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MANAGING FESCUE TOXICOSIS THROUGH FORAGE 

CANOPY, LIMESTONE APPLICATION, AND  

NOVEL ENDOPHYTES 

Sarah Kenyon 

Dr. Craig A. Roberts, Dissertation Supervisor 

ABSTRACT 

  Tall fescue [Lolium arundinaceum (Schreb.) Darbysh.] infected with the 

endophytic fungus Epichloë coenophiala [(Morgan-Jones & W. Gams) C.W. Bacon & 

Schardl, comb. nov.] produces ergovaline and other alkaloids responsible for fescue 

toxicosis, a livestock disorder.  Cultivars re-infected with endophytes that do not produce 

toxic ergot alkaloids, referred to as “novel endophytes,” have been used to alleviate the 

symptoms of fescue toxicosis.  This research includes a series of experiments with the 

overall objective of identifying management practices that reduce fescue toxicosis in 

order to provide recommendations to Missouri farmers.  The fist experiment examined 

the distribution of ergovaline and total ergot alkaloids throughout the vegetative canopy 

of tall fescue, and concluded that toxin concentrations are highest in the bottom 5 cm of 

the plant.  The second experiment documented that applying limestone decreased 

ergovaline concentrations by at least 20 µg kg-1 dry matter.  The third experiment 

evaluated cattle preference among novel endophyte-infected tall fescue cultivars.  This 

experiment concluded that one cultivar, ‘BarOptima,’ was grazed first and most 

frequently. 

  



1 

Chapter 1: Introduction and Literature Review 

 

Tall Fescue 

Originating in Europe, tall fescue [Lolium arundinaceum (Schreb.) Darbysh. = 

Schedonorus arundinaceus (Schreb.) Dumort., formerly Festuca arundinacea Schreb. 

var. arundinacea Schreb.] has been successfully cultivated in Japan, Canada, Australia, 

New Zealand, Mexico, Columbia, Argentina, Africa, and the United States (Sleper and 

West, 1996).  The date of tall fescue introduction into the US is unknown; however, it is 

believed to have been a seed contaminant of meadow fescue [Lolium pratense (Huds.) 

Darbysh. = Schedonorus pratensis (Huds.) Beauv.; Hoveland, 2009].  By 1960, tall 

fescue had become an important forage and was the primary grass for hayfields and 

pastures (Hoveland, 2009).  One cultivar, ‘Kentucky-31,’ quickly became popular across 

the southern US and was widely adopted by farmers for persistence, adaptability to a 

wide range of soils, and the ability to support grazing over much of the year (Hoveland, 

2009). 

Endophyte 

Tall fescue hosts an endophytic fungus, Epichloë coenophiala [(Morgan-Jones & 

W. Gams) C.W. Bacon & Schardl, comb. nov.], which colonizes the intercellular spaces 

of the leaf primordia, leaf sheath and blade, and the inflorescence tissue (Clay, 1990).  

Epichloë hyphae attach to the cell wall but remain extracellular in all infected plant tissue 

(Clay, 1987; White et al., 1993; Christensen and Voisey, 2009).  It is estimated that 80% 

of tall fescue in the US is infected with E. coenophiala (White, 1988).   
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The endophyte is non-parasitic and forms a mutualistic relationship with its host 

plant (Bacon, 1993).  The endophyte provides the host plant with reduced herbivory from 

insects (Popay and Bonos, 2005) and nematodes (West et al., 1988; Elmi et al., 2000), 

enhanced tillering (Clay, 1987; West et al., 1993), seed production, germination (Rice et 

al., 1990; Clay, 1987), persistence during drought (West et al., 1993), competitiveness 

with other plants (Hill et al., 1991), and improved nutrient acquisition (Malinowski et al., 

1999).  In return, the host plant provides the endophyte with a protective environment, 

carbohydrates from the apoplast, as well as a means of dissemination through the seeds 

(Clay, 1990).   

Endophyte mycelium derives low concentrations of sugars from the apoplast 

providing the fungus with energy for growth (White, 1988).  The endophyte is theorized 

to convert free glucose to mannitol, which cannot be metabolized by the host grass, 

allowing the endophyte to gradually accumulate food with minimum drain on host 

carbohydrate storage (Kulkarni and Nielsen, 1986).  

Epichloë endophytes are asexual and are transmitted vertically to succeeding 

generations (White et al., 1993; Clay, 1990); therefore, there are no external reproductive 

structures or free-living infectious forms (Bacon, 1993).  Vertical transmission is nearly 

100% in most natural grass-Epichloë associations (Christensen and Voisey, 2009).  Once 

germinated, the endophyte colonizes the growing point of the host grass and later spreads 

into the leaf sheath, flower, and seed.  

Endophyte-host associations produce a number of alkaloids that provide 

protection against insect and mammalian herbivory.  For tall fescue these include loline, 

peramine, and ergot alkaloids (Sleper and West, 1996).  Loline and peramine alkaloids 
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are insect feeding deterrents, whereas ergot alkaloids reduce feeding by mammals (Bush 

and Fannin, 2009).  

Fescue Toxicosis 

Ergot alkaloids can cause severe animal disorders when ingested in large 

amounts.  Ergovaline, one ergot alkaloid, has been identified by many researchers as a 

primary toxin responsible for these animal disorders and has been documented to impact 

dopamine receptors (Larson et al., 1995), vasoconstriction (Solomons et al., 1989; 

Browning and Leite-Browning, 1997), and prolactin levels (Strickland et al., 1994) 

resulting in a condition known as fescue toxicosis.  Fescue toxicosis is a complex, 

multifaceted syndrome that impacts both animal health and livestock production, and is 

the major grass-induced toxicosis in the US (Cheeke, 1995). 

Ergot alkaloids are absorbed in the animal’s digestive tract at rates of 93 to 96% 

(Strickland et al., 2009).  However, other alkaloids may contribute to fescue toxicosis 

(Hill, 2005).  Specific alkaloids that may contribute to toxicity include lysergic acid and 

its derivatives (Ayers et al., 2009) and ergoline alkaloids (Hill, 2005).   

One symptom of fescue toxicosis is fescue foot.  Fescue foot results from the 

effects of ergot alkaloids constricting of blood vessels, damaged blood vessels, and 

increased blood clotting, resulting in tissue necrosis (Tor-Agbidye et al., 2001; Strickland 

et al., 1993; Oliver, 2005).  Visual symptoms of fescue foot include tenderness or 

swelling around the fetlock and hoof, lameness, and dry gangrene (Cunningham, 1948; 

Oliver, 2005) causing the affected portion of the hoof to eventually fall off (Arnold et al., 

2014).  Ear tips and tail switches may also be lost in some animals (Oliver, 2005).   
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Another symptom of fescue toxicosis is fat necrosis (Arnold et al., 2014).  Hard 

masses of necrotic fat occur in the abdominal or pelvic cavity of affected animals and are 

diagnosed by rectal palpation or necropsy (Arnold et al., 2014).  The hard masses can 

obstruct the birth canal and lead to difficult birth, or in the abdomen, lead to colic or 

intestinal blockage (Arnold et al., 2014).   

Another symptom is summer slump in cattle (Bos spp.), which describes reduced 

body weight gain during summer months (Strickland et al., 1993).  During periods of heat 

stress, livestock grazing endophyte-infected (E+) tall fescue have reduced ability to 

dissipate body heat, which usually occurs when ambient temperature exceeds 32 C 

(Paterson et al., 1995).  Under heat stress, livestock grazing E+ tall fescue consume less 

forage compared to those grazing non-toxic forages (Paterson et al., 1995).  Additionally, 

heat stress exacerbates vasoconstriction-associated problems and blood flow is reduced to 

peripheral, core body, and brain tissue (Paterson et al., 1995).   

Behavioral changes are also observed in livestock consuming E+ tall fescue 

(Aldrich-Markham et al., 2003; Parish et al., 2003).  Behavioral changes include animals 

that appear to be overheated, spend less time grazing, and seek shade or mud wallows in 

efforts to keep cool (Parish et al., 2003; Oliver, 2005; Strickland et al., 1993).  Afflicted 

animals also experience poor growth rate, rough haircoat, elevated body temperature, 

increased respiration rate, excessive salivation, and agalactia (Oliver, 2005; Strickland et 

al., 1993). 

Fescue toxicosis causes decreased weight gains and feed intake that account for 

substantial economic losses (Hoveland, 1993).  Stuedemann and Hoveland (1988) found 

the average daily weight gain (ADG) of steers grazing E+ pastures were 0.45 kg, while 
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steers grazing low-endophyte pastures had an ADG of 0.80 kg.  Similar studies have been 

repeated across the fescue belt with similar results; ADG of animals consuming highly 

infected E+ tall fescue range from 0.02 to 0.77 kg lower than animals consuming tall 

fescue with a low-endophyte infection rate (Stuedemann and Hoveland, 1988; Crawford 

et al., 1989; Hoveland, 1993; Roberts and Andrae, 2005).  On average, steer ADG is 

reduced by 45 g d-1 for each 10% increase in endophyte level (Crawford et al., 1989). 

Reproductive problems are also common with fescue toxicosis and affect both 

male and female reproductive function (Siegel et al., 1987).  Bulls may have altered 

sperm motility, while females can have altered ovarian follicular dynamics and poor 

embryo quality, which negatively impact embryo development (Arnold et al., 2014).  

Common reproductive complications include delayed puberty, low pregnancy rate, 

thickened placenta, retained placenta, and dystocia (Gay et al., 1988; Arnold et al., 2014).   

Reduced reproductive capacity in both males and females is believed to be a 

result of ergot alkaloids and vasoconstriction reducing the blood flow to reproductive 

organs (Short et al., 1990).  Reduced fertility may also be the result of hormone 

imbalances or disruptions from ergot alkaloids (Porter and Thompson, 1992).  

Reduced conception rates account for further economic loss.  Conception rates in 

cattle grazing E+ tall fescue are estimated to be reduced by 3.5% for every 10% increase 

in endophyte infection (Porter and Thompson, 1992).  Cattle conception rates on E+ tall 

fescue averaged 74%, compared to 90% in cows grazing non-toxic forage (Hoveland, 

1993).  In addition to reduced conception rates, cows consuming E+ tall fescue lose more 

weight, have decreased milk production, and wean lighter calves compared to cows 

grazing endophyte-free tall fescue (Paterson et al., 1995).   
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Reproductive symptoms are particularly severe in pregnant mares (Monroe et al., 

1988).  Horses (Equus caballus) grazing E+ tall fescue typically exhibit increased 

gestation lengths, dystocia with an increased rate of foal and mare mortality, thickened 

placentas, and a high rate of stillborn foals (Monroe et al., 1988).  Mares that have grazed 

E+ tall fescue also have poor milk production (Monroe et al., 1988). 

Major economic loss to the livestock industry results from the combined effect of 

decreased weight gains and conception rates.  In 1993, the US beef industry reportedly 

lost $255 million annually from reduced weaning weights (Hoveland,1993).  The 

combination of reduced weaning weights and reproductive performance in US beef cattle 

was estimated in 1990 to result in an annual loss of $609 million (Hoveland, 1993).  

Losses to the Missouri beef industry alone were recently estimated to be $160 million 

annually (Roberts and Andrae, 2010).  Losses to all livestock sectors of the US are 

estimated to be over $1 billion annually (Roberts and Andrae, 2010). 

Endophyte-Free and Novel Endophyte-Infected Tall Fescue 

Endophyte-free (E-) tall fescue was developed to alleviate the negative impacts of 

fescue toxicosis on livestock production.  The endophyte was successfully removed from 

tall fescue seeds or plants by storage, heat, or fungicide treatments (Siegel, et al., 1987).  

Plant breeders developed tall fescue cultivars that did not contain an endophyte, as the 

endophyte in tall fescue is asexual and only transmitted through the seed, thereby 

ensuring that the plant will remain free of endophyte and will continually produce E- 

seed.   

When E- pastures are grazed, livestock exhibit no symptoms of fescue toxicosis 

and have higher ADG (Hoveland, 1993; Nihsen et al., 2004).  However, E- cultivars lack 
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persistence.  Read and Camp (1986) were among the first to report that E+ infected 

stands persisted better than E- stands under drought and heavy grazing pressure.  Since 

their publication, several studies have reported reduced plant fitness of E- stands from 

drought stress (Bouton et al., 1993; West et al., 1993), competition with other plants 

(Bouton et al., 2001), insects, plant pathogens (Latch, 1993), and mineral deficient soils 

(Malinowski et al., 1999).  This phenomenon is explained by the role of the endophyte in 

promoting host fitness in suboptimal environments.   

A more recent approach to eliminating fescue toxicosis has been to select 

endophytes that produce little or no ergot alkaloids, then to re-infect tall fescue.  The goal 

is to prevent toxicosis in the animal while maintaining persistence in the field.  

Endophytes selected for this purpose are called “novel,” “beneficial,” “introduced,” or 

“nontoxic” endophytes.   

The approach of re-infecting tall fescue with novel endophytes (E++) was taken 

after observing the success of introducing strains of a related endophyte, E. festucae var. 

lolii [(Latch, M.J. Chr. & Samuels) C.W. Bacon & Schardl, sat. nov. et comb. nov.] into 

perennial ryegrass (Lolium perenne L.).  The re-infected perennial ryegrass eliminated 

toxins that caused ryegrass staggers in sheep (Ovis spp.) while retaining compounds that 

deterred stand depletion by Argentine stem weevil (Listronotus bonariensis Kuschel; 

Popay et al., 1995).  Novel endophyte-infected tall fescue associations eliminate the 

symptoms of fescue toxicosis and produce steer weight gains comparable to E- tall fescue 

(Nihsen et al., 2004) while promoting stand persistence similar to E+ tall fescue during 

summer drought and grazing pressure (West and Gunter, 2004). 
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Cattle grazing E- and E++ tall fescue pastures have higher ADG (Nihsen et al., 

2004; Duckett et al., 2007) and maintain higher body condition scores (Watson et al., 

2004) than cattle grazing E+ pastures.  Hopkins and Alison (2006) reported that tall 

fescue cultivars ‘Jesup’ and ‘Georgia-5’ inoculated with the novel endophyte AR542 

produced steer weight gain of 0.3 kg d-1 more than steers grazing the E+ control.  Watson 

et al. (2004) reported that cows grazing Georgia-5 E++ tall fescue gave birth to calves 

that were on average 5 kg heavier than cows grazing the E+ pastures.  In a feedlot study, 

steers grazing E- or E++ tall fescue entered the feedlot 53 kg heavier than animals 

grazing E+ tall fescue (Duckett et al., 2007).  After 100 d in a feedlot, steers that had been 

grazing E- and E++ tall fescue had hot carcass weights that were 49 kg heavier than 

steers grazing E+ pastures (Duckett et al., 2007).  Therefore, greater profits can be 

obtained from steers grazing E++ tall fescue compared to E+ pastures. 

Increased animal intake has been observed from livestock grazing E++ tall fescue 

when compared to those grazing E+ pastures (Watson et al., 2004).  The increased intake 

may partially explain the higher ADG reported when livestock graze E++ tall fescue 

(Nihsen et al., 2004).  Furthermore, steers grazing E++ and E- tall fescue exhibit lower 

respiratory rates, rectal temperatures, increased prolactin levels, and better hair scores 

than those of steers grazing E+ pastures (Nihsen et al., 2004); thereby eliminating the 

symptoms of fescue toxicosis. 

Management of Existing Toxic Tall Fescue Stands 

Another approach to managing fescue toxicosis is to reduce the amount of 

alkaloid that are ingested by the animal.  Existing E+ pastures and hayfields can be 

managed with a series of practices which, when used in combination, allow animal 
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performance to approach that of nontoxic pastures (Roberts and Andre, 2010).  These 

management techniques include rotating livestock to nontoxic pastures at key times 

during the year, dilution of tall fescue in the pasture by interseeding legumes and other 

grasses, feeding supplements, limiting rates of N fertilizer, ammoniating low quality E+ 

hay, and controlling seed production in the field (Roberts and Andrae, 2010).   

When clover (Trifolium spp.) is interseeded into pastures, it can improve animal 

health and increase forage quality, milk production, weaning weights, and conception 

percentages (Hoveland et al., 1999; Ashley et al., 1987).  Thompson et al. (1993) 

summarized data from twelve independent studies and concluded that interseeding 

legumes into E+ pastures increased steer gain by 49 g d-1 during spring and 13 g d-1 

during summer grazing periods, when compared to E+ stands without clover.   

While dilution of E+ tall fescue with clover can be beneficial, replacing those 

stands with nontoxic forages has greater benefit (Thompson et al., 1993).  Interseeding 

legumes into highly infected (>50%) E+ stands may not always dilute the effects of 

fescue toxicosis.  Thompson et al. (1993) reported that during spring grazing, highly 

infected stands with and without clover had similar animal performance.  Similar results 

were reported by Chestnut et al. (1991), who suggested that the relationship between 

intake of toxic compounds and decreased animal performance is curvilinear, and the 

addition of clover into highly-infected tall fescue stands would not dilute ergovaline 

intake sufficiently to reduce the symptoms of fescue toxicosis. 
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Soil Conditions 

Plant growth and ergot alkaloid concentrations can be impacted by soil 

nutrient content.  Plant nutrients of N, P, Al, and other nutrients have been 

documented to influence plant growth and ergovaline concentration of tall fescue.   

Nitrogen 

Nitrogen is part of the heterocyclic ring of ergot alkaloids, and research has 

shown ergot alkaloid concentrations to increase following N fertilizer application 

(Rottinghaus et al., 1991, Belesky et al., 1988; Lyons et al., 1986; Rogers et al., 2010).  

Limiting N fertilizer can decrease ergovaline concentration in tall fescue and is another 

management practice proposed to decrease fescue toxicosis (Roberts and Andrae, 2010).    

High application rates of either N fertilizer or poultry litter have been positively related to 

the severity of both fat necrosis and fescue foot (Stuedemann and Hoveland, 1988).   

The form of N may be important to ergot alkaloid production.  When NH4
+ 

fertilizer was used, the in situ growth of E. coenophiala was higher than growth when 

NO3
- fertilizer was used (Naffaa et al., 1998; Kulkarni and Nielsen, 1986).  In a field 

study, Arechavaleta et al. (1992) reported NH4
+ fertilizer had a greater impact on 

increasing ergot alkaloid concentration in tall fescue when compared to NO3
- fertilizer.  

This phenomenon may be explained by the observation that E. coenophiala could 

assimilate NH4
+ but not NO3

- as a source of N from growth medium (Kulkarni and 

Nielsen, 1986).  This observation can be challenged by Ferguson et al. (1993), who 

reported that three out of four Kentucky-31 isolates infected with E. coenophiala could 

utilize NO3
-, and all of them could utilize NH4

+ as an N source.   
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Endophyte infection may aid tall fescue in biomass production and N-use 

efficiency.  Using genetically identical plants, E+ tall fescue produced more biomass 

when grown at optimal N level (150 mg kg-1) compared to E- plants (Belesky et al., 

1989).  In another study, clones of E+ tall fescue grown at low N levels (11 mg pot-1) had 

similar biomass to E- clones grown at high N levels (220 mg pot-1); this increase in 

biomass at lower N levels was attributed to greater N-use efficiency in E+ tall fescue 

(Arechavaleta et al., 1991).   

Nitrogen assimilation patterns can also be altered in E+ tall fescue (Lyons et al., 

1990).  Lower concentrations of NO3
- in the leaf sheath and leaf blade were found in E+ 

tall fescue plants compared to E- plants; whereas, NH4
+ concentrations in E+ plants were 

highest in the leaf sheath only (Lyons et al., 1990).  Free amino acids levels were greater 

in the leaf sheath compared to the blade for E+ plants, but endophyte effects were only 

observed at high N levels (Lyons et al., 1990).  Glutamine synthesis activity was greater 

in E+ plants regardless of N levels (Lyons et al., 1990).  Glutamine is an enzyme 

responsible for NH4
+ re-assimilation; this mechanism may help explain increased N-use 

efficiency in E+ tall fescue (Arachevaleta et al., 1989; Malinowski and Belesky, 2000). 

Phosphorus     

Phosphorus availability can also influence E+ tall fescue growth.  In P deficient 

soil (17 and 50 mg P kg-1 soil), E+ plants exhibited decreased root diameter and increased 

root hair length, which resulted in greater surface area for absorption and increased 

acquisition of P, Mg, and Ca in roots and shoots compared to E- plants (Malinowski et 

al., 1999; Malinowski et al., 1998a).  Contrastingly, under high P availability (96 mg P 

kg-1 soil), E+ tall fescue had reduced root and shoot dry matter (Malinowski et al., 1998a; 
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Malinowski et al., 1998b), and photosynthetic rates compared with E- plants (Azevedo et 

al., 1993; Azevedo and Welty, 1995).   

It is possible that P acquisition is affected by phenolic-like compounds secreted 

into the rhizosphere, which in turn was influenced by endophyte infection.  These 

phenolic-like compounds have the ability to chelate Al, Fe, and Mn (Malinowski and 

Belesky, 2000).  Concentrations of these phenolic-like compounds are higher in E+ 

compared to E- tall fescue (Malinowski and Belesky, 2000).   

Phosphorus availability may influence ergot alkaloid production in E+ tall 

fescue similar to N (Malinowski et al., 2005).  In one study, ergot alkaloid 

concentration increased as P availability increased in E+ tall fescue, but 

concentrations declined at high rates of P (96 mg P kg-1 soil; Malinowski et al., 

1998b).  Flieger et al. (1991) proposed that P influenced activity of dimethylallyl 

tryptophan synthase, which is the first enzyme regulating biosynthesis of ergot 

alkaloids.   

Aluminum 

Concentrations of Al are reportedly greater in roots than in shoots of E+ tall 

fescue compared to E- plants, suggesting a mechanism of Al sequestration for E+ tall 

fescue (Malinowski et al., 1998a).  Aluminum sequestration is believed to be facilitated 

by phenolic compounds chelating to Al and then facilitating the transport of Al within the 

plant in nontoxic forms; E+ tall fescue releases higher amounts of phenolic compounds 

compared to E- tall fescue (Malinowski and Belesky, 1999).  When tall fescue plants 

were grown in high and low Al concentrations, E+ plants accumulated 35% more Al in 

roots than E- plants (Malinowski and Belesky, 1999).  
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When grown under Al stress, endophyte-infected plants have had lower levels of 

dry matter production compared to E- plants (Malinowski and Belesky, 1999).  The 

increased production of phenolic compounds to sequester Al may have a high energy cost 

to the plant (Malinowski and Belesky, 2000).   

Other Nutrients 

Additional macronutrients, and some micronutrients, have also been reported to 

impact E+ tall fescue growth.  These nutrients may also influence ergot alkaloid 

concentrations, which would influence animal health.  However, research regarding 

micronutrient effects on E+ tall fescue is limited.      

Calcium concentrations in the soil may also impact ergot alkaloid production in 

E+ tall fescue.  Calcium may be involved in ergot alkaloid biosynthesis as a coenzyme 

for dimethylallyl tryptophan synthase (Malinowski and Belesky, 2000; Lee et al., 1976; 

Cress et al., 1981).   

In perennial ryegrass, Zn tolerance was greater for E+ compared to E- plants; the 

E+ plants were able to maintain photosynthetic and growth rates at higher soil Zn levels 

than the E- plants (Monnet et al., 2001; Monnet et al., 2005).  Zinc may be excluded from 

E+ roots by production of phenolic-like compounds in a method similar to that described 

by Malinowski et al. (1998a) and Malinowski and Belesky (1999).   

According to Dennis et al. (1998), Cu concentrations in E+ tall fescue are lower 

than concentration in E- tall fescue plants.  Cattle grazing E+ tall fescue show symptoms 

of Cu deficiency, coat condition, hair color, and in serum concentrations of livestock 

(Coffey et al., 1992).  Novel endophyte strain AR542, inserted into Jesup tall fescue 

increased Cu binding activity by root exudates when grown in P deficient nutrient 
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solution, yet Cu concentrations of plant shoots were unaffected (Malinowski et al., 2003).  

The same observation may not occur under field conditions since Cu concentrations in 

the plant are influenced by soil concentrations (Belesky and West, 2009). 

Soil Acidity 

Limestone, CaCO3 or CaMg(CO3)
2, raises soil pH and may also influence ergot 

alkaloid production by altering plant growth and nutrient access.  Adjusting soil acidity to 

a neutral pH increases availability of some soil nutrients and decreases toxic soil 

elements to a level that optimizes crop yield (Brady and Wile, 2002).  On acidic soil, 

plant growth is limited from increased concentrations of exchangeable H, Al, Mn, 

decreased levels of exchangeable Ca, Mg, K, and reduced solubility of P and Mo (Brady 

and Wile, 2002).  High exchangeable Al concentrations in acidic soils can restrict root 

growth, N uptake, and N transport within grass plants (Thornton, 1998).   

In acidic soils with a high exchangeable Al concentration, E+ tall fescue 

has been shown to produce greater root systems compared to E- plants (Belesky 

and Fedders, 1995).  However, the response was genotype specific.  On acidic 

soil, the soil pH increased at faster rates in response to limestone application for 

E+ compared to E- tall fescue; the difference in soil pH adjustment rate was 

attributed to increased root activity of E+ tall fescue compared to E- plants under 

P-deficient conditions (Malinowski and Belesky, 1999). 

It is possible that limestone application may affect ergot alkaloid production in 

endophyte-infected tall fescue.  Both endophyte infection and soil acidity affect plant 

accumulation of N, P, Mg, Cu, and Fe (Malinowski et al., 2005). 
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Alkaloid Distribution within the Plant 

Endophyte mycelial concentrations are usually highest in the plant base and 

decrease upward in the sheath, the ligular zone, and in the leaf blade (Lane et al., 2000).  

In reproductive tillers, the tissues above the top node are highly infected with endophytic 

mycelia, which colonize the seed embryo (Philipson and Christey, 1986). 

Studies involving reproductive tall fescue infected with E. coenophiala report 

ergovaline concentrations are highest in the crown, with a basal-apical decline up the 

sheath of the leaf blade above the ligular zone, and that ergovaline concentrations parallel 

the concentration of mycelium (Azevedo et al., 1993; Rottinghaus et al., 1991, Roylance 

et al., 1994).  Ergovaline concentrations are higher in mature leaves than in newly 

emerging or aging leaves (Belesky and Hill, 1997), and low concentrations are found in 

the roots (Azevedo et al., 1993).   

Other alkaloids do not have the same distribution throughout the plant.  In tall 

fescue, peramine appears to be evenly distributed throughout the plant, with slightly 

higher concentrations in reproductive tissue (Roylance et al., 1994).  In contrast, loline 

alkaloid distribution is similar to that of ergovaline (Bush et al., 1993; Yates et al., 1990; 

Bush et al., 1993).   

In perennial ryegrass infected with E. festucae var. lolii, ergovaline concentrations 

are similar to that of tall fescue with the highest concentrations in the crown, seedheads, 

and sheath material (Lane et al., 1997a).  Lolitrem B also follows a basal-apical gradient, 

but concentrations are highest in the sheath of outer leaves and in dead leaf material, 

where the concentration of fungal mycelium is declining (Ball et al., 1997; Koegh et al., 

1996).  The distribution of peramine shows similar concentrations in the blade and in the 
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sheath but lower concentrations in the outer leaves (Ball et al., 1997; Koegh et al., 1996).  

In reproductive plants, concentrations of all three alkaloids are high in the seed, and 

concentration of lolitrem B and ergovaline are also high in the upper reproductive stem 

(Ball et al., 1997; Lane et al., 2000). 

Herd et al. (1997) used a marker-gene construct to determine metabolic activity of 

the endophyte in perennial ryegrass, and reported that 70% of endophyte metabolic 

activity was located in the leaf sheath.  There was also a basal-apical gradient and a 

lateral gradient (younger to older tissue) for endophyte metabolic activity.  Endophyte 

metabolic activity should be expected to coincide with ergovaline concentrations in plant 

parts. 

Seasonal Fluctuation of Alkaloids 

Ergovaline concentrations in tall fescue fluctuate throughout the growing season 

in grazed and non-grazed conditions.  In grazed pastures, Belesky et al. (1988) first 

demonstrated that ergot alkaloid concentrations peak in late spring, decrease through the 

summer months, and increase again in autumn at the initiation of autumn regrowth.  Peak 

alkaloid concentrations occur in late spring and coincided with anthesis (Belesky et al., 

1988).  Similar findings were reported by Rottinghaus et al. (1991) in Missouri in non-

grazed conditions.  The high concentrations in the spring were due primarily to 

reproductive maturity, as ergovaline concentrations were three times higher in the 

seedhead compared to the leaf blade (Rottinghaus et al., 1991). 

In grazing trials, animal response to fescue toxicosis has been reported to be most 

pronounced in the spring months.  Hopkins and Alison (2006) reported that toxicity 

responses were most apparent during the spring grazing period.  Weight gains from steers 
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grazing E+ tall fescue were approximately one half as much as from E- and E++ during 

the spring months, and serum prolactin levels followed the same response.  Within 28 d, 

animals grazing E+ had prolactin levels less than half that of other animals in the trial.  

Body temperatures were also elevated in spring for animals grazing E+ compared with 

the other treatments.   

The higher ergovaline concentrations reported in the spring are likely related to 

seedheads and reproductive stems, which contain high concentrations of endophytic 

mycelia and ergovaline (Christensen and Voisey, 2009; Rottinghaus et al., 1991).  In 

nongrazed pastures, ergovaline concentrations are ten-fold higher in the spring as 

compared to summer months because seedheads are not removed (Rottinghaus al., 1991).  

In grazed pastures, Peters et al. (1992) reported ergovaline levels peak during late spring 

seed production then decrease by half in the late summer months. 

Rogers et al. (2011) reported seasonal alkaloid fluctuation when tall fescue is 

maintained in a short, vegetative condition.  Monthly sampling occurred from Apr to Oct 

at three locations in Missouri, Georgia, and South Carolina where the plots were clipped 

and forage allowed to regrow.  At all three sites, ergovaline concentration were lowest 

during the spring, increased during the summer, and peaked in the early autumn.  Total 

ergot alkaloid concentration had the highest concentration in the spring and autumn and 

lowest concentration in the summer.  

Belesky et al. (1988) reported partial control of reproductive structures by 

livestock grazing during one year of the study.  In this case, high-endophyte status plots 

harvested in autumn had ergovaline concentrations that exceeded 1,000 µg kg-1 dry 

matter (DM); whereas, spring concentrations were 550 µg kg-1 DM.  Therefore, 
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controlling seed production in the spring may alter ergovaline status during the autumn in 

grazed (Belesky et al., 1988) and non-grazed pastures (Rogers et al., 2011). 

Ergovaline concentrations have also been described for autumn accumulated and 

winter forage.  One study reported that after peaking in Oct, ergovaline concentrations 

decreased by 50% from Dec to Feb in ungrazed tall fescue (Curtis and Kallenbach, 2007).  

The same study evaluated ergovaline concentrations under grazing for low, medium, and 

high endophyte-infected pastures (endophyte levels 20, 51 and 89%, respectively).  The 

high, endophyte-percentage pasture contained 919 µg ergovaline kg-1 DM in early Dec 

and 450 µg kg-1 DM in late Feb.  The middle, endophyte-rate treatment declined from 

323 µg ergovaline kg-1 DM in early Dec to 168 µg kg-1 DM in late Feb (Curtis and 

Kallenbach, 2007).  In a similar study, Kallenbach et al. (2003) reported that ergovaline 

concentration declined by 85% from mid-Dec to mid-Mar. 

Persistence of Novel Endophyte-Infected Tall Fescue  

Kentucky-31 E+ tall fescue is a popular cultivar with farmers primarily because of 

its ability to persist.  Although E++ cultivars are nontoxic, farmers are concerned that 

these new cultivars will not persist (Roberts and Andrae, 2005).  Persistence of highly 

productive forage in perennial pastures is essential to maximize economic returns from 

grazing livestock.  Several grazing studies conducted throughout the US have shown that 

E++ persistence was similar to that of E+ tall fescue (Hopkins and Alison, 2006; Bouton 

et al., 1993; Burns et al., 2006).  In pure stands and under normal grazing conditions, it is 

reasonable to expect E++ tall fescue to survive as well as toxic E+ tall fescue and better 

than E- tall fescue.   
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A grazing study in Georgia evaluated tall fescue planted into bermudagrass 

(Cynodon dactylon (L.) Pers.) sod and compared the stand persistence of Jesup E++ 

(MaxQ), Jesup E-, and Jesup E+ tall fescue (Bouton et al., 1993).  The plots were 

subjected to severe grazing pressure (continuous stocking) through a summer drought.  

The stand density of all tall fescue plots declined as a result of the grazing pressure, 

bermudagrass competition, and droughty soils.  However, E++ tall fescue persisted as 

well as E+, and both cultivars were more persistent than E-.  The E++ tall fescue plots 

maintained stands equal to toxic E+ over a four-year period.  

In Oklahoma and Louisiana, Jesup E++ and Georgia-5 E++ tall fescue cultivars, 

which were inoculated with novel strain AR542, had stand densities similar to Jesup E+ 

and Georgia-5 E+ but significantly greater stand density than Jesup E- and Georgia-5 E- 

during a four-year grazing study (Hopkins and Alison, 2006).   

In southwest Arkansas, E- stand densities declined faster and remained lower than 

E+ or E++ strains; whereas, ‘HiMag’ E++ tall fescue stand persistence was similar to that 

of the wild-type Kentucky-31 after five years under grazing and drought stress (West and 

Gunter, 2004).   

In Mississippi, Jesup and Georgia-5 infected with the novel strain AR542 had 

stand densities similar to their E+ counterparts after three years under grazing conditions 

(Lang, 2006).  However, after five years, stand densities for E++ associations declined to 

70%, and E+ versions remained at 82%.  The E++ cultivars persisted better than E- 

plants; E- stand density was 59% after one year, and only 25% after five years (Lang, 

2006).   
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During a long-term grazing experiment in Georgia, Jesup E++ tall fescue had 

excellent stand persistence; the final stand persistence after six years was 76% basal area 

for E+, 73% for E++, and 67% for E- (Franzluebbers et al., 2009). 

Milne (2001) reported cultivar differences in stand persistence and plant leaf 

structure.  In grazing experiments, E- coarse-leaved continental tall fescue cultivars 

(Jesup, ‘Dovey,’ and ‘Quantum’) were more tolerant to poor grazing management than 

soft-leaved E- cultivars.  The soft-leaved types, such as ‘Advance,’ were more prone to 

damage from poor grazing management because plants were more readily grazed to low 

stubble heights.  Inoculation of a novel endophyte into soft-leaf tall fescue cultivars could 

increase persistence.   

Grazing Preference 

Differences in grazing preference for forages grown under uniform conditions 

have been observed by researchers and farm operators, yet little evidence exists about the 

factors affecting selectivity.  Forage palatability is described as a “plant characteristic that 

stimulate a selective response by animal”; forage preference is described as “selection by 

the animal and is essentially behavioral.”  Both terms are used interchangeably (Heady, 

1964).   

Provenza (1995) explained that diet selection may involve complex interactions 

between taste and smell with postingestive feedback.  Animals can associate positive 

feelings (i.e. satiety) from eating and digesting a food with the taste or smell of that food.  

Aversion to a food source may be formed from foods with toxins, nutrient deficiencies, or 

from foods eaten in excess.  Aversions diminish preference and cause animals to seek 
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alternatives.  Animals will relate these positive or negative feelings to chemo-, osmo-, 

and mechano-receptors for that unique food source.   

Olfactory sensory input may play an important role in cattle forage preference 

(Shewmaker et al., 1997).  Livestock grazing near plot borders were observed passing 

their muzzles over the forage canopy rather than tasting the forage to select their diet.  

The cattle used olfactory senses to decide to eat or move on.     

Plant stage of growth is one factor that may influence livestock preference.  

Immature forages between 5 and 10 cm in height were preferred by dairy cattle when 

compared to forage greater than 10 cm in height (Beaumont et al., 1933).  In general, 

cattle and sheep eat leaf in preference to stem, green material in preference to dry 

material, and young tissue in preference to old tissue (Arnold, 1964). 

Forages that receive fertilizer or limestone may be more palatable to grazing 

livestock.  In one study, forages that received N, P, and K had increased palatability when 

compared to unfertilized controls; pure stands of white clover (Trifolium pratense L.), 

timothy (Phleum Pratense L.), redtop (Agrostis gigantea Roth.), and Kentucky bluegrass 

(Poa pratensis L.) were evaluated (Beaumont et al., 1933).  Grass that received the high 

N rates were more palatable than those receiving medium or low N amounts (Beaumont 

et al., 1933).  On average, the forage consumed is usually higher in N, P, and gross 

energy, but lower in fiber when compared to that of the forage offered (Arnold, 1964).   

Even though livestock select forages with higher nutrient levels, grazing animals 

often show little nutritional wisdom when selecting a diet.  In one study, when given a 

choice of foodstuff, sheep were unable to select a diet adequate for reproduction and 

lactation (Gordon and Tribe, 1951).  In another study, P-deficient sheep and cattle failed 
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to correct the deficiency when given the opportunity (Gordon et al., 1954).  

Contrastingly, one study showed that Na-deficient sheep preferentially grazed forage 

species high in Na, independent of their normal preference patterns (Denton and Sabine, 

1963).   

Two experiments concluded that when given the choice between perennial 

ryegrass and white clover, cattle (Ruttler et al., 2004) and sheep (Parson et al., 1994) 

selected diets that consisted of both forage species, even when the animals had the ability 

to select a monoculture.  Both research experiments reported strong preference for clover, 

yet clover never reached 100% of the diet.  Both reports also observed stronger 

preference for clover in the morning and preference for grass increased during the day.    

Factors that influence intake rate have been linked to animal preference.  Falkner 

and Casler (1998) found high in vitro dry matter disappearance (IVDMD) was preferred 

by sheep over low-IVDMD smooth bromegrass (Bromus inermis Leyss.) clones.  Also, 

low neutral detergent fiber (NDF) was preferred to high-NDF clones of smooth 

bromegrass (Falkner and Casler, 1998).  In another study, low ash and NDF, as well as 

high water soluble carbohydrate and digestibility were linked to increased grazing 

preference in Holstein dairy cattle grazing perennial ryegrass (Smit et al., 2006).  Cell 

wall concentration has been negatively linked to dry matter intake, but cell wall 

digestibility has been positively associated with dry matter intake (Jung and Allen, 1995).  

Leaf blade tensile and shear strength are often factors associated with preference.  

Tensile strength is the force per cross-sectional area exerted by longitudinal pull that is 

required to break a leaf, and it is associated with resistance to the pulling motion 
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livestock use when grazing.  In a study by Rae et al. (1964), low tensile strength cultivars 

of perennial ryegrass produced the highest ADG in sheep.   

Shear strength is the breaking force per cross-sectional area applied at 90º to the 

longitudinal axis of the leaf.  Perennial ryegrass cultivars with low leaf shear strength 

have been reported to have reduced amounts of cellulose and hemicellulose, increased 

total N concentrations, and increase DM intake in sheep (Mackinnon et al., 1988).  

According to Inoue et al. (1994), perennial ryegrass cultivars with low shear strength 

were chewed less by sheep when compared to cultivars with higher shear strength.  

Selecting cultivars with low leaf tensile and shear strength has potential to increase rates 

of voluntary intake (MacAdam and Mayland, 2003).  

Cattle preference for tall fescue was characterized by Shewmaker et al. (1997).  

Eight cultivars of E- tall fescue were evaluated for preference by pre- and post-grazing 

clipping and visual scores.  The livestock were able to distinguish between the cultivars 

early in the 48-hour grazing period.  The order of preference was:  ‘Kenhy’ > Kentucky-

31 > HiMag = ‘Barcel’ = ‘C1’ = ‘Stargrazer’ > ‘MO96’ = ‘Mozark’.   

MacAdam and Mayland (2003) used the preference data generated from 

Shewmaker et al. (1997) to determine if grazing preference was related to leaf tensile or 

shear strength.  MacAdam and Mayland (2003) reported that leaf tensile and shear 

strength were negatively correlated to grazing preference.  The negative correlation of 

preference with leaf strength may indicate a preference for grasses with a higher 

proportion of mesophyll tissue, which is highly digestible (MacAdam and Mayland, 

2003).  Low leaf strength suggests a reduction in fiber relative to mesophyll tissue since 

leaf strength is a function of the content and distribution of fiber cells (Vincent, 1982).  
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Grasses with low leaf strength have high total nonstructural carbohydrate (TNC) 

concentration and digestibility (Mayland et al., 2000), factors that may lead to increase 

intake and gain.  Tensile strength is associated with resistance to initial leaf breakage by 

grazing, and fiber bundles are the primary source of leaf strength (MacAdam and 

Mayland, 2003).  Mozark, the cultivar with the highest leaf tensile strength, also had the 

highest proportion of structural tissue in the leafblade transverse section and had the 

lowest level of preference (MacAdam and Mayland, 2003; Shewmaker et al., 1997).  

Leaf width has been demonstrated to be the characteristic most associated with 

preference, according to MacAdam and Mayland (2003).  Tall fescue cultivars with 

greater leaf widths, and simultaneous increase in thickness, result in greater distance 

between veins and a higher ratio of mesophyll to structural tissue, higher cell contents 

availability, and potentially higher nutritive value (MacAdam and Mayland, 2003).  

Selecting cultivars with maximum leaf blade width can be a practical and convenient trait 

to identify elite cultivars with increased grazing preference (MacAdam and Mayland, 

2003).  

Livestock preference may also be influenced by forage maturity stage.  Cattle 

preference of multiple tall fescue cultivars during spring reproductive growth revealed 

three preference groups that were distinguishable based on plant maturity (van Santen, 

1992).  The preference groups were:  1) very early-maturing populations with low 

preference scores, 2) medium-maturity populations with medium preference scores and, 

3) late-maturing populations with high preference scores.  Low preference was also 

attributed to populations originating from the Mediterranean and southern US.      
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Livestock may be able to detect toxic alkaloids produced by E. coenophiala 

during grazing.  In one study, cattle preferred to graze E- Georgia-5 tall fescue over E+ 

versions of Georgia-5 (van Santen,1992).  Preference for E- over E+ tall fescue was 

observed during measurements conducted at 3, 6, and 13 d after grazing was initiated 

(van Santen, 1992).  In another study, sheep were able to detect differences in E+ and E- 

perennial ryegrass, and showed preference toward E- over E+ plants (Edwards et al., 

1993).  The sheep grazing E+ perennial ryegrass consumed less forage compared to those 

grazing E- perennial ryegrass.  The researchers observed that the livestock were reluctant 

to graze below the E+ pseudostem horizon.    

Little is known about E++ tall fescue cultivar preference.  Comparisons between 

E- and E++ tall fescue Advance were described by Tozer et al. (2007).  Grazing 

preference, annual DM production, and persistence were similar for E- and E++ tall 

fescue.  However, the researchers observed that E++ had fewer weeds. 
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OBJECTIVE 

The overall objective of the research was to determine how typical management 

practices impact the toxic component of tall fescue in order to provide recommendations 

to Missouri farmers.  Specific objectives include:  

1. Determine ergovaline distribution throughout the canopy of E+ tall fescue in the 

vegetative stages of growth.  

2. Determine how altering the soil pH with limestone application affects the 

ergovaline concentration in E+ tall fescue. 

3. Compare cultivars with different E++ strains, along with E+ and E-, for their 

ability to persist, identify any differences in grazing preference, and monitor 

ergovaline levels. 

HYPOTHESES  

1. Ergovaline concentration will be greatest in the lower canopy and least in the 

upper canopy.  

2. Increasing soil pH will influence ergovaline levels by altering plant root growth 

and nutrient access. 

3. Livestock will preferentially graze the E++ and E- treatments and avoid the E+ 

treatments.  This preferential grazing, along with biotic and abiotic stresses in the 

field, will result in significantly reduced stand density in the E- treatment.  Within 

the E++ treatments, the soft leaf cultivar will be selected more often than other 

cultivars.    
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CHAPTER 2:  Distribution of Ergovaline and Total Ergot 

Alkaloids in the Vegetative Tall Fescue Canopy 

S.L. Kenyon1, C.A. Roberts2, R.L. Kallenbach3, J.A. Lory4, M.S. Kerley5,  

G.E. Rottinghaus6, and N.S. Hill7 

Ergot alkaloids are toxins produced by Epichloë coenophiala [(Morgan-Jones & W. 

Gams) C.W. Bacon & Schardl, comb. nov.], a fungal endophyte that infects tall fescue 

(Lolium arundinaceum (Schreb.) Darbysh.) and causes fescue toxicosis in livestock.  

Previous studies report distribution of ergot alkaloids in morphological components of 

the grass during reproductive development.  This study determined the distribution of 

ergovaline and total ergot alkaloids throughout the vegetative canopy.  Between Oct 2012 

and Apr 2014, whole tillers were harvested four times from a stand of Epichloë-infected 

‘Kentucky-31’ tall fescue near Alton, MO.  Harvests occurred in Apr before boot stage 

and in Oct before killing frost.  Tillers were cut into four segments: 0-5, 5-10, 10-15, and 

>15 cm, where 0-5 cm = soil level, and >15 cm = top of the canopy.  Segments were 

analyzed for ergovaline and total ergot alkaloids.  For tillers harvested in Apr, mean 

ergovaline concentration was 272 µg kg-1 dry matter (DM) in the 0-5 cm segment and 

decreased linearly upward through the canopy.  In Oct, break-point regression indicated 

that mean ergovaline concentration was 1,121 µg kg-1 DM in the 0-5 cm segment of the 

canopy and averaged 80% less above 5 cm.  Total ergot alkaloids distribution patterns 

resembled ergovaline distribution in Oct; mean total ergot alkaloids were 2,585 µg kg-1 

DM in the 0-5 cm segment of the canopy and >60% less in the upper portion of the 
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canopy.  These findings suggest canopy height is an important component of alkaloid 

management of toxic tall fescue pasture. 
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INTRODUCTION 

Tall fescue [Lolium arundinaceum (Schreb.) Darbysh. = Schedonorus 

arundinaceus (Schreb.) Dumort.] is naturally infected with the endophytic fungus, 

Epichloë coenophiala [(Morgan-Jones & W. Gams) C.W. Bacon & Schardl, comb. nov.].  

The endophyte produces ergot alkaloids responsible for fescue toxicosis, a livestock 

disorder with devastating effects on the health and performance of grazing animals 

(Hoveland et al, 1983; Stuedemann and Hoveland, 1988; Roberts and Andrae, 2010; 

Kallenbach, 2015).  Ergovaline, one of the major ergopeptine alkaloids, affects dopamine 

receptors (Larson et al., 1995), vasoconstriction (Solomons et al., 1989; Browning and 

Leite-Browning, 1997), and prolactin levels (Strickland et al., 1994).  Other classes of 

ergot alkaloids also contribute to toxicity (Hill, 2005). 

The distribution of endophytic mycelia has been well documented.  Epichloë 

colonizes the basal meristem of tall fescue (Lane et al., 2000).  As the plant matures, 

hyphae progress into the intercellular spaces of the leaf sheath and mycelia 

concentrations are highest in the base and decrease upward in the sheath and the ligular 

zone (Lane et al., 2000).  In reproductive tillers, tissues above the top node are highly 

infected with mycelia, which eventually colonize the seed embryo (Philipson and 

Christey, 1986).   

Mycelia concentrations in the leaf blade are cultivar specific (Christensen et al., 

1998) and occur in intercellular spaces parallel to the leaf axis (Lane et al., 2000).  The 

cultivars ‘Kentucky-31,’ ‘Jesup,’ and ‘Georgia-5’ were reported to have low levels of 

mycelia in the leaf blade (Christensen et al., 1998).  Whereas mycelia have been 

documented to extensively colonize other cultivars such as an experimental cultivar with 
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Mediterranean origin ‘KFa949’ and a wild-type population collected from the 

Manawatu region of New Zealand ‘MRSP’ (Christensen et al., 1998).   

The distribution of ergot alkaloids depends on the level of endophyte 

colonization, plant genotype, plant tissue, and distribution patterns are specific for 

each alkaloid (Spiering et al., 2005).  Ergot alkaloid distribution within tall fescue 

is believed to correspond to the concentration of mycelia (Christensen et al., 

1998).  Concentrations are reported for the morphological components of plants at 

the reproductive stage.  For example, ergovaline concentrations are highest in the 

seedhead, followed by the sheath, and leaf blade; ergovaline occurs at low 

concentrations in roots (Lane et al., 2000; Azevedo et al., 1993; Rottinghaus et al., 

1991, Roylance et al., 1994; Ball et al., 1997; Christensen et al., 1998).    

To date, distribution of ergovaline and total ergot alkaloid concentration 

throughout the canopy of vegetative tall fescue has not been reported.  

Distribution of toxins in the vegetative canopy is important information, as 

vegetative growth occurs most of the growing year, and recommendations 

emphasize grazing during vegetative stages and grazing height of a pasture.  The 

objective of the study was to determine the distribution of ergovaline and total 

ergot alkaloid concentrations in the canopy of vegetative, field-grown tall fescue. 
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MATERIALS AND METHODS 

This experiment was conducted on an established tall fescue pasture near Alton, 

MO (36.69857°, -91.39776°).  The soil type was a Fanchon-Tonti complex (fine-loamy, 

siliceous, semiactive, mesic Typic Paleudults, and fine-loamy, mixed, active, mesic Typic 

Fragiudults; Soil Survey Staff, 2014).  On 14 Oct 2011, 200 tillers were selected 

randomly from the plot area and tested for the presence of Epichloë mycelia using a 

commercial enzyme-linked immunosorbent assay (ELISA) kit (Agronostics, 

Watkinsville, GA).  The plot area was determined to contain 95% infected tillers.  

In the autumn 2012, plots measuring 1 x 6 m were established in a completely 

randomized design with four harvest dates and eight replications.  Harvest dates were 17 

Oct 2012, 19 Apr 2013, 20 Oct 2013, and 16 Apr 2014.  April sampling occurred before 

tall fescue entered the boot stage, and Oct sampling occurred before the autumn killing 

frost.   

At each harvest date, individual plant tillers were randomly selected and cut by 

hand at soil level from each of the eight replicate plots.  Enough tillers were collected in 

each plot to yield 20 to 25 g dry mass.  The harvested tillers were stored on ice until field 

sampling was complete.  Upon returning from the field, samples were immediately frozen 

at -4 C.   

The day after sampling, the entire plot area was clipped to an 8-cm height.  The 

plot area was also clipped to 8 cm in late May to remove seedheads, and in mid-Aug to 

follow autumn stockpile management.  In all cases, clippings were immediately removed 

from the plot. 
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Plots were fertilized after sampling in Apr and Oct with ammonium nitrate 

(NH4NO3) at the rate of 45 kg N ha-1.  Soil was tested annually in Oct by 

collecting ten cores per plot to a depth of 15 cm and a 2.5-cm diameter.  Soil 

samples were analyzed using standard methods by the University of Missouri soil 

testing lab (Nathan et al., 2012).  Average yearly soil test values for salt pH (soil 

suspension in 0.01 M CaCl2; Schofield and Taylor, 1955), Bray-1 phosphorus 

(Bray and Kurtz, 1945) and ammonium acetate extractable potassium (Knudsen et 

al., 1982) are reported in Table 2.1.   

Herbicide applications were applied to the whole plot area 19 Apr 2012, 6 

Apr 2013, and 3 Apr 2014.  Plots were sprayed with Grazon P+D [2 pt ha-1; a.i. 

picloram (4-amino-3,5,6-trichloro-2-pyridinecarboxylic acid) and 2,4-D ((2,4-

dichlorophenoxy) acetic acid)] to control broadleaf weeds, and Prowl H2O [1 pt 

ha-1; a.i. pendimethalin (3,4-dimethyl-2,6-dinitro-N-pentan-3-yl-aniline)] to 

control annual weeds.  The chemicals were tank mixed and applied at 60 L water 

ha-1. 

Monthly precipitation data (Table 2.2) was collected from Community 

Collaborative Rain, Hail, and Snow Network station number MO-OR-20 (station 

name Alton 7.2 E) located 13 km from the plots.  Average annual precipitation for 

Oregon County, MO is 120 cm (National Agriculture Statistics Service, 2016).  

Laboratory Analysis 

To prepare for chemical analysis, frozen tall fescue tillers were cut into 

four segments, measuring from the base of the tiller.  Segments were defined as 0-
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5, 5-10, 10-15, or >15 cm from the base of the tiller.  The segmented samples were then 

freeze-dried and ground to pass a 1-mm screen.   

Ground samples were analyzed for ergovaline concentration by high pressure 

liquid chromatography (HPLC) using the procedure of Rottinghaus et al. (1991) with 

modifications reported by Hill et al. (1993).  Samples were also analyzed for total ergot 

alkaloid concentration by near-infrared (NIR) spectroscopy according to Roberts et al. 

(2005) with reference data obtained by the procedure of Hill and Agee (1994).  The NIR 

spectrophotometer was a FOSS NIR 6500 system with WinISI software version 1.02 

(Foss Analytical, Hillerod, Denmark).  Calibration and validation statistics for total ergot 

alkaloids included the mean and standard error of calibration of 1311 ± 345 µg kg-1 dry 

matter (DM), the standard error of cross-validation of 414 µg kg-1 DM, the squared 

correlation coefficient of 0.90, and 1 minus-the-variance-ratio of 0.85. 

Statistical Analysis 

The experiment was analyzed as a completely randomized design with four 

harvest dates, four canopy segments, and eight replications.  Ergovaline and total ergot 

alkaloid data were not normally distributed and were transformed using log10.  Harvest 

dates and interactions with harvest dates were considered as random effects.  Repeated 

measures ANOVA procedures were used for harvest dates.  The SAS procedure PROC 

MIXED (SAS Institute, Cary, NC) was used assuming unstructured covariance among 

the repeated measures.  Main effects and all interactions were considered significant 

when p < 0.05.  When applicable, mean separation was conducted using least significant 

differences (α = 0.05).  Break-point (broken-line) regression was used to explain variable 

response over segments using PROC NLIN of SAS (Robbins et al., 2006), with segment 
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as a continuous variable defined as 2.5, 7.5, 12.5 and 17.5 cm for the 0-5, 5-10, 10-15, 

and >15 cm segments, respectively.  In cases where the model did not converge (no break 

point), a simple linear regression was fitted.
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RESULTS 

Ergovaline 

Ergovaline concentrations differed among harvest dates and canopy segments, 

and there was a significant harvest date by segment interaction (p < 0.001; Table 2.3).  

When tall fescue was harvested in Oct, break-point regression revealed highest 

concentrations of ergovaline in the 0-5 cm segment and >70% lower concentrations 

above 5 cm that decreased only slightly throughout the upper canopy (Fig. 2.1).   

When tall fescue was harvested in Apr, there was no break point; ergovaline 

concentrations were highest in the 0-5 cm segment of the tillers and decreased linearly 

throughout the upper canopy (Fig. 2.1).  Mean concentrations in the 0-5 cm segment were 

75% lower in Apr than in Oct. 

Total Ergot Alkaloids 

Distribution of total ergot alkaloid concentration throughout the canopy in both 

Apr and Oct mirrored distribution of ergovaline concentration in Oct.  Total ergot 

alkaloid concentrations differed among tall fescue canopy segments (p < 0.001; Table 

2.3).  Break-point regression for total ergot alkaloid concentrations revealed high 

concentration in the 0-5 cm canopy segment and >60% lower concentrations throughout 

the rest of the canopy (Fig. 2.2).  

Total ergot alkaloid concentrations also differed among harvest dates (p < 0.001; 

Table 2.3).  While each harvest had different concentrations of total ergot alkaloids, Oct 

samples had higher concentrations than Apr samples (Table 2.4).  
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DISCUSSION 

These findings, based on tillers of field-grown tall fescue in vegetative 

stages of growth, coincide with reports of ergovaline distribution among similar 

morphological components of reproductive tall fescue.  When examining the 

vegetative component of reproductive tall fescue, the highest alkaloid 

concentrations occurred in the crown and sheath (Lane et al., 2000; Rottinghaus et 

al., 1991), which corresponds to the 0-5 cm segment in this study (Fig. 2.2 and 

2.3).  The seed head contains the highest concentrations of ergovaline when 

compared to all plant parts (Lane et al., 2000; Azevedo et al., 1993; Rottinghaus 

et al., 1991, Roylance et al., 1994), and likely the highest concentrations of total 

ergot alkaloids.  Consequently, highest concentrations of ergovaline occur in the 

upper canopy of reproductive tall fescue.  This experiment documented that in 

vegetative tall fescue, highest concentrations of ergovaline and total ergot 

alkaloids occur at the base of the plant. 

These findings support the conclusions of Christensen et al. (1998), who 

reported that highest concentrations of ergovaline corresponded to highest degree 

of hyphal colonization.  In vegetative tissue, the highest degree of hyphal 

colonization occurs in the leaf sheath (Lane et al., 2000).  The cultivar in this 

study, Kentucky-31, is known to have low levels of mycelia in the leaf blade 

(Christensen et al., 1998).  These results may not apply to all tall fescue varieties 

because the cultivars KFa949 and MRSP were considered to have extensive leaf 

blade hyphal colonization (Christensen et al., 1998). 
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Grazing Management Considerations 

Findings from this work have implications for grazing recommendations.  

Livestock allowed to graze forage to < 5-cm height can be expected to ingest high 

concentrations of ergovaline and total ergot alkaloids.  This will affect animal health, 

such as poor thermoregulation, vasoconstriction, and immunosuppression (Al-Haidary et 

al., 2001; Paterson et al., 1995).  It will also affect animal performance, such as milk 

production, weight gain, and reproduction (Paterson et al., 1995; Porter and Thompson, 

1992; Hoveland et al., 1983; Stuedemann and Hoveland, 1988; Kallenbach, 2015).  Our 

findings not only reinforce the importance of grazing to maintain stubble heights above 5 

cm, they also provide an explanation as to why overgrazing has been reported to increase 

the incidence of fescue toxicosis for cattle (Bos spp.) and sheep (Ovis spp.; Tor-Agbidye 

et al., 2001).  

There is no agreed threshold for ergovaline in the diet of livestock.  In Oregon, 

clinical symptoms are reported when ergovaline concentrations occur between 300-500 

µg kg-1 DM for horses (Equus caballus), 400-750 µg kg-1 DM for cattle, and 500-800 µg 

kg-1 DM for sheep (Aldrich-Markham et al., 2003).  In research from the Midwest and 

southern US, threshold ergovaline levels that produce clinical disease have been reported 

at lower levels, possibly because the continental climate produces long, hot summers and 

cold winters, exacerbating heat stress, fescue foot, and other symptoms of fescue 

toxicosis (Cornell et al., 1990; Stuedemann and Hoveland, 1988).  In Kentucky, 390 µg 

kg-1 DM (Aiken et al., 2009), and in Missouri 200 µg kg-1 DM are threshold levels 

observed in cattle (Cornell et al., 1990).   
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Regardless of the lack of agreement among geographic regions, ergovaline 

in the 0-5 cm segment of the canopy should be considered toxic.  Implementing 

management practices that maintain grazing height to > 5 cm in infected 

Kentucky-31 fescue pastures has the potential to dramatically reduce exposure to 

mean ergovaline concentrations.  Mean ergovaline concentration above 5 cm in 

the canopy were ≤ 200 µg kg-1 DM in Apr, and ≤ 250 µg kg-1 DM in Oct (Fig. 

2.1), which are below most reported thresholds for cattle.   

The findings of this study have the strongest implications for horse 

producers.  Horses are among the most susceptible livestock to fescue toxicosis.  

Pregnant mares are highly sensitive to ergovaline and should not consume toxic 

tall fescue during the last 90 d of pregnancy (Cross et al., 1995; Aldrich-Markham 

et al., 2003).  Horses also have a highly mobile muzzle and upper incisors that 

allow them to bite the forage rather than shear it off (Daugherty and Collins, 

2003), and these anatomical features facilitate horses grazing lower into the 

forage canopy.  Because ergot alkaloid concentrations are highest in the base of 

the vegetative canopy, managed grazing to maintain stubble heights above 5 cm is 

even more critical for this highly sensitive class of livestock.   

Though no threshold levels for total ergot alkaloids have been postulated, 

their high concentrations in the lower canopy should also serve as a warning of 

the potential toxicity to grazing livestock.  Ergoline alkaloids make up 

approximately 50% of total ergot alkaloids, and some of the specific compounds 

have been postulated as causes for fescue toxicosis (Ayers et al., 2009; Hill, 

2005).  In addition, total ergot alkaloid concentrations frequently follow the same 
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pattern as ergovaline in tall fescue hay, pasture, and silage (Roberts et al., 2014; Roberts 

et al., 2011, Roberts et al., 2009; Rogers et al., 2010).  

Grazing height should be part of alkaloid management, a strategy proposed by 

Roberts and Andrae (2010) to limit the ingestion of toxic alkaloids.  Additional alkaloid 

management practices will still be necessary because alkaloid concentrations, even in the 

upper segments of the vegetative canopy, were sometimes above current thresholds for 

toxicosis. 

This study is the first to document the distribution of ergovaline and total ergot 

alkaloids in tall fescue during vegetative growth.  More research is needed to fully 

characterize the effects of cultivar and environment, and to assess the impact of forage 

management (e.g. grazing vs. hay) on conclusions of this research. 
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CONCLUSIONS 

Vegetative Kentucky-31 tall fescue canopy segments had the highest 

ergovaline and total ergot alkaloid concentration in the 0-5 cm canopy segments; 

above that height, mean toxin concentrations decreased or remained steady near 

or below current thresholds for grazing cattle.  To minimize ergot alkaloids in the 

diet of livestock, pasture management should maintain tall fescue canopy height 

above 5 cm while implementing other practices that reduce animal exposure to 

these toxins.  
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FIGURES AND TABLES 

Table 2.1.  Average yearly soil values (0- to 15-cm depth) for Epichloë-infected tall 

fescue research plots located near Alton, MO. 

 

Year  pH(s)
 †

 P† K† 

  
--mg kg-1-- 

2012 5.4 46 121 

2013 5.5 48 123 

2014 5.6 47 118 
† pH: salt pH in 0.01 M CaCl2 suspension; P: Bray-1 phosphorus; K: ammonium acetate 

extractable potassium. 
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Table 2.2.  Monthly precipitation totals for research plots located near Alton, MO.  

Average yearly rainfall for Oregon County, MO is 120 cm (National Agriculture 

Statistics Service, 2016†). 

 

 

 

 

 

 

 

 

 

 
† Source:  National Agriculture Statistics Service. 2016. USDA. Heartland Regional Field 

Office and Missouri Field Office [accessed 13 May 2016] 

https://www.nass.usda.gov/Statistics_by_State/Missouri/Publications/Weather_Data/.  

 

  

Month 2012 2013 2014 

 ---------cm--------- 

Jan   6.5 13.5   3.9 

Feb   2.4   8.9   4.2 

Mar   9.5   6.1   6.7 

Apr   4.2 14.2 11.9 

May   9.1 11.9 11.1 

Jun   2.9   8.4 21.4 

Jul   3.6   8.4   5.4 

Aug   7.4 14.6   4.3 

Sept 14.3    5.4 21.2 

Oct   4.3   9.2 19.7 

Nov   4.5 10.3   7.7 

Dec   7.0   9.0   3.9 

YEARLY 

TOTAL 75.7 120.0 121.3 
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Table 2.3.  ANOVA results for ergovaline and total ergot alkaloid concentrations in the 

vegetative canopy of Epichloë-infected tall fescue near Alton, MO.  Data were 

transformed with log10 to fit a normal distribution. 

 

  Probability > F test 

Effect d.f. Ergovaline 

Total Ergot 

Alkaloids 

Harvest Date 3 <0.001 <0.001 

Segment 3 <0.001 <0.001 

Harvest Date*Segment 9 <0.001    0.714 

 

 



 

 

5
5
 

 
Figure 2.1.  Ergovaline concentration in the vegetative canopy of Epichloë-infected tall fescue.  Plots near Alton, MO were harvested 

four times between Oct. 2012 and Apr. 2014.  Tillers were clipped at soil level and divided into four segments where 0 represents soil 

surface.  For regression analysis, segments were defined as 2.5, 7.5, 12.5 and 17.5 cm from the soil surface for the 0-5, 5-10, 10-15 

and >15 cm segments, respectively.
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Figure 2.2.  Total ergot alkaloid concentration in the vegetative canopy of Epichloë-

infected tall fescue.  Plots near Alton, MO were harvested four times between Oct. 2012 

and Apr. 2014.  For regression analysis, segments were defined as 2.5, 7.5, 12.5 and 17.5 

cm from the soil surface for the 0-5, 5-10, 10-15 and >15 cm segments, respectively. 
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Table 2.4.  Total ergot alkaloid concentration in Epichloë-infected tall fescue harvested 

from plots near Alton, MO between 2012 and 2014.  Tillers were clipped at soil level and 

were pooled across canopy segments.   

 

Harvest Date 

Total Ergot 

Alkaloid 

Concentration 

 µg kg-1 DM 

October 2012           2807 a† 

April 2013            880 c  

October 2013          1420 b 

April 2014            311 d  

  

LSD (0.05)         360 
† Means followed by the same letter are not significantly different according to LSD 

(0.05). 
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CHAPTER 3:  Ergovaline Concentration of Tall Fescue as 

Affected by Limestone Application 

S.L. Kenyon1, C.A. Roberts2, R.L. Kallenbach3, J.A. Lory4,  

M.S. Kerley5, and G.E. Rottinghaus6 

Tall fescue [Lolium arundinaceum (Schreb.) Darbysh.] infected with Epichloë 

coenophiala [(Morgan-Jones & W. Gams) C.W. Bacon & Schardl, comb. nov.] produces 

ergovaline and other alkaloids responsible for fescue toxicosis, a devastating livestock 

disorder.  Limestone application can alter plant growth and nutrient access, which may in 

turn affect ergovaline production in pastures.  The effect of limestone on ergovaline 

levels in tall fescue has not been documented.  Limestone was surface applied in Dec 

2011 to a field of endophyte-infected tall fescue near Alton, MO.  Whole tillers were 

harvested spring and autumn from 2012 to 2014.  Soil samples were collected annually in 

Oct, and individual soil cores were divided into increments from 0-3, 3-8, and 8-15 cm.  

Limestone increased soil pH(s) during the three-year period, and the greatest increase 

occurred at the soil surface.  The soil pH(s) for the non-treated plots at each soil depth was 

similar with a mean pH(s) of 5.0.  Limestone application reduced (p<0.10) ergovaline 

concentrations by 20 µg kg-1 dry matter (DM), compared to non-treated control plots.  

Limestone application may aid in the overall reduction of fescue toxicosis by causing a 

slight reduction in ergovaline concentrations while improving the growing conditions for 

legumes, which are interseeded into the pasture to dilute the toxic diet consumed by 

grazing livestock.  
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INTRODUCTION 

Tall fescue [Lolium arundinaceum (Schreb.) Darbysh. = Schedonorus 

arundinaceus (Schreb.) Dumort.] can persist in a wide range of soil conditions, 

including low pH, low P availability, high exchangeable Al, and drought-prone 

soils (Belesky and West, 2009).  The ability of tall fescue to survive in suboptimal 

environments is partially due to the association with the endophytic fungus, 

Epichloë coenophiala [(Morgan-Jones & W. Gams) C.W. Bacon & Schardl, 

comb. nov.].   

Endophyte-infected tall fescue (E+) produces alkaloids, some of which 

allow the plant to survive biotic and abiotic stresses (Sleper and West, 1996).  

However, it also produces ergot alkaloids that cause fescue toxicosis, a livestock 

disorder that causes poor health and performance of grazing animals (Hoveland et 

al, 1983; Stuedemann and Hoveland, 1988; Roberts and Andrae, 2010; 

Kallenbach, 2015).  Ergovaline, one of the ergot alkaloids, has been associated 

with fescue toxicosis (Sleper and West, 1996; Kallenbach, 2015).   

Ergot alkaloid concentrations can be affected by several soil nutrients.  

Ergovaline and total ergot alkaloid concentrations increase following N fertilizer 

application, since N is part of the heterocyclic ring (Rottinghaus et al., 1991, 

Belesky et al., 1988; Lyons et al., 1990; Rogers et al., 2010).  This N-facilitated 

increase in ergot alkaloid concentrations is largely the reason that high application 

rates of N fertilizer and poultry litter increase the symptoms of fescue toxicosis 

(Stuedemann and Hoveland, 1988).  It is also the reason that management of tall 
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fescue often includes the recommendation to limiting N fertilizer (Roberts and Andrae, 

2010).    

Another soil nutrient that affects ergot alkaloid concentrations in E+ tall fescue is 

P (Malinowski et al., 1998; Malinowski et al., 1999; Malinowski and Belesky, 1999).  

Availability of P may influence production of dimethylallyl tryptophan synthase, which is 

the first enzyme regulating biosynthesis of ergot alkaloids (Flieger et al., 1991).  In one 

study, ergot alkaloid concentrations in E+ tall fescue increased as P availability increased, 

although concentrations declined at high rates of P (96 mg P kg-1 soil; Malinowski et al., 

1998).   

It is possible that limestone application can affect ergot alkaloid production.  

Liming increases soil pH, which can in turn increase available P.  Liming can also 

improve plant growth, as it increases pH of acidic soils, base saturation to near-neutral 

soil pH levels, cation concentrations, and decreases toxic elements such as Al and Mn 

(MacLean and Brown, 1984).  Liming can also increase the amount of plant 

macronutrients (Brady and Weil, 2002).  All of these changes can result in increased 

growth of the host plant.  

To date, the scientific literature contains few reports that document the effect of 

limestone application on ergovaline concentrations in tall fescue.  The objective of this 

research was to determine ergovaline concentrations of tall fescue treated with limestone 

compared to non-treated controls. 
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MATERIALS AND METHODS 

This experiment was conducted on the Tom Roberts farm near Alton, MO 

(36.69857°, -91.39776°).  The site was selected because it is primarily ‘Kentucky-

31’ tall fescue established more than 20 years prior to this experiment, and 

because the site is representative of many pastures in southern MO.  The soil type 

was a Fanchon-Tonti complex (fine-loamy, siliceous, semiactive, mesic Typic 

Paleudults, and fine-loamy, mixed, active, mesic Typic Fragiudults; Soil Survey 

Staff, 2014).  The site was tested for endophyte level using a commercial enzyme-

linked immunosorbent assay (ELISA) kit (Agronostics, Watkinsville, GA).  

Testing involved randomly selecting 200 tillers from the entire test area on 14 Oct 

2011 and analyzing tillers for the presence of Epichloë mycelia.  Tillers were 

determined to be 95% infected with Epichloë. 

Treatments were randomly assigned as non-treated control or treated with 

limestone and replicated eleven times, for a total of 22 plots.  Plot size was 3 x 6 

m with a 1-m buffer strip separating each plot.  Limestone was surface applied to 

the treatment plots in Dec 2011.  The limestone used was from Doss and Harper, 

West Plains, MO and had an effective neutralizing material (ENM) rating of 486; 

each plot received enough limestone to meet the ENM requirements from 

individual-plot soil tests.  Prior to applying limestone, soil testing of the site 

determined that the average pH(s) for the site was 5.1 and individual plots that 

ranged from 4.8 to 5.5.  Soil samples were taken to a depth of 15 cm and were 

analyzed using standards methods by the University of Missouri soil testing lab 

(Nathan et al., 2012).    
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Plots were sampled by hand twice yearly over a three-year period, once in Apr 

and once in Oct.  April samples were collected from vegetative tall fescue early in the 

spring after plants reached green up but before they reach the boot stage.  October 

sampling occurred before the killing frost.  The harvest dates were 16 Apr 2012, 17 Oct 

2012, 20 Apr 2013, 20 Oct 2013, 19 Apr 2014 and 17 Oct 2014.   

For each sampling, individual plant tillers were randomly selected and cut at soil 

level from each of the 22 plots.  Enough tillers were collected from each plot to yield 20 

to 25 g dry mass.  The harvested tillers were stored on ice until field sampling was 

complete.  Upon returning from the field, the samples were immediately frozen at -4 C.   

The entire plot area was clipped to 8 cm the day after sampling, and the herbage 

was removed.  The plot area was clipped again in late May to remove seedheads, and in 

mid-Aug to follow autumn stockpiling recommendations, each time the herbage was 

removed.  Plots were fertilized after sampling in Apr and Oct with ammonium nitrate 

(NH4NO3) at the rate of 45 kg ha-1.  

 Soil testing was conducted annually in Oct following the autumn harvest by 

collecting ten cores per plot to a depth of 15 cm and a 2.5-cm diameter.  The soil core 

samples were then divided into increments of 0-3, 3-8, and 8-15 cm from the soil surface, 

and were analyzed using standards methods by the University of Missouri soil testing lab 

(Nathan et al., 2012).  Average yearly soil test values for each core sample depth for salt 

pH (soil suspension in 0.01 M CaCl2; Schofield and Taylor, 1955), Bray-1 phosphorus 

(Bray and Kurtz, 1945) and ammonium acetate extractable potassium (Knudsen et al., 

1982) are reported in Table 3.1.      
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The plots were sprayed with Grazon P+D [2 pt ha-1; a.i. picloram (4-

amino-3,5,6-trichloro-2-pyridinecarboxylic acid) and 2,4-D ((2,4-

dichlorophenoxy) acetic acid)] and Prowl H2O [1 pt ha-1; a.i. pendimethalin (3,4-

dimethyl-2,6-dinitro-N-pentan-3-yl-aniline)] to control broadleaf and annual 

weeds.  These chemicals were tank mixed and applied at 60 L water ha-1.  The 

herbicide applications occurred the first week of Apr.   

To prepare for chemical analysis, samples were freeze-dried and then 

ground to 1 mm in a cyclone-type grinder.  The ground samples were analyzed for 

ergovaline concentrations using the high pressure liquid chromatography (HPLC) 

procedure of Rottinghaus et al. (1991) with modifications by Hill et al. (1993). 

Monthly precipitation data (Table 3.2) was collected from Community 

Collaborative Rain, Hail, and Snow Network station number MO-OR-20 (station 

name Alton 7.2 E ) located 13 km from the research plots.  Average rainfall for 

Oregon County, MO is 120 cm (National Agriculture Statistics Service, 2016). 

Soil data for pH(s), P, and K were analyzed as a completely randomized 

design with two limestone treatments, three soil depths, and three years.  Years 

and interactions with years were considered as random effects and all others fixed 

effects.  Repeated measures ANOVA procedures were used for harvest dates.  

The SAS procedure PROC MIXED (SAS Institute, Cary, NC) was used assuming 

unstructured covariance structure among the repeated measures.    

The ergovaline data were analyzed using two limestone treatments, two 

seasons, and three years.  Ergovaline data did not fit a normal distribution and was 
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therefore transformed using log10.  Years and interactions with years were considered as 

random effects, season and treatment were considered fixed effects. 

For soil sample analysis and ergovaline, main effects and all interactions were 

considered significant when p < 0.10.  When applicable, mean separation was conducted 

using least significant differences (α = 0.10). 

In an effort to explore possible relationships between ergovaline and soil 

nutrients, pH(s), OM, P, K, Ca, and Mg concentrations were regressed against ergovaline 

concentrations.  The method of regression was stepwise and was accomplished using 

PROC STEPWISE of SAS.  
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RESULTS AND DISCUSSION 

Soil pH(s), P and K 

At the end of the three-year study, soil pH(s) for the limestone-treated plots 

averaged 5.6 and soil pH(s) for the non-treated plots averaged 5.0 (Table 3.1; Fig. 

3.1), and there was a significant limestone treatment by year interaction (p<0.01; 

Table 3.3).  For the non-treated plots, soil pH(s) was similar each year of the study, 

while the soil pH(s) of the limestone-treated plots increased during the three-year 

period (Fig. 3.1).  This was expected, as the effect limestone on soil pH is gradual 

(Brady and Weil, 2002).   

For soil pH(s), there was also a significant limestone treatment by soil 

depth interaction (p<0.001; Table 3.3).  The soil pH(s) in limed plots was highest 

at the soil surface and decreased with depth, whereas the soil pH(s) values for the 

non-treated plots at each soil depth were similar, remaining 5.0, on average (Fig. 

3.2).  This change in soil pH through the soil profile after limestone application 

was also expected, as such pH changes should be gradual with most changes 

occurring at the soil surface (Brady and Weil, 2002).   

Soil P levels were similar across limestone treatment, soil depth, and 

years, and there were no significant main effects or interactions (Table 3.3).  

Phosphorus levels ranged from 40 to 55 mg kg-1, and averaged 47 mg kg-1 at the 

end of the three-year study (Table 3.1).   
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Soil K levels had a significant (p<0.001) interaction between soil depth and year 

(Table 3.3).  While each year was different, in general the 0 – 3 cm soil depth had higher 

levels of K, and K levels decreased with soil depth (Fig. 3.3). 

Ergovaline Concentrations Affected by Limestone 

Ergovaline concentrations differed (p<0.10) between treated and control plots 

(Table 3.4).  Concentrations were 20 µg ergovaline kg-1 dry matter (DM) lower in plots 

that received limestone compared to non-treated control plots (Fig. 3.4).   

The literature regarding the effects of limestone application on tall fescue 

ergovaline concentrations is limited.  Rogers (2010) reported no difference in ergovaline 

or total ergot alkaloid concentrations for tall fescue plots treated with different rates of 

calcitic limestone, dolomitic limestone, and non-treated control plots.  However, this 

study was conducted on fields that were infected with only 30% Epichloë, so ergovaline 

concentrations were low. 

This study reported a reduction of ergovaline by 20 µg kg-1 DM.  Such a small 

reduction in toxic alkaloid concentrations would not likely have a direct impact on 

livestock performance.  Concentrations proposed as thresholds for symptoms of fescue 

toxicosis in cattle (Bos spp.) range from 200 µg ergovaline kg-1 DM in Missouri (Cornell 

et al., 1990) to 390 µg kg-1 DM in Kentucky (Aiken et al., 2009) to 475 µg kg-1 DM in 

Oregon (Aldrich-Markham et al., 2007).  

For several reasons, a reduction of 20 µg ergovaline kg-1 DM introduces the 

possibility that limestone application should be considered in the management of toxic 

tall fescue.  First, liming of low pH soils improves the growing conditions for various 

pasture legumes, such as red and white clover (Trifolium repens L. and T. pratense L., 
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respectively); the presence of clover in toxic tall fescue can increase steer gain by 

49 g d-1 through the spring grazing period and 13 g d-1 through the summer 

compared to E+ stands without clover (Thompson et al., 1993).  Also, clover in 

pasture can improve forage quality, animal health, milk production, weaning 

weights, calf conception percentages, and improve overall animal health 

(Hoveland et al., 1999; Ashley et al., 1987).   

Second, it is important to note that limestone application did not increase 

ergovaline concentrations.  The lack of an increase in ergovaline concentration 

could not be assumed prior to the experiment, as other soil amendments, such as 

N and poultry litter, increase ergovaline concentrations (Rottinghaus et al., 1991; 

Stuedemann and Hoveland, 1988; Rogers et al., 2010), and therefore, toxicity of 

the plant.  This lack of increase means that fields of toxic tall fescue can be limed 

without the negative penalty of increased ergot alkaloid production and toxicosis 

symptoms. 

Third, while the decrease in ergovaline concentration was only 20 µg kg-1 

DM, that decrease occurred with only a 0.6 increase in pH(s) units.  Many soils in 

this region are extremely acidic, with a pH below 5.0 (Nathan et al., 2012).  These 

soils could be limed to increase soil pH by 1.5 to 2 units, the effect of which on 

reduction of ergovaline concentrations has not been yet determined.   

Ergovaline concentrations also differed between seasons and among years, 

and there was a significant season by year interaction (p<0.001; Table 3.4).  

Ergovaline concentrations for autumn samples in 2012 and 2014 were higher than 



 

73 

those collected in the spring of the same year (Fig. 3.5); concentrations in 2013 did not 

differ between seasons. 

The high concentration of ergovaline in the autumn of 2012 and 2014 (Fig. 3.5) 

agrees with the literature, as the tall fescue in this study was vegetative (Rogers et al., 

2011).  Some studies report highest ergovaline concentration in the spring (Belesky et al., 

1988; Rottinghaus et al., 1991), but those studies sampled tall fescue during reproductive 

development, when ergovaline-rich seedheads are present.  Those studies that report 

seasonal fluctuations of ergovaline in vegetative tissue also report peak concentrations in 

the autumn.   

The extremely high concentrations of ergovaline in the autumn 2012 may have 

been caused by weather.  Samples averaged 820 µg ergovaline kg-1 DM, which was three 

times higher than concentrations at other sample dates (Fig. 3.5).  In 2012, the region 

experienced a severe drought (National Agriculture Statistics Service, 2016).  During 

drought conditions, ergovaline concentrations can increase in leaves and stems and 

become toxic to livestock (Arechavaleta et al., 1992; Belesky et al., 1989).   

Relationship between Ergovaline and Soil Nutrients 

 Regression equations for spring and autumn ergovaline concentrations vs. pH(s), 

OM, P, K, Ca, and Mg were non-significant (Table 3.5).  This suggests that in this study, 

the relationship between soil pH and ergovaline concentrations is weak.  A future study is 

warranted to measure ergovaline over a greater range of soil nutrients.  For example, the 

range in pH was only 0.6 units in this study. 
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This study is among the first to document ergovaline concentrations in 

response to limestone application.  More research is needed to fully characterize 

the effects of environment, limestone type, and soil pH range on conclusions of 

this research. 
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CONCLUSIONS 

Limestone application reduced ergovaline concentrations by 20 µg kg-1 DM 

compared to non-treated control plots.  This slight reduction in ergovaline concentrations 

is not enough to affect toxicosis, but it introduces the possibility that a greater reduction 

in ergovaline concentration might be possible with a greater increase in soil pH.  In 

addition, limestone application may affect toxicosis by improving the growing conditions 

for legumes, a practice that can decrease fescue toxicosis symptoms by diluting the 

amount of ergovaline in the diet of the livestock.   

An important conclusion is that limestone application did not increase ergovaline 

concentrations.  Other soil amendments, such as N and poultry litter, increase ergovaline 

concentrations and therefore create a sort of penalty for the producer. 
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FIGURES AND TABLES 

Table 3.1.  Soil pH(s), OM, P, K, Ca, and Mg measurements throughout the soil profile between 2012 and 2014 in tall fescue plots 

treated with limestone and in non-treated control plots.  Plots were located near Alton, MO and limestone treatments were applied in 

Dec 2011.  

 

  Limestone-Treated Plots  Non-Treated Control 

Year 

Soil 

Depth pH(s)
 †

 OM P† K† Ca Mg  pH(s)
 †

 OM P† K† Ca Mg 

 cm  % ------------mg kg-1------------   % ------------mg kg-1------------ 

2012 0-3 5.8 2.2 46 139 653 189  5.1 2.3 48 144 581 144 

 3-8 5.3 2.2 44 127 557 134  5.1 2.3 46 127 527 115 

 8-15 5.1 1.4 50 96 546 123  5 1.4 41 93 524 118 

2013 0-3 5.9 2.4 54 174 609 171  5.2 2.4 54 165 573 145 

 3-8 5.3 1.8 47 114 495 113  5.2 1.8 47 111 500 108 

 8-15 5.1 1.3 46 87 514 115  5.1 1.3 44 87 530 118 

2014 0-3 6 2.2 54 145 740 231  5.1 2.5 53 157 558 130 

 3-8 5.5 1.9 44 112 579 154  4.9 1.8 47 117 518 107 

 8-15 5.2 1.3 42 88 595 141  5 1.3 43 89 554 125 
† pH: salt pH in 0.01 M CaCl2 suspension; P: Bray-1 phosphorus; K: ammonium acetate extractable potassium. 
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Table 3.2.  Monthly precipitation totals for research plots located near Alton, MO.  

Average yearly rainfall for Oregon County, MO is 120 cm (National Agriculture 

Statistics Service, 2016†). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

† Source:  National Agriculture Statistics Service. 2016. USDA. Heartland Regional Field 

Office and Missouri Field Office [accessed 13 May 2016] 

https://www.nass.usda.gov/Statistics_by_State/Missouri/Publications/Weather_Data/.  

 

  

Month 2012 2013 2014 

 ---------cm--------- 

Jan   6.5 13.5   3.9 

Feb   2.4   8.9   4.2 

Mar   9.5   6.1   6.7 

Apr   4.2 14.2 11.9 

May   9.1 11.9 11.1 

Jun   2.9   8.4 21.4 

Jul   3.6   8.4   5.4 

Aug   7.4 14.6   4.3 

Sep 14.3    5.4 21.2 

Oct   4.3   9.2 19.7 

Nov   4.5 10.3   7.7 

Dec   7.0   9.0   3.9 

YEARLY 

TOTAL 75.7 120.0 121.3 
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Table 3.3.  ANOVA results for changes in soil pH(s), P, and K at different soil depths 

from 2012 to 2014 in plots treated with limestone and non-treated control plots.  

Limestone was surface applied to Epichloë-infected tall fescue in Dec 2011 before 

beginning the study at Alton, MO. 

    

  Probability > F test 

Source d.f. pH(s) P K 

Limestone Treatment 1 <0.001 0.966   0.393 

Soil Depth 2 <0.001 0.213 <0.001 

Year 2   0.683 0.813   0.081 

Limestone Treatment*Soil Depth 2 <0.001 0.761   0.639 

Limestone Treatment*Year 2   0.002 0.956   0.697 

Soil Depth*Year 4   0.946 0.924 <0.001 

Limestone Treatment*Soil Depth*Year 4   0.697 0.980   0.937 
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Figure 3.1.  Soil pH(s) of limestone treated and non-treated control plots from 2012 to 

2014 (p<0.01).  Limestone was surface applied to Epichloë-infected tall fescue in Dec 

2011 at Alton, MO.  Soil sampling was conducted annually in Oct to a depth of 15 cm.  
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Figure 3.2.  Soil pH(s) at different soil depths in limestone treated and non-treated control 

plots (p<0.001).  Limestone was surface applied to Epichloë-infected tall fescue in Dec 

2011 at Alton, MO.  Year was averaged across soil depth.  Soil sampling was conducted 

annually in Oct.  
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Figure 3.3.  Concentration of K in soil at different soil depths from 2012 to 2014 in tall 

fescue treated with limestone and in non-treated control plots (p<0.001).  Data were 

averaged across limestone treatment for each soil depth.  Soil samples were collected 

annually each Oct.  Limestone was surface applied in Dec 2011 at Alton, MO.   
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Table 3.4.  ANOVA results for ergovaline concentrations for plots treated with limestone 

or non-treated control.  Ergovaline was determined from Epichloë-infected tall fescue 

tillers clipped at the soil surface in spring and autumn between 2012 and 2014.  Data 

were transformed with log10 to fit a normal distribution.   

 

    Probability > F test 

Source d.f. Ergovaline Levels 

Limestone Treatment 1   0.103 

Season 1 <0.001 

Year 2 <0.001 

Limestone Treatment*Season 1   0.983 

Limestone Treatment*Year 2   0.108 

Season*Year 2 <0.001 

Limestone Treatment*Season*Year 2   0.354 
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Figure 3.4.  Ergovaline concentrations in limestone treated and non-treated Epichloë-

infected tall fescue (p<0.10) located at Alton, MO.  Ergovaline was measured in 

vegetative tall fescue tillers clipped at the soil surface during spring and autumn between 

2012 and 2014.  Data were average across seasons and years.   
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Figure 3.5.  Ergovaline concentration in Epichloë-infected tall fescue in the spring and 

autumn from 2012 to 2014 at Alton, MO (p<0.001).  Whole tall fescue tillers were 

clipped in Apr prior to the boot stage, and autumn samples were collected during Oct 

before the killing frost.  Limestone treatment was averaged across seasons and years.  
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Table 3.5.  Regression of soil characteristics against ergovaline concentrations of 

Epichloë-infected tall fescue sampled spring and autumn from 2012 to 2014 at Alton, 

MO.  Whole tall fescue tillers were clipped in Apr prior to the boot stage, and autumn 

samples were collected during Oct before the killing frost.  Soil sampling was conducted 

annually in Oct and taken at a depth of 15 cm.   

 

  

Spring 

Ergovaline 

Autumn 

Ergovaline 

 Probability > F Test 

pH(s) 0.468 0.207 

OM 0.491 0.925 

P 0.442 0.279 

K 0.412 0.731 

Ca 0.331 0.851 

Mg 0.283 0.739 
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CHAPTER 4:  Comparison and Diet Preference of Novel 

Endophyte-Infected Tall Fescue Cultivars  

S.L. Kenyon1, C.A. Roberts2, R.L. Kallenbach3, J.A. Lory4,  

M.S. Kerley5, G.E. Rottinghaus6, and C.A. Young7 

Tall fescue [Lolium arundinaceum (Schreb.) Darbysh.] is naturally infected with a fungal 

endophyte [Epichloë coenophiala (Morgan-Jones & W. Gams) C.W. Bacon & Schardl, 

comb. nov.] that produces toxic ergot alkaloids which cause fescue toxicosis in livestock.  

Endophyte strains that produce little or no toxic ergot alkaloids are referred to as “novel” 

endophytes.  The objective was to determine differences in animal preference and stand 

persistence among commercially available novel endophyte-infected tall fescue cultivars.  

Six cultivars of novel tall fescue and controls of toxic, endophyte-infected and 

endophyte-free tall fescue were evaluated for animal preference, dry matter (DM) yield, 

DM disappearance, forage quality, and ground cover during a two-year grazing trial at 

Linneus, MO.  Tall fescue cultivars were established in 9- x 12-m plots in a randomized 

complete block design replicated four times.  Plots were grazed nine times by beef cattle 

(Bos spp.) during the two-year study, and some animals were fitted with GPS collars to 

reveal which cultivar was grazed first and most often.  ‘BarOptima’ was the cultivar 

grazed first and most frequently.  Yield, forage disappearance, and forage quality 

measurements of crude protein, acid detergent fiber, and neutral detergent fiber were 

similar among cultivars.  Ground cover increased each year of the study, even though 

seed production was inhibited.  In addition, rust (Puccinia spp.) susceptibility differed 

among cultivars.  
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INTRODUCTION 

The endophyte Epichloë coenophiala [(Morgan-Jones & W. Gams) C.W. 

Bacon & Schardl, comb. nov.] in tall fescue [Lolium arundinaceum (Schreb.) 

Darbysh. = Schedonorus arundinaceus (Schreb.) Dumort.] causes fescue 

toxicosis, a livestock disorder that includes animal health symptoms and 

production impacts (Hoveland, 1993).  The specific cause of this toxicosis is ergot 

alkaloids produced by the endophyte (Solomons et al., 1989; Strickland et al., 

1994; Browning and Leite-Browning, 1997).   

In recent decades, fescue toxicosis was addressed by endophyte-free (E-) 

tall fescue cultivars, which alleviated the negative impacts of fescue toxicosis on 

livestock production but lacked the ability to persist because of reduced resistance 

to biotic and abiotic stresses (Read and Camp, 1986; West et al., 1993).  Recently, 

cultivars of tall fescue were re-infected (E++) with endophytes that do not 

produce toxic ergot alkaloids but still confer persistence qualities in the plant.  

These new cultivars are called “novel endophytes” (Bouton et al., 2000).   

As cultivars are developed by plant breeders, they are selected for yield 

and resistance to disease and pests.  However, the trait of cultivar preference is 

also important, because voluntary intake is a critical determinant of animal 

performance (Jung and Allen, 1995).  Information on cultivar intake and 

preference among endophyte-infected tall fescue is limited.   

In grazing trials, cattle (Bos spp.) have exhibited a preference for E- tall 

fescue compared to toxic, endophyte-infected (E+) plants during spring 

reproductive growth (van Santen, 1992).  The difference in preference was 
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attributed to the absence of the endophyte (van Santen, 1992).  Similar results have been 

reported by Edwards et al. (1993) in perennial ryegrass (Lolium perenne L.) and its 

related endophyte, E. festucae var. lolii [(Latch, M.J. Chr. & Samuels) C.W. Bacon & 

Schardl, sat. nov. et comb. nov.]. 

Comparisons between E- and E++ tall fescue ‘Advance’ in sheep (Ovis sp.) 

grazing trials were described by Tozer et al. (2007).  In this study, grazing preference, 

annual dry matter (DM) production, and persistence were similar for E- and E++ tall 

fescue.  However, the researchers observed that E++ plots had fewer weeds.   

Livestock preference may be partially based on forage digestibility and stage of 

growth (Jung and Allen, 1995; van Santen, 1992).  During spring reproductive growth, 

higher preference scores were observed for tall fescue cultivars that were late maturing, 

and lower preference scores were observed for cultivars that were early maturing.  Low 

preference populations in this study typically originated from the Mediterranean or from 

the southern US.  In this study, preference was determined by visual scoring (van Santen, 

1992). 

Shewmaker et al. (1997) also used visual scoring to report grazing preference for 

eight cultivars of E- tall fescue.  Their order of preference was ‘Kenhy’ > ‘Kentucky-31’ 

> ‘HiMag’ = ‘Barcel’ = ‘C1’ = ‘Stargrazer’ > ‘Mo96’ = ‘Mozark’.  Mayland et al. (2000) 

determined that the animal grazing preference reported by Shewmaker et al. (1997) was 

positively correlated to total nonstructural carbohydrates (TNC); Kenhy had the highest 

concentration of TNC and Mozark the lowest.    

According to work from Provenza (1995), preference and diet selection are 

affected by many factors.  Diet selection may involve interplay between taste and 
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postingestive feedback from nutrients.  This type of feedback is a response to 

nutrients and toxins of a unique food on chemo-, osmo-, and mechanoreceptors of 

an animal.  Diet selection can also be influence by animals associating positive 

feelings obtained from eating a particular food with the taste and/or smell of that 

food.  Aversions may be formed from foods with toxins, nutrient deficiencies, or 

from nutritionally adequate foods eaten in excess, causing the animal to 

experience malaise.  Aversions diminish preference and cause animals to seek a 

variety of foods. 

Preference is also affected by leaf blade tensile and shear strength.  In a 

study by Rae et al. (1964), low tensile strength cultivars of perennial ryegrass 

produced the highest average daily gain (ADG) in sheep.  Low leaf shear strength 

cultivars of perennial ryegrass lead to increased DM intake in sheep, because 

slightly reduced amounts of cellulose and hemicellulose, increased total N 

concentrations (Mackinnon et al., 1988), and lower levels of sclerenchyma tissue 

in the leaf cross-section area (Inoue et al., 1994).  In another study, however, low 

leaf shear strength had no effect on rate of rumen degradation; whereas, the first 

response appeared to be a faster rate of DM consumption (Mackinnon et al., 

1988).  In a third study, leaf tensile and shear strength of tall fescue were 

negatively correlated to grazing preference by cattle, suggesting a preference for 

cultivars with a greater proportion of highly digestible mesophyll tissue 

(MacAdam and Mayland, 2003).  Selecting cultivars with low leaf tensile and 

shear strength has potential to increase rates of voluntary intake (MacAdam and 

Mayland, 2003).   
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Grass cultivars having soft-leaf characteristics often have lower leaf tensile and 

shear strength (O’Reagain, 1993), characteristics that have been linked to increased 

preference, digestibility, and intake (MacAdam and Mayland, 2003; Mackinnon et al., 

1988).  Soft-leaf tall fescue cultivars tend to have less structural carbohydrates, more 

crude protein, and increased digestibility and metabolizable energy (Milne, 2001).     

As noted earlier, forage preference measurements have been recorded by visual 

scoring (Shewmaker et al., 1997; van Santen, 1992).  Preference measurements have also 

been recorded by clipping and weighing (Smit et al., 2006).  It is possible that these 

methods could be augmented with GPS technology, which can be implemented without 

disrupting animal grazing behavior during periodic measurements (Boland et al., 2011).   

Differences in animal preference that may occur among cultivars of E++ tall 

fescue has not been described.  The objective of this research was to determine 

differences among commercially available E++ tall fescue cultivars and to evaluate those 

cultivars for preference, ground cover, DM yield, DM disappearance, and quality 

components of crude protein, acid detergent fiber, and neutral detergent fiber.   
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MATERIALS AND METHODS 

Pasture Establishment and Management 

This experiment was conducted at the University of Missouri Forage Systems 

Research Center, Linneus, MO (39.856919°, -93.149726°).  Soils at the site were a 

Lagonda silt loam (fine, smectitic, mesic Aquertic Argiudolls; Soil Survey Staff, 2014).  

The test area was sprayed with Roundup (2 qt ha-1, a.i. glyphosate) in May 2012 to 

eliminate existing pasture species, which was primarily tall fescue.  Following spraying, 

pearl millet (Pennisetum glaucum (L.) R. Br.) was planted as a smother crop.  In late 

Aug, the millet was harvested and the field sprayed with a second application of Roundup 

(2 qt ha-1) to eliminate weeds, volunteer seedlings of tall fescue, and escape tillers of tall 

fescue.    

On 6 Sept 2012, eight cultivars of tall fescue were established.  Six cultivars were 

infected with novel endophytes: ‘Jesup’ with MaxQ, ‘Texoma’ with MaxQII (Pennington 

Seed, Madison, GA); ‘BarOptima’ with Plus E34 (Barenbrug USA, Tangent, OR); 

‘Martin2’ with ProTek, ‘Duramax’ with Gold (DLF USA, Halsey, OR); and ‘Estancia’ 

with ArkShield (Mountain View Seeds, Salem, OR).  The cultivars Kentucky-31 E+ and 

Kentucky-31 E- tall fescue were established as controls.   

All cultivars were planted with a 1.5-m no-till drill configured with 20-cm row 

spacing (Truax FlexII, Minneapolis, MN).  The drill was calibrated for each tall fescue 

cultivar treatment to plant at a rate of 22 kg ha-1.  Plots were double planted resulting in 

10-cm row spacing and a seeding rate of 44 kg ha-1.   
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The tall fescue cultivar treatments were established in adjacent monocultures 

arranged in a randomized complete block design and replicated four times for a total of 

32 plots.  The 9- x 12-m plots within each block were arranged with a center 6-m water 

alley, with four cultivar plots on each side of the alley and two water tanks in each block 

allowed equal distance to water from each plot (Fig. 4.1).  The water alley was planted 

with a mixture of all the tall fescue cultivars used in this study.   

Beginning in 2013, plots were fertilized annually with N, P, and K.  The test area 

was soil sampled annually by block (20 cores per sample, 15-cm depth, 2.5-cm diameter) 

starting in May 2012.  Samples were analyzed using standards methods by the University 

of Missouri soil testing lab (Nathan et al., 2012).  The N fertilization schedule was 84 kg 

N ha-1 at spring green up, 56 kg N ha-1 after the May grazing event, and 78 kg N ha-1 

applied after the Aug grazing event applied as ammonium nitrate (NH4NO3).  The P and 

K was applied with the Aug N application at the rates of 56 kg P ha-1 and 112 kg K ha-1. 

 Herbicides were applied each Apr using a four-wheeler sprayer at five mph.  

Plots were sprayed with Grazon P+D [2 qt ha-1; a.i. picloram (4-amino-3,5,6-trichloro-2-

pyridinecarboxylic acid) and 2,4-D ((2,4-dichlorophenoxy) acetic acid)] to control 

broadleaf weeds, and Prowl H2O [2 pt ha-1; a.i. pendimethalin (3,4-dimethyl-2,6-dinitro-

N-pentan-3-yl-aniline)] to control annual weeds.  Chemicals were tank mixed and applied 

at 60 L water ha-1.   

Monthly weather data was collected from the University of Missouri Weather 

Station located 300 m from the plots (Table 4.1; Linneus Weather Data Archive, 2016). 
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Animal Management 

The procedure used in this experiment were approved by the University of 

Missouri Animal Care and Use Committee (ACUC protocol 7811).  Mature, non-

lactating beef cattle were used to graze the tall fescue plots.  Prior to grazing, animals 

were weighed and sorted into four groups of similar live weight, one group for each 

block.  On average, ten cattle grazed each block and the average live weight was 13,000 

kg for each group.  The animals were re-randomized for each grazing event.   

Each group of cattle was confined to a block by an electric fence and cattle were 

allowed to graze until one tall fescue plot reached an average height of 8 cm to minimize 

potential of any treatment being overgrazed.  All blocks were grazed simultaneously 

between 7:00 AM and 9:00 PM until the target height of 8 cm was met.  The day after 

each grazing event, the entire plot area was clipped to an 8-cm height and the clippings 

were immediately removed.  

The plots were grazed a total of nine times during the two-year study.  In 2013 the 

grazing dates were:  May 15 – 16, Jun 11, Jul 2 – 3, Aug 15, and Nov 19.  In 2014 the 

grazing dates were:  May 19 – 20, Jul 2 – 3, Sept 9, and Nov 10.  The average grazing 

event lasted 15 hours, and ranged from 10 to 22 hours.    

True armyworms [Pseudaletia unipuncta (Haworth)] were detected in Jun 2013.  

To control this pest, the plots were grazed and no further treatment was necessary.   

In Jul 2013, extreme heat resulted in some animals pawing the soil surface to keep 

cool.  This behavior was observed in each block and animal group.  This observation 

typically occurred in the water alleys, but plot eight experienced damage.  Since this 
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damage was not a result of the cultivar, measurements taken after Jul 2013 were collected 

from the undamaged portion of this plot.   

During Aug 2013, rust (Puccinia spp.) infected the stand.  All cultivars were 

impacted, and some cultivars exhibited increased symptoms of this disease.  Plots were 

scored visually from 0 = no signs of rust infection to 5 = severe infection (Fig. 4.2; Table 

4.2).  To control this disease, the plots were grazed and then clipped to 8 cm and the 

herbage was removed. 

GPS Sampling 

Prior to each grazing event, two animals from each group were randomly selected 

and fitted with a GPS collar.  The GPS collars were used to establish tall fescue cultivar 

preference with minimal disruption of normal grazing behavior.  The GPS collars were 

Loteck GPS3300LR (Newmarket, Ontario, Canada) with dimensions of 120 x 860 x 126 

mm (L, W, H) and weighing approximately 950 g, and were fitted around the animal’s 

neck.  The GPS device recorded cattle position every 5 min as a data point of latitude, 

longitude, and altitude along with the date and time that the position was recorded.  The 

head up/down feature of the GPS device was activated to record the angle of the animal’s 

head for each GPS reading.   

Maps of the experimental area were created by designating waypoints around the 

perimeter of each plot, measured with a GPS device (Trimble GeoExplorer, 2008 series, 

Sunnyvale, CA).  The waypoints were downloaded from the Trimble device to a 

computer where they were analyzed using ArcGIS software (version 9; ESRI, 2004).  

The waypoints marking the plot corners were used to map each plot using the polygon 

feature.    
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Initial Data Determination 

After grazing, the data points from the GPS collars were retrieved using Loteck 

software and then imported into ArcMap for editing.  The spatial join function was used 

to merge the data points of the cattle location, collected by each GPS device, to the plot 

map.  Waypoints attributed to the water alley, buffer strips, and areas outside the plots 

were removed.  This created an initial data file where each reading of the GPS device was 

individually identified with a plot.   

Active Grazing Determination  

To identify GPS data points likely to be associated with grazing, the following 

steps were followed.  When the head was at a 70º angle or greater, the cattle are 

considered grazing (Handcock et al., 2009).  Consequently, the initial GPS data was 

edited to remove points when head angle was less than 70º.  This data set was further 

edited to remove points that were recorded less than 1 m apart in chronological order.  

When data points were less than 1 m apart, the animals were considered loafing.  

Removal of these points resulted in estimates of times, plots, and locations of cattle that 

were actively grazing. 

Favored Cultivar Determination 

In order to determine which cultivars were favored over other cultivars during a 

grazing event, the GPS data were weighted.  The weighted data would reflect which plots 

were grazed first and most frequently.  This weighted system was used after observing 

the cattle returning to certain plots as they grazed through the different forage canopy 

layers. 
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The GPS data points that occurred early in the grazing event were given the 

heaviest weight factor, thereby reflecting early preference.  The GPS data points collected 

later in the grazing event were given a lower weight factor. 

The weighted process was as follows.  Each grazing event was divided into five 

equal time periods.  The first period (Period 1), received the heaviest weight, and was 

assigned a weight factor of 800.  Period 2 received a weight factor of 400, Period 3 

received 200, Period 4 received 100, and Period 5 received 50.  The final weighted value, 

termed “Favored Cultivar,” was calculated according to the following formula: 

 

Equation 4.1. 

Favored Cultivar (for each plot within a grazing event) =  

(GPS hits in plot in Period 1/ GPS points in block in Period 1) * 800 

+ 

(GPS hits in plot in Period 2/ GPS points in block in Period 2) * 400 

+ 

(GPS hits in plot in Period 3/ GPS points in block in Period 3) * 200 

+ 

(GPS hits in plot in Period 4/ GPS points in block in Period 4) * 100 

+ 

(GPS hits in plot in Period 5/ GPS points in block in Period 5) * 50 
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Forage Sampling and Analysis 

All plots were monitored weekly with a rising plate meter to determine when 

grazing should occur.  The rising plate meter was calibrated by means of regression with 

yield determined by clipping 0.25 m2 quadrats, weighing the clippings, and drying the 

clippings at 60 C for 48 h.  Four readings were taken in each quadrat with the rising plate 

meter and averaged.  A total of 25 quadrants of different heights were clipped from 

border areas outside of the test plots for each grazing event.  This calibration was used to 

estimate tall fescue DM yield using the following formula: 

 

Equation 4.2. 

Estimated Yield = Average compressed pasture height X slope of line + intercept 

   (kg DM ha-1)                 

 

 

Grazing was initiated when average forage height reached 20 to 25 cm.  All plots 

were measured with the rising plate meter before and after the grazing event.  Forage 

disappearance was calculated by subtracting the post-grazing from the pre-grazing yield 

for each plot within a grazing event.  Annual DM yield was calculated by summing the 

pre-grazing yield for each grazing event during the year.    

Before the cattle were turned onto the plots, forage samples were collected to 

determine forage quality and ergovaline concentration.  These samples were hand clipped 

forage from ten random locations in each plot and leaving an 8-cm stubble.  Enough 

forage was collected from each plot to yield 500-g fresh weight.  Samples were packed 

on ice immediately after clipping for transport out of the field and then frozen at -4 C.  
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Samples were later freeze-dried and ground to pass a 1-mm screen in a cyclone-type 

grinder.   

Forage quality values of crude protein (CP), acid detergent fiber (ADF), and 

neutral detergent fiber (NDF) were determined by near-infrared (NIR) spectroscopy.  The 

spectrophotometer and software were FOSS NIR 6500 system with WinISI software 

version 1.02 (Foss Analytical, Hillerod, Denmark).  For the forage quality samples, 

prediction equations were determined using 70 randomly selected samples that were 

analyzed in the laboratory using standard chemical methods for reference values (Custom 

Lab, Golden City, MO).  Calibration and validation statistics for CP included the mean 

and standard error of calibration of 159.3 ± 6.2 g kg-1 of DM, the standard error of cross-

validation of 9.4 g kg-1 of DM, the squared correlation coefficient of 0.95, and 1 minus-

the-variance-ratio of 0.94.  Calibration and validation statistics for ADF included the 

mean and standard error of calibration of 230.3 ± 4.9 g kg-1 of DM, the standard error of 

cross-validation of 6.1 g kg-1 of DM, the squared correlation coefficient of 0.94, and 1 

minus-the-variance-ratio of 0.91.  Calibration and validation statistics for NDF included 

the mean and standard error of calibration of 395.4 ± 1.53 g kg-1 of DM, the standard 

error of cross-validation of 17.3 g kg-1 of DM, the squared correlation coefficient of 0.87, 

and 1 minus-the-variance-ratio of 0.83.  

Ergovaline concentration was determined by high pressure liquid chromatography 

(HPLC) using the procedure reported by Rottinghaus et al. (1991) with modifications 

reported by Hill et al. (1993).  Ergovaline concentration was analyzed from each plot in 

two grazing events; May 2013 the beginning of the study, and Sept 2014 the end of the 

study.  Ergovaline concentrations for the remaining grazing events included ten randomly 
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selected plots.  Calibration for NIR was attempted for each grazing event and plot, but 

failed to develop a calibration; therefore, this approach was used, and the data set 

contains missing values.      

At the end of the experiment, endophyte infection level was determined to 

document purity of cultivars in the plots.  Twenty-five seed were collected from each plot 

and analyzed using polymerase chain reaction (PCR) by Dr. Carolyn Young (Samuel 

Roberts Noble Foundation, Ardmore, OK).   

Ground cover was determined yearly after the first grazing event in May.  This 

time period was selected to ensure that the stand recovered from the winter.  Ground 

cover was determined by the transect method, and data were recorded on 15-cm intervals.  

Ground cover was also quantified in 2015, the year after grazing concluded, and included 

three years of observations.      

Statistical Analysis 

The experiment was statistically analyzed as a randomized complete block design 

with eight tall fescue cultivar treatments, nine grazing events, two years, and four 

replicated blocks.  Cultivar was considered a fixed effect and all other effects were 

considered random.  Repeated measures ANOVA procedures were used for grazing event 

and year.  The SAS procedure PROC GLIMMIX (SAS Institute, Cary, NC) was used 

assuming first-order autoregressive correlation among the repeated measures.  Main 

effects and interactions were considered significant when p < 0.10.  When applicable, 

mean separation was conducted using least significant differences (α = 0.10).  

Data were transformed when they were not normally distributed.  In these cases, 

initial GPS data, active grazing, favored cultivar, yield, and forage disappearance data 
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were transformed using square root transformation.  Ergovaline data were transformed 

using log10.   

Ground cover and annual DM yield were analyzed as a randomized complete 

block design with eight tall fescue cultivar treatments, two years, and four replicated 

blocks.  The SAS procedure PROC GLIMMIX (SAS Institute, Cary, NC) was used.  

Ground cover included three years of data. 

The visual score given during the rust infestation during the Aug 2013 grazing 

event was also analyzed using PROC MIXED.  This analysis included only the Aug 2013 

grazing event, as rust did not appear in other years or grazing event.   

An alternative statistical analysis was completed to account for the anomaly of the 

Aug 2013 grazing event when the plots were infected with rust.  The grazing data 

including forage disappearance, forage quality, and GPS data were reanalyzed excluding 

the Aug 2013 grazing.  The same statistical procedure was used, but only included eight 

grazing events.   



 

106 

RESULTS AND DISCUSSION 

GPS Data:  Active Grazing  

The GPS data revealed differences in cultivar selection for active grazing 

(p<0.05; Table 4.3), and the cattle spent more time actively grazing BarOptima as 

indicated by a higher number of GPS hits (Table 4.4).   

GPS Data:  Favored Cultivar 

When the GPS data were analyzed for favored cultivar, significant 

differences (p<0.01; Table 4.3) were observed.  Using the favored cultivar 

criteria, if all cultivars were grazed equally, the mean value for a grazing event 

would be 194; values above 194 indicate that livestock favored that cultivar over 

others.  BarOptima was selected first and most often, and was the cultivar favored 

by grazing cattle (Table 4.5).   

GPS Data Analysis Excluding Aug 2013 

When the Aug 2013 grazing event, which was the event with rust 

infection, was excluded from statistical analysis, GPS data were similar to the 

original analysis for active grazing (p<0.01) and favored cultivar (p<0.01; Table 

4.6).  BarOptima was selected most often during grazing and was the cultivar 

favored by cattle (Table 4.7; Table 4.8). 

Grazing Preference 

In addition to the GPS data, BarOptima was observed to have higher 

numbers of animals grazing during periodic scans of the research area as the 
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animals grazed through the different forage canopy layers.  During grazing, livestock 

select distinctive layers based on forage canopy characteristics, and changes in leaf and 

stem mass (Brink and Soder, 2011; Burns et al., 2011).  

Having a soft-leaf characteristic may be one reason why BarOptima was a favored 

cultivar, as the remaining tall fescue cultivars are considered to be coarse leaf.  Soft-leaf 

tall fescue cultivars are marketed as plants with highly digestible fiber and high 

palatability (Milne, 2001).  Also, soft-leaf tall fescue cultivars are sometimes late 

maturing, a factor van Santen (1992) noted to explain preference scores during spring 

reproductive growth of E- tall fescue.  Soft-leaf cultivars may also have lower leaf shear 

strength, a characteristic that has been linked to increased preference, digestibility, and 

intake (MacAdam and Mayland, 2003; Mackinnon et al., 1988).   

In this study, toxic Kentucky-31 E+ was selected as often as E++ and E- tall 

fescue cultivars.  Previous studies report that livestock prefer E- over E+ tall fescue (van 

Santen, 1992) and perennial ryegrass (Edwards et al., 1993).  Another study reported that 

steers grazing E+ tall fescue spent less time grazing and had lower intake rates than steers 

grazing E- tall fescue (Stuedemann et al., 1989).   

In this study, animals may not have had adequate time on the plots to learn the 

difference in toxin concentrations among the tall fescue cultivars.  For this study, the 

average grazing event was only 15 h. 

Other grazing preference studies have employed longer grazing bouts:  30 h 

(Shewmaker et al., 1997), 3 d (van Santen, 1992), 4 d (Edwards et al., 1993), and 7 d 

(Tozer et al., 2007).  There have been exceptions, as Smit et al. (2006) recorded 

differences in perennial ryegrass cultivar preference after 12 h.  Furthermore, within 1 h 
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after grazing initiation, Shewmaker et al. (1997) observed that one plot in each 

block could be distinguished as being significantly utilized, even though the first 

recorded measurement was documented at 30 h.   

Another possible reason why cattle did not distinguish toxic E+ from the 

other cultivars could be the distribution of ergovaline through the canopy.  

Ergovaline concentrations are highest in the bottom 5 cm of the plant canopy 

(Kenyon, Chapter 2 of this dissertation).  Above 5 cm, which is the portion of the 

canopy grazed in this study, ergovaline concentrations are lower (Kenyon, 

Chapter 2 of this dissertation).  It is possible that a longer grazing event or a 

shorter grazing height would have forced the animals to sample the most toxic 

portion of the plants and therefore detect differences in ergovaline-containing 

cultivars.  

Annual DM Yield and Forage Disappearance 

Tall fescue cultivars were similar for annual DM yield and forage 

disappearance (Table 4.9).  The cattle did not refuse to graze any specific cultivar; 

rather, as the animals grazed through the forage canopy layers, they selected their 

favored cultivar, BarOptima, and once that layer was grazed the animal selected 

other cultivars.     

For annual DM yield, there was a significant grazing event by year 

interaction (p<0.001; Table 4.9).  While there are seasonal changes in yield, 

higher yield was observed in 2014 compared to 2013 (Fig. 4.3). 

For forage disappearance, there was a significant grazing event by year 

interaction (p<0.001; Table 4.9).  Forage disappearance was highest for 2014, the 
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last year of the study (Fig. 4.4).  The response did not change when the Aug 2013 grazing 

event, with the rust incident, was excluded from statistical analysis.  Forage 

disappearance was significant for grazing event by year (p<0.001; Table 4.10) and was 

again highest for 2014, the last year of the study (Fig. 4.5).  

Forage Quality Measurements  

Forage quality measurements of CP, ADF, and NDF were similar for all tall 

fescue cultivars (Table 4.11).  The similarity in forage quality was in part the result of the 

experimental design, which prevented forage maturation as plots were clipped following 

each grazing event.  The similar forage quality allowed animals to preferentially select 

based on other qualities.   

Soft-leaf cultivars have been reported to have less structural carbohydrates and 

higher levels of CP (Milne, 2001; Inoue et al., 1994; Mackinnon et al., 1988; MacAdam 

and Mayland, 2003).  However, this study found no differences in CP, ADF, or NDF 

between soft-leaf BarOptima and the other coarse-leaf cultivars.  The reason for this lack 

in difference is unclear but may be related to the constant vegetative state of the forage.  

Perhaps cattle rely on other senses to discern the soft-leaf cultivar (Provenza, 1995).  

Shewmaker et al. (1997) reported that cattle grazing near plot borders were observed 

passed their muzzles over the forage canopy rather than tasting the forage to select their 

diet.   

Crude protein, ADF, and NDF each had significant interactions between grazing 

event and year (p<0.001; Table 4.11), while there were seasonal changes, values tended 

to be highest during the second year of the study (Fig. 4.6).  Forage quality measurements 
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were similar to the original analysis when the Aug 2013 grazing event was 

excluded from statistical analysis (Table 4.12; Fig. 4.7). 

Regarding ergovaline, there was a significant grazing event by cultivar 

interaction (p<0.001; Table 4.11).  Kentucky-31 E+ had significantly higher 

levels of ergovaline (Fig. 4.8) than the remaining cultivars.  BarOptima and 

Duramax contained small amounts of ergovaline, and are considered low-

ergovaline producing cultivars (Fig. 4.8).  Ergovaline concentrations for Estancia, 

Jesup, Martin2, Texoma, and E- were 0 µg kg-1 DM.  Endophyte infection 

percentages are represented in Table 4.13 and confirm that the plots remained 

pure throughout the experiment.   

Ergovaline concentrations were highest for Aug 2013 and 2014 (Fig. 4.8).  

The higher concentration in the late summer and autumn instead of the spring can 

be explained by sampling of vegetative tissue.  Previous research demonstrated 

that autumn-harvested E+ tall fescue had higher ergovaline concentrations 

compared to spring samples when E+ tall fescue was not allowed to produce 

spring reproductive stems in Missouri, Georgia, and South Carolina (Rogers et al., 

2011).  

Ground Cover 

Ground cover differed among years (p<0.10; Table 4.14).  Average yearly 

ground cover percent increased each year of the study and May 2015 resulted in 

the highest ground cover percent (Fig. 4.9).  This was expected, as the early years 

of the study followed establishment and were thinner stands.  
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Ground cover was not different among tall fescue cultivars (Table 4.14).  This 

was expected for E++ and E+ where persistence has been reported to be similar in 

grazing studies conducted in drought and insect prone conditions of the humid-transitions 

zone of the southern US (Hopkins and Alison, 2006; Bouton et al., 1993; Burns et al., 

2006).  The lack of a thin stand was not necessarily expected for the E- cultivar.  Previous 

research has documented reduced stands in E- cultivars compared to E+ cultivars under 

grazing conditions in the southern regions of the US (West and Gunter, 2004; Lang, 

2006; Franzluebbers et al., 2009).  

 In this study, E- tall fescue persisted longer than documented in the studies cited 

above.  The longer persistence occurred because greater soil depth and less stressful 

climate associated with a more northern location (West et al., 1993).  In addition, E- 

persisted longer because the grazing scheme was designed primarily to test preference, 

which called for grazing no lower than 8 cm and a long rest interval, which would not 

impose stress on the plant.  

Milne (2001) reported that persistence of E- soft-leaf tall fescue cultivars required 

good fertilizer and grazing management.  In contrast, coarse-leaf E- tall fescue cultivars 

were more resilient and able to survive under greater stresses of drought.  Milne (2001) 

recorded these observations in Australian farming operations and noted that persistence 

of soft-leaf tall fescue cultivars could be increased by using novel endophytes.  In this 

study, the coarse-leaf trait had no impact on ground cover, as BarOptima had similar 

ground cover to other cultivars evaluated. 
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Rust (Puccinia spp.) Infection 

The degree of rust infection typically depends on the age of the stand, the 

cultivar, and seasonal weather patterns (Anderson et al., 2014).  In this study, rust 

was present on all tall fescue cultivars, but Jesup was the most sensitive cultivar 

(Fig. 4.2; Table 4.2).  Previous research has documented rust scores for some of 

the cultivars in this experiment.  Hopkins et al. (2011) reported Texoma was more 

resistant to rust compared to Jesup during two years in Oklahoma; during the first 

year of their study, Jesup rust scores were similar to those of Kentucky-31 E+.  

Endophyte-free Martin was reported to have excellent resistance to rust and leaf 

spot in Kansas (Shoup et al., 2010). 

Ergovaline content may play a role or serve as an indicator in reducing 

rust severity.  The tall fescue cultivars that contained ergovaline received the 

lowest scores for rust infestation (Table 4.2; Fig. 4.8).  This trend was not 

observed by Welty et al. (1991), who reported similar rust resistance among E+ 

and E- cultivars propagated in a greenhouse and analyzed as seedlings; however, 

their study did not explore rust resistance among mature plants or plants grown in 

the field.  More information on rust infection and ergovaline concentrations is 

needed, since improved rust resistance can affect seed yield (Barker et al., 2003). 
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CONCLUSIONS 

Grazing preference differences among tall fescue cultivars evaluated were 

observed, and BarOptima was grazed first and most frequently by beef cattle.  Having a 

soft-leaf characteristic may be one reason why BarOptima was a favored cultivar, as the 

remaining tall fescue cultivars had the coarse-leaf trait.  This study found no differences 

in CP, ADF, or NDF between soft-leaf BarOptima and the other coarse-leaf cultivars; 

other studies have reported that soft-leaf cultivars have less structural carbohydrates and 

higher levels of CP.  The reason for the lack in difference in this study is unclear but may 

be related to the constant vegetative state of the forage.  Further differences in cultivar 

selection may have been detected with a grazing strategy that included long rotations or 

continuous defoliation.  In addition, rust susceptibility differed among cultivars.  
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Figure 4.1.  Layout of research area for novel endophyte-infected tall fescue with E+ and E- controls grazed at Linneus, MO.  Plot size 

was 9- x 12-m, arranged in four replicate blocks, a 6-m water alley divided the plots, and 10-m buffer strips separated the replicates.  

A 10-m buffer surrounded the entire research area.  Water tanks (W) were placed to allow equal travel distance to water.    
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Table 4.1.  Monthly weather data for Linneus, MO during the two-year grazing study of novel endophyte-infected tall fescue cultivars 

with E+ and E- controls.  

 

  2013 2014 

Month Rainfall 

Max. 

Temp. 

Min. 

Temp. 

Average 

Temp.  Rainfall 

Max. 

Temp. 

Min. 

Temp. 

Average 

Temp.  

 cm ---------- ᴼC ---------- cm ---------- ᴼC ---------- 

Jan 4.5 5.1 -6.8 -1.3 0.3 0.0 -12.3 -5.8 

Feb 2.6 4.1 -5.9 -0.8 2.6 -1.1 -12.1 -6.3 

Mar 5.5 6.7 -2.8 1.8 1.8 9.6 -4.1 2.6 

Apr  13.7 15.8 4.4 10.3 6.7 17.1 4.9 11.4 

May 17.5 22.1 10.8 16.5 3.4 24.1 11.9 18.1 

Jun 5.4 27.3 16.8 21.9 12.3 27.7 17.4 22.7 

Jul 2.8 30.0 17.2 23.7 4.5 27.8 16.1 22.2 

Aug 0.1 31.2 17.8 24.3 13.9 28.9 18.9 23.5 

Sept 4.4 28.5 14.3 21.1 20.6 24.6 12.6 18.5 

Oct 6.6 18.8 5.9 12.2 11.4 18.4 6.8 12.6 

Nov 3.5 9.6 -1.7 4.1 2.6 7.4 -3.7 2.1 

Dec 2.1 2.0 -9.4 -3.7 2.8 4.3 -2.4 0.8 

Annual 

Precipitation 

Total 68.6       82.9       
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Figure 4.2.  Rust (Puccinia spp.) affecting novel endophyte-infected tall fescue with E+ 

and E- controls during Aug 2013 before (top) and after (bottom) grazing at Linneus, MO.  

BarOptima is to the left and Jesup to the right of the flag.  

  



 

118 

Table 4.2.  Rust (Puccinia spp.) score for novel endophyte-infected tall fescue cultivars 

with E+ and E- controls during the Aug 2013 grazing event at Linneus, MO.    

 

Cultivar 

Rust 

Ranking 

 Score‡ 

Jesup 4.3 a† 

E- 3.8 ab 

Estancia   2.5   bc 

Texoma   2.0     c 

Martin2   1.8     c 

E+   1.5     c 

BarOptima   1.3     c 

Duramax   1.3     c 

  

LSD (0.05) 1.8  C  
† Means followed by the same letter are not significantly different according to LSD 

(0.05). 
‡Each plot was assigned a visual ranking score from 0 to 5, where 0 was no sign of rust 

and 5 was extreme levels of rust.  Data reports the average score for tall fescue cultivars.    
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Table 4.3.  ANOVA table for GPS data collected during novel endophyte-infected tall 

fescue grazing experiment conducted at Linneus, MO.  GPS collars were fitted to cattle to 

determine differences in cultivar selection.    

 

    Probability < F 

Effect d.f. 

Initial 

Data† 

Active 

Grazing‡ 

Favored 

Cultivar§ 

Cultivar 7 0.415 0.031 0.004 

Event 4 0.394 0.167 0.217 

Year 1 0.523 0.879 0.592 

Cultivar*Event 28 0.665 0.176 0.241 

Cultivar*Year 7 0.534 0.178 0.635 

Event*Year 3 0.193 0.112 0.428 

Cultivar*Event*Year 28 0.455 0.664 0.720 
† Initial Data were edited to remove points that fell outside the tall fescue plots. 
‡ Active Grazing further processed initial data to exclude points when the cattle were 

considered loafing.  Cattle were considered loafing when sensors indicated that the head 

was up and the distance between consecutive points was less than 1m.   
§ Favored cultivar refers to active grazing data that was processed using a weighted 

average system, plots were assigned a larger score when grazed early in the grazing event 

and more frequently. 
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Table 4.4.  Active grazing GPS data for novel endophyte-infected tall fescue cultivars 

with E+ and E- controls grazed at Linneus, MO (p<0.05).  GPS collars were fitted to 

cattle to determine differences in tall fescue cultivar selection.  

 

Cultivar 

Active 

Grazing‡ 

 Average GPS 

Hits per Plot 

BarOptima 17.7 a† 

Martin2 10.6   b 

Texoma 10.3   b 

E+ 10.1   b 

E-   9.3   b 

Estancia   8.9   b 

Duramax   8.7   b 

Jesup   8.6   b 

  

LSD (0.05)   2.4   b  
† Means followed by the same letter are not significantly different according to LSD 

(0.05). 
‡ Active grazing data excluded points outside of the plot area and further processing to 

exclude points that deemed that the cattle were loafing.  Cattle were considered loafing 

when sensors indicated that the head was up and the distance between consecutive points 

was less than 1 m.   
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Table 4.5.  Favored cultivar GPS data among novel endophyte-infected tall fescue 

cultivars with E+ and E- controls grazed at Linneus, MO (p<0.05).  GPS collars were 

fitted to cattle to determine differences in cultivar selection.    

 

Cultivar 

Favored 

Cultivar‡ 

 Weighted 

Average # 

BarOptima 288 a† 

Texoma 190   b 

E+ 189   b 

E- 186   b 

Estancia 184   b 

Duramax 181   b 

Martin2 180   b 

Jesup 152   b 

  

LSD (0.05)       45   B 
† Means followed by the same letter are not significantly different according to LSD 

(0.05). 
‡ Favored cultivar refers to GPS data that was edited to remove points that fell outside the 

plot area, points where the head was up as indicated by sensors, and also when the 

distance between consecutive points was less than 1 m.  This edited data was further 

processed using a weighted average system.  Edited GPS data was divided into five time 

periods, plots were assigned a larger score when grazed early in the grazing event and 

more frequently. 
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Table 4.6.  ANOVA table for GPS data collected for cattle grazing novel endophyte-

infected tall fescue with E+ and E- controls when the Aug 2013 grazing event was 

excluded.  This grazing event was noted by extreme levels of rust infestation (Puccinia 

spp.).  The cattle were fitted with GPS collars to determine differences in cultivar 

selection. 

 

    Probability < F 

Effect d.f. Initial Data† 

Active 

Grazing‡ 

Favored 

Cultivar§ 

Cultivar 7 0.261 0.003 0.003 

Event 3 0.226 0.412 0.869 

Year 1 0.229 0.145 0.897 

Cultivar*Event 21 0.711 0.276 0.174 

Cultivar*Year 7 0.297 0.305 0.501 

Event*Year 3 0.290 0.529 0.986 

Cultivar*Event*Year 21 0.604 0.339 0.456 
† Initial Data were edited to remove points that fell outside the tall fescue plots. 
‡ Active Grazing further processed initial data to exclude points when the cattle were 

considered loafing.  Cattle were considered loafing when sensors indicated that the head 

was up and the distance between consecutive points was less than 1 m.   
§ Favored cultivar refers to active grazing data that was processed using a weighted 

average system, plots were assigned a larger score when grazed early in the grazing event 

and more frequently. 
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Table 4.7.  Active grazing data among novel endophyte-infected tall fescue cultivars with 

E+ and E- controls when the Aug 2013 grazing event was excluded (p<0.01).  This 

grazing event was noted by extreme levels of rust infestation (Puccinia spp.).   GPS 

collars were fitted to cattle to determine differences in cultivar selection.  Tall fescue was 

grazed in plots located at Linneus, MO.   

 

Cultivar 

Active 

Grazing‡ 

 

Average 

GPS Hits per 

Plot 

BarOptima 20.1 a† 

Estancia 13.5 ab 

Martin2 12.9   b 

Texoma 12.6   b 

E+ 12.2   b 

Jesup 11.9   b 

Duramax 10.9   b 

E- 10.8   b 

  

LSD (0.05) 6.8         
† Means followed by the same letter are not significantly different according to LSD 

(0.05). 
‡ Active grazing data excluded points outside of the plot area and further processing to 

exclude points that deemed that the cattle were loafing.  Cattle were considered loafing 

when sensors indicated that the head was up and the distance between consecutive points 

was less than 1 m.   
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Table 4.8.  Favored cultivar among novel endophyte-infected tall fescue cultivars with E+ 

and E- controls when the Aug 2013 grazing event was excluded (p<0.01).  This grazing 

event was noted by extreme levels of rust infestation (Puccinia spp.).  Tall fescue was 

grazed in plots located at Linneus, MO, prior to each grazing GPS collars were fitted to 

cattle to determine differences in cultivar selection.   

 

Cultivar 

Favored 

Cultivar‡ 

 

Weighted 

Average # 

BarOptima 273 a† 

Estancia 192   b 

E+ 191   b 

Texoma 186   b 

Martin2 185   b 

E- 184   b 

Duramax 183   b 

Jesup 156   b 

  

LSD (0.05) 46 b   
† Means followed by the same letter are not significantly different according to LSD 

(0.05). 
‡ Favored cultivar refers to GPS data that was edited to remove points that fell outside the 

plot area, points where the head was up as indicated by sensors, and also when the 

distance between consecutive points was less than 1m.  This edited data was further 

processed using a weighted average system.  Edited GPS data was divided into five time 

periods, plots were assigned a larger score when grazed early in the grazing event and 

more frequently. 
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Table 4.9.  ANOVA table for annual dry matter (DM) yield and forage disappearance for 

novel endophyte-infected tall fescue with E+ and E- controls grazed at Linneus, MO. 

    Probability < F 

Effect d.f. Annual DM Yield 

Forage 

Disappearance 

Cultivar 7   0.499   0.199 

Event 4 <0.001 <0.001 

Year 1 <0.001     0.056 

Cultivar*Event 28   0.768    0.344 

Cultivar*Year 7   0.584    0.451 

Event*Year 3 <0.001 <0.001 

Cultivar*Event*Year 28   0.004    0.312 
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Figure 4.3.  Annual dry matter (DM) yield between years and grazing events of novel 

endophyte-infected tall fescue with E+ and E- controls grazed at Linneus, MO (p<0.001).  

Yield was averaged across cultivars for each grazing event of the study.      
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Figure 4.4.  Forage disappearance between years and grazing events for novel endophyte-

infected tall fescue with E+ and E- controls grazed at Linneus, MO (p<0.001).  Data were 

averaged across cultivar for each grazing event and expressed on a dry matter (DM) 

basis.    
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Table 4.10.  ANOVA table for forage disappearance when the Aug 2013 grazing was 

excluded.  This grazing event was noted by extreme levels of rust infestation (Puccinia 

spp.).  Novel endophyte-infected tall fescue with E+ and E- controls grazed at Linneus, 

MO. 

 

     Probability < F 

Effect d.f. Forage Disappearance 

Cultivar 7   0.256 

Event 3 <0.001 

Year 1   0.052 

Cultivar*Event 21   0.756 

Cultivar*Year 7   0.477 

Event*Year 3 <0.001 

Cultivar*Event*Year 21   0.901 
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Figure 4.5.  Forage disappearance, on a dry matter (DM) basis, among grazing events and 

years for novel endophyte-infected tall fescue with E+ and E- controls when Aug 2013 

was excluded from the data (p<0.001).  This grazing event was noted by extreme levels 

of rust infestation (Puccinia spp.).  Forage disappearance was averaged across tall fescue 

cultivars for each grazing event.  The grazing research was conducted at Linneus, MO. 
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Table 4.11.  ANOVA table for forage quality characteristics and ergovaline for novel 

endophyte-infected tall fescue cultivars with E+ and E- controls grazed at Linneus, MO 

during a two-year study. 

    Probability < F 

Effect d.f. CP ADF NDF Ergovaline 

Cultivar 7 0.112   0.138   0.185 <0.001 

Event 4 <0.001 <0.001 <0.001 <0.001 

Year 1 0.017   0.009   0.909   0.214 

Cultivar*Event 28 0.765   0.587   0.422 <0.001 

Cultivar*Year 7 0.908   0.539   0.973   0.130 

Event*Year 3 <0.001 <0.001 <0.001   0.023 

Cultivar*Event*Year 28 0.376   0.248   0.125   0.572 
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Figure 4.6.  Crude protein (CP g kg-1 DM), acid detergent fiber (ADF g kg-1 DM), and 

neutral detergent fiber (NDF g kg-1 DM) for novel endophyte-infected tall fescue with E+ 

and E- controls during nine grazing events over a two-year grazing study at Linneus, MO. 

(p<0.001).  Data were averaged across cultivar for each grazing event.   
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Table 4.12.  ANOVA table for forage quality characteristics when the Aug 2013 grazing 

was excluded.  This grazing event was noted by extreme levels of rust infestation 

(Puccinia spp.).  Novel endophyte-infected tall fescue with E+ and E- controls grazed at 

Linneus, MO. 

 

    Probability < F 

Effect d.f. CP ADF NDF 

Cultivar 7   0.742   0.122   0.216 

Event 3 <0.001 <0.001 <0.001 

Year 1   0.229   0.199 <0.001 

Cultivar*Event 21   0.721   0.353   0.562 

Cultivar*Year 7   0.898   0.687   0.192 

Event*Year 3 <0.001 <0.001 <0.001 

Cultivar*Event*Year 21   0.381   0.233   0.222 
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Figure 4.7.  Crude protein (CP g kg-1 DM), acid detergent fiber (ADF g kg-1 DM), and 

neutral detergent fiber (NDF g kg-1 DM) for novel endophyte-infected tall fescue with E+ 

and E- controls when Aug 2013 was excluded from the data (p<0.001).  This grazing 

event was noted by extreme levels of rust infestation (Puccinia spp.).  Data were 

averaged across cultivar for each grazing event.  The grazing research was conducted at 

Linneus, MO.   
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Figure 4.8.  Differences in ergovaline concentrations among BarOptima, Duramax, and 

E+ tall fescue cultivars and grazing events (p<0.001).  Estancia, Jesup, Martin2, Texoma, 

and E- cultivars are not depicted since their concentration measured zero.  Novel 

endophyte-infected tall fescue along with E+ and E- controls were grazed at Linneus, MO 

during 2013 and 2014.    
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Table 4.13.  Endophyte infection percentages as determined by polymerase chain reaction 

(PCR) for novel endophyte-infected tall fescue cultivars with E+ and E- controls grazed 

at Linneus, MO. 

 

Cultivar 

Endophyte-

Infected 

Seed 

Common 

Type 

Endophyte 

 % % 

E+ 98 98 

E-   3   0 

BarOptima 71   0 

Duramax 92   6 

Estancia 75   1 

Jesup 81   5 

Martin2 74   0 

Texoma 89   5 
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Table 4.14.  ANOVA table for ground cover for novel endophyte-infected tall fescue 

cultivars with E+ and E- controls for the two-year study and the following spring grazed 

at Linneus, MO.  

 

    Probability < F 

Effect d.f. Ground Cover 

Cultivar 7 0.543 

Year 2 0.060 

Cultivar*Year 14 0.522 
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Figure 4.9.  Proportion (%) ground cover for the two-year study and the following spring 

for novel endophyte-infected tall fescue with E+ and E- controls located at Linneus, MO 

(p<0.10).  Ground cover was measured using the transect method.   
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