish et al., 2003b).  However, Kallenbach et al. (2003) found that ergovaline 

levels in stockpiled tall fescue dropped throughout the winter until March, when levels 

were about 15% of their original levels, perhaps explaining the absence of a treatment 

effect in this study.  

 

Percent of Heifers Cycling 

 Serum progesterone concentration was analyzed to determine the percentage of 

heifers within each respective treatment that experienced an estrous cycle at least once 

over the course of the study.  The results varied substantially across the three treatments 

and two years, with a standard error of 13.01% and no significant effects or interactions.  

During year one the smallest percentage of heifers cycling were in the E- group (37.5%), 

while in year two the smallest percentage of heifers cycling were in the E+ group 

(18.8%; Table 7).  However, it should be noted that these heifers were purchased as 

commercial cattle and there was no guarantee about their reproductive integrity, 

meaning that there could have been some unknown reproductive problems existing or 

freemartins in the group. 

 Previous work has shown that progesterone was reduced for nine days when 

ewes grazed E+ tall fescue, but after that point no difference in circulating progesterone 
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levels was seen (Burke et al., 2002).  Weanling heifers were more affected by E+ fescue 

than yearling heifers, showing consistently lower circulating levels of serum 

progesterone than their yearling counterparts who were also consuming E+ fescue 

(Mahmood et al., 1994).  Mizinga et al. (1992) found that serum progesterone was 

reduced on one sampling date when heifers consumed E+ fescue seed.  On the other 

three sampling dates there was no difference in progesterone due to treatment. 

 

Body Condition Score 

 Body condition score differed by year (P < 0.01) but was similar across 

treatments (P = 0.45).  Overall, body condition was higher at the initiation of the study in 

year one and stayed higher throughout the winter up to the conclusion of the study 

(Table 7; SE ± 0.049).  Average body condition score at the beginning of the study in 

year one was 5.12, while in year two it was 4.95.  At the conclusion of the study, body 

condition averaged 5.22 in year one and 5.00 in year two.  While heifers gained more on 

pasture in year two, body condition was evaluated prior to heifers’ placement on plots 

and after returning to the barn and eating hay, which was low in IVTDMD.  The fact that 

ADG was lower in year two for both measures of gain while in the barn could help 

explain the lower body condition scores.  While it would seem that perhaps body 

condition score would more accurately reflect pasture performance if the technician 

evaluated these heifers while they were still on pasture, this would also create a potential 

situation for bias, as the treatments that the heifers were assigned to would be known.  

The heifers in year two started out with lower body condition at the initiation of the 
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study and did not outperform the heifers in year one.  Therefore, the fact that body 

condition was lower throughout the entire year is not unexpected. 

 

Serum Urea Nitrogen 

 Serum urea nitrogen (SUN) concentration did not differ by treatment (P = 0.77) 

but there was a significant year effect (P < 0.01) and a significant treatment by year 

interaction (P = 0.02; Table 7; SE ± 0.231).  Baseline SUN concentrations established 

from blood samples taken prior to the grazing study (in November) averaged 10.7 mg/dL 

during year one and 13.8 mg/dL during year two.  As of December, when the heifers 

were grazing their respective plots, SUN levels averaged 6.55 mg/dL in year one and 

7.79 in year two.  A rapid decline in SUN occurred in January of year two, when levels 

dropped below those seen in year one (5.75 mg/dL year two vs. 6.11 mg/dL year one).  

This trend continued through February, where SUN was once again lower in year two 

(4.53 mg/dL) than in year one (5.25 mg/dL).  Hammond et al. (1994) indicated that 

blood urea nitrogen levels below 9.0 mg/dL are correlated to protein deficiency, 

meaning that below this level ADG is being limited by protein intake.  Based on the 

SUN data collected during this trial, the ADG of these heifers was being limited by 

protein intake, irregardless of treatment.  There was a significant month effect for SUN 

(P < 0.01) with SUN levels dropping lower than those seen the previous month for each 

time point. There was also a quadratic month effect (P < 0.01).  Several interactions 

were significant as well, including month by year (P < 0.01), month by month by year (P 

< 0.01) and month by month by treatment (P = 0.02). 
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 Serum urea nitrogen indicates the metabolic status of the animal as far as the 

energy and protein balance is concerned.  The very low levels seen during this study 

probably indicate that the heifers had enough energy to metabolize the protein that they 

were ingesting, but were more than likely barely meeting their requirements in year one 

and by the end of year two were protein deficient, based on the nutrient quality of the 

sward versus the nutrient requirements of growing heifers (Davis, 2001).    

 

Forage Measurements 

Sward Composition-Fescue 

 The total amount of fescue in the sward varied by treatment (P = 0.05) but did 

not differ by year (P = 0.15).  Total fescue was obtained by taking green and brown 

fescue air-equilibrated dry weights and dividing the sum by the total dry sample weight.   

There was an average of 88.4% fescue in the sward for E+ plots in year one and 86.9% 

fescue in the sward for E+ plots in year two.  Endophyte-free plots averaged 82.8% 

fescue in year one and 75.0% fescue in year two.  Non-toxic endophyte-infected plots 

were made up of 88.2% fescue in year one and 84.1% fescue in year two on average 

(Table 8; SE ± 2.04).   

The amount of green fescue in the sward differed by treatment (P = 0.02) and 

year (P < 0.01) with E+ and EN sward samples containing more green fescue (E+: 

59.3% year one, 47.2% year two EN: 58.0% year one, 42.3% year two) than E- sward 

samples (E-: 53.8% year one, 37.3% year two; Table 8; SE ± 1.15).  There was also a 

trend towards a treatment by year interaction (P = 0.09) and a week by week by year 

interaction (P = 0.06).  The amount of green fescue out of the total sward was 
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determined by way of dividing the amount of green fescue by the total sample weight.  

As the winter progressed, the amount of green fescue out of the total sward decreased (P 

< 0.01).  Burns and Chamblee (2000b) found similar results, with the percent of green 

tissue in the sward decreasing from 57% in November of year two and 66% in year three 

down to 26% in February of year two and 25% in February of year three.  Their samples 

taken in March began to increase in percent green fescue, which is a fairly common for 

the piedmont of North Carolina.  

The amount of green fescue out of the total amount of fescue in the sward did not 

differ by treatment (P = 0.91) but differed by year (P < 0.01).  This was determined by 

way of dividing the amount of green fescue by the sum of green and brown fescue.  

There was more fescue that was green in year one (E+: 67.3%, E-: 66.2%, EN: 66.1%) 

than in year two (E+: 54.6%, E-: 50.4%, EN: 50.4%; Table 8; SE ± 1.12).  There was a 

significant linear decrease in the amount of fescue that was green as time progressed (P 

< 0.01) and a quadratic effect (P = 0.03) was observed.  Furthermore, there was a week 

by year interaction (P = 0.03) and a week by week by year interaction (P = 0.03). 

 

Sward Composition-Non-Fescue 

 The total amount of non-fescue species within the sward besides fescue varied by 

treatment (P = 0.02) but did not differ by year (P = 0.49).  Endophyte-free plots 

contained more non-fescue species (18.9% year one, 25.0% year two) than E+ (12.2% 

year one, 13.1% year two) or EN (12.5% year one, 15.9% year two) plots (Table 8; SE ± 

2.03).  Burns and Chamblee (2000a) found that over two years time, the percentage of 
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weeds within E+ stands differed by year, being 8% weeds in year two and 3% weeds in 

year three.   

When broken down into green non-fescue species (primarily bluegrass and some 

clover) and brown non-fescue species (crabgrass, Johnsongrass, bermudagrass) the 

results are slightly different.  There was a tendency for E- plots to contain more green 

non-fescue species (2.68% year one, 3.03% year two) than E+ (1.98% year one, 1.15% 

year two) or EN (1.92% year one, 1.49% year two) plots (P = 0.10; Table 8; SE ± 0.494) 

but there was no significant year effect (P = 0.34).  However, there was a significant 

year effect for brown non-fescue species (P = 0.01) as well as a treatment effect (P < 

0.01).  There were more brown non-fescue species overall in year two than in year one 

as well as more brown non-fescue species in the E- sward samples than the E+ or EN 

sward samples.  The difference between years is most likely due to weather conditions, 

as the summer prior to year one was abnormally hot and dry, causing reduced survival of 

the warm season invaders.  The weather during the summer prior to year two was much 

more conducive to plant growth.  Bouton et al. (1993) point out the fact that the one of 

the greatest stress factors for tall fescue in the southern coastal plain is aggressive warm 

season grasses.  Endophyte-free stands are particularly susceptible to these invasive 

warm season grasses (Bouton et al., 1993).  The removal of the endophyte reduces the 

plant’s ability to withstand drought and pests, creating an opportunity for bermudagrass, 

crabgrass and Johnsongrass to invade stands.   
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Plot Measurements 

 The total pre-graze forage mass was greater in year two than in year one (P < 

0.01), most likely due to weather conditions and more favorable growing conditions for 

tall fescue.  Endophyte-free plots contained less forage (2067 kg/ha year one, 4183 kg/ha 

year two) from the soil surface to the top of the canopy than did E+ (2522 kg/ha year 

one, 5027 kg/ha year two) or EN (2243 kg/ha year one, 5035 kg/ha year two; P = 0.05; 

Table 9; SE ± 204.0).  Kallenbach et al. (2003) found that E+ plots had approximately 

20% more forage mass than E- or EN plots.  Bouton et al. (2002) found that dry matter 

yield over two years averaged 8635 kg/ha for E+ plots, 7813 kg/ha for E- plots and 9072 

kg/ha for EN (AR542) plots in Georgia.  In their study there was no significant 

difference between E+ and EN dry matter yields, which were greater than E- dry matter 

yields.   

Grazeable mass differed by year (P < 0.01), but not by treatment (P = 0.43), 

where grazeable mass was also greater in year two than in year one.  Grazeable mass 

was defined as the mass of forage available to the animal, measured as the height from 

the top of the canopy to approximately five cm from the soil surface.  Grazeable mass 

for E+ fescue was 1350 kg/ha in year one and 2391 kg/ha in year two, E- fescue was 

1118 kg/ha year one and 2018 kg/ha year two, and EN fescue was 1174 kg/ha year one 

and 2628 kg/ha year two (Table 9; SE ± 262.0).  Parish et al. (2003b) found that 

available forage (forage 5.08 cm above the soil surface) differed by treatment for one 

location in Georgia, but did not differ at another location.  At the Calhoun experiment 

station E+ plots contained the most available forage (2075 kg/ha), the E- plots contained 

an intermediate amount of available forage (1855 kg/ha) and EN (AR542) plots 
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contained the least amount (1757 kg/ha).  However, at the Eatonton location there was 

no significant difference in available forage.  Endophyte-infected plots had 2952 kg/ha 

available forage, E- plots contained 2816 kg/ha and EN (AR542) plots contained 3057 

kg/ha.    

More area was grazed on E- plots than E+ or EN plots (E-: 0.870 ha year one, 

0.656 ha year two E+: 0.678 ha year one, 0.555 ha year two EN: 0.708 ha year one, 

0.582 ha year two) (P < 0.01; Table 9; SE ± 0.0473).  The number of animal grazing 

days per hectare was greater in year two than in year one (P < 0.01) but did not differ by 

treatment (P = 0.26), averaging 366 days in year one and 595 days in year two (Table 9; 

SE ± 48.6).  Gain per hectare also did not differ by treatment (P = 0.87) but differed by 

year (P < 0.01) averaging 143.6 kg in year one and 282.7 kg in year two (Table 9; SE ± 

27.8).  For this project, gain per hectare was calculated by multiplying the mean pasture 

average daily gain of the four treatment animals on each plot by the number of animal 

grazing days per hectare.  Parish et al. (2003b) found that gain per hectare differed by 

treatment, being 165 kg/ha for E+ fescue, 226 kg/ha for E- fescue and 227 kg/ha for EN 

fescue at the Calhoun location.  At the Eatonton location, gain per hectare also differed 

by treatment, with E+ gains being 126 kg/ha, E- gains being 194 kg/ha and EN (AR542) 

gains being 179 kg/ha.   

Finally, carrying capacity was greater in year two than in year one (P < 0.01) but 

did not differ due to treatment (P = 0.18).  Average carrying capacity was 5.23 head per 

hectare in year one and 6.92 head per hectare in year two (Table 9; SE ± 0.570). 
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Climatological Data 

 The spring and part of the summer preceding year one of the study was unusually 

hot and dry.  However, by August temperatures were only slightly above the 30-year 

average and precipitation was slightly over the 30-year average.  During August of year 

two, temperatures were close to what is expected but precipitation was nearly twice 

(21.6 cm) what it traditionally is (11.2 cm) in this part of the country (Table 10).  

September’s weather in year one was close to normal, with average maximum and 

minimum temperatures an average of 1.5 degrees above the 30-year averages and 

precipitation 0.24 cm below average.  Average maximum temperatures in September of 

year two were 26°C, one degree below normal and precipitation was nearly two cm 

above normal (Table 10).  Rain began to fall in October of year one and kept up steadily 

throughout the winter.  Precipitation in October was 23.8 cm, over three times the 

normal 7.34 cm (Table 10).  October of year two was fairly close to the 30-year 

averages.   Average maximum temperatures were 2 to 3°C cooler than usual during 

November, December, January and February of year one.  November, December and 

February were also wetter than usual.  However, in January there was nearly half the 

precipitation as what would traditionally be expected (4.30 cm year one vs. 9.29 cm 30-

year average; Table 10).  During year two, temperatures and precipitation over the span 

of the grazing study were very close to what would be expected in this area with the 

exception of the amount of precipitation in January which was 3.13 cm, nearly a third of 

9.29 cm, the amount that traditionally is expected in January (Table 10).   

 Research has shown that the quality of stockpiled fescue tends to decrease over 

the winter because plant cells rupture in freezing temperatures (Bagley et al., 1983).  
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However, as environmental temperatures increase, NDF, hemicellulose and cellulose 

concentrations all increase (Fales, 1986).  Fribourg and Bell (1984) found that the level 

of deterioration within stockpiled tall fescue stands is very dependent on weather.  Brief 

periods of warmth during the winter can cause an increase in the nutritive value of a 

sward, however older tissue has a tendency to decay more rapidly in warmer 

temperatures (Kallenbach et al., 2003). 

 It is difficult to determine the reason for the lower nutrient quality seen in year 

two as compared to year one.  The higher fiber levels may be attributed to warmer 

temperatures.  Researchers often see differences in nutrient quality between years 

without dramatic weather differences.  However, the increased forage mass seen in year 

two is most likely a function of the more normal climatic conditions that occurred during 

the growth of the stand. 
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Implications 

Endophyte-infected fescue did not have the anticipated effect on the heifers, as 

their weight gain and estrous cycle were not affected by ingestion of the endophyte.  

While prolactin concentrations were not determined for this study, it seems that livestock 

may be able to graze stockpiled E+ fescue from December to February in the piedmont 

of North Carolina and not experience the negative effects traditionally associated with 

this forage.  The lack of a treatment effect may be due to the grazing season being in the 

coldest part of the winter from December to March, combined with the fact that none of 

the treatment groups performed particularly well given the nutrient quality of the forage.   

Non-toxic endophyte-infected fescue appears to be a viable alternative to E+ 

fescue as far as persistence against non-fescue species, total forage mass, carrying 

capacity and animal grazing days are concerned.  While reduced animal performance 

was not seen in heifers grazing E+ plots for this winter study, heat stress in the spring 

and summer would most likely cause the symptoms associated with fescue toxicosis to 

be apparent.  Non-toxic endophyte-infected fescue could be a good option for producers 

as it would allow for earlier grazing in the fall and later grazing into the spring as 

opposed to endophyte-infected fescue.  However, animal weight gains of about 0.40 kg a 

day are not high enough to adequately develop growing heifers and prepare them for 

breeding.  Dry brood cows would probably fit this system more adequately than growing 

heifers, or supplemental feed could be offered to help develop growing stock. 
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Table 1. In vitro true dry matter digestibility, crude protein, neutral deterent fiber, acid detergent
              fiber, cellulose and lignin content of total sward samplesa as influenced  by date and year

Date P=
Yr 1 2-Dec 16-Dec 30-Dec 13-Jan 27-Jan 10-Feb 24-Feb SE Yr Week Week

Item Yr 2 1-Dec 15-Dec 29-Dec 12-Jan 2-Feb 9-Feb 23-Feb Linear Quadratic

% DM

IVTDMD, % Yr 1 87.6 83.3 82.0 79.7 81.3 73.9 72.1 0.74 <0.01 <0.01 0.18
Yr 2 72.8 67.5 66.1 64.8 62.8 61.2 61.4

CP, % Yr 1 12.6 11.9 10.8 10.3 9.68 10.5 10.2 0.18 0.08 <0.01 <0.01
Yr 2 11.9 11.0 9.77 9.57 8.75 8.69 8.47

NDF, % Yr 1 44.2 50.6 49.5 50.9 50.1 58.0 61.4 0.50 <0.01 0.97 <0.01
Yr 2 58.6 61.1 59.7 62.3 63.5 65.0 67.6

ADF, % Yr 1 21.0 23.5 24.0 25.8 25.2 29.1 31.0 0.28 <0.01 <0.01 0.03
Yr 2 29.6 30.9 30.7 32.0 32.7 33.2 34.3

Cellulose, % Yr 1 19.2 21.0 21.4 22.9 22.7 24.2 25.9 0.25 <0.01 0.03 <0.01
Yr 2 25.8 26.0 26.0 27.2 28.0 28.3 29.9

Lignin, % Yr 1 1.53 2.05 2.23 2.41 1.97 3.19 3.06 0.186 <0.01 <0.01 0.04
Yr 2 3.17 3.84 4.03 3.91 3.96 4.27 3.81

     ameans over treatments presented due to lack of significant treatment effect
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Table 2. In vitro true dry matter digestiblity, crude protein, neutral detergent fiber,  
              acid detergent fiber, cellulose and lignin content of green fescuea as 
              influenced by date and year

Date P=
Yr 1 2-Dec. 30-Dec. 27-Jan. 24-Feb. SE Yr Week Week

Item Yr 2 1-Dec. 29-Dec. 2-Feb. 23-Feb. Linear Quadratic

% DM

IVTDMD, % Yr 1 90.3 90.6 91.8 89.3 0.91 < 0.01 0.02 < 0.01
Yr 2 83.5 85.2 85.6 85.7

CP, % Yr 1 12.7 11.3 10.4 11.8 0.24 0.41 < 0.01 < 0.01
Yr 2 13.6 11.1 10.4 11.0

NDF, % Yr 1 42.0 41.7 39.1 49.7 0.72 < 0.01 < 0.01 < 0.01
Yr 2 51.8 47.3 47.6 48.6

ADF, % Yr 1 19.7 19.3 18.3 21.3 0.39 < 0.01 < 0.01 < 0.01
Yr 2 24.6 22.1 22.0 22.0

Cellulose, % Yr 1 18.4 18.1 17.1 19.7 0.42 < 0.01 < 0.01 < 0.01
Yr 2 22.6 20.3 20.4 20.5

Lignin, % Yr 1 0.950 0.864 0.761 1.02 0.092 < 0.01 < 0.01 < 0.01
Yr 2 1.49 1.40 1.25 1.30

     ameans over treatments presented due to lack of significant treatment effect
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Table 3. In vitro true dry matter digestiblity, crude protein, neutral detergent 
               fiber, acid detergent fiber, cellulose and lignin content of brown
               fescuea as influenced by date and year

Date P=
Yr. 1 2-Dec. 30-Dec. 27-Jan. 24-Feb. SE Yr Week Week

Item Yr. 2 1-Dec. 29-Dec. 2-Feb. 23-Feb. Linear Quadratic

% DM

IVTDMD, % Yr. 1 69.8 69.3 68.6 59.9 0.91 < 0.01 0.02 < 0.01
Yr. 2 54.9 52.8 53.2 52.6

CP, % Yr. 1 8.34 8.09 6.99 7.07 0.242 0.41 < 0.01 < 0.01
Yr. 2 8.11 7.56 7.42 7.27

NDF, % Yr. 1 61.8 66.1 67.2 74.2 0.72 < 0.01 < 0.01 < 0.01
Yr. 2 72.7 71.3 73.8 73.3

ADF, % Yr. 1 32.3 33.0 34.4 37.3 0.39 < 0.01 < 0.01 < 0.01
Yr. 2 37.3 36.2 37.7 38.0

Cellulose, % Yr. 1 28.3 28.9 30.8 33.4 0.42 < 0.01 < 0.01 < 0.01
Yr. 2 31.7 31.0 33.1 33.6

Lignin, % Yr. 1 2.95 2.44 2.48 3.41 0.092 < 0.01 < 0.01 < 0.01
Yr. 2 4.51 4.07 4.12 3.45

     ameans over treatments presented due to lack of significant treatment effect
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Table 4. In vitro true dry matter digestiblity, crude protein, neutral detergent fiber,
              acid detergent fiber, cellulose and lignin content of green non-fescue
              samplesa as influenced by date and year

Date P=
Yr 1 2-Dec. 30-Dec. 27-Jan. 24-Feb.

Item Yr 2 1-Dec. 29-Dec. 2-Feb. 23-Feb. SE Week Yr

% DM

IVTDMD, % Yr 1 88.6 90.8 90.0 87.9 0.76 0.79 < 0.01
Yr 2 81.6 80.3 83.1 82.5

CP, % Yr 1 16.0 14.8 13.8 16.3 0.78 0.36 0.88
Yr 2 16.9 15.3 14.3 13.9

NDF, % Yr 1 48.3 39.2 38.3 45.7 2.19 0.27 0.02
Yr 2 55.9 52.5 51.0 49.8

ADF, % Yr 1 20.6 18.3 17.4 20.6 0.97 0.29 0.02
Yr 2 26.6 23.9 23.3 22.6

Cellulose, % Yr 1 18.6 16.3 15.8 18.5 0.79 0.24 0.01
Yr 2 24.2 21.6 21.5 20.9

Lignin, % Yr 1 1.59 1.76 1.39 1.95 0.109 0.46 0.13
Yr 2 2.13 2.21 1.81 1.81

     ameans presented represent composite sample of all treatments and replications,
creating one sample per analysis week (due to small sample size)
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Table 5. In vitro true dry matter digestiblity, crude protein, neutral detergent fiber,
              acid detergent fiber, cellulose and lignin content of brown non-fescue
              samplesa as influenced by date and treatmentb. Year 1

Date P=
Item 2-Dec. 30-Dec. 27-Jan. 24-Feb. SE Trt Yr Trt * Yr

% DM

IVTDMD, % E+ 65.0 61.3 56.2 50.7 2.69 0.46 < 0.01 0.31
E- 54.3 43.5 60.6 48.5
EN 59.5 50.6 48.2 45.6

CP, % E+ 14.5 14.6 13.4 15.5 0.17 0.53 < 0.01 0.03
E- 13.7 15.3 13.7 14.1
EN 15.6 14.9 12.9 15.3

NDF, % E+ 69.8 69.1 71.7 69.2 0.29 0.29 < 0.01 0.07
E- 69.5 70.4 71.8 70.8
EN 70.9 69.2 70.3 70.4

ADF, % E+ 35.6 36.4 38.5 37.7 0.28 0.30 < 0.01 0.10
E- 36.9 36.6 38.7 37.7
EN 36.8 36.3 37.1 37.8

Cellulosec, % E+ 30.1 28.8 31.8 26.7 0.21 0.04 < 0.01 0.07
E- 30.2 26.9 32.2 27.0
EN 30.4 26.2 30.8 26.5

Lignin, % E+ 4.54 6.25 5.66 7.66 0.247 0.41 < 0.01 0.69
E- 5.62 7.52 5.50 7.22
EN 5.65 7.05 5.48 7.80

   ameans presented for each treatment are from composite samples; due to small sample size, all
replications were combined for each treatment
     btreatment (trt) E+ = endophyte-infected; E- = endophyte-free; EN = non-toxic endophyte-
infected
    cE+ > E- and EN; P < 0.07  
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Table 6. In vitro true dry matter digestiblity, crude protein, neutral detergent fiber,
              acid detergent fiber, cellulose and lignin content of brown non-fescue
              samplesa as influenced by date and treatmentb. Year 2

Date P=
Item 1-Dec. 29-Dec. 2-Feb. 23-Feb. SE Trt Yr Trt * Yr

% DM

IVTDMD, % E+ 45.2 45.2 42.0 48.8 2.69 0.46 < 0.01 0.31
E- 39.2 44.3 49.2 39.0
EN 48.0 40.0 46.9 42.6

CP, % E+ 9.41 10.0 9.78 9.07 0.17 0.53 < 0.01 0.03
E- 9.55 11.6 10.1 9.88
EN 10.5 10.2 8.78 8.87

NDF, % E+ 75.4 75.6 75.5 76.5 0.29 0.29 < 0.01 0.07
E- 73.5 73.0 73.3 75.1
EN 74.7 73.3 77.2 77.9

ADF, % E+ 43.7 43.8 43.5 44.7 0.28 0.30 < 0.01 0.10
E- 41.9 40.9 41.7 43.0
EN 42.4 40.9 44.7 45.7

Cellulosec, % E+ 35.7 35.5 34.6 37.8 0.21 0.04 < 0.01 0.07
E- 34.2 32.5 33.5 35.1
EN 34.9 32.2 36.1 37.6

Lignin, % E+ 7.44 7.67 7.90 6.29 0.247 0.41 < 0.01 0.69
E- 7.09 7.77 7.32 7.13
EN 6.99 7.86 7.87 7.52

   ameans presented for each treatment are from composite samples; due to small sample 
size, all replications were combined for each treatment
     btreatment (trt) E+ = endophyte-infected; E- = endophyte-free; EN = non-toxic endophyte-
infected
    cE+ > E- and EN; P < 0.07  
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Table 7. Average daily gain, percent heifers cycling, body condition score and serum urea
              nitrogen levels as influenced by treatmenta and year

Year 1 Year 2 P=
Item E+ E- EN E+ E- EN SE Trt Yr Trt * Yr

ADG pasture, kg/d  0.332b  0.421b  0.446b   0.487bc  0.540b  0.416c 0.0532 0.45 0.03 0.10
ADG barn full, kg/d 0.392 0.474 0.510 0.294 0.312 0.266 0.0317 0.32 <0.01 0.13
ADG barn shrunk, kg/d  0.367d  0.449e  0.479e   0.276de  0.304d  0.231e 0.0335 0.21 <0.01 0.05
Heifers cycling, % 62.5 37.5 64.3 18.8 50.0 50.0 13.01 0.61 0.25 0.12
Body condition score

Initial 5.14 5.12 5.11 4.93 4.95 4.96 0.049 0.45 0.01 0.88
Final 5.25 5.26 5.14 5.06 4.98 4.96

Serum urea nitrogen, mg/dL
Nov. 10.9 10.5 10.7 14.1 13.7 13.7 0.23 0.77 <0.01 0.02
Dec. 7.31 6.36 5.97 8.14 7.60 7.62 0.231
Jan. 6.32 6.25 5.77 6.13 5.74 5.39 0.231
Feb. 4.50 6.69 4.57 4.70 4.52 4.36 0.231
Avg. 7.07f 7.62g 6.63f 8.38f 7.66g 7.80g 0.231

     atreatment (trt) E+ = endophyte-infected; E- = endophyte-free; EN = non-toxic endophyte-infected
     b-gmeans lacking common superscript letters within year differ by P  < 0.10
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Table 8. Percent fescue in sward, percent green fescue of total fescue, percent 
              green fescue of total sward, percent green non-fescue species in sward,
              percent brown non-fescue species in sward and total non-fescue species
              in sward as influenced by treatmenta and year

Year 1 Year 2 P=
Item E+ E- EN E+ E- EN SE Trt Yr Trt * Yr

Fescue in swardb, % 88.4 82.8 88.2 86.9 75.0 84.1 2.04 0.05 0.15 0.20

Green fescue of total 
fescue, % 67.3 66.2 66.1 54.6 50.4 50.4 1.12 0.91 <0.01 0.13
Green fescue of total 
swardf, %  59.3c  53.8d  58.0c  47.2c  37.3d  42.3e 1.15 0.02 <0.01 0.09
Green non-fescue 
species in swardg, % 1.98 2.68 1.92 1.15 3.03 1.49 0.494 0.10 0.34 0.50
Brown non-fescue 
species in swardh, % 10.2 16.2 10.6 12.0 21.9 14.4 1.79 <0.01 0.01 0.52
Total non-fescue 
species in swardg, % 12.2 18.9 12.5 13.1 25.0 15.9 2.03 0.02 0.49 0.33

     atreatment (trt) E+ = endophyte-infected; E- = endophyte-free; EN = non-toxic endophyte-infected
     bE+ and EN > E-; P < 0.02
     c,d,emeans lacking common superscript letters within year differ by P  < 0.01
     fE- > EN > E+; P <0.01
     gE- > E+ and EN; P  < 0.01
     hE- > E+ and EN; P  = 0.02
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Table 9. Grazed area, grazeable mass, total forage mass, animal grazing days per hectare,
              gain per hectare and carrying capacity as influenced by treatmenta and year

Year 1 Year 2 P=
Item E+ E- EN E+ E- EN SE Trt Yr Trt * Yr

Grazed areab,c, ha 0.678 0.870 0.708 0.555 0.656 0.582 0.0473 0.01 < 0.01 0.56
Grazeable massd, 
kg/ha 1350 1118 1174 2391 2018 2628 262.0 0.43 < 0.01 0.58
Total forage 
massd,e, kg/ha 2522 2067 2243 5027 4183 5035 204.0 0.05 < 0.01 0.12
Animal grazing 
days per ha 416 326 356 625 530 630 48.6 0.26 < 0.01 0.68
Gain per hectaref, 
kg 139 137 156 305 284 258 27.8 0.87 < 0.01 0.47
Carrying capacity, 
hd/ha 5.95 4.66 5.08 7.27 6.16 7.33 0.570 0.18 < 0.01 0.68

     atreatment (trt) E+ = endophyte-infected; E- = endophyte-free; EN = non-toxic endophyte-infected
     bmeasurement taken by GPS at conclusion of study
     cE+ and EN > E-; P < 0.03
     dpre-graze measurement
     eE+ and EN > E-; P  < 0.05
    fcalculated using mean pasture average daily gain of four treatment animals
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Table 10. Average maximum temperature, minimum temperature and
               precipitation for August-February of 2002-2003, 2003-2004 and
               the 30-year average at Raleigh-Durham International Airport

Avg maximum 
temperature (°C)

Avg minimum 
temperature (°C)

Avg precipitation 
(cm)

Aug. 2002 32.0 19.0 11.9
Aug. 2003 31.0 21.0 21.6
Aug. 30-yr 31.0 19.0 11.2

Sept. 2002 28.0 18.0 9.18
Sept. 2003 26.0 16.0 11.5
Sept. 30-yr 27.0 16.0 9.42

Oct. 2002 21.0 12.0 23.8
Oct. 2003 21.0 9.00 6.66
Oct. 30-yr 22.0 9.00 7.75

Nov. 2002 15.0 4.00 9.07
Nov. 2003 21.0 7.00 4.60
Nov. 30-yr 17.0 4.00 7.34

Dec. 2002 9.00 -1.00 12.8
Dec. 2003 11.0 -1.00 8.94
Dec. 30-yr 12.0 0.00 7.87

Jan. 2003 7.00 -2.00 4.30
Jan. 2004 9.00 -2.00 3.13
Jan. 30-yr 10.0 -1.00 9.29

Feb. 2003 10.0 0.00 12.1
Feb. 2004 11.0 -1.00 8.43
Feb. 30-yr 12.0 0.00 8.82
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Table 1a. In vitro true dry matter digestibility, crude protein, neutral detergent fiber, acid
                detergent fiber, cellulose and lignin content of total sward samples as influenced
                 by date, treatmenta and year

Date P=
Yr 1 2-Dec 16-Dec 30-Dec 13-Jan 27-Jan 10-Feb 24-Feb

Item Yr 2 1-Dec 15-Dec 29-Dec 12-Jan 2-Feb 9-Feb 23-Feb Trt Yr Trt * Yr

% DM

IVTDMD, % Yr 1 E+ 88.0 83.5 83.6 80.7 80.7 75.7 73.4 0.51 < 0.01 0.15
E- 87.4 82.2 81.0 78.3 80.9 72.7 70.5
EN 87.5 84.1 81.4 80.1 82.5 73.4 72.5

Yr 2 E+ 73.2 68.5 69.3 68.5 66.6 62.8 64.5
E- 71.1 67.3 64.1 61.8 60.4 62.6 57.5
EN 74.1 66.7 64.8 64.0 61.5 58.3 62.1

CP, % Yr 1 E+ 13.0 12.0 11.2 10.2 9.55 10.4 10.3 0.82 0.08 0.07
E- 12.6 12.4 10.9 10.8 10.3 11.0 10.2
EN 12.2 11.3 10.4 9.95 9.22 10.2 10.2

Yr 2 E+ 11.4 10.6 9.85 9.18 8.47 8.22 7.93
E- 12.1 11.2 10.3 10.2 9.37 9.19 9.19
EN 12.2 11.2 9.17 9.34 8.42 8.66 8.30

NDF, % Yr 1 E+ 44.4 50.0 48.8 49.9 50.3 58.0 62.2 0.99 < 0.01 0.44
E- 43.8 49.5 49.6 52.4 50.1 57.6 62.5
EN 44.3 52.3 50.1 50.4 49.8 58.4 59.6

Yr 2 E+ 57.5 61.0 58.6 61.6 62.0 64.7 66.9
E- 59.3 61.4 60.1 62.5 63.9 64.6 67.8
EN 59.1 60.8 60.4 62.7 64.7 65.8 68.0

ADF, % Yr 1 E+ 21.0 23.7 23.6 25.7 25.5 28.6 30.2 0.93 < 0.01 0.26
E- 20.8 23.7 24.1 26.1 25.6 30.5 32.1
EN 21.3 23.1 24.4 25.6 24.6 28.3 30.6

Yr 2 E+ 29.4 30.7 29.9 31.5 31.6 33.1 34.2
E- 29.7 31.4 31.2 32.5 33.2 32.9 34.2
EN 29.7 30.5 31.1 32.0 33.3 33.5 34.6

Cellulose, % Yr 1 E+ 19.2 21.4 21.2 22.9 23.0 24.1 25.9 0.93 < 0.01 0.60
E- 18.9 20.9 21.2 22.8 22.8 24.2 26.7
EN 19.5 20.8 21.8 22.8 22.3 24.3 25.2

Yr 2 E+ 25.7 26.0 26.0 27.2 27.5 28.6 30.1
E- 25.9 26.4 25.6 27.0 28.1 27.9 29.7
EN 25.8 25.6 26.4 27.3 28.3 28.4 30.0

Lignin, % Yr 1 E+ 1.49 1.91 2.11 2.18 1.97 3.13 2.78 0.92 < 0.01 0.02
E- 1.62 2.30 2.36 2.65 2.10 3.49 3.29
EN 1.47 1.94 2.23 2.41 1.85 2.96 3.12

Yr 2 E+ 3.08 3.68 3.17 3.37 3.37 3.95 3.32
E- 3.40 4.16 4.89 4.68 4.45 4.36 4.20
EN 3.02 3.68 4.02 3.69 4.06 4.50 3.91

     atreatment (trt) E+ = endophyte-infected; E- = endophyte-free; EN = non-toxic endophyte-infected
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Table 2a. In vitro true dry matter digestibility, crude protein, neutral detergent fiber, acid
                detergent fiber, cellulose and lignin content of green fescue samples as influenced
                by date and treatmenta. Year 1

Date P=
Item 2-Dec. 30-Dec. 27-Jan. 24-Feb. Trt Yr Trt * Yr

% DM

IVTDMD, % E+ 88.7 90.7 92.1 88.5 0.64 < 0.01 0.23
E- 91.4 90.4 92.4 90.3
EN 90.7 90.7 90.7 89.1

CP, % E+ 13.3 11.5 10.4 11.8 0.77 0.41 0.01
E- 12.7 11.3 10.9 11.7
EN 12.0 11.0 9.98 12.0

NDF, % E+ 42.4 41.9 39.2 49.7 0.48 < 0.01 0.59
E- 41.3 41.0 38.7 49.0
EN 42.3 42.2 39.4 50.4

ADF, % E+ 19.9 19.6 18.5 21.4 0.55 < 0.01 0.18
E- 19.3 18.9 18.0 21.0
EN 20.0 19.5 18.4 21.5

Cellulose, % E+ 18.6 18.3 17.3 19.7 0.83 < 0.01 0.19
E- 18.0 17.7 16.8 19.5
EN 18.7 18.3 17.2 19.9

Lignin, % E+ 0.95 0.92 0.80 1.06 0.28 < 0.01 0.38
E- 0.96 0.98 0.74 0.99
EN 0.94 0.69 0.74 0.99

     atreatment (trt) E+ = endophyte-infected; E- = endophyte-free; EN = non-toxic endophyte-infected  
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Table 3a. In vitro true dry matter digestibility, crude protein, neutral detergent fiber, acid
                detergent fiber, cellulose and lignin content of green fescue samples as
                influenced by date and treatmenta. Year 2

Date P=
Item 1-Dec. 29-Dec. 2-Feb. 23-Feb. Trt Yr Trt * Yr

% DM

IVTDMD, % E+ 83.4 85.0 85.0 84.6 0.64 < 0.01 0.23
E- 84.2 85.4 86.1 86.5
EN 83.0 85.3 85.7 86.1

CP, % E+ 12.9 11.3 10.3 10.3 0.77 0.41 0.01
E- 14.0 11.5 11.0 12.1
EN 13.9 10.6 10.0 10.7

NDF, % E+ 51.4 48.4 48.0 48.6 0.48 < 0.01 0.59
E- 51.6 47.1 46.5 47.8
EN 52.4 46.5 48.1 49.3

ADF, % E+ 24.7 22.8 22.5 22.7 0.55 < 0.01 0.18
E- 24.1 21.8 21.3 21.1
EN 25.0 21.6 22.3 22.2

Cellulose, % E+ 22.8 21.0 20.9 21.1 0.83 < 0.01 0.19
E- 22.0 20.0 19.6 19.7
EN 23.0 20.0 20.7 20.7

Lignin, % E+ 1.35 1.48 1.26 1.38 0.28 < 0.01 0.38
E- 1.57 1.39 1.24 1.25
EN 1.55 1.32 1.25 1.28

     atreatment (trt) E+ = endophyte-infected; E- = endophyte-free; EN = non-toxic endophyte-infected
 

 

 

 

 

 

 



 100

Table 4a. In vitro true dry matter digestibility, crude protein, neutral detergent fiber, acid
                detergent fiber, cellulose and lignin content of brown fescue samples as influenced
                by date and treatmenta. Year 1

Date P=
Item 2-Dec. 30-Dec. 27-Jan. 24-Feb. Trt Yr Trt * Yr

% DM

IVTDMD, % E+ 73.9 69.6 64.9 63.9 0.64 < 0.01 0.23
E- 67.9 70.5 69.6 54.8
EN 67.6 67.7 71.2 61.1

CP, % E+ 8.41 8.49 6.79 7.33 0.77 0.41 0.01
E- 8.86 8.08 7.35 6.74
EN 7.76 7.69 6.84 7.13

NDF, % E+ 60.5 66.2 68.3 73.5 0.48 < 0.01 0.59
E- 61.9 64.5 66.1 74.7
EN 63.1 67.7 67.1 74.4

ADF, % E+ 31.8 33.1 35.1 37.0 0.55 < 0.01 0.18
E- 32.2 31.9 34.0 37.6
EN 32.8 34.0 34.3 37.4

Cellulose, % E+ 28.0 29.1 31.3 33.0 0.83 < 0.01 0.19
E- 27.9 27.8 30.2 33.8
EN 29.0 29.7 30.8 33.3

Lignin, % E+ 2.74 2.38 2.63 3.23 0.28 < 0.01 0.38
E- 3.26 2.43 2.39 3.58
EN 2.86 2.52 2.44 3.43

     atreatment (trt) E+ = endophyte-infected; E- = endophyte-free; EN = non-toxic endophyte-infected
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Table 5a. In vitro true dry matter digestibility, crude protein, neutral detergent fiber, acid
                detergent fiber, cellulose and lignin content of brown fescue samples as influenced
                by date and treatmenta. Year 2

Date P=
Item 1-Dec. 29-Dec. 2-Feb. 23-Feb. Trt Yr Trt * Yr

% DM

IVTDMD, % E+ 55.7 53.3 55.7 55.1 0.64 < 0.01 0.23
E- 55.6 55.9 53.6 52.0
EN 53.5 49.2 50.2 50.6

CP, % E+ 7.48 7.16 7.32 6.79 0.77 0.41 0.01
E- 8.31 8.19 7.91 7.96
EN 8.54 7.33 7.04 7.04

NDF, % E+ 73.6 71.9 74.0 73.9 0.48 < 0.01 0.59
E- 71.2 69.4 73.2 71.8
EN 73.4 72.4 74.0 74.2

ADF, % E+ 38.2 36.7 37.7 38.6 0.55 < 0.01 0.18
E- 36.3 35.0 37.4 37.1
EN 37.4 36.9 37.9 38.3

Cellulose, % E+ 32.4 31.5 33.3 34.4 0.83 < 0.01 0.19
E- 30.8 30.1 32.4 32.6
EN 31.9 31.5 33.6 33.9

Lignin, % E+ 4.59 3.98 4.39 3.26 0.28 < 0.01 0.38
E- 4.34 3.97 3.93 3.54
EN 4.60 4.25 4.04 3.56

     atreatment (trt) E+ = endophyte-infected; E- = endophyte-free; EN = non-toxic endophyte-infected  
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Table 6a. In vitro true dry matter digestibility, crude protein, neutral detergent fiber, acid
                detergent fiber, cellulose and lignin content of brown non-fescue samples as 
                influenced by date and treatmenta. Year 1

Date P=
Item 2-Dec. 30-Dec. 27-Jan. 24-Feb. Week Week * Yr Trt * Week

% DM

IVTDMD, % E+ 65.0 61.3 56.2 50.7 0.21 0.43 0.55
E- 54.3 43.5 60.6 48.5
EN 59.5 50.6 48.2 45.6

CP, % E+ 14.5 14.6 13.4 15.5 < 0.01 0.01 0.03
E- 13.7 15.3 13.7 14.1
EN 15.6 14.9 12.9 15.3

NDF, % E+ 69.8 69.1 71.7 69.2 0.09 0.28 0.68
E- 69.5 70.4 71.8 70.8
EN 70.9 69.2 70.3 70.4

ADF, % E+ 35.6 36.4 38.5 37.7 0.04 0.54 0.81
E- 36.9 36.6 38.7 37.7
EN 36.8 36.3 37.1 37.8

Cellulose, % E+ 30.1 28.8 31.8 26.7 < 0.01 < 0.01 0.19
E- 30.2 26.9 32.2 27.0
EN 30.4 26.2 30.8 26.5

Lignin, % E+ 4.54 6.25 5.66 7.66 0.02 0.01 0.76
E- 5.62 7.52 5.50 7.22
EN 5.65 7.05 5.48 7.80

     atreatment (trt) E+ = endophyte-infected; E- = endophyte-free; EN = non-toxic endophyte-infected  
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Table 7a. In vitro true dry matter digestibility, crude protein, neutral detergent fiber, acid
                detergent fiber, cellulose and lignin content of brown non-fescue samples as 
                influenced by date and treatmenta. Year 2

Date P=
Item 1-Dec. 29-Dec. 2-Feb. 23-Feb. Week Week * Yr Trt * Week

% DM

IVTDMD, % E+ 45.2 45.2 42.0 48.8 0.21 0.43 0.55
E- 39.2 44.3 49.2 39.0
EN 48.0 40.0 46.9 42.6

CP, % E+ 9.41 10.0 9.78 9.07 < 0.01 0.01 0.03
E- 9.55 11.6 10.1 9.88
EN 10.5 10.2 8.78 8.87

NDF, % E+ 75.4 75.6 75.5 76.5 0.09 0.28 0.68
E- 73.5 73.0 73.3 75.1
EN 74.7 73.3 77.2 77.9

ADF, % E+ 43.7 43.8 43.5 44.7 0.04 0.54 0.81
E- 41.9 40.9 41.7 43.0
EN 42.4 40.9 44.7 45.7

Cellulose, % E+ 35.7 35.5 34.6 37.8 < 0.01 < 0.01 0.19
E- 34.2 32.5 33.5 35.1
EN 34.9 32.2 36.1 37.6

Lignin, % E+ 7.44 7.67 7.90 6.29 0.02 0.01 0.76
E- 7.09 7.77 7.32 7.13
EN 6.99 7.86 7.87 7.52

     atreatment (trt) E+ = endophyte-infected; E- = endophyte-free; EN = non-toxic endophyte-infected
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Table 8a. Percent green non-fescue species, brown non-fescue species and total non-fescue species 
                as influenced by date, treatmenta and year

Date P=
Yr 1 2-Dec 16-Dec 30-Dec 13-Jan 27-Jan 10-Feb 24-Feb Yr Week Week

Item Yr 2 1-Dec 15-Dec 29-Dec 12-Jan 2-Feb 9-Feb 23-Feb Linear Quadratic

Green non-fescue species, %
Yr 1
E+ 1.83 1.68 1.38 5.05 1.85 0.50 1.60 0.49 0.35 0.30
E- 5.28 3.05 2.45 3.73 1.23 1.15 1.85
EN 0.88 3.35 1.93 2.85 2.40 1.18 0.85
Yr 2
E+ 0.85 1.78 1.55 2.35 0.83 0.50 0.23
E- 3.40 4.05 4.03 4.33 2.60 1.23 1.60
EN 0.60 2.90 2.45 2.53 0.90 0.60 0.48

Brown non-fescue species, %
Yr 1
E+ 7.13 9.63 10.0 11.8 5.60 18.2 9.13 0.30 0.67 0.78
E- 12.8 16.0 16.7 14.6 11.0 23.8 18.6
EN 9.90 8.85 12.8 12.6 3.90 12.0 14.1
Yr 2
E+ 8.90 18.4 11.4 11.4 4.88 19.8 9.05
E- 22.3 25.7 25.3 19.2 20.6 21.9 18.7
EN 11.4 15.5 15.9 16.3 12.8 18.0 10.7

Total non-fescue species, %
Yr 1
E+ 8.95 11.3 11.4 16.9 7.4 18.7 10.8 0.40 0.92 0.63
E- 18.1 19 19.2 18.4 12.3 24.9 20.4
EN 10.8 12.2 14.7 15.4 6.3 13.2 14.9
Yr 2
E+ 9.78 20.1 13 13.8 5.65 20.3 9.28
E- 25.7 29.8 29.3 23.5 23.2 23.1 20.3
EN 12.1 18.5 18.3 18.9 13.8 18.6 11.2

     atreatment (trt) E+ = endophyte-infected; E- = endophyte-free; EN = non-toxic endophyte-infected
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Table 9a. Percent fescue in sward, percent green fescue out of total fescue and percent green fescue out of total 
                sward as influenced by date, treatmenta and year

Date P=
Yr 1 2-Dec 16-Dec 30-Dec 13-Jan 27-Jan 10-Feb 24-Feb Yr Week Week

Item Yr 2 1-Dec 15-Dec 29-Dec 12-Jan 2-Feb 9-Feb 23-Feb Linear Quadratic

Fescue in sward, %
Yr 1
E+ 91.0 92.8 88.6 83.1 92.6 81.3 89.3 0.15 0.24 0.28
E- 81.9 92.8 80.9 81.6 87.8 75.1 79.6
EN 89.2 92.8 85.3 84.6 93.7 86.8 85.1
Yr 2
E+ 90.2 79.9 87.1 86.3 94.3 79.7 90.7
E- 74.3 70.2 70.7 76.5 76.8 76.9 79.8
EN 88.0 81.6 81.7 81.1 86.2 81.4 88.8

Green fescue of total fescue, %
Yr 1
E+ 90.0 81.9 77.2 65.7 61.7 50.1 44.6 < 0.01 < 0.01 0.03
E- 88.2 78.9 74.9 64.8 63.0 52.4 41.1
EN 89.9 78.5 74.3 67.5 62.7 44.7 45.4
Yr 2
E+ 77.4 69.7 58.0 59.0 46.9 39.3 31.6
E- 78.6 68.1 51.6 50.7 41.0 34.4 28.5
EN 74.4 67.7 49.4 55.4 42.3 33.4 30.2

Green fescue of total sward, %
Yr 1
E+ 81.9 72.7 68.4 54.5 57.3 40.6 39.9 < 0.01 < 0.01 0.26
E- 72.0 63.9 60.4 53.2 55.1 39.4 32.7
EN 80.2 68.8 63.2 57.1 58.8 39.1 38.7
Yr 2
E+ 69.6 55.5 50.3 50.9 44.3 31.4 28.7
E- 58.1 47.9 36.6 38.2 31.4 26.4 22.4
EN 65.3 55.2 40.4 44.8 36.4 27.1 26.7

     atreatment (trt) E+ = endophyte-infected; E- = endophyte-free; EN = non-toxic endophyte-infected
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Figure 1a.  Full barn weights, shrunk barn weights and pasture weights of heifers  
                   on respective endophyte-infected, endophyte-free or non-toxic   
                   endophyte-infected plots. Year 1. 
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Figure 2a.  Full barn weights, shrunk barn weights and pasture weights of heifers  
                   on respective endophyte-infected, endophyte-free or non-toxic   
                   endophyte-infected plots. Year 2. 
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