
ABSTRACT 

MAYBERRY, KYLE JAMES. Evaluation of Genetic Resistance to Fescue Toxicosis in 
Purebred Angus Cattle Utilizing Phenotypic Variables, Calf Performance and Cytokine 
Response. (Under the direction of Daniel H. Poole). 
 
 Tall Fescue is the most commonly utilized forage by cow-calf producers in the 

Southeastern United States. This forage is favored due to its incredible durability, high 

nutritive qualities, and minimal maintenance. Many of these characteristics exist due to a 

symbiotic relationship the plant has with an endophytic fungus, Epichloë coenophiala. This 

endophyte produces ergot alkaloids, primarily ergovaline, that have been shown to cause 

adverse effects to grazing livestock, and has been studied immensely in beef cattle. 

Collectively these effects are known as fescue toxicosis. They include vasoconstriction, 

amplified heat stress, suppressed animal performance, decreased hormone production, poor 

reproductive efficiency, retained winter hair coats, and hindered calf growth. While the 

genetics of this syndrome are not completely understood, evidence has shown that in other 

species, identification of resistant animals to particular diseases can be achieved by 

identifying extremes within a population. To explore this type of selection in beef cattle 

experiencing fescue toxicosis, a selection method based on animal performance was utilized 

to select the most extreme animals within a herd. To evaluate its effectiveness, a two-part 

study was conducted at two locations in North Carolina. Effectiveness of selection was first 

based on the physiological characteristics of cattle, as well as calf performance. Animals 

deemed tolerant had significantly higher body weight (P<0.0001) as well as greater ADG for 

period 1 (P1) (P<0.0001) and the entire study (ES) (P<0.0001). Change in BCS followed 

similar patters to ADG, with tolerant animals having greater change in BCS for P1 

(P=0.0008) and the ES (P<0.0001), while both ADG and change in BCS did not significantly 



differ between tolerant and susceptible animals for P2 (P>0.05). In addition to measures used 

in selection, tolerant animals had significantly lower rectal temperatures (P<0.0001), hair 

shedding scores (P<0.0001), and hair coat scores (P<0.0001). In addition, tolerant animals 

had higher A.I. conception rates (P=0.0342), which has commonly been associated with 

overall reproductive fitness. For hormone production throughout the study, progesterone 

concentration tended to be higher in tolerant animals (P=0.0859), while prolactin 

concentrations tended to be lower for tolerant animals (P=0.0787), which could indicate an 

increased sensitivity to the hormone. These performance measures show the effectiveness of 

the selection method, consistently showing tolerant animals increased advantages to grazing 

endophyte infected tall fescue. For calf measures, strong conclusions could not be made for 

calf birth weight and calf ADG, however calves from tolerant animals did have significantly 

higher frame scores (P=0.0274), which could be beneficial for cow-calf producers who 

market calves to feed lots. The second portion of this study evaluated differences in cytokine 

response among the same tolerant and susceptible animals to understand what immunological 

mechanisms exist to give tolerant animals these advantages. Using a commercially available 

cytokine array, it was determined that differences existed based on tolerance classification 

for three cytokines, all of which could be connected to fescue toxicosis. Tolerant animals had 

higher concentrations of GASP-1 (P=0.0291), IL-4 (P=0.0738), and VEGF-A (P=0.0231) 

compared to susceptible animals. These results show that differences do exist in cytokine 

response based on an animal’s tolerance to fescue toxicosis and could be important factors 

associated with the syndrome. Given GASP-1’s association with down-regulation of the D2-

dopamine receptor, IL-4’s indirect regulation of MHC II expression, and VEGF-A’s role as a 

vasodilator, these cytokines are important to the regulation of fescue toxicosis. Overall, these 



results provide evidence that tolerant animals have increased biological mechanisms and 

improved performance when grazing tall fescue. Further, by incorporating this method of 

selection, producers can develop herds that are more profitable and productive while still 

utilizing the forage most commonly available.   
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INTRODUCTION 

 In the Southeastern United States, beef production is a major commodity of many 

agricultural enterprises and makes up a large portion of many operations total incomes. In the 

United States, there are estimated to be 94.4 million head of cattle that make up numerous 

operations and that are incorporated into various production settings (USDA). In the 

Southeast, many farms are comprised of cow-calf type operations. The United States 

Department of Agriculture estimates that approximately 33.8% of the total cattle in the 

United States are comprised of cows and heifers that have calved (USDA).  In the Southeast, 

agriculture is as diverse and varied as any other region within the United States. The lengthy 

growing season, reliable climate, and fertile soil types allow for the cow-calf system that 

requires extended grazing seasons of numerous animals to be a desired fit for this region’s 

conditions. In addition, cattle producers in the Southeast are also more commonly comprised 

of part-time operators that may also work off the farm which in turn leads to reduced herd 

sizes (Adkins and Riley, 2012). With operators commonly having to incorporate some form 

of off-farm income, the time and resource availability of some producers is often limited and 

leads to operators trying to incorporate management strategies that are of minimal time 

requirement.  

 In the Southeast, grazing pastures most commonly utilize the cool-season perennial 

forage tall fescue that is infected with an endophytic fungus. This fungus exists in a 

symbiotic relationship with the tall fescue plant and allows the plant to have increased 

tolerance to adverse conditions including extreme drought and overgrazing. Consequently, 

this endophytic fungus that is advantageous to the plant causes adverse and negative effects 
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to the animal that grazes it. These adverse effects that are seen in livestock are collectively 

known as fescue toxicosis. Fescue toxicosis has been shown to lead to decreased growth 

performance, poor reproductive efficiency, and inadequate heat tolerance in cattle in the 

Southeast United States (Aiken and Strickland, 2013). The fungal toxin produced by the 

plant has been shown to be more prevalent and at its highest concentrations during the hottest 

summer months, which has led many cow-calf producers to model their herds into fall 

calving systems so that their animals will not have to conceive while the toxin is at it’s 

highest levels. It is estimated that fescue toxicosis either directly or indirectly contributes to 

the United States beef industry losing over $500 million annually (Smith and Cassady, 2015) 

and to losses exceeding $1 billion each year to the US livestock industry as a whole 

(Strickland et al., 2011).  

 While there have been extensive efforts to develop innovative and strategic pasture 

and grazing management strategies, many operators have exercised some caution and 

hesitation to completely eradicate their farms of toxic tall fescue due to expense, time and 

lack of grazing land to utilize while the new forage would be established. This has led to 

extensive interest in identifying ways that producers can select animals based on their 

tolerance to the adverse effects of fescue toxicosis. As previously stated, animals suffering 

from fescue toxicosis exhibit decreased growth capability, poor reproductive performance, 

and have a lack of adequate heat tolerance at least in part due to their retained winter hair 

coat. This selection parameter, along with other growth performance selection parameters 

and the animal’s cytokine response to the toxin could be utilized as a means to identify 

animals that are tolerant to the effects of fescue toxicosis. This strategy would allow 



 

3 

Southeastern cow-calf producers to utilize the most common and previously established 

forage, tall fescue, while still incorporating aggressive management strategies to combat the 

effects of the toxin.  

 The primary objective of this research was to study the effectiveness of the utilization 

of producer oriented selection parameters known to be indicators of animals suffering from 

fescue toxicosis and their effects on cow and calf performance. A secondary objective of this 

research was to evaluate the relative cytokine response of pregnant cattle based on the 

animals tolerance or susceptibility to the effects of ergot alkaloids and to determine its 

validity as a means of being utilized as a molecular selection parameter.  
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Beef Cattle Production in the Southeast United States 

 Cattle have been an integral part of North American agriculture since the continent 

was discovered by Europeans and subsequently colonized starting in the 1490’s and beyond. 

With cattle not being native to North America, the first cattle that occupied the continent 

were from animals that were brought by Christopher Columbus to the Caribbean islands 

(Kahn and Herring, 2014). The influx of cattle into North America that followed the 

discovery of the new world were brought primarily from the British islands and central 

Europe, while a smaller portion of the cattle were of African breeds that were brought to the 

new continent on ships transporting slaves (Kahn and Herring, 2014). 

 The origins of cattle that were imported following the initial discovery of the new 

world varied based on region and the corresponding countries that were settling that 

respective area. For example, many of the British breeds were brought to the area of modern 

day New England and many French breeds to modern day Canada during the 1600’s. The 

majority of these cattle were multipurpose type animals, meaning they could be utilized for 

numerous purposes, including meat, milk, fiber, and draft (Herring, 2014). Following this 

period, many of the cattle that represent the modern day breeds were imported into Canada 

and then the United States over a series of many years. Most notably, the first Angus cattle 

were imported into Canada from Scotland in 1860, and then from Canada into the United 

States in 1873. Following the import of these various beef breeds, North America has 

become one of the largest contributors to the world beef production (Herring, 2014). 

 Within the United States beef industry, there are three primary sectors that the 

production systems can be categorized into that include cow-calf, stocker cattle, and feedlot 
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operations. The primary type of cattle operations that exist in the Southeast United States are 

cow-calf operations which is defined as any enterprise that exists, either in part or as a whole, 

to maintain beef animals for reproductive uses and to produce calves (Kahn and Herring, 

2014). Cow-calf operations vary greatly in size and scope and this is primarily based on the 

geographical region that the operation is located in. In the United States, the average herd 

size of a beef cow-calf operation is around 41 cattle (Herring, 2014). Some of the primary 

reasons that cow-calf production is so prevalent in the Southeast include the longer grazing 

season, less need for winter supplementation, land terrain that is unsuitable for crop 

production, and fertile soil for producing forages.  In 2008, the USDA classified one-half of 

cow-calf farms as “rural residence farms” which indicates that these operations primary focus 

is beef cattle production, however, they also report off-farm income as the primary source of 

the household income (USDA). As a part of the cow-calf sector in the United States there are 

two main divisions that exist that have distinctly different goals. The seed-stock cow-calf 

industry, or purebred breeders, are cow-calf producers that specialize (typically within a 

specific breed) to generate genetically superior animals that will be utilized in the entire beef 

industry to make the genetic improvements that the industry desires. These producers are the 

genetic segment of the industry that supply other cow-calf producers and their herds with 

foundation animals and semen (Taylor and Field, 1999).  The larger portion of the cow-calf 

industry is made up of producers that raise and produce commercial cattle, which are 

typically not registered by any breed association and are for the sole purpose of generating 

calves for consumption as beef with the exception of retaining a select number of heifers to 
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be utilized as replacement females in their herds. The typical commercial cow-calf producer 

only retains calves until weaning (Taylor and Field, 1999).  

 Selection within the Cow-Calf System. Certain selection pressures have consistently 

been applied within cow-calf herds in the Southeast United States to increase their overall 

efficiency and lead to greater returns for the producer. Examples of traits that have been 

under selection pressures in the Southeast include, but are not limited to, birth weight, 

weaning weight, mature cow frame size, as well as reproductive and feed efficiency (Jager et 

al., 2003). In addition, it is common practice for producers to remove animals from their 

herds that do not meet their individual performance goals and can be removed for generally 

poor thriftiness, animal health and numerous other reasons. Beef producers can utilize a 

combination of three different types of selection based on the needs of their individual 

operations and generally include tandem, independent culling, and selection indexes (Taylor 

and Field, 1999). The use of tandem types of selection involves focus on a particular trait at a 

point in time. For example, if a cattle producer had particular interest in reducing the birth 

weight of his calves, through tandem selection that producer could focus solely on that trait 

until the desired result is achieved. Then the producer would move to the next trait of interest 

until the goals for that trait are met. This type of selection is currently incorporated in beef 

herds that utilize expected progeny difference (EPD) data as a selection tool. Secondly, one 

of the most common selection methods utilized by cow-calf producers in the southeast is the 

independent culling criteria. The independent culling level requires the producer to recognize 

a minimum (measurable) point for each trait of interest in which the producer will cull 

animals that do not achieve the minimum threshold. However, it is recognized that 
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independent culling levels can be the most detrimental to progress for the cow-calf producer 

because it can lead to the removal of an animal that is only slightly below the minimum 

criteria for one trait while it is by far superior in every other trait that the producer selects for. 

And lastly, the highest quality selection method that will provide the producer with the most 

recognizable advancements involves the use of selection indexes that utilize multiple traits 

that may or may not be related to induce progress in the genetic superiority of their herds. 

Selection indexes are not solely based on visual or measurable appraisals of livestock 

performance but involve formulas that utilize statistical construction and involve heritability, 

genetic correlations as well as other factors to make selection decisions (Taylor and Field, 

1999).  

 Angus Breed Influences on Cow-Calf Production. The American Angus breed is 

one of the most influential beef cattle breeds in the history of North American cattle 

production. Being first imported into the United States in 1873 in the form of four bulls from 

Scotland by George Grant, Angus cattle have had major impacts in the genetic composition 

of beef cattle for over a century (American Angus Association). In the beginning of the 

breeds’ influences in the United States, the George Grant bulls were crossed with native 

Texas longhorn cattle, resulting in calves that had the ability to perform better on the harsh 

winter range of the Kansas prairie, beginning the breeds’ reputation as an improvement 

source for North American beef cattle. Following these early influences that the breed had on 

the American commercial beef industry, import of these superior animals began to explode 

over the period of the next five years from Scottish herds. It is estimated that nearly twelve 

hundred cattle were imported to the American Midwest during this period of time, almost 
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exclusively as a result of the accelerated performance exhibited by George Grants’ calves 

that were sired by those initial four Angus bulls (American Angus Association).   

 Cattle producers have been drawn to incorporate Angus genetics into their herds for 

generations for numerous reasons, but all linked to the reduction of inputs by the farmer and 

an increase in the profitability of their cowherds. Angus genetics have extensively been 

reported to be of some of the most superior genetics in terms of carcass quality and 

subsequent value of that carcass at slaughter. This trademark has lead the signature black 

hide associated with Angus genetics to be widely sought after by market cattle buyers and 

purveyors alike, generating a premium to be associated with Angus cattle producers who 

market their cattle in livestock markets. This increase in demand of Angus influenced cattle 

have caused their popularity to soar, as well as lead to an overall increase in the marbling, 

grade, and cutability of the American beef carcass (The Angus Advantage). In addition to the 

increased carcass characteristics, the Angus breed has also been attributed to an increase in 

performance of the females of the herds overall mothering ability. Angus cows are associated 

with strong maternal characteristics that include high milk yields, increased fertility, strong 

mothering instincts, low birth weights and superior longevity in the herd that make them 

desirable mothers for any cow-calf operation (The Angus Advantage). Further, the support 

the Angus breed has received from the association structure in terms of breed improvement 

and marketability of their animal is unparalleled in comparison to other beef breeds. The 

genetic improvement of important breed characteristics in the Angus breed has received more 

allocation of resources and attention than other associations by a great margin. The 

development of the breeds expected progeny difference (EPD) programs has elevated the 
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status and prevalence of the breed in commercial herds all across the cattle industry. Further, 

the Angus breed has led the way in the beef industry in its development of genomic selection 

and utilization. The American Angus Association has also played a vital role in the breeds 

marketing both in a replacement female capacity as well as the favorable carcass 

characteristics to stocker and packer entities (The Angus Advantage). This advancement of 

the breeds interest over the last two decades have resulted in Angus influenced genetics being 

the predominant genetic basis of the American cattle herd.  

 Following the introduction of the Angus breed to American beef production, 

commercial and purebred herds have become predominantly influenced by the introduction 

of their genetics over the last several decades. More recent data has shown that today, 89% of 

commercial cattle herds in the United States incorporate some degree of Angus influence in 

the genetics of their herds, making it the most represented breed by a margin greater than 

twice the next leading breed (American Angus Association, 2014). Cattlemen utilize Angus 

genetics as a part of their herds through replacement females and also through the use of herd 

bulls, with only 7% of cow-calf producers saying they used no Angus genetics in their bulls. 

Angus cattle breeders have also utilized the most progressive technologies that the beef 

industry has to offer, with more cattle in the American Angus registry utilizing DNA 

improved performance records than the second and third top breeds combined (American 

Angus Association, 2014).  It is without question that the United States beef industry and 

particularly its cow-calf segment have been positively and immensely impacted by the 

influences of the Angus breed. No other breed of beef cattle have had such an influential 
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impact nor been incorporated to such extent in the herds of American cattle like the Angus 

breed.   

 Cow-Calf Management and Grazing Systems. Management schemes in the cow-calf 

system revolve around the goal of each female animal producing one calf each calendar year. 

Consequently, this requires each animal to conceive the next calf between 60 and 90 days 

post calving. With this in mind, it is imperative for animals to maintain proper body 

condition to achieve the production goals necessary for the producers operation of giving 

birth to healthy, adequately sized calves, having the animal re-breed in a timely manner and 

to keep input costs to a minimum (Jaeger et al., 2003). It has been shown that the length of 

time associated between when a cow calves until she conceives her next calf is closely 

correlated with body condition score (Taylor and Field, 1999). Cattle are scored on a scale 

that ranges from 1-9, with cattle in the 1 and 2 scores being very thin, cattle that score a 5 to 

6 being in ideal body condition and the most obese cattle within the herd scoring 8 to 9 

(Richards et al., 1986). Utilizing body condition scores is a valuable resource for producers 

to evaluate and assess the performance of their cattle as well as an adequate assessment of 

their cattle’s nutritional management during the various stages of production (Taylor and 

Field, 1999).  

 The greatest challenge encountered by cow-calf producers is the task to match the 

nutritional resources needed by the animal to the most economical feed resource that is 

available to the producer. This involves achieving the greatest gains possible while utilizing 

the most cost effective feed resource possible. This nearly always involves grazing forages 

for cow-calf segments rather than supplying the animals with costly supplemental feeds 
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(Taylor and Field, 1999). Within the cow-calf system that exists in the Southeastern United 

States, typical operations graze forage from approximately early April until late October each 

year, with variation depending on rainfall, climate, and forage variation. The cow-calf system 

relies almost solely on the grazing of forages to meet all of the nutritional requirements of the 

animal, and is thus essential to the producer’s attention and focus (Allen et al., 1992). Given 

the cow-calf management calendar, adult female cattle spend the majority of the calendar 

year in gestation, and proper nutrition is essential to the health of the dam and of the pending 

calf. It is estimated that mature cattle will gain between 100 to 150 lbs. during the last several 

months of gestation, with an average daily body gain of 1 to 2 lbs. per day (Taylor and Field, 

1999). Much of the upper south and mid-Atlantic is comprised of forage stands that consist 

of perennial pastures containing tall fescue, bluegrass, orchardgrass and some combination of 

legumes (Allen et al., 1992). The primary forage that is utilized in the upper south is tall 

fescue (Lolium arundinaceum [Schreb.] Darbysh), and this forage maintains cattle on an 

almost year round basis, with very few other forage types playing a role (Hoveland, 1986). 

Strategies have been implemented to increase the grazing season and decrease financial 

inputs by utilizing stockpiled tall fescue, winter annuals and cover crops. These systems have 

allowed producers to utilize extended grazing seasons that still provide their herds with high 

quality forages throughout the late fall and early winter months (Brown et al., 1963). 

However, the majority of cow-calf producers in the Southeastern United States still 

primarily, if not exclusively, utilize tall fescue as the forage that their cattle graze (Taylor and 

Field, 1999). Tall fescue has remained to be of incredible importance to the agricultural 

economies of the southeast and to cow-calf beef production as a whole.  
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Endophyte-Infected Tall Fescue 

 Tall fescue (Lolium arundinaceum [Schreb.] Darbysh) is the most commonly utilized 

forage by cow-calf producers in the Southeastern United States. Tall fescue is a cool-season 

perennial that is most commonly seen as the KY-31 (E+) variety that was originally 

discovered in Kentucky in 1931 by E.N. Fergus, a faculty member at the University of 

Kentucky. The forage was not commercially released until 1943 (Aiken and Strickland, 

2013). There are many qualities of the KY-31 variety that makes the forage desirable and so 

prevalent in the region, including it’s durability, nutritive quality pest resistance and ease to 

establish in a range of forage types (Strickland et al., 2011).  

 Tall fescue is most commonly observed in stands of grasses in which it is the 

predominant or even pure forage type. With the forage being classified as a cool season 

grass, the typical growth curve follows the trend of spring growth, with further growth 

periods in the later fall months. Growth has been shown to be inhibited if temperatures are 

not within a range of 7-29 degrees Celsius (Lyons et al., 1986) resulting in forage stands of 

tall fescue in the Southeastern United States having limited to no growth during the hottest 

summer months as well as during the winter. Cattle producers were not only drawn to this 

forage type for its advantageous agronomic characteristics, but also for its high nutritive 

qualities for livestock (Ball et al., 1993). With all of these advantages, it is not surprising that 

tall fescue was quickly accepted and adapted into the farms and landscapes of every state in 

the Southeast region of the United States. It now occupies over 14 million hectares in the 

United States and occupies more land than any other introduced forage (Ball et al., 1993).  
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 Following the 1943 release of the Kentucky-31 tall fescue cultivar, and its subsequent 

incorporation into livestock pastures and grasslands across the southeast, producers began to 

observe lameness in cattle that were grazing tall fescue pastures as early as the 1950’s  

(Aiken and Strickland, 2013). Further, producers also observed that livestock grazing tall 

fescue, especially during the most humid summer months, exhibited decreased health and 

productivity. Producers already began to associate the term, “fescue toxicosis” with these 

animals and cited that it presented itself through animals having rough hair coats and 

suffering more severely from the summer heat (Ball et al., 1993). However, the negative 

effects were not only being observed in cattle that grazed Kentucky-31. Horse owners also 

found that mares that grazed the forage suffered reproductively by means of aborted foals 

and reduced milk production (Ball et al., 1993). As researchers began to explore what could 

be the causative agent for this condition, researchers at the USDA research station in Athens, 

GA were observing two distinctly different levels of animal performance in two groups of 

cattle that were grazing two different stands of tall fescue. In one pasture, the animals were 

exhibiting symptoms associated with the effects of fescue toxicosis while the other pasture 

did not appear to be suffering with both groups of animals being managed the same and in 

the same stage of production. From this, it was discovered that nearly all the tall fescue grass 

in the “sick” pasture contained a fungus within the plant, known as an endophyte. The tall 

fescue grass in the pasture of animals not effected by fescue toxicosis only saw around 10 

percent of its grass infected with the endophyte (Ball et al., 1993). To better understand the 

causative agent, Hoveland et al. (1983) conducted grazing experiments utilizing beef steers to 

evaluate fescue toxicosis. Using pastures with high and low levels of endophyte infections, 



 

15 

respectively, Hoveland and his team concluded that ergot alkaloids were the factor in the tall 

fescue plant that led to fescue toxicosis in livestock (Hoveland et al., 1983). 

 As producers, agronomist and researchers began to fully digest the negative effects 

that the toxic fungal endophyte had on the livestock that grazed it, efforts in the 1980’s began 

to trend towards endophyte-free cultivar varieties of tall fescue. It was believed that these 

varieties would still contribute to the many favorable characteristics observed in the original 

tall fescue variety while not causing the adverse and negative effects to the livestock and 

would be a reliable forage for livestock producers. However, soon after the endophyte-free 

variety was made commercially available, it was discovered that the new forage variety 

lacked the persistence and durability of its endophyte-infected counterpart (Aiken and 

Strickland, 2013). Endophyte-free tall fescue forage stands deteriorated quickly upon 

extreme heat and moderate drought that is commonly experienced in the mid-south during 

the summer months and it became apparent that tall fescue depended heavily on the 

endophyte to maintain its resilience to the harsh summers of the American south. After the 

discovery of the causative agents for toxicosis in livestock being one of the secondary 

metabolites called ergot alkaloids, one of the three primary alkaloids produced by the fungal 

endophyte, efforts were made to manipulate the fungus to prevent toxicity when animals 

grazed it. Technology was developed to modify strains of the endophyte to only produce the 

two other alkaloids so the plant would still have the beneficial effects of the fungus but 

would not be toxic to livestock from the production of the ergot alkaloid metabolites, with 

these endophyte strains being known as novel endophytes. From this modification, a variety 

of tall fescue was generated and made commercially available called Jesup-Max-Q. 
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However, for the sake and scope of this project and literature review, the modified strains of 

tall fescue that contain the novel endophyte will not be discussed in-depth. The majority of 

fescue pastures that exist in the United States still contain the harmful endophyte that is 

known to cause adverse effects to livestock. It is estimated that over 75 percent of tall fescue 

in the United States contain high levels of infection from the endophytic fungus (Ball et al., 

1993).  

 Endophytic Fungus. Bacon et al. (1977) were the first to report tall fescue grasses to 

be infected with fungal endophytes E. typhina and Neotyphodium cenophialum, now known 

as Epichloë coenophialia. Cenophialum type endophytes are unique in that that their mode of 

transmission does not involve the use of spores, however, it is spread through the seed of the 

host plant to the subsequent generation. This shows that the presence of the endophytic 

fungus cannot spread by means of nearby infected plants, but only from subsequent 

generations of infected plants (Ball et al., 1993). This mode of propagation into host plants 

has developed a highly mutualistic relationship with the tall fescue host plant due to the 

selection of highly infected plants in the environment due to their increased survivability. 

The varieties of endophyte infected tall fescue that exist in the Southeastern United States are 

most commonly infected with Epichloë coenophialia. This fungal endophyte that lives in a 

symbiotic relationship with the plant, allows the forage to have the increased persistence and 

resistance to the harsh environmental conditions that exist in the region (Clay, 1988; 

Leuchtmann, 2003). This category of endophyte produces a variety of secondary metabolites 

that are generally accepted to be the primary modes of action that provide the plant with the 

increased advantageous characteristics (Kuldau and Bacon, 2008).  
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 Symbiotic Relationship. Through the presence of the fungal endophyte, tall fescue 

plants live in an advantageous symbiotic relationship with it. Tall fescue varieties that are 

known to be infected with the endophyte have commonly been shown to have increased 

growth and propagation rates, as well as overall increased durability when compared to 

stands of tall fescue that have decreased or no presence of the endophyte. The endophyte has 

been shown to not cause any relational stress to the host plant (Ball et al., 1993) and has only 

been shown to be beneficial to the plant. Infected tall fescue has been shown to have 

increased forage growth during drought conditions, and this is largely contributed to the 

secondary metabolites produces by the endophyte in the infected plant. It is believed that 

these metabolites have an effect on the osmotic pressure of the plant that reduce evaporation 

losses during the most severe drought conditions (Bush et al., 1997; De Battista et al., 1990). 

In controlled study environments, the infected varieties of tall fescue exhibited increased 

tolerance to drought conditions and contributing to less evaporate water loss, largely cited 

due to the plants ability to perform leaf roll (Ball et al., 1993).  

 Ergot Alkaloids. Within the varieties of tall fescue that are infected with the fungal 

endophyte, the highest concentrations of the fungus are typically found in the regions of the 

plant that contain the majority of the plants energy. Following germination of infected tall 

fescue seed, the corresponding mycelial filaments grow in cohesion with the plant and 

occupy the intracellular space. This occurs in the intracellular space in the shoot of the 

growing plant (Ball et al., 1993).  Research has further shown that as the plant matures 

during the later spring months, the tall fescue plant’s seed heads can contain much higher 
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concentrations of the secondary metabolites (ergot alkaloid) than other portions of the tall 

fescue plant (Rottinghaus, et al., 1991).  

 As research has continued to further investigate the mechanisms of action that the 

fungal endophyte utilizes, it has been determined that there are three primary classifications 

of alkaloids (Siegel, 1991). They include, pyrrolizidines (lolines), peramines 

(pyrrolopyrazine) and ergot alkaloids (which include clavines, lysergic acid and derivatives, 

and ergopeptine alkaloids) (Aiken and Strickland, 2013; Lyons et al., 1986; Porter, 1995; 

Bush and Fannin, 2009). The primary lolines that are known to be produced play a role in a 

host plants tolerance to drought. Peramines only known benefit to host plants infected with 

endophytes that produce this alkaloid is its ability as an insect repellent (Aiken and 

Strickland, 2013). The primary focus, however, is drawn to the ergot alkaloids produced by 

the fungal endophyte in tall fescue. All ergot alkaloid compounds share a tetracyclic ergoline 

ring structure that is likely the main contributor to the compounds mode of toxicity to 

mammalian species (Berde, 1980). This ring structure mimics the structure of many other 

common compounds found naturally in the mammalian system, including dopamine and 

epinephrine (Weber, 1980). Most commonly, ergopeptines and lysergic acid and derivatives 

are the alkaloids seen in tall fescue. These compounds commonly work to reduce insect 

infestation, but are the only alkaloids that are endophyte-derived that are known to be 

mycotoxins which result is mammalian issues of reduced palatability (Strickland et al., 2011; 

Bush and Fannin, 2009).  

 Ergopeptines make up at least one-half of the compounds found in endophyte infected 

tall fescue (Lyons et al., 1986). Lyons also found that the tall fescue cultivar contains at least 
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three of the recognized ergopeptine alkaloids. These included ergovaline, ergosine, and 

ergonine. Of these three compounds, ergovaline made up the majority (greater than 90% of 

all ergopeptine alkaloids found in tall fescue). With ergovaline being identified as the 

primary compound found that is produced by the fungus in tall fescue, research began to 

move towards better understanding ergovalines role in the toxicity that was being observed in 

livestock. In the forage setting, the highest concentrations of ergovaline have been observed 

to follow the growth patterns of the plant. When various conditions are achieved that favor 

forage production and promote plant growth, the endophyte growth and subsequent ergot 

alkaloid growth is also supported (Craig and Hignight, 1991). Ergovaline concentrations in 

plant tissue have been observed to be the highest during the late fall months during the 

second growth phase of the plant following the summer heats inhibition of growth (Belesky 

et al., 1988; Rogers et al., 2011). An increase in ergovaline levels has also been observed in 

the late spring during the first growth phase as it corresponds with the forages maturity 

pattern. As previously mentioned, seed heads of tall fescue plants have been shown to have 

far higher concentrations of ergovaline than other portions of the plant (Rottinghouse et al., 

1991). In contrast, during the winter dormancy of the tall fescue plant, total ergot alkaloid 

concentrations have been shown to be greatly decreased (Drewnoski et al., 2007) and is one 

of the primary reasons stockpiled tall fescue is utilized by livestock producers in the 

Southeastern United States for winter grazing opportunities. Producers can still utilize their 

tall fescue stands for grazing, achieving the high quality nutritive value while mitigating the 

many negative risks associated with grazing the toxin.  
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 Like many of the secondary metabolites produced by the fungal endophyte, 

ergovaline operates in many ways to be advantageous to the host plant. Ergovaline has also 

been shown to play a role in appetite suppression of the animals that consume the forage by 

disruption of serotonin receptors by the compound. This, in turn with the reduced palatability 

and other receptor disruptions is likely several of the primary modes of action that ergovaline 

works to cause toxicity in livestock (Schoning et al., 2001). Stamm et al. showed that in 

cattle a minimum threshold of 150 ppb of ergovaline is necessary for toxicity to occur, while 

in comparison it is important to note that concentrations in tall fescue stands have been 

reported to be in excess of 600 ppb (Stamm et al., 1994). To better understand the 

mechanisms that ergot alkaloids cause toxicity in livestock, it is important to understand the 

physiological interactions and modes of absorption that are known to occur. In ruminant 

animals, ergot alkaloids as well as other mycotoxin-like compounds take place at numerous 

sties in the gastrointestinal cavity. Ergot alkaloid absorption and transport is dependent on 

many conditions that range from factors contributed by the animal and by the environment, 

including temperature, stress, and rumen pH. Typically, however, absorption will primarily 

occur in the rumen, reticulum, omasum and small intestine in ruminants. Absorption 

typically occurs by means of gastrointestinal epithelia and rumen papillae (Strickland et al., 

2011). Ergot alkaloids specifically have been shown to be transported across some luminal 

tissues, as well as tissues of the reticulum and omasum in sheep (Hill et al., 2001), but it is 

generally considered that ergopeptines are not as readily absorbed in these tissues as other 

compounds such as lysergic acid. Ergopeptines are believed to be more readily absorbed in 

the small intestine of livestock grazing endophyte infected tall fescue and this site is a critical 
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area for absorption to occur in order to for ergovaline and other ergopeptines to generate 

toxicosis in grazing livestock (Hill et al., 2001; Ayers et al., 2009; Strickland et al., 2011), 

specifically known as fescue toxicosis.  

 

Effects of Fescue Toxicosis on Cattle Performance 

 Given tall fescue’s incredible persistence and tolerance to the harsh environmental 

conditions of the mid-south, it is not surprising the incredible stake that tall fescue has 

established as the primary forage utilized in the region. However, as previously discussed, 

due to tall fescue’s symbiotic relationship with a fungal endophyte and its production of 

secondary metabolites that include the compounds known as ergot alkaloids, livestock 

species that graze endophyte infected tall fescue commonly suffer from a myriad of negative 

effects that are collectively referred to as fescue toxicosis. Fescue toxicosis is one of the 

leading contributing factors to losses associated with the American beef industry, particularly 

those losses associated with cow-calf production, which occurs in the southeast. It has been 

estimated, that the grazing livestock industries collectively can account for over $1 billion in 

loss annually due to the negative effects of fescue toxicosis (Strickland et al., 2011). Fescue 

toxicosis can be associated with the following symptoms that are observed in livestock 

grazing endophyte infected tall fescue: elevation in body temperatures, decreased or 

suppressed respiratory function, vasoconstriction of blood flow, as well as decreasing in 

average daily gains, reduction in body weight, and numerous issues associated with poor 

reproductive function (Peters, 1992; Schmidt and Osborne, 1993; Paterson, 1995; Watson et 

al., 2004; Aiken et al., 2013).  
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 Ergot alkaloids have been shown to cause a rough or retained winter hair coat, even 

during the summer months, as well as have decreased hormone and protein levels including, 

but not limited to, progesterone and prolactin (Schmidt and Osborne, 1993; Strickland et al., 

2011). It is believed that the symptoms associated with fescue toxicosis and exposure through 

grazing endophyte infected tall fescue to ergot alkaloids is largely the result of the biogenic 

amine receptor activation that occurs by the ergot alkaloid compounds (Aiken and Strickland, 

2013). Additionally, it has been indicated that elevated body temperatures seen in affected 

animals is the result of ergot alkaloid compounds binding adrenergic and serotonergic 

receptors, initiating the biological response to constrict blood flow to the peripheral tissues 

(Oliver, 1998). When an animal has reduced blood flow to the periphery, the animal’s ability 

to abate and remove excess heat from the body is diminished via means of reaching the skins 

surface. This exacerbates the concerns associated with fescue toxicosis, because not only are 

there primary issues that are negatively altering animal performance, but secondary issues 

such as heat stress can even further impact the animals performance and comfort.  

 In a study conducted to evaluate the effect of ergot alkaloid on blood flow in steers, 

Rhodes et al. (1991) found that steers consuming diets deemed to be high-endophyte diets 

saw a 50% reduction in blood flow to the skin surface when compared to similar steers that 

were consuming diets that were deemed to be low-endophyte diets. Further, it has also been 

shown that ergovaline can lead to constriction of the caudal arteries in heifers that were naive 

to the tall fescue endophyte as quickly as 27 hours after the initial exposure in the diet 

(Aiken, 2007). As a result of fescue toxicosis leading to decreased gains and poor animal 

performance, most stocker cattle operations in the southeast United States no longer utilize 
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pastures that are comprised of endophyte infected tall fescue. In some of the most extreme 

cases of acute exposure to the tall fescue endophyte coupled with low temperatures, animals 

can experience a condition that is a severe effect of vasoconstriction known as fescue foot. 

This condition can range from animals experiencing lameness and loss of hoof tissue, but can 

also include necrosis of other peripheral tissue such as the tail switch or tips of the animal’s 

ear. These issues associated with tissue necrosis are a result of extended reduction of blood 

flow to these regions (Cornell et al., 1982). In addition, some animals that experience 

prolonged sickness associated with fescue toxicosis can experience fat necrosis in the 

animal’s abdominal cavity. These necrotic masses can lead to extreme animal discomfort and 

can also lead to blockages associated with the gastrointestinal tract (Stuedermann et al., 

1985). Without question, the negative effects to animal physiology associated with fescue 

toxicosis are of great concern to cattle producers in the Southeast United States and are of 

great concern from the perspective of animal welfare. With fescue toxicosis’ wide range of 

symptomology and associated effects, it is important to evaluate what is understood about the 

mechanisms and characteristics associated with each of the aforementioned conditions.  

 Suppressed Animal Growth Performance. While the mechanisms of action ergot 

alkaloids utilize to cause fescue toxicosis in cattle is not completely understood, it has been 

well documented that cattle consuming endophyte infected tall fescue have been shown to 

have decreased performance that most likely relates to a decrease in dry matter intake by the 

animal. As previously discussed, ergot alkaloids have been shown to amplify incidences of 

cattle that undergo periods of heat stress, which has also been known to reduce the feed 

intake of livestock. A study utilizing steers that sought to explore the changes in feed intake 
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that existed with cattle consuming ergot alkaloids at extreme and neutral temperatures found 

that animals undergoing heat stress saw a reduced feed intake by 22% and a 62% increase in 

water consumption compared to animals housed at room temperature (Aldrich et al., 1993). 

Further, this study found that steers saw a 10% reduction in feed intake if their diets 

contained ergot alkaloids, regardless of their thermal environment. Similar results have been 

seen in heifers consuming ergot alkaloid seed, however, only under conditions of heat stress 

(Burke et al., 2001). With the reduction in feed intake observed, animals consuming ergot 

alkaloid have unsurprisingly also shown a reduction in dry matter intake (Looper et al., 2007; 

Parish et al., 2003) which is widely understood to be a leading factor in losses of animal body 

condition as well as reduction in animal gains. Animals that have reduced body condition are 

less reproductively sound and more likely to be immune-compromised while animals that 

exhibit reduced incidence of high gains take longer to reach a marketable weight and age, 

both reducing the beef cattle operations profits.  

 For decades livestock producers have utilized calculated average daily gains as a 

means of evaluating their livestock performance as well as to measure the success of their 

management techniques. Animals that have the ability to achieve the highest average daily 

gains in their herd are often more profitable for the farmer and result in more pounds of beef 

produced. It has been well documented that cattle that graze endophyte infected tall fescue 

pastures or that otherwise consume ergot alkaloids have a reduced average daily gain (ADG) 

(Peters et al., 1992; Stuedmann and Hoveland, 1988; Ball et al., 1991).  Differing infection 

rates of pastures known to contain endophyte infected tall fescue can also effect the degree to 

which performance is affected. Thompson et al. (1993) showed that increases in pasture 
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infection rates determined based from tiller infection had a direct negative correlation with an 

animal’s average daily gain potential. With an understanding of ergot alkaloids effect on 

animal intake and its effect on animal performance, it is also important to understand these 

compounds effects on the animal’s digestibility of nutrients. Several studies have shown that 

steers that consume diets that have high levels of ergovaline show an increase concentration 

of volatile fatty acids (VFA) in the rumen, which are the primary source of a ruminant 

animals energy indicating poor absorption of VFA’s through the rumen epithelium (Foote et 

al., 2013) as well as a reduction in digesta passage rates (Goestch et al., 1987; Koontz et al., 

2015). This reduction in passage rate is most likely due to ergot alkaloids known interaction 

with serotonin receptors in the smooth muscle tissue of the gut vascular tissue (Schoning et 

al., 2001). This disruption of serotonin production in the gut reduces the overall motility and 

passage rate associated with the digesta (Pan and Galligan, 1994; Briejer et al., 1997).  

 Cattle grazing endophyte infected tall fescue have also been seen to have reduced 

incidence of daytime grazing and an increase incidence of night time grazing behaviors, 

especially during the summer when cattle are likely experiencing heat stress (Bond et al., 

1984). It has also been shown that cattle show aversive behavior towards grazing endophyte 

infected tall fescue that is likely due to a decrease in palatability of the forage as well as a 

decrease in animal health resulting in reduced normal grazing behavior. Further, cattle have 

been shown to utilize more time grazing pastures that are comprised of a mixed legume and 

fescue variety than solely fescue pastures (Seman et al., 1999). Observations have been made 

that cattle grazing endophyte infected tall fescue spend greater periods of time standing and 

consuming increased quantities of water and less time grazing, ruminating, and lying down 
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than cattle that grazed fescue infected with the novel endophyte (Hoveland et al., 1993; 

Parish et al., 2003).  

 In addition to the reduction of feed intake, decreased digestibility, reduction of animal 

grazing, and the lack of positive weight gains, cattle consuming endophyte infected tall 

fescue have also shown a loss of body condition (Brown et al., 1992). Body condition is one 

of the most important visual appraisals that livestock producers utilize to evaluate the fitness 

of their animals. Adult female cattle that exhibit low body condition scores have reduced 

reproductive efficiency, decreased milk production, and overall poor animal health due to the 

lack of body energy reserves. These cattle are further incapable of overcoming negative 

environmental or nutritional strains that cattle more correctly conditioned can. In terms of 

consuming tall fescue, cattle that were deemed to have thin body conditions that grazed 

endophyte infected tall fescue showed a reduced calving rate than cows that were deemed to 

have a sufficient body condition that grazed endophyte infected tall fescue (Looper et al., 

2010). This reduction in body condition further impacts other areas of the cow’s performance 

and effects areas of production already known to be impacted by the adverse effects of 

exposure to ergot alkaloids. A lack of animal body condition coupled with this can be 

detrimental to the production goals of any cow-calf operation and can negatively impact calf 

growth as well as the subsequent calving interval. 

 Vasoconstriction and Issues with Heat Tolerance. Sufficient and properly regulated 

blood flow is an essential biological process for numerous reasons in the bodies of livestock 

and all mammals. Elevated blood pressure and issues of vasoconstriction can cause adverse 

and negative effects to animals in a variety of ways, and can even lead to death. 
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Vasoconstriction is defined as the reduction of blood flow and subsequent restriction of the 

luminal area of blood vessels and arteries. This restriction can occur in blood vessels that 

carry fluid to the limbs, skin and even vital internal organs (Rhodes et al., 1991; Aiken et al., 

2007). Numerous studies have shown that animals that graze or otherwise consume 

endophyte infected tall fescue, or have diets that contain the secondary metabolites 

(particularly ergovaline), have a greater incidence of vasoconstriction to the periphery (Aiken 

et al., 2014). Evidence has shown that this restriction of blood vessels in livestock that is 

induced by consumption of ergot alkaloids is primarily a result of blood vessel linings 

becoming thicker upon exposure (Williams et al., 1975; Garner and Cornell, 1978). Since the 

identification of ergovaline and the ergopeptides as the expected primary causative agents for 

initiating clinical fescue toxicosis, Klotz et al. (2007) showed that of the ergopeptides known, 

ergovaline and ergotamine were the greatest factors contributing to the vasoconstriction 

component of fescue toxicosis symptoms, with showing that these compounds were five 

times more potent than lysergic acid compounds at inducing vasoconstriction in cattle. 

Vasoconstriction caused by exposure to ergot alkaloids further compounds the issues 

associated with fescue toxicosis due to it resulting in an animals decreased ability to 

evaporatively cool due to the decreased skin vaporization the animals can conduct (Aldrich et 

al., 1993). These confounding factors of poor blood circulation involving vasoconstriction to 

the periphery and the animals decreased ability to regulate core body temperature coupled 

with exposure to ergot alkaloid leading to decreased ability to shed an animals winter coat 

leads to increased levels of heat stress on animals exposed to endophyte infected tall fescue 

(Walls and Jacobson, 1970; Hoveland, 1983).  



 

28 

 Multiple studies have shown that either ergot alkaloids themselves, or factors that are 

induced by ergot alkaloids lead to increased body temperatures of livestock. Overall, an 

average increase in rectal body temperatures of 0.8 degrees Celsius have been observed in 

animals consuming toxic tall fescue or toxic tall fescue seed compared to their counterparts 

that were not consuming the toxin (Burke et al., 2006; Parish et al., 2003). This elevation in 

core body temperatures in exacerbated by animals retention of their winter hair coats. Aiken 

et al. (2011) gave evidence that when environmental temperatures were elevated, animals 

displaying rough, full winter hair coats had higher average rectal temperatures compared to 

animals that did not have the thicker hair coat type. In addition, multiple researchers have 

indicated that animals consuming endophyte-infected diets and that are experiencing fescue 

toxicosis, show an elevated rate of respiration and salivation as well as an overall increase in 

core body temperatures (Browning Jr. et al., 1998; Burke et al., 2001; Bond et al. 1984; 

Rhodes et al., 1991), which are indicative symptoms of heat stress. Burke et al. (2001) further 

showed that these animals that were experiencing periods of heat stress were also 

experiencing a reduction in feed intake, whether cattle were consuming the infected 

endophyte or not.  

 With evidence showing that fescue toxicosis coupled with incidence of heat stress 

generating more severe and adverse symptoms to livestock species, it is not surprising that 

the greatest recorded incidence of fescue toxicosis occurs in the summer months at peak 

environmental temperatures (Hemken et al., 1981). As researchers began to explore this 

interaction between the direct effects of fescue toxicosis and more indirect effects of heat 

stress, Drewnoski et al. (2009a,b) conducted a grazing study during the mild winters of the 
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American south. This team concluded that at low environmental temperatures, cattle that 

were grazing stockpiled tall fescue known to be infected did not see the decreases in animal 

performance that the numerous previous studies had observed during studies conducted with 

animals grazing during summer months. However, it is important to note that numerous 

forage studies have shown that the ergot alkaloid levels found in stockpiled tall fescue that is 

analyzed after the forage experiences frost, have shown to have decreased levels of ergot 

alkaloid. Research has also shown that decreased performance is a result of direct effects of 

the toxin. Cattle that consumed ergot alkaloids in the fall months during the second growing 

season of the forage when the toxin levels are at the highest did see decreased overall animal 

performance despite mild environmental temperatures (Beconi et al., 1995). 

 Despite some research suggesting that cattle do not experience symptoms of fescue 

toxicosis during seasons of milder temperatures, there are numerous records of animals still 

experiencing these negative effects, even during the months of lowest environmental 

temperatures, particularly issues associated with vasoconstriction. Animals that experience 

extended exposure to highly infected tall fescue, or forage that has high levels of ergovaline 

during the winter, can experience severe necrosis of tissue around various extremities of the 

body including the hoof, tails and ears and is collectively known as fescue foot (Garner and 

Cornell, 1978). Fescue foot is associated with one of the most recognizable and detrimental 

signs of animals that are experiencing fescue toxicosis. Due to its severity, fescue foot 

occurrences are some of the initial accounts of fescue toxicity recorded, most likely due to its 

undeniable presence in a producer’s herd. It has been established that cattle consuming diets 

with ergovaline concentrations that exceed 750 parts per billion and experiencing cold 
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environmental conditions of temperatures below 16 degrees Celsius is the threshold for 

animals to experience fescue foot (Tor-Agbidye et al., 2001). There have been numerous 

reports of producers observing these types of incidences in cattle herds grazing endophyte-

infected tall fescue for many years. These particular issues associated with poor blood flow 

to the distal potion of an animals limb has led to animal lameness and even gangrenous 

legions that have led to complete loss of the hoof (Jensen et al., 1956; Williams et al., 1975).  

 Issues with Prolactin Concentrations, Hair Shedding, and Milk Production. Some 

of the most common indications that an animal or group of animals is suffering from the 

effects of fescue toxicosis stem from a generally unthrifty appearance, retained, rough winter 

hair coats, and a lack of milk production at calving; which can all be linked to, at least in 

part, low serum prolactin concentrations (Aiken et al., 2011). Prolactin is understood to be a 

very diverse hormone that can be linked to numerous biological processes including 

lactation, hair shedding, hair follicle cyclicity, maintaining homeostasis and many 

reproductive mechanisms (Houdebine et al., 1985; Poindexter et al., 1979; Lebedeva et al., 

2004). Many studies have sought to understand the mechanisms in which prolactin 

concentrations are impacted by exposure to ergot alkaloids and how this variation in 

prolactin concentrations alters the animal’s general performance. Decreases in serum 

prolactin concentrations are generally accepted to be used as an indicator of an animal’s 

exposure to ergot alkaloids in cattle (Burke et al., 2001a; Watson et al., 2004) and have been 

observed in cattle exhibiting the signs of fescue toxicosis (Strickland et al., 1993).  

  Prolactin is a protein hormone that is produced in many locations throughout many 

biological tissues. It is primarily produced in the anterior pituitary gland, as well as the 
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central nervous system, uterus, and mammary gland (Freeman et al., 2000). Prolactin 

secretion is controlled by many factors in the brain and pituitary gland but can be directly 

inhibited by dopamine by means of dopamine’s release and binding to the D2-dopamine 

receptor in the anterior pituitary (Freeman et al., 2000; Lamberts and Macleod, 1990). 

Consequently, the cyclic ring structure of ergovaline and other ergot alkaloids is very 

similarly to the ring structure of dopamine. This results in exposure to ergot alkaloids leading 

to a suppression in prolactin secretion due to the antagonistic ability of these compounds to 

bind the dopamine receptor mimicking dopamine’s inhibitory effect (Sibley and Creese, 

1983; Porter and Thompson, 1992). Ergot alkaloid exposure and its effect on prolactin 

secretion has been studied in many scenarios in beef cattle. As with many factors associated 

with fescue toxicosis, many studies have sought to understand whether or not the decreased 

serum prolactin concentrations were a direct effect of exposure to the toxin, or if the many 

mitigating factors, such as heat stress, could also contribute to this effect. One such study 

conducted by Burke et al. (2001) attempted to analyze this by exposing beef heifers to 

endophyte infected seed in their diets at a thermo neutral temperature as well as a 

temperature that would correlate to heat stress for the animals. This group found that the 

serum prolactin concentrations were reduced in these heifers during the heat stress period and 

did not increase once the animals were brought to thermo neutral temperatures. This 

suggested to these researchers that heat stress did not solely contribute to the decrease in 

serum prolactin, and that exposure to ergot alkaloids alone was the most likely contributing 

factor (Burke et al., 2001). In addition to confinement studies that utilize seed models for 

avenues of exposure to ergot alkaloids, grazing studies have also shown a decrease in serum 
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prolactin concentrations after exposure to ergot alkaloids. In contrast, Mizinga et al. (1992) 

saw no difference in serum prolactin concentrations between heifers fed non-toxic and toxic 

fescue seed during the spring months when ambient temperatures and heat indices did not 

indicate animals would be experiencing heat stress (Mizinga et al., 1992). However, when 

the concentration of ergovaline exposure was increased to 9.75 µg ergovaline per kg-1 of 

body weight, Mizinga et al. saw a decrease in serum prolactin concentrations in the heifers 

consuming the endophyte infected seed. This led to the need for determining a total ergot 

alkaloid threshold that was sufficient to reduce serum prolactin concentrations and induce 

fescue toxicosis regardless of ambient temperature. This question led Watson et al. (2004) to 

determine that a threshold of 448 µg/kg was a sufficient enough level of total ergot alkaloid 

concentration to cause fescue toxicosis indicated by reduced serum prolactin concentrations 

and reduced average daily gains in grazing cow-calf pairs. Furthermore, Drewnoski et al. 

(2009a) investigated the causative factor of the decreased serum prolactin concentrations by 

utilizing the grazing model with exposure to ergot alkaloids during non-heat stress 

conditions. Drewnoski et al. (2009a) saw that serum prolactin concentrations were still 

lowered in cattle grazing endophyte infected tall fescue during the fall and winter months 

when heat stress was not a contributing factor when total ergot alkaloid concentrations were 

above the threshold previously determined by Watson et al. (2004) (Drewnoski et al., 2009).  

 Since tall fescue cultivars were first utilized and fescue toxicosis first documented, 

trademark signs of the syndrome have included the retention of a rough winter hair coat that 

contributed to the animals overall unthrifty appearance and exacerbated the animals heat 

stress during the summers of the sub-tropical Southeastern United States. When the ambient 
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air temperatures and relative humidity are high, perspiration can become trapped within the 

space around the hair follicles causing the animal to increase its respiration and sweating 

rates in an attempt to dissipate heat faster (Finch, 1986). Increases in prolactin concentrations 

and an increase in day length have been connected to the shedding of winter hair coats in 

numerous species (Thompson et al., 1997; McClanahan et al., 2008). With cattle 

experiencing fescue toxicosis being well documented to have lower serum prolactin 

concentrations, the role of ergovaline is also likely responsible for the retained winter hair 

coats and subsequent insulation of their core body temperature and heat stress. This incidence 

of rough hair coats has also resulted in cattle with high respiration rates and excessive 

amounts of time spent under shade and in ponds during times that the animals would 

generally be expected to be grazing (Aiken et al., 2011). The rough hair coats associated with 

fescue toxicosis and its retention is in large part due to an interruption in hair follicle 

cyclicity (Aiken et al., 2011). While shedding of hair coats is still largely not understood, it is 

known that the initiation of subsequent hair coat seasons is largely responsible for the 

regulation of the previous hair coat. This cyclicity is closely regulated by several hormones, 

one of which is prolactin, which has been well documented to be low in cattle consuming 

endophyte infected tall fescue compared to their contemporaries that were not consuming 

endophyte infected tall fescue (Schmidt and Osborne, 1993).  

 Historically it has been assumed that hair coat shedding could be an indicator of the 

amount of prolactin available due to its role in hair regression regulation (Nixon et al., 2002), 

and that when cattle are not shedding, their prolactin concentrations must be low. Elevated 

prolactin concentrations and an increase in day length has been connected to play at least 
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some role in multiple species hair shedding of winter coats (Rose et al., 1987; Smith et al., 

1987; Thompson et al., 1997). With fescue toxicosis contributing to reduced prolactin 

concentrations, the retained winter hair coats are widely accepted to be caused by this factor 

when seen in association with the syndrome. However, Aiken et al. (2011) theorized that 

some of the previously understood conceptions about prolactin concentrations in fescue 

toxicosis cattle could be more complicated than previously thought. His team suggested that 

it was possible that cattle with earlier shedding hair coats could still be suffering from the 

negative effects of fescue toxicosis, however those cattle are more capable of dissipating 

their body heat than those with rough hair coats which in turn result in a stronger more 

negative effect on their overall performance of the latter. Aiken and his team also saw no 

difference in serum prolactin concentrations between early and late shedding cattle that were 

grazing endophyte infected tall fescue, which led them to theorize that those cattle that were 

of the slick hair phenotype could potentially be genetically predisposed to eliciting a 

shedding response at lower thresholds of serum prolactin concentrations than those that did 

not shed their winter hair coats at the same prolactin concentrations (Aiken et al., 2011). This 

research again demonstrated that cattle that do not shed their hair coats during the increasing 

temperatures and humidity of the southeast summers had more severe incidences of heat 

stress while grazing endophyte infected tall fescue and were more vulnerable to the most 

severe effects of fescue toxicosis. However, this research also led to the hope that a better 

understanding of prolactin’s role in hair shedding and the development of new technologies 

would result in animals on tall fescue shedding their winter coats earlier and more effectively 

resulting in a mitigation of some of the heat stress components of fescue toxicosis.  
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 In terms of decreased serum prolactin concentrations effect on cattle milk production, 

the majority of research has agreed that decreases in serum prolactin concentrations as a 

result of consuming endophyte infected tall fescue does result in suppressed milk production, 

especially when concentrations were lower prior to parturition (Porter et al., 1992; Peters et 

al., 1992; Watson et al., 2004). Regardless of study, there is little doubt that fescue toxicosis 

leads to reduced milk production in cattle that consume the toxin during gestation and the 

lactation portion of the management cycle. With lower concentrations of serum prolactin 

being one of the trademark symptoms of fescue toxicosis, the decrease in milk production 

seen in fescue toxicosis cattle is most likely a result of these reduced prolactin levels, 

however, it is likely that other symptoms of fescue toxicosis such as decreased nutrient 

intake, heat stress, and vasoconstriction all contribute to the issues observed with milk 

production (Strickland, 1993).   

 Numerous studies have been conducted to evaluate the issue of decreased milk 

production in cattle exhibiting fescue toxicosis, and continue to be one of the most prevalent 

concerns of beef cattle producers in the Southeastern United States because of the impact it 

can have on the profitability of their calf crops. Milk production studies have ranged from 

evaluating the onset of milk production differences, entire lactation period differences, and 

whether or not the effects were different only amongst first lactation heifers. Of animals that 

are consuming endophyte infected tall fescue, milk production was seen to be reduced in beef 

cows, beef heifers, and in varying lactations of dairy cows at as much as 45, 50, and 60%, 

respectively (Schmidt et al., 1983; Schmidt and Osborne, 1993; Hemken et al., 1979). 

Further, Danilson et al. (1986) showed a strong correlation that supported the belief that toxic 
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fescue deteriorated the milk production of cattle by showing that as the amount of toxin the 

animal was exposed to increased, the milk production decreased. This showed that the 

infection rate of the tall fescue that exists in a pasture can have worsening impacts on the 

animal’s performance. Danilson et al. (1986) also showed that on average, milk production 

was decreased by 0.15 kg each day in lactating beef cows for every 10% increase in pasture 

infection rate of endophyte infected tall fescue that the animals grazed. While the 

concentration of serum prolactin is believed to be involved in the reduction of milk produced, 

a two year study found that some of the reduction in milk production seen in cattle grazing 

endophyte infected tall fescue may be due to the decreased feed intake that was also observed 

in the same animals (Strahan et al., 1987). One study showed that no difference in milk 

production was observed as a result of endophyte exposure when cattle were introduced to 

exposure after the animals were already lactating and also saw no decrease in serum prolactin 

concentrations during the same time period (Mizinga et al., 1990).  

 Fescue toxicosis and its effects on milk production have also been evaluated in many 

other species. Mare milk production, in particular, appears to suffer more severely from 

exposure to ergot alkaloids than any other species (Monroe et al., 1988), with many 

producers removing their animals completely from toxic tall fescue during lactation and 

gestation. In dairy cattle, endophyte infected fescue has resulted in reduced forage intake, 

reduced milk production, and overall losses in body condition and body weight compared to 

cattle grazing non-toxic tall fescue counterparts (Strahan et al., 1987). While there is little 

doubt that grazing mammals consuming toxic tall fescue have negative milk performance 

when compared to those that do not, the exact mechanisms and hormonal regulation is not 
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completely understood. Regardless, it is known that cattle grazing toxic tall fescue pastures 

have reduced milk production and performance (Peters et al., 1992) and this in large part 

contributes to the poorer calf performance that is also observed with these animals (Watson 

et al., 2004).  

 

Effects of Fescue Toxicosis on Calf Performance 

 Having a high quality and marketable calf that shows promise of continued growth, 

superior health, and overall efficiency is of the upmost importance to cow-calf producers. 

Generating a marketable product whether the intended purpose be for back grounding and 

stocker types of operations or for other cow-calf producers to utilize as replacement animals, 

selling these individuals a product that the can be profitable is essential for establishing a 

repeatable customer for their annual calf crops. Traits like calf average daily gain and 

weaning weight are some of the most economically important characteristics for cow-calf 

producers, and having calves that grow faster and that are more hearty are calves that 

generally are more successful at generating product in feed yards and are heifers that stay in 

the breeding herd longer and produce more profitable calves themselves. Knowing the 

concerns associated with fescue toxicity and its effects on nutrient digestibility, poor average 

daily gains and loss of body reserves in mature cows, and its effects on hormone and growth 

factor concentrations, a better understanding of the role that ergot alkaloids play on calf 

growth is essential to understanding the true economic impacts that this forage has on cow-

calf production in the southeast.  
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 Fetal Growth, Birth Weight, and Post Weaning Growth. Numerous studies have 

shown that ergot alkaloids have a negative effect on fetal and post weaning growth in 

numerous livestock species. Studies have shown a decrease in birth weight in lambs (Duckett 

et al., 2015) and calves (Watson et al., 2004; Caldwell et al., 2013; Beers and Piper, 1987). 

This reduction in birth weight is likely the result of numerous factors, including the loss of 

body reserves in dams during gestation. Numerous studies have shown decreases in body 

condition and average daily gain in gestational beef cattle (Watson et al., 2004; Caldwell et 

al., 2013). This factor would in turn result in fewer nutrients being available for fetal growth 

and could result in lower birth weights. In first calf heifers in particular, Beers and Piper 

(1987) saw lowered birth weight in calves whose dams grazed toxic tall fescue and saw a 

positive correlation between heifer average daily gain and calf birth weight. Ergot alkaloids 

ability to induce vasoconstriction and reduce blood flow could also be responsible for lower 

birth weight calves. This restriction could lead to the fetus not being allocated adequate 

nutrient resources via the placenta due to constriction of many of the major vessels that 

supply the placenta nutrients (Dyer, 1993).  

 The post weaning growth performance of calves whose dam’s grazed toxic tall fescue 

during gestation have also been conflicting, however, numerous studies have shown 

significant disadvantages to the calf’s performance. With weaning weight being one of the 

most economically important traits to beef cattle production, it is important to understand the 

lasting impact poor calf performance can have on a herd. Calf weaning weight has been 

shown to have moderate to high genetic correlation in toxic tall fescue herds with hair 

shedding scores (Gray et al., 2011), which indicates the connection that the calf growth 
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parameter has with fescue toxicosis. Calves who were reared on non-infected tall fescue 

pastures have been reported to have greater overall growth performance (ADG: steers: 0.97 

kg/day vs. 1.1.5 kg/day; heifers: 0.9 kg/day vs. 1.03 kg/day) and have higher weaning 

weights (steers: 227.3 kg vs. 255.5 kg; heifers: 217.0 kg vs. 236.8 kg) when compared to 

calves that were reared on tall fescue pastures known to be endophyte infected (Watson et al., 

2004). Further research has agreed with Watson (Burke et al., 2010), showing that weaning 

weights and average daily gain tended to be higher as endophyte infection rate decreased 

(Caldwell et al., 2013). The same study also compared calf growth performance on 

endophyte free pastures and saw that calf weaning weight and average daily gain was 

increased when the dams were not exposed to toxic tall fescue compared to dams that grazed 

pastures with both 75% and 100% endophyte infection rates, respectively (Caldwell et al., 

2013). These findings leave little doubt that ergot alkaloids have significant impacts on calf 

growth and performance, and can affect the profitability and marketability of calves for cow-

calf producers in the southeast. Being certain that these producers can supply the US beef 

industry with a high quality calf, that will grow efficiently and add pounds of product at 

similar or improved rates as other regions of the United States will ensure that calves reared 

in the southeast will be marketable and viewed favorable amongst feedlot mangers.  

   

Effects of Fescue Toxicosis on Cattle Reproduction 

 Cow-calf producers in the southeastern United States place vital importance on the 

reproductive efficiency of their cowherds due the incredible impact that infertility can have 

on the profitability of their operations.  Knowing fescue toxicosis impact on overall animal 
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performance, its role on decreased reproductive performance has also been investigated. The 

numerous studies have not conclusively determined the extent or precise mode of action that 

the toxin effects reproduction. The implications have ranged from modest and severe 

reproductive losses (Gay et al., 1998; Brown et al., 1992) to no reproductive losses (Burke et 

al., 2001 b; Mahmood et al., 1994; Rorie et al., 1998). As with all clinical effects of fescue 

toxicosis, numerous factors play a role on the health of the animal and dictate to what 

severity the condition is presented. In the case of reproductive losses these factors can 

include but are not limited to ambient temperature, age of the animal, genetic predispositions, 

overall nutritional management, toxin load on the pastures being grazed, and length of 

exposure to the toxin. Reproductive issues seen in association with exposure to ergot 

alkaloids and toxic tall fescue can be classified as either direct effects or indirect effects, with 

direct effects involving effects directly to the ovary, hypothalamus, pituitary gland, pineal 

gland, corpus luteum, or embryo and indirect effects involving broader effects of nutrient 

intake, loss of body reserves, and factors associated with heat stress. These direct effects 

associated with changes seen in the hypothalamus, pineal gland and pituitary gland impact 

hormone concentrations that are directly responsible for regulation of the estrus cycle and 

can have impacts on all aspects of reproduction and conception.  

 With conception rates being the broadest view of evaluating reproductive efficiency 

and the most impactful parameter for the producer, numerous studies have looked to evaluate 

differences that exist on conception, pregnancy, and calving rates in fescue-grazing herds. In 

several studies, conception rates have been shown to be reduced in dairy and beef herds by 

heat stress alone, regardless of endophyte status (Wolfenson et al., 1995; Burke et al., 2001a). 
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Knowing that exposure to ergot alkaloids and toxic tall fescue can worsen the severity of heat 

stress, many have hypothesized that conception rates would be further worsened when 

animals were exposed to the compounds. Gay et al. (1988) reported that pregnancy rates in 

lactating beef cattle were decreased when cattle grazed toxic tall fescue compared to 

nontoxic pastures. However, with so many factors contributing to pregnancy losses such as 

nutritional status, heat stress, and endophyte load; several studies have shown no difference 

in pregnancy rate amongst mature cattle that are exposed to endophyte infected tall fescue 

(Burke et al., 2001b; Burke and Rorie, 2002). More evidence exists that heifers are less 

capable of responding to the negative effects of fescue toxicosis on reproduction than mature 

cows due to allocation of energy resources being spread amongst growth and reproduction in 

heifers and the mature cowherds ability to have previously adapted to grazing toxic tall 

fescue during previous lactations (Burke and Rorie, 2002). Further, there is concern that 

exposure to ergot alkaloids can effect the onset of puberty in heifers. Knowing that ergot 

alkaloids are capable of reducing the digestibility of forages in the rumen and suppressing 

animal dry matter intake (Bush et al., 1976), it could be hypothesized that major impacts 

could be seen in the overall growth and onset of puberty in beef heifers.  

 Exposure to ergot alkaloids has shown in numerous studies to decrease hormone 

production and secretions involved in a number of biological processes. As previously 

discussed, serum prolactin concentrations are one of the primary indicators of fescue 

toxicosis in beef cattle (Strickland et al., 2011). While prolactin’s role in reproduction is not 

completely understood in cattle, receptors for prolactin have been found on cattle corpus 

luteum and granulosa cells, indicating that the hormone plays a role in at least some capacity 
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in folliculogenesis and follicle maturation as well as in cattle reproduction. Further questions 

have been raised that ergot alkaloids could effect prolactin gene expression and transcription; 

further altering the normal role that the hormone plays in biological processes (Maurer, 

1981). In addition to prolactin, fescue toxicosis has been shown to alter numerous other 

hormone concentrations as well including progesterone, estradiol, luteinizing hormone (LH), 

follicle stimulating hormone (FSH), and insulin-like growth factor 1 (IGF-1).  

 One of the most influential hormones on ruminant reproduction is progesterone. 

Progesterone is produced by the corpus luteum (CL) and to some degree the placenta and is 

responsible for the establishment and maintenance of pregnancy. Exposure to toxic tall 

fescue has shown to decrease serum progesterone concentrations, but again is not fully 

understood. Prolonged exposure to high ambient temperatures alone has led to decreased 

serum progesterone most likely due to a reduction in corpus luteum size (Burke et al., 

2001a). The progesterone profiles and CL area was further reduced in animals that consumed 

endophyte infected tall fescue, but did not differ solely on diet in thermo-neutral conditions 

(Burke et al., 2001a). Like with many other parameters, negative effects on progesterone 

concentrations have been shown to be more substantial in heifers than in cows when exposed 

to ergot alkaloids (Jones et al., 2003; Seals et al., 2005). Even further, the age of heifer has 

also been shown to have an impact on progesterone concentrations, where recently weaned 

heifers had a greater reduction in serum progesterone concentrations when compared to 

yearling heifers exposed to ergot alkaloids (Mahmood et al., 1994). While the exact 

mechanism for reduced progesterone concentrations is not fully understood, compromised 

luteal function from exposure to ergot alkaloids could contribute to decreased serum 
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progesterone concentrations (Browning et al., 1998). In addition to decreased luteal function, 

Jones et al. (2003) suggested that vasoconstriction of blood vessels to the ovary could be, at 

least in part, responsible for the low serum progesterone seen in animals with diets 

containing endophyte infected tall fescue, given the previous evidence of vasoconstriction. 

To further explore this possibility, Aiken et al. (2007) used ultrasonography to evaluate 

vessel diameter of the caudal arteries and found evidence of vasoconstriction, as well as 

decreased blood flow and heart rate. This decrease in blood flow to the ovary could lead to 

the reduction in serum progesterone through compromised ovarian and CL function as well 

as decreased ability for transport of the hormone. These decreases in progesterone could be 

detrimental to the pregnancy if the decrease occurs after the recognition of pregnancy and 

could result in the loss of the calf.  

 Gonadotropins are another key hormonal regulator of reproduction and can play key 

roles in the biological process that make pregnancy possible. LH and FSH, two primary 

gonadotropins, are released from the anterior pituitary, which is the same location that ergot 

alkaloids have previously been shown to effect prolactin secretion by binding of hormonal 

receptors (Schillo et al., 1988). Jones et al. (2003) has speculated that since evidence has 

shown that ergot alkaloids bind dopamine and norepinephrine receptors and effect prolactin 

secretion, it could be possible that ergot alkaloids binding of these neurons lead to the lack of 

stimulation of FSH receptors on follicles and in turn negatively effecting follicle maturation, 

recruitment, and selection. However, evidence that exposure to toxic fescue has negative 

impacts on gonadotropins has been less definitive than the effects seen with serum prolactin 

concentrations. Reduced pulsatile levels and delayed release of LH have been seen in cattle 
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after intravenous injections of ergonovine maleate and ergotamine tartrate (Browning et al., 

1997) while other studies have shown no differences when exposed to infected fescue seed 

(Mizinga et al., 1992). In further exploration of toxic tall fescue impacts on follicles, mature 

cows as well as heifers have been shown to have reduced levels of serum IGF-1, a key 

regulator of growth and differentiation in follicles, after exposure to ergot alkaloids 

(Browning, 2003; Rorie et al., 1998).  In addition, a decrease in the number of large follicles 

have been reported following exposure (McKenzie and Erickson, 1991; Burke et al., 

2001a,b) with the diameters of the large follicles only decreasing when heat stress occurred 

(Burke and Rorie, 2002). Overall, however, there have been minimal direct effects on follicle 

development as a result of exposure to ergot alkaloids.  

 As confounding factors such as heat stress, poor nutrient absorption and loss of body 

reserves contribute heavily to the reproductive losses associated with fescue toxicosis, 

sufficient evidence exist that direct effects of the toxin on the ovary and other reproductive 

organs and processes contribute substantially to infertility and loss of pregnancy. Further 

research is needed to explore oocyte competency, as well as to better understand what role 

the toxin plays through direct modes of action and what issues are more simply from 

complications of fescue toxicosis. A better understanding of prolactin’s role in reproduction 

and the effect of the toxin on gene transcription could help to further shape the understanding 

of these reproductive losses. Calving and conception rates will continue to be some of the 

highest rated parameters in terms of importance to producers in the Southeastern cow-calf 

system and a better understanding of the toxins impact on them will continue to gain their 

concern.  
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Methods and Solutions of Managing Fescue Toxicosis  

 With the issues associated in cattle grazing endophyte infected tall fescue, continued 

efforts have been made to better understand how this forage and the animals that graze it can 

be managed to minimize the damage that occurs as a result of the toxic fungal endophyte. 

With tall fescue having numerous advantageous characteristics such as high digestibility, 

quality nutrition, and its overall ease of establishment and minimal maintenance, the fact 

remains that tall fescue is, and will continue to be one of the most commonly utilized forages 

in the Southeastern United States livestock systems. As a result, extensive efforts have been 

made in determining high quality and impactful solutions that producers can implement into 

their operations to result in greater animal welfare and higher profitability as a result of 

having a lower incidence or decreased severity in their cases of fescue toxicosis.  Strategies 

around these types of solutions are typically contained within two directions, the first 

involving pasture based solutions and the second involving animal based solutions. Pasture 

based solutions consists of alternative forages or varieties of tall fescue, implementing 

reformed pasture management techniques, and utilizing stands of tall fescue during optimal 

points so that toxin effects are lowered or diminished. Animal based solutions consist of 

multiple strategies that range from nutritional supplementation of various or increasing 

protein levels in the diet to genomic identification of what traits make animals most 

susceptible or resistant to the condition. With this wide variety and range of potential 

solutions, producers have to disseminate the advantages and disadvantages of each method to 

determine what strategy would have the greatest impacts on their herds.  
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 Plant Based Solutions. Agronomist, forage specialists, and plant breeders have 

worked tirelessly over several decades in an attempt to develop forage-based strategies to 

combat the negative effects of fescue toxicosis. While removing cattle from endophyte-

infected tall fescue completely is a possible solution, producers in the Southeast undoubtedly 

see this as an issue within itself due to the diminished populations of native grasses, and the 

lack of low maintenance, high nutritive value forages that are available (Schmidt and Osborn, 

1993). With the incredible prevalence of tall fescue, and the producer’s familiarity and 

management systems formed with this forage in mind, many of the strategies still utilize it, or 

at least its favorable qualities, in some way. Strategies that have been employed have 

included inter-seeding with clovers, suppression of seed head formation, pasture renovation, 

utilizing non-fescue at critical production points or in the hottest season, or utilization of one 

of the non-toxic derivatives of tall fescue (Schmidt and Osborn, 1993). Utilizing clover has 

been successful to reduce weight loss of cattle consuming tall fescue in both growing and 

lactating animal’s, however, concerns still remain over the use of clover due to the risks 

associated with it which include nitrate poisoning and high incidences of frothy bloat 

(Chestnut et al., 1991; Gay et al., 1988). Additionally, proper pasture management and 

suppression of toxin-rich seed heads has also shown to mitigate some of the negative effects 

associated with fescue toxicosis (Hancock and Andrae, 2012). While there are many 

strategies associated with seed head suppression and keeping the forage from reaching a 

sexually mature state, three primary methods have garnished the most attention. The first 

involves mowing the forage routinely throughout the growing season to prevent the forage 

from reaching a sexually mature phase. The second involves the same goal, but doing so by 
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maintaining proper stocking rates so that cattle graze down the forage before it reaches the 

sexually mature state. Stocking rate has been shown to be essential for the highest quality 

toxic-fescue forage management, where heavy grazing suppresses the seed heads and 

prevents animals from being exposed to the highest toxin levels (Schmidt and Osborn, 1993). 

The third method of seed head suppression that some producers incorporate, is chemical 

suppression through the use of a chemical called “Chaparral”. This chemical is a broad-

spectrum herbicide that can be applied to tall fescue early in the spring growing season and 

will inhibit the grass from leaving the vegetative state for the growing season (Flynn and 

Burch, 2016). Animals grazing endophyte-infected tall fescue that has been treated with 

Chaparral have been shown to have higher pregnancy rates (Boyer et al., 2015), greater 

adjusted weaning weights (Boyer et al., 2015), greater average daily gains (Aiken et al., 

2012), and greater hair shedding (Aiken et al., 2012). In addition to this increased animal 

performance, tall fescue treated with Chaparral has been shown to have greater nutritional 

value, and more consumed by cattle than tall fescue not treated with Chaparral (Aiken et al., 

2012). However, limitations do exist for the practical application of this chemical to all of 

producers endophyte infected tall fescue pastures. Cost,  environmental concerns, and 

increased opportunity for weed variety emergence in established pastures are all factors that 

have prevented Chaparral from becoming more widely utilized as a plant based solution for 

managing fescue toxicosis.  

 Lastly, another way research has shown producers can still utilize their endophyte 

infected tall fescue with minimal effects of fescue toxicosis is grazing cattle on winter 

stockpiled toxic tall fescue (Drewnoski et al., 2009a,b). Many of the advantages of utilizing 
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stockpiled tall fescue during the winter have been discussed during this review, with 

extensive evidence showing the toxin levels are consistently lower during the winter months 

when the forage is not actively growing. Meanwhile, the nutritive quality of the forage is still 

adequate to maintain animals and allows the producer the ability to avoid using costly 

harvested forages (Drewnoski et al., 2009a,b). 

 Other methods of pasture renovation have begun to receive the attention of 

researchers and producers as viable solutions for alleviating fescue toxicosis. While pasture 

renovations can require extensive management and allocation of resources, many cost 

analysis have shown that renovations long-term benefits can result in greater profits through 

increased animal performance in the long-term economic outlooks, but many producers 

remain apprehensive. While many new species can be established as a part of pasture 

renovations that would prevent animals from being exposed to toxic tall fescue, cattle 

producers still see many favorable characteristics in tall fescue’s management requirements 

and nutritive qualities. These characteristics have led to the development of non-toxic 

varieties which include tall fescue varieties deemed to be infected with a novel endophyte 

which do not produce the most harmful toxins to the animal as well as varieties of tall fescue 

that do not produce the endophyte at all, which are called endophyte free varieties of tall 

fescue (Hancock and Andrae, 2012). Most of the focus and attention has “centered in” 

around the novel endophyte varieties of tall fescue and not the endophyte free varieties. Tall 

fescue plants that do not contain the endophyte lack the persistence and resilience seen in 

infected varieties, and prove to be difficult to maintain and lack nearly all of the hearty 

characteristics of the original strains. However, many of the novel endophyte infected 
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varieties of tall fescue have grown in popularity and have shown in numerous instances, 

which are presented in this review, where they soundly improve animal performance, with 

the most common strain being “Jesup MaxQ”. While there are numerous advantages that 

exist for producers that decide to incorporate novel endophyte varieties of tall fescue, many 

limitations still exist that prevent producers from completely accepting these new forage 

varieties.  

 Animal Based Solutions. Many of the animal based solutions that are associated with 

fescue toxicosis improvement involve either one of two strategies of approach. The first deals 

with understanding the cow-calf production calendar and how that management scheme fits 

into the characteristics of the forage. The second approach, which has continued to garner 

greater levels of attention, looks at animal based solutions from a genomic and selection 

standpoint. Historically, Southeastern United States cattle herds have calved during the 

spring months of each year. This mentality existed because of the understanding that forage 

resources for the animal would be more abundant during the spring and summer months, 

which would coincide with critical points of need nutritionally speaking for the animal 

associated with the initiation of lactation and rebreeding. However, with the predominant 

forage supplying cow-calf pairs their nutrition being endophyte infected tall fescue, some 

further considerations had to be made. With total ergot alkaloid concentrations being the 

highest during the rapid growth phase of the plant during the spring and the associated heat 

stress occurring during the summer months, fall calving herds increased in prevalence 

amongst tall fescue grazers. This allowed cattle producers to avoid exposing their cattle to 

the highest levels of ergot alkaloids during the animal’s most critical time-points and the 
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producer’s most essential periods of maintaining profitability at rebreeding. Since the 

majority of Southeast cattle producers have implemented these changes, reproductive 

performance parameters have shown substantial improvements in most herds. Calving rates 

have been reported to be as much as 31% less and calving intervals be as much as an average 

11 days fewer for fall calving herds compared to spring calving herds that graze endophyte 

infected tall fescue (Caldwell et al., 2013). This results in greater profits for the producers 

who have fewer open cattle, and cattle that are more productive over the span of their entire 

lifetime. To take the advantages a step further, calves that were born into fall calving tall 

fescue herds had higher weaning weights, average daily gains, and overall greater 

productivity than calves from the spring calving tall fescue herds (Caldwell et al., 2013). 

With reproductive issues being the greatest factor contributing to the cow-calf producer’s 

financial losses, improved reproductive efficiency has the potential to impact the overall 

success of any beef herd exponentially.  

 Significant advancements have also been made in many of the genomic and selection 

aspects of fescue toxicosis. Knowing that Bos indicus breeds of beef cattle have increased 

tolerance to heat stress have motivated producers to incorporate these genetics into the herds 

of cattle that have suffered greatest from fescue toxicosis. These cattle have been shown to 

have 21% higher average daily gains on toxic tall fescue pastures compared to their British 

breed counterparts (Goetsch et al., 1988). Further research has also shown that one particular 

breed of Bos taurus cattle, the Senepol, have animals in their population that contain a slick 

gene which is phenotypically presented as a short slick hair coat on a year-round basis. This 

characteristic allows cattle to more adequately regulate body temperature due to not having a 
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retained thick, heavy winter hair coat, and can be advantageous for cattle that graze toxic tall 

fescue. Poole et al. (2017) has shown that slick gene cattle appear to show reduced incidence 

of the effects of fescue toxicosis. Reproductively speaking, cattle that were fed endophyte-

infected diets that had the normal hair coat gene had a decreased number of dominant 

follicles compared to the other treatment groups of cattle (endophyte-infected with slick 

gene; endophyte-free with slick gene; and endophyte-free with normal coat gene). This could 

suggest that the slick gene will aid cattle on endophyte-infected diets to be more 

reproductively efficient and productive (Poole et al., 2017). Genomic research has also 

expanded further in the search for an animal based solution to fescue toxicosis. Many single 

nucleotide polymorphisms have been identified, as well as numerous genomic tests explored. 

These types of advancements look at identifying animals within a herd or population that 

have resistance to the effects of fescue toxicosis, and work to better understand genetically 

what give these animals those advantages.  

 

Genetic Improvement for Fescue Toxicosis Resistance 

 While advancements have been made to better understand the many mechanisms 

associated with fescue toxicosis symptoms and how beef cattle producers can more 

effectively manage their herds to combat its negative effects, a greater understanding of the 

genetic properties of the condition is necessary to move forward. While there are many 

vantage points to assess the genetics of this syndrome from, two main viewpoints have been 

explored within the current research, including genomic selection and phenotypic selection. 

Both of these strategies work toward identifying animals within a herd or population that 
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have shown characteristics of tolerance or resistance to the symptoms associated with fescue 

toxicosis, and then working to understand either genomically or from the phenotypic 

perspective, what factors give these animals those advantages (Smith and Cassady, 2015). 

One of the main factors that cause the genetics of fescue toxicosis to be so difficult to 

research is how complex the phenotype is of the syndrome. As has been discussed in this 

review, exposure to ergot alkaloids can cause a cascade of effects in livestock species that 

range from decreased hormone concentrations, vasoconstriction, amplified heat stress, to 

decreased milk production. All of which can vary greatly dependent on numerous other 

factors such as animal age, breed, nutritional status as well as other factors. This complexity 

involved in the response phenotype generates large variability in the herd or populations 

response to fescue toxicosis (Smith and Cassady, 2015). The development of tools that would 

aid producers in selection of animals in their herds that have the ability to withstand the 

negative effects of fescue toxicosis better would be another tool to combat the syndrome. 

These tools, along with proper forage and nutritional management would give Southeastern 

cow-calf producers the ability to maintain profitability and increase the efficiency of their 

cattle herds (Smith and Cassady, 2015).  

 Breed Differences and Cattle Types.  There has been limited research to evaluate the 

wide array of differences that exist between cattle breeds to the effects of exposure to 

endophyte-infected tall fescue. Many studies have shown that influence of Bos indicus breeds 

of cattle can improve a herd’s resistance to fescue toxicosis (Browning et al., 2000; 

Browning et al., 2004; Brown et al., 1993c; Brown et al., 1997; Brown et al., 2000; Cole et. 

al., 2001a). Bos indicus influenced cattle are known for their large ears, increased heat, 
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parasite and disease tolerance, as well as excelled production in some of the world’s most 

subtropical climates (Yelich and Bridges, 2012). This has indicated to researchers for the 

potential for these genetics to reduce the incidence of heat stress in Southeastern cattle. 

Studies that have worked to evaluate the influence of Bos indicus genetics on a herd’s 

tolerance to fescue toxicosis have been conflicting. Many have reported no difference on 

animal growth amongst Bos indicus and Bos taurus breeds when grazing toxic tall fescue on 

animal growth (Cole et al., 2001b), hormone concentration (Browning Jr., 2000), or milk 

production (Burke et al., 2010).  

 However, other studies have shown that differences do exist based on an animal’s 

genetic predisposition to heat tolerance. Browning Jr. (2004) found that Senepol steers were 

less susceptible to heat stress by numerous measurements than Hereford steers when exposed 

to endophyte infected tall fescue. Further, these Senepol steers were shown to have greater 

average daily gain as well (Browning Jr., 2004). Milk parameters have also been assessed 

after exposure to ergot alkaloids based on the dams breed composition. This study found that 

exposure to endophyte infected tall fescue decreased milk yield at a greater rate in Angus 

dams (Bos taurus cattle) than in Brahman dams (Bos indicus cattle) (Brown et al., 1993c). 

Brahman cross cattle have also been shown to have increased advantage on reproductive 

efficiency when compared to purebred Bos taurus cattle while grazing endophyte infected 

tall fescue as compared with grazing native forages (Brown et al., 1997, 2000; Cole et al., 

2001a). Additional research has also worked to evaluate heterosis by the use of reciprocal 

crosses and their performance on endophyte infected tall fescue diets. While various studies 

have seen trends for increased performance based on Bos indicus influence through heterosis, 
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more research in this area is needed (Brown et al., 1993a, b, c, 1996, 1997, 2000; Cole et al., 

2001a). There is little doubt that Bos indicus breeds of cattle are more adapted to 

environments of extreme heat, however how this adaptation can aid cattle to cope with fescue 

toxicosis still remains to be fully understood.  

 Genomic Selection and Genetic Markers. As the technology available continues to 

develop in the realm of genomic selection, new tools and evidence is generated frequently as 

new puzzle pieces to the understanding of the genetics of fescue toxicosis. In an effort to 

better understand the phenotypes of livestock, researchers have began using genomic analysis 

to better explore those specific genes and genetic markers that play a role in an animal’s 

tolerance to fescue toxicosis. Most of these efforts have revolved around the role of prolactin 

concentrations and secretion due to the hormones direct role in the syndrome. Researchers 

adopt an approach that involves looking at polymorphisms (variations within base pairs in 

the DNA sequence) from genomic DNA samples taken from beef cattle. These efforts work 

to identify single nucleotide polymorphisms (SNPs) in the DNA of cattle that differ in some 

way at target regions and that are directly associated with fescue toxicosis. This is known as 

the candidate gene approach. These pre-specified genes of interest are known to be good 

targets for identifying SNPs that could have real effects on the phenotype associated with that 

gene (Patnala, 2013).  

 One such candidate gene that has been assessed as an effector gene for tolerance or 

susceptibility to fescue toxicosis is the prolactin gene. Looper et al. (2010) took 73 genomic 

DNA samples from purebred Angus, Braham and their reciprocal cross cows and calves in 

Booneville, Arkansas, which is known to be a region within the fescue belt. Using the 
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candidate gene approach utilizing the prolactin gene, two SNPs were discovered in the 

promoter region of the bovine prolactin gene, with one base pair variation being cytosine to 

thymine (c1286t – deemed major allele) and the other being adenine to guanine (a1167g – 

deemed minor allele) (Looper et al., 2010).  The cattle on the study were assigned to either 

graze bermudagrass pastures or pastures that are KY-31 endophyte-infected tall fescue 

during the course of their entire lifetime. In the discovery population, cows that were of the 

TT (homozygous thymine) genotype at the major allele and were grazing endophyte infected 

tall fescue had lower lifetime calving rates (P=0.07) when compared to any other genotype 

on either pasture setting (Looper et al., 2010). These researchers speculated that this 

association seen between genotype and calving rate could serve as a marker for profitability 

and allow beef producers to generate more profit when selecting for the favorable genotype 

(Looper et al., 2010).  

 Further, other genomic analysis has been conducted through other groups that have 

successfully identified several other SNPs on candidate genes associated with fescue 

toxicosis. One such SNP is an intronic polymorphism, which was discovered on the 

dopamine receptor D2 gene that is found on the bovine chromosome 15 (Campbell et al., 

2014). This gene plays a significant role in the control of prolactin secretion in the bovine 

species, and makes this gene an obvious candidate as a marker for resistance to fescue 

toxicosis. In this experiment, 721 animals (Angus steers: n=42, n=53; Angus cows and 

calves: n=383; 75% Angus/25% Gelbvieh cows: n=243) were utilized to better understand 

the effectiveness of the previously identified SNP, however no pedigree information was 

assessed. As a subset, 42 Angus influence steers grazed an endophyte infected tall fescue 
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pasture and a non-toxic tall fescue pasture and were then genotyped for further genomic 

analysis at the dopamine receptor D2 gene. The SNP was shown to be associated with 

decreased serum prolactin concentrations and increased hair shedding scores when animals 

were grazing endophyte infected tall fescue in animals homozygous for guanine (considered 

wild type) (Campbell et al., 2014). This study further analyzed differences that existed 

genomically between spring and fall calving Angus herds at the dopamine receptor D2 gene 

(DRD2). This analysis showed that cows that calved during the spring calving season and 

grazed endophyte infected tall fescue were in general at a greater risk for incidence of fescue 

toxicosis. Upon evaluation of genomic information, it was shown that the more favorable 

genotype, homozygous AA, was more prevalent in the spring calving group, which indicated 

to researchers the possibility that inadvertent genetic pressures had already selected for 

animals more resistant to fescue toxicosis during the harsher calving period (Campbell et al., 

2014).  

 In addition to the SNP Campbell et al. (2014) explored on the DRD2 gene, other 

groups have discovered various polymorphisms through the candidate gene approach, 

however some have shown less of a clear effect on resistance to fescue toxicosis. One group 

of researchers used the candidate gene approach to explore the XK gene, which is associated 

with the Kell blood group complex subunit family (Bastin et al., 2014). This gene was 

analyzed due to its relation to prolactin levels in beef cows grazing endophyte infected tall 

fescue. Using 592 cow-calf pairs of Angus, Simmental and Charolais influence cattle, 

researchers identified 3 SNPs on the XKR4 gene that showed significant associations 

between marker SNP genotype and serum prolactin concentrations (Bastin et al., 2014). In an 
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effort to validate Campbell and Bastin’s findings, Ely et al. (2014) utilized 143 dams and 501 

calves of Angus influence to assess these previously discovered SNPs. This validation 

showed significant associations between both of the SNPs in question with calf birth weight 

and hair coat score, as well as the SNP, which occurs on the DRD2 gene, and an association 

with body condition score. However, with this validation, no association was observed with 

serum prolactin concentrations during the validation experiment, and again no pedigree 

information was utilized to assess pedigree differences associated with fescue toxicosis 

resistance (Ely et al., 2014).  

 One of the latest advancements in fescue toxicosis genetics and beef cattle genomics is 

associated with a new commercially available test that was established by AgBotanica, LLC 

(Colombia, MO) and was trademarked as T-Snip. The objective of this SNP based genomic 

test was to identify animals with genetic variation for fescue toxicosis tolerance. Masiero et 

al. (2016) worked in partnership with the test developers and found a significant correlation 

between dam T-Snip score and calf weaning weight. However, one of the primary limitations 

for this T-Snip genetic test is the proprietary nature of the technology, meaning that 

information about endophyte infection rates, breeds, season or cow starting performance are 

not given. With this in mind, one group of researchers worked to validate the effectiveness of 

the test and found that while T-Snip may be an effective predictor of cow performance, many 

other evaluated traits did not show significant associations (Galliou et al., 2017). Further 

research is needed to evaluate the effectiveness of the test on serum prolactin concentrations, 

and conducted with animals grazing endophyte infected tall fescue as well as novel varieties 

of tall fescue to better understand the effectiveness of the marker SNP as an indicator for 
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resistance to fescue toxicosis. Research has been limited to understand the genomic aspects 

of fescue toxicosis and further focus on associated candidate genes and polymorphisms that 

potentially exist, as well as further research into pedigree influences on resistance to fescue 

toxicosis are needed. Utilization of new technologies such as genomic identification of SNPs 

can effectively aid the beef cattle industries fight against fescue toxicosis and increase the 

profitability of cattle producers that graze endophyte infected tall fescue.         

 Use of Hair Shedding to Identify Potentially Tolerant Animals. As previously 

discussed in this review, one of the classic and most visible symptoms of fescue toxicosis is a 

retained winter hair coat in animals grazing endophyte infected tall fescue (Coffey et al., 

2001). This retention of thick coarse hair coats make animals more vulnerable to the 

amplified heat stress that has been associated with fescue toxicosis (Porter and Thompson, 

1992; Aiken et al., 2001). Given this knowledge, Gray et al. (2011) set out to develop a hair 

coat shedding scale in order to use it as an evaluation of an animal’s susceptibility to fescue 

toxicosis. The scare ranged from 1 to 5, where 5 represented an animal that had not began to 

shed and still retained its full winter coat, to 1 which represents an animal that has 

completely shed its winter coat and was deemed slick (Gray et al., 2011). This study 

evaluated Purebred Angus cows (n=532) every 30 days from March to July to determine 

when the animals shed their winter coats. The research team deemed animals that had an 

average shedding score of 3 or lower by the beginning of June to be “early shedders” and 

remaining animals to be “late shedders”. The calves born from dams deemed early shedders 

were on average 11.1 kg heavier in adjusted weaning weight than calves that were born from 

dams that were deemed late shedders (Gray et al., 2011). This team also found that shedding 
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ability was moderately heritable at a heritability of 0.35. There was also a strong negative 

correlation with adjusted weaning weight and dam shedding ability and was shown to have 

high repeatability at 0.65 (Gray et al., 2011). This indicated that dams that shed their winter 

hair coats earlier had the potential to be selected to raise calves that had a higher average 

adjusted weaning weight when selection occurred in similar environmental conditions 

grazing endophyte infected tall fescue.  

 Given the variation within herds observed by Gray et al. (2011), it led them to believe 

that shedding ability could be utilized as a method of identifying animals that are genetically 

resistant to the effects of fescue toxicosis. Further, it is believed that there is great potential in 

utilizing hair shedding scores as a producer friendly tool that could be incorporated into a 

method of selection. Understanding that the vast majority of beef cattle selection occurs in 

much cooler climates that do not have the base forage of tall fescue will aid in understanding 

the value of employing environmental specific selection to better identify animals to retain 

within a beef herd. This type of selection would allow cow-calf producers to easily select 

animals that will perform better in the hot humid climates of the tall fescue belt. Coupled 

with proper forage management, tools for selecting beef cattle that are genetically resistant to 

fescue toxicosis could immensely reduce the incidence and severity of the condition in beef 

herds across the Southeast United States. 

 

Cytokine Response in Beef Cattle 

 One of the newest areas of interest that has garnered research attention in the fescue 

toxicosis discussion is the effect of the toxin on animal immune response and on the effects 
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of immune-competency in later stages of life for calves that are exposed at young ages. 

While this discussion is new, and little research exists about the toxins effect on immune 

response, and more specifically cytokine response, recent preliminary research has shown 

great promise regarding exposure to the toxin having an adverse effect on the function of the 

immune system, however much more work is needed to continue the forward direction. 

Research does exist showing that a depression of the immune system is associated with 

grazing toxic tall fescue (Saker et al., 2001), and extensive analysis and discussion has taken 

place regarding the effect of ergot alkaloid exposure on particular immune effector cells of 

interest (Fiserova and Pospisil, 1999). However, it still remains that little knowledge exists 

on the particular mechanisms or effects that ergot alkaloids play on the immune response to 

the toxin. Knowing the livers role in immune response, Settivari et al. (2006) showed in mice 

that ergot alkaloid exposure led to increased liver-specific enzymes, speculating that it could 

be an indicator of hepatic inflammation in response to ergot alkaloid exposure.  

 The immune system as a whole is made up of two primary components known as the 

non-adaptive, or innate immunity and the adaptive, or acquired immune system. These 

immune systems work using a variety of immune products including cytokines and various 

peptides that function to coordinate the immune response and may also provide signals that 

are important for the neuroendocrine systems role in immune response (Fiserova and 

Pospisil, 1999). Some evidence has also shown that the hormone prolactin plays a critical 

role in immune response and control of the immune system. Given the decrease seen in 

serum prolactin concentrations with animals grazing toxic tall fescue, it has been speculated 

that this decrease limits or reduces the activation of various T cell derivatives through various 
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mechanisms and reductions in activation of particular immune cell effector cells and 

cytokines, overall causing an immune-suppressive effect due to exposure to ergot alkaloids 

(Fiserova and Pospisil, 1999).         

 Cytokines are proteins that are manufactured by cells in an effort to induce an effect or 

behavior on another cell (Janeway Jr., 2001).  While there are numerous chemicals and 

proteins, which are collectively known as cytokines, that are involved in immunology and 

immune response, there are four distinct classifications that will be further discussed in this 

review due to their potential pertinence to fescue toxicosis, including pro-inflammatory 

cytokines, anti-inflammatory cytokines, G-protein coupled receptor associated sorting 

proteins, growth factors and angiogenic factors. Cytokines play important roles in mediating 

the acute immune response. Pro-inflammatory cytokines are cytokines that promote 

inflammation and are known for their most common example cytokines such as interferon-

gamma, tumor necrosis factor-alpha, and interleukin-2; while anti-inflammatory cytokines 

are typically involved with preventing or reducing inflammation and have common examples 

of many of the interleukins such as IL-4, IL-5, IL-6, and IL-13 (Ott and Gifford, 2010). Pro-

inflammatory cytokines are most commonly secreted from cell types such as macrophages 

that work to promote inflammation. Pro-inflammatory cytokines must work in balance with 

anti-inflammatory cytokines to prevent various types of inflammatory disease. They are 

primarily responsible for work under the innate immune system as well as numerous other 

functions. Specific cytokines can have differing roles, some inducing inflammation and 

others have differing effects (Janeway Jr., 2001). While limited cytokine research has been 

done concerning its role in fescue toxicosis, cattle consuming endophyte infected tall fescue 
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have been shown to have increased levels of tumor necrosis factor alpha (Filipov et al., 

1999). Anti-inflammatory cytokines work to control the over secretion of pro-inflammatory 

cytokines during periods of inflammation. These cytokines work in concert with each other 

to control the inflammation response that is directed by the immune system. Examples of 

anti-inflammatory cytokines include interleukin 4, 6 and 13 (Opal and DePalo, 2000). One 

specific cytokine of interest, IL-4 plays a distinct role in B-cell activation and synthesis of the 

IgE antibody type, which is known for eosinophil production and works as a key regulator in 

the adaptive immune system and up regulates MHC class II production, which are important 

in initiation of immune responses (Janeway Jr., 2001). MHC class II expression has been 

evaluated in steers grazing endophyte infected tall fescue, and it was found that steers 

consuming ergot alkaloids exhibited lower phagocytic activity and decreased MHC class II 

expression (Saker et al., 1998). These types of impacts have lasting impression on cattle 

immune function, even if removed from exposure to endophyte infected tall fescue.  

  Another family of cytokines that is of particular interest to fescue toxicosis research is 

the G protein-coupled receptor associated sorting protein family of proteins. This group of 

proteins has been shown to play a role in down-regulation of a variety of G-protein coupled 

receptors through lysosomal degradation. The protein GASP-1 in particular has been 

associated with interaction with the dopamine D2 receptor (NCBI) which has been closely 

associated with having a role in fescue toxicosis. This protein could play a pivotal role in 

fescue toxicosis, but has yet to be fully explored.  

 The growth factor family of cytokines and proteins is also an important component of 

research in terms of their effects on fescue toxicosis. General cell growth and activation of 
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the immune system is highly regulated by growth factors which work in concert with 

neuroendocrine effectors within the brain (Fiserova and Pospisil, 1999). As has been 

previously mentioned, IGF-1 plays numerous roles in anabolic processes in the body and can 

be effected by exposure to ergot alkaloids in terms of follicular development (Browning, 

2003; Rorie et al., 1998), but is also likely a key player in limitations of other anabolic 

process that are inhibited during symptoms of fescue toxicosis. While IGF-1 and other 

growth factors role in fescue toxicosis is still far from understood, more research is necessary 

to understand the mechanisms and effects associated with this class of proteins. Lastly, 

angiogenic factors that are also growth factors such as vascular endothelial growth factor A 

(VEGF-A) are important protein regulators that should be considered when evaluating 

protein response on cattle being exposed to fescue toxicosis. Understanding the 

overwhelming evidence that exists concerning vasoconstrictions extensive role in fescue 

toxicosis, understanding how this growth factor contributes to fescue toxicosis can be an 

incredible clue in better understanding the mechanisms of the syndrome. VEGF-A plays a 

particularly important role in endothelial cells where a mediated effect on increased vascular 

permeability occurs with higher concentrations, leading to increased and optimized 

angiogenesis (Janeway Jr., 2001). Further, VEGF-A is known to be a vasodilator and has 

been shown to increase micro vascular permeability, which could decrease the incidence of 

vasoconstriction in animals experiencing fescue toxicosis (Janeway Jr., 2001).  

 The extent to which cytokines effect fescue toxicosis is still far from understood. More 

research is needed to better understand which proteins play significant roles in the 

condition’s progression and severity, and how these proteins can be utilized to better 
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understand solutions for the syndrome. Genetic predispositions for increased cytokine 

response have been well established to be achievable over several generations, and could be a 

viable selection parameter to utilize in tools for resistance to fescue toxicosis. It is likely that 

animals that synthesize higher concentrations of these beneficial proteins could have higher 

tolerance to the effects of grazing endophyte infected tall fescue.  
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INTRODUCTION 

 Tall fescue (Lolium arundinaceum [Schreb.] Darbysh.) is the most common forage 

utilized by cow calf producers in the Southeastern United States. Producers readily 

incorporate this forage as a main source of nutrition for their beef herds due to the forages 

unparalleled heartiness and other favorable agronomic characteristics. However, the 

mechanism that gives this cultivar the hearty and persistent attributes are produced by an 

endophytic fungus that lives in a symbiotic relationship with the plant and is known to cause 

adverse effects to livestock that graze it (Strickland et al., 2011). The specific compounds of 

interest produced by the endophyte that are known to affect livestock the greatest are ergot 

alkaloids. This affect is collectively known as fescue toxicosis and is estimated to contribute 

to a total loss of $1 billion on an annual basis to the United States livestock industry 

(Strickland et al., 2011). 

 Fescue toxicosis is one of the most detrimental conditions of beef cattle in the 

Southeastern United States. It has been shown to lead to decreased growth performance, poor 

reproductive efficiency, and inadequate heat tolerance through vasoconstriction and retained 

winter hair coats (Coffey et al., 2001) in cattle in the Southeast United States (Aiken and 

Strickland, 2013). In addition, circulating hormone concentrations such as progesterone and 

prolactin have been shown to be decreased as a result of exposure to ergot alkaloids 

(Paterson et al., 1995; Burke et al., 2001a; Watson et al., 2004), with decreases in serum 

prolactin concentrations generally being accepted as a trademark indicator of fescue toxicosis 

(Strickland et al., 1993). These symptoms are presented in numerous ways and can be 
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worsened by several other contributing factors considered to be complications of the 

syndrome.   

 As efforts have explored various methods of alleviation, numerous groups have more 

recently worked to better understand the genetic components of the condition and the 

potential for genomic markers as indicators of resistant cattle. Numerous single nucleotide 

polymorphisms (SNPs) have been discovered on select candidate genes that were expected to 

play a role in fescue toxicosis genetics (Looper et al., 2010; Campbell et al., 2014; Bastin et 

al., 2014). While the effectiveness of these SNPs has not been fully explored, some have 

speculated that an accurate genetic test solely responsible for identifying fescue toxicosis 

resistance has yet to be found. In an effort to incorporate phenotypic selection parameters as 

a means of identifying resistant animals, Gray et al. (2011) developed a hair coat shedding 

score to evaluate an animal’s tolerance to fescue toxicosis. They found that cattle that shed 

their winter coats earlier while grazing toxic fescue, weaned heavier calves and that shedding 

capability was moderately heritable, and had potential for being utilized as a method for 

identifying animals that are genetically resistant to the effects of fescue toxicosis (Gray et al., 

2011).    

 The development of these types of tools that would assist producers in selection of 

animals in their herds that have the ability to withstand the negative effects of fescue 

toxicosis better, would be yet another method to combat the syndrome (Smith and Cassady, 

2015). Therefore, the objective of this study was to evaluate the effectiveness of a selection 

method that considered animal performance on an animal’s tolerance or susceptibility to 

fescue toxicosis while grazing endophyte infected tall fescue.  
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MATERIALS AND METHODS 

 This study was conducted at two locations in the piedmont of North Carolina, which 

were the Butner Beef Cattle Field Laboratory (BBCFL) near Bahama, NC and the Upper 

Piedmont Research Station (UPRS) near Reidsville, NC. All animal procedures were 

approved by the North Carolina State University Institutional Animal Care and Use 

Committee (NCSU IACUC #13-093-A;17-043-A).  

Animals and Treatment 

 Cow performance and forage data were collected from late April to late July 2016 

(see experimental timeline in Figure 2.1). Pregnant Purebred Angus cows (n=148) that 

ranged from two to four years of age all grazed endophyte infected tall fescue during the 

entire experimental period. Cattle were offered ad libitum water throughout the duration of 

the study, and had access to natural shade in the pastures they grazed as well as free choice 

minerals. Cattle conceived either via timed artificial insemination or by natural service (if 

unsuccessful artificial insemination coverage), where first service artificial insemination 

pregnancy outcome was recorded for all animals.  

 To best monitor the animal’s physiological response to ergot alkaloid exposure, body 

weight (BW), body condition scores (BCS; as adapted from Richards et al., 1986), hair 

shedding score (HSS; as adapted from Gray et al., 2011), hair coat score (HCS; as adapted 

from Olsen et al., 2003), rectal temperatures, and jugular blood samples were taken from 

each animal on a weekly basis during the entire experiment. Objective scores of BCS, HSS, 

and HCS were all collected by two trained evaluators and composited for an average score 

for each animal on any given week. Animal’s weights were collected each week utilizing a 
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digital livestock scale while being worked though the squeeze chute and blood samples were 

collected via jugular venipuncture using 20 gauge needles and sterile 10.0 mL vacutainer 

tubes that contained no additive (Becton Dickerson, Franklin Lakes, NJ). At the time of 

collection, blood samples were placed on ice and then transported to the laboratory for 

processing. Whole blood samples were centrifuged the afternoon following collection each 

week for 25 minutes at 1,500 X g at 4°C, then serum was drawn from vacutainer tubes and 

was aliquot into a glass dram vial and a plastic micro-centrifuge tube and stored at -80°C 

until analysis was conducted.  

 Cows calved from mid-October to the end of December, initiating the calf 

performance data collection period (see experimental timeline in Figure 2.2). Once calves 

were located, previously established farm procedures for calf processing were followed and 

birth weights taken using a digital sling scale. Weaning weights were also taken at the time 

of weaning for calves at both locations using digital scales and adjusted weaning weights 

(adjustment to 205 days of age) and percent of dam body weight were calculated. From the 

two weights (birth weight and weaning weight), calf average daily gain was also calculated. 

Also at the time of calf weaning, calf hip height was measured and calf frame score 

calculated according to Beef Improvement Federation guidelines (Lynch et al., 1997), using 

the following formulas based on calf sex: 

Male Calf Frame Score  = -11.548 + (0.4878 x H) - (0.0289 x Age) + (0.00001947 x 
(Age)2 ) + (0.0000334 x H x Age) 

 
Female Calf Frame Score = -11.7086 + (0.4723 x H) - (0.0239 x Age) + (0.0000146 x 

(Age)2 )  + (0.0000759 x H x Age) 
 

where age is calf age in days, and H represents calf hip height in inches at weaning 
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Temperature and Temperature Humidity Index (THI) 

 Ambient temperature and relative humidity were collected weekly at both locations 

during the time of data collection. Temperature-humidity index (THI, Buffington et al., 1977) 

was calculated to describe environmental conditions that the animals experienced during the 

collection periods. The temperature-humidity index was calculated using the following 

formula: 

THI = T(°F) [0.55 – (0.55 X RH / 100) X (T(°F) – 58)] 

where T(°F)  represents ambient temperature in °F and RH represents relative humidity  

Forage Measurements 

 Cattle at both locations grazed pastures known to be endophyte infected, toxic tall 

fescue for the entirety of the study. Cattle were rotationally grazed every two weeks at each 

location among select pastures to continue adequate forage management as well as insure 

sufficient forage was continually available. Prior to cattle being moved, pastures were 

sampled (bi-weekly) in an established manner and composite samples taken from each 

pasture to evaluate nutrient quality and percentage of available forage that was fescue. In 

addition to the bi-weekly forage sampling, fescue tiller samples were collected in November 

of 2016 to evaluate pasture infection rate for the toxic endophyte.  

 Nutrient quality samples were submitted bi-weekly, on the same day that samples 

were collected, to be analyzed for nutrient content, and then results were averaged by 

experimental period (North Carolina Department of Agriculture Forage Laboratory, Raleigh, 

NC; Table 2.1). From the same composite samples, forage was also evaluated in house by 

trained technicians to separate the content that was fescue from other various forage species. 
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Once separated, samples were dried in a drying oven at 60°C for 48 hours and weighed to 

calculate percent fescue on a dry matter basis for each sample and results averaged by 

experiment period (Table 2.2). Collected fescue tiller samples were collected on a particular 

day, rinsed the following evening, and shipped on ice the following morning to determine 

pasture infection rate and the average infection rate is reported by experimental period 

(Agrinostics Ltd. Co., Watkinsville, GA; Table 2.2).   

Animal Selection 

 After the completion of the cow data collection period, growth performance was 

utilized in the form of a “selection based on residuals” to linearly “rank” the animals at each 

location from the most tolerant to the least tolerant (or susceptible). The ranking utilized 

average weekly gain (AWG), where the estimates were based on three window periods: 

weeks 1 through 13 (ES), weeks 1 through 7 (P1), and weeks 7 through 13 (P2) to assess 

animal response to exposure to endophyte infected tall fescue. From the entire herd of 

purebred Angus cows (n=148 for combined locations), the most extreme animals from each 

location and time period were determined for further analysis and evaluation similarly to how 

others have described disease tolerance selection (Rowland et al., 2012; Kause et al., 2011). 

The model accounted for location, parity, and the partial regression coefficient for the 

covariate of initial BW. Due to each of the time periods producing a different forty animals, 

further analysis was conducted to evaluate which of the three time periods best represented 

the impact that fescue toxicosis had on animal performance. Due to P1 having the greatest 

additive genetic variance, more extreme residual values for AWG, and this period having the 

greatest percentage of fescue; the forty selected animals from P1 were used to evaluate 
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performance and resistance to fescue toxicosis. All animal analysis conducted from this point 

forward in the study concentrated on those described animals (n=40; n=10 for extreme 

tolerant BBCFL; n=10 for extreme susceptible BBCFL; n=10 for extreme tolerant UPRS; 

n=10 for extreme susceptible UPRS). This method of selection is further referred to as the 

Fescue Toxicosis Selection Method (FTSM). 

Serum Assays and Analysis 

 Serum prolactin concentrations (PRL) were analyzed for both locations at week 1, 7 

and 13; which represent the beginning, midpoint and end of the collection period. 

Concentrations were determined by a commercially available Bovine Prolactin ELISA assay 

(MyBioSource, San Diego, CA). Concentrations were reported in ng per mL. The interassay 

CV was 11.78% and the intrassay CV was 4.22%. 

 Serum progesterone concentrations (P4) were analyzed for both locations at week 1, 

3, 5, 7, 9, 11 and 13; which represent a bi-weekly measure during the entirety of the 

collection period. Concentrations were determined by a commercially available 

radioimmunoassay, Immuchem Coated Tube Progesterone I125 RIA assay (ICN 

Pharmaceuticals, Inc., Costa Mesa, CA; Lyons et al., 2016). Concentrations were reported in 

ng per mL. The interassay CV was 7.41% and the intrassay CV was 4.36%. 

Statistical Analysis  

 Data were analyzed using the MIXED procedure of SAS 9.3 (SAS Inst. Inc., Cary, 

NC, 1996) with repeated measures. Individual animal was utilized as the experimental unit 

and the model for body condition scores, positive change in body condition scores, body 

weight, average daily gain, rectal temperature, hair coat score, hair shedding score, hormone 
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concentrations, pregnancy status, calf birth weight, calf weaning weight, calf adjusted 

weaning weight, calf average daily gain, calf hip height, and calf frame score included 

treatment (Tolerant vs. Susceptible), location (BBCFL vs. UPRS), and time (Weeks 1-13) 

(week dependent on model); whereas the calf performance measurements also included calf 

sex (Heifer vs. Bull). Results were recorded as least squares means ± SEM, where statistical 

significance was reported at P≤0.05 and a statistical tendency at 0.05≤ P ≤0.10.  
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RESULTS AND DISCUSSION 

Cow Performance  

 Animal Performance. Animal performance has frequently been documented to be 

negatively effected due to exposure to ergot alkaloids (Peters et al., 1992; Ball et al., 1991; 

Brown et al., 1992). Numerous measurements can be taken to evaluate performance and 

assess the severity of fescue toxicosis, including average daily gain (ADG), body condition 

scores (BCS), body weight (BW), and rectal temperatures. Animal BW was significantly 

different (P<0.0001) by treatment, location and by the treatment-location interaction (Figure 

2.3: Body Weight by Treatment over time (weeks): Tolerant animals had higher average 

entire study body weight vs. susceptible animals, determined by FTSM; n=40). ADG was 

also significantly higher in tolerant animals overall, as well as during period 1, however, no 

significant difference existed among treatments during period 2 (Figure 2.4: ADG by 

Treatment by Period (Period 1, Period 2, Overall): Tolerant animals vs. susceptible animals, 

determined by FTSM; n=40 (Period 1: 0.82 kg/day and -0.25 kg/day (trt, loc P<0.0001); 

Period 2: 0.23 kg/day and 0.25 kg/day (trt P=0.87); Overall:  0.54 kg/day and -0.0025 kg/day 

(trt, loc P<0.0001), respectively).  Change in BCS saw significant differences similar to ADG 

throughout the study, as well as differences during period 1, however no difference during 

period 2 (Figure 2.6: Change in BCS by Treatment by Period (Period 1, Period 2, Overall): 

Tolerant animals vs. susceptible animals, determined by FTSM; n=40 (Period 1: 0.49 and 

0.01 (trt P=0.0008); Period 2: 0.61 and 0.36 (trt P=0.06); Overall: 1.05 and 0.38 (trt 

P<0.0001), respectively). In terms of the differences observed for ADG and change in BCS, 

period 1 likely saw the greatest differences due to the greater percentage of fescue when 
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compared to period 2 (Table 2.2). Similarly, Thompson et al. (1993) saw direct negative 

correlation to an animal’ ADG when pasture infection rate increased. These parameters are 

financially important traits to cattle producers and can impact the overall productiveness of 

their herds. Sufficient body condition has been shown to be one of the most important traits 

to cattle reproductive efficiency and has been shown to be reduced as a result of endophyte-

infected tall fescue consumption (Brown et al., 1992).  Given these results, it is believed that 

cattle producers whose herds graze endophyte-infected tall fescue can utilize the FTSM to 

identify cattle that can have increased growth performance and overall greater productivity, 

likely generating greater profit for the producer.  

 Aside from animal growth performance, issues with heat abatement have also 

frequently been seen in animals suffering from severe cases of fescue toxicosis (Burke et al., 

2006; Parish et al., 2003). Significant differences (P<0.0001) did exist in this study, where 

tolerant animals had lower rectal temperatures, 38.69°C, than susceptible animals, 38.86°C, 

respectively (Figure 2.7: Rectal Temperature by treatment (°C): Tolerant animals had a lower 

rectal temperature vs. susceptible animals as determined by FTSM; n=40). While these 

numbers were statistically significant, physiologically speaking little difference did exist. 

Continued research in this area is needed to find if animals deemed tolerant by the FTSM 

have greater ability to regulate body temperature to physiologically significant differences 

when compared to susceptible animals. These data, along with hair shedding data, show the 

validity and effectiveness of the FTSM to identify extreme animals within a herd that are 

more tolerant to the effects of fescue toxicosis.  
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 Hair Shedding Ability. Correlations have been previously made that cattle that shed 

their winter hair coats earlier in the fescue season suffer less from the negative effects of 

fescue toxicosis (Gray et al., 2011). In this study, weekly hair shedding scores (HSS) and hair 

coat scores (HCS) were taken to evaluate differences based on tolerance designation week to 

week, as well as initial rate of shedding. Both measures were significantly different 

(P<0.0001) between tolerant and susceptible animals grazing toxic tall fescue. Both measures 

saw scores start at similar points, with deviations beginning around week 3 of the study with 

increasing deviation continuing through week 7. After the first period of the study, HSS and 

HCS re-converged to similar numeric values (displayed in Figure 2.8 and 2.9, respectively; 

n=40). It is believed that this shows that cattle deemed tolerant shed their winter hair coats 

earlier in the spring, giving way to less coarse hair coats that are more suitable for dissipating 

heat. This mechanism gives the cattle numerous advantages to avoid amplified symptoms of 

fescue toxicosis due to severe heat stress as seen by other researchers (Aiken et al., 2011). 

These producer friendly scoring systems, which can be taken by the producer, allow them to 

identify early shedders that may perform better in fescue settings.  

 Pregnancy Rate via A.I. While all animals did conceive by either A.I. or natural 

service, conception rate via A.I. can be an indicator of an animal’s overall fertility and 

reproductive fitness (Bormann et al., 2006; Foote, 2003). As expected, animals deemed 

tolerant as a result of the fescue toxicosis selection method (FTSM) had a higher conception 

rate (P=0.03) from first service A.I. than those animals deemed susceptible (Figure 2.10:  

78.89%, 45.0%, respectively; n=40). Knowing fescue toxicosis’ adverse effects on cattle 

reproduction (Strickland et al., 2011), it is believed that this measurement was an adequate 
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initial indicator for the effectiveness of our selection method. Keeping financial implications 

in mind, pregnancy rate via A.I. is a critically important measure for producers who 

incorporate this reproductive technology and one that can greatly impact their profitability. 

This measure can also be descriptive of the animal’s susceptibility to fescue toxicosis outside 

the defined collection period, because A.I. occurred several months prior to the beginning of 

animal performance collections. This could not only be descriptive of the animals 

susceptibility at that given point, but also the animal performance during the prior fescue 

season due to poor body condition and other factors that can have direct effects on 

reproductive fitness (Pryce et al., 2001; Richards et al., 1986).  

 

Hormone Profiles 

 Progesterone Concentration. Serum progesterone (P4) concentrations have 

frequently been shown to be reduced in cattle grazing toxic tall fescue compared to those that 

are not (Burke et al., 2001a), however, little research has been conducted that evaluated 

differences in P4 concentrations between animals that all graze toxic fescue but have 

differing levels of tolerance to fescue toxicosis. In this study, animals that were deemed 

tolerant by the FTSM tended to have higher circulating levels of P4 when compared to those 

deemed susceptible (Figure 2.11:  3.30 ng/mL, 2.96 ng/mL, respectively; n=40, P=0.09). 

Adequate P4 concentrations are essential to the successful maintenance of pregnancy in beef 

cattle (Garrett et al., 1988), which has generated concern that grazing toxic fescue could 

cause lower P4 levels, resulting in a higher incidence of abortions. Given these results, cattle 

that are deemed tolerant by the FTSM could tend to have higher concentrations of P4 which 



 

94 

would result in a lower incidence of abortions than cattle deemed susceptible. Maintenance 

of pregnancy is an essential characteristic for a successful cow for beef producers, and could 

result in more calves being carried to term in herds that utilized this method of selection. 

Differences were also observed by location. One way that these tolerant cattle could have 

greater concentrations of serum progesterone could be due to reduced incidence of 

vasoconstriction. Jones et al. (2003) speculated that vasoconstriction of the ovarian vessels 

could reduce circulating progesterone concentrations due to reduced blood flow to and from 

the corpus luteum. In addition, cattle that were located at BBCFL had significantly higher 

(P=0.0016) circulating levels of P4 when compared to cattle at UPRS (Figure 2.12:  3.44 

ng/mL, 2.82 ng/mL, respectively; n=40). Animals that grazed pastures located at BBCFL are 

now known to have been grazing pastures with both lower percentage of fescue and lower 

tiller infection rate of the toxic endophyte when compared to cattle that grazed pastures at 

UPRS (Table 2.2: BBCFL: 64.3% and 80.8%, respectively vs. UPRS: 68.1% and 86.3%, 

respectively). Differences were also seen within treatment by location (reported in Figure 

2.13). These differences observed by location could be indicative of how the severity of 

pasture infection rate can dictate the severity of fescue toxicosis observed within cattle herds, 

which has been shown by other researchers (Danilson et al., 1986). This could be informative 

to the variation of effectiveness of the FTSM in different environments. From these results, 

as well as other measurements taken and described as a part of this research, it appears that 

greater differences are seen when cattle graze pastures of the highest infection levels, 

indicating that the FTSM is truly a measure of fescue toxicosis tolerance and not just higher 

performing animals.  
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 Prolactin Concentration. Historically speaking, decreases in serum prolactin 

concentrations are considered to an indicator of an animal’s exposure to ergot alkaloids 

(Burke et al., 2001a; Watson et al., 2004) and have continually been observed in cattle 

exhibiting fescue toxicosis symptoms (Strickland et al., 1993). However, no studies have 

evaluated differences in prolactin concentrations based on the animal’s tolerance (determined 

by FTSM, which takes into account hair shedding ability). In our research, tolerant animals 

had a tendency (P=0.08) for lower serum prolactin concentrations when compared to 

susceptible animals as determined by the FTSM (Figure 2.14:  98.27 ng/mL, 138.38 ng/mL, 

respectively; n=40). Given that the FTSM accounted for hair shedding ability as a selection 

criteria, we can assume that those animals deemed tolerant had sufficient levels of serum 

prolactin to initiate hair shedding. With tolerant animals having lower average serum 

prolactin concentrations than susceptible animals, it is hypothesized that these cattle were 

genetically predisposed to eliciting a shedding response at lower thresholds of prolactin. This 

hypotheses builds from Aiken et al. (2011) speculation that genetic predispositions exist for 

necessary prolactin levels to initiate shedding. They found that serum prolactin 

concentrations did not differ between cattle deemed either rough or slick while grazing 

endophyte-infected tall fescue. This finding led them to theorize that those cattle which shed 

earlier could be predisposed to shedding at lower levels of serum prolactin. If correct, this 

mechanism is likely one of the characteristics that allow FTSM tolerant animals to perform 

greater in toxic fescue settings. Given this ability to shed their winter hair coats earlier, 

tolerant animals can avoid many of the negative performance characteristics commonly 

associated with fescue toxicosis due to the avoidance of severe heat stress. Given that this 
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result is only a tendency but still supported by Aiken et al. (2011)’s findings, we believe 

there is immense value in repeating this type of study to further evaluate this hypothesis.  

 

Calf Performance 

 Birth Weight. Calf birth weight is an important trait that can be utilized to evaluate 

the effect of cattle grazing toxic tall fescue during gestation on their calf’s growth in utero. In 

this study, an evaluation of calf birth weight based on the dam’s tolerance or susceptibility 

determined by the FTSM, found no significant difference (P=0.74) based on selection. 

Between locations, a statistical tendency (P=0.095) was observed within the susceptible 

selected animals, with BBCFL calves having a higher average birth weight than UPRS calves 

(Figure 2.15: BBCFL-Sus: 33.57 kg, UPRS-Sus: 29.71 kg, respectively; n=40). It is likely 

that this difference in birth weight can be explained based on the differing fescue infection 

rate at the two locations (described in Table 2.2), where BBCFL had lower infection rates 

than UPRS; which likely generated heavier calves at birth in the susceptible group. 

Differences were likely not greater or seen between selection groups due to the compensatory 

fetal growth that likely occurred during the late fall when heat stress and other conditions 

could have lessened the severity of fescue toxicosis. While other studies have shown that 

differences in birth weight can exist when cattle graze toxic fescue vs. non-toxic fescue 

(Watson et al., 2004; Caldwell et al., 2013; Beers and Piper, 1987), differences based on 

animal tolerance have not been reported. However, these studies believe that the reduction in 

birth weight was most likely a result of a loss in body reserves by the dams, this study saw no 

losses in body condition, likely leading to the lack of difference in fetal growth.  
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 Calf Growth Performance. Many other measures were also taken to evaluate calf 

performance based on their dams FTSM ranking of tolerance. No significant difference 

(P>0.05) was observed for weaning weights, percent of dam body weight, or calf average 

daily gain between treatments. However, calf average daily gain did show a statistical 

tendency (P=0.097) among tolerant selected cows between location, where UPRS-Tol calves 

tended to have greater gains than BBCFL-Tol calves (Figure 2.16: BBCFL-Tol: 0.93 kg/day, 

UPRS-Tol: 1.04 kg/day, respectively; n=40), but no difference (P>0.05) was observed among 

locations in cattle deemed susceptible. While these results were not anticipated, it could 

suggest that tolerant animal’s calves are more capable of responding favorably to the most 

extremely infected pastures, as was seen in other measurements. With this in mind, those 

calves dam’s had experienced the higher levels of the toxin at UPRS compared to BBCFL 

and still had calves who recovered in terms of gain at a greater rate. While Gray et al. (2011) 

did show a direct correlation for point of shedding of a dam’s hair coat and the adjusted 

weaning weight of their calves, the FTSM took into account average weekly gain during the 

first period of the study, not the dam’s shedding ability.  

 Other measurements were conducted to evaluate calf growth, particularly calf frame. 

Calf hip height had a statistical tendency (P=0.07) to be different, where tolerant dams tended 

to raise calves of greater height than the calves from dams that were deemed susceptible 

(Figure 2.17: 108.36 cm and 105.93 cm, respectively; n=40). In addition, calves of tolerant 

dams had significantly higher (P=0.03) frame scores than calves of susceptible dams on a 1 

to 9 calculated scale (Figure 2.18: 4.62 and 4.12, respectively; n=40). These results indicate 

that while no changes were seen in calf weight gains by treatment, selection of dams based 
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on their tolerance via the FTSM could result in calves with a larger frame and stature. This 

could result in calves that are more marketable to feed lot managers due to calves being 

larger frame, thus having potential to put on greater carcass weight.  
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TABLES 
 
Table 2.1. Nutritive Value (on a DM basis) of forage samples 

 
1 BBCFL: Butner Beef Cattle Field Laboratory location, Bahama, NC 
2 UPRS: Upper Piedmont Research Station location, Reidsville, NC 
3 P-1: Period 1, using average nutrient values from weeks 1, 3 and 5 
4 P-2: Period 2, using average nutrient values from weeks 7, 9 and 11 
5 ES: Entire Study, using average nutrient values from weeks 1, 3, 5, 7, 9, and 11 
 
 
 
 
 
 
 

 BBCFL1 UPRS2 Combined Locations 
 P-13 P-24 ES5 P-13 P-24 ES5 P-13 P-24 ES5 

DM (%) 24.6 35.6 30.1 29.7 29.7 29.7 27.2 32.7 29.9 

CP (%DM) 9.98 9.45 9.72 10.3 10.5 10.4 10.2 10.0 10.1 

NDF (%DM) 62.4 65.2 63.8 62.2 63.4 62.8 62.3 64.3 63.3 

ADF (%DM) 36.0 39.8 37.9 37.6 38.7 38.2 36.8 39.3 38.0 

TDN (%DM) 63.8 60.9 62.3 62.6 61.7 62.1 63.2 61.3 62.2 

Ash (%DM) 6.04 6.06 6.05 5.79 6.13 5.96 5.91 7.00 6.01 

Ca (%DM) 0.268 0.305 0.287 0.303 0.338 0.321 0.286 0.322 0.304 

P (%DM) 0.200 0.178 0.189 0.217 0.240 0.228 0.208 0.209 0.2085 

Mg (%DM) 0.202 0.233 0.218 0.188 0.200 0.194 0.195 0.217 0.206 

Na (%DM) 0.012 0.012 0.012 0.008 0.005 0.007 0.010 0.008 0.009 

K (%DM) 2.078 1.648 1.863 2.092 2.060 2.075 2.085 1.854 1.969 

Cu (ppm) 4.833 6.667 5.750 5.000 4.833 4.917 4.917 5.750 5.333 

Fe (ppm) 78.00 140.2 109.1 64.33 97.33 80.83 71.17 118.8 94.96 

Mn (ppm) 73.17 95.33 84.25 44.17 47.50 45.83 58.67 71.42 65.04 

Zn (ppm) 23.33 27.83 25.58 18.50 17.50 18.00 20.92 22.67 21.79 
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Table 2.2. Endophyte infected tall fescue characteristics 
 

 
1 BBCFL: Butner Beef Cattle Field Laboratory location, Bahama, NC 
2 UPRS: Upper Piedmont Research Station location, Reidsville, NC 
3 P-1: Period 1, using values from weeks 1, 3 and 5 
4 P-2: Period 2, using values from weeks 7, 9 and 11 
5 ES: Entire Study, using values from weeks 1, 3, 5, 7, 9, and 11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 BBCFL1 UPRS2 Combined 
Locations 

 P-13 P-24 ES5 P-13 P-24 ES5 P-13 P-24 ES5 

Percent fescue (%) 72.5 56.0 64.3 72.9 63.3 68.1 72.7 59.7 66.2 

Tiller infection (%) 84.2 77.5 80.8 82.5 90.0 86.3 83.3 83.8 83.5 
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FIGURES 
 

 
 
Figure 2.1: Experimental timeline used during cow performance phase of data collection 
from late-April to late-July 2016.  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 2.2: Experimental timeline used during calf performance phase of data collection 
from mid-October 2016 to late-April 2017.  
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Figure 2.3: Body Weight by Treatment over time (weeks): Tolerant animals had higher 
average body weight vs. susceptible animals, determined by FTSM; n=40. Model was 
significant by location and treatment X location (trt, loc, trtX loc p-values: P<0.0001). 
 
 
 

 
 
Figure 2.4: Average Daily Gain by Treatment by Period (Period 1, Period 2, Overall): 
Tolerant animals vs. susceptible animals, determined by FTSM; n=40 (Period 1: 0.8187 
kg/day and -0.2513 kg/day (trt, loc P<0.0001); Period 2: 0.2252 kg/day and 0.2452 kg/day 
(trt P=0.8726); Overall:  0.5391 kg/day and -0.0025 kg/day (trt, loc P<0.0001)). 
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Figure 2.5: Average Body Condition Score (BCS) by location X Treatment: BBCFL-
Tolerant animals were BCS of 5.42, BBCFL-Susceptible were BCS of 5.86, UPRS-Tolerant 
were BCS of 5.58, and UPRS- Susceptible were BCS of 5.32, respectively; n=40. (loc 
P<0.0001; trt P=0.04; loc*trt P<0.0001). 
 
 

 
 
Figure 2.6: Change in Body Condition Score by Treatment by Period (Period 1, Period 2, 
Overall): Tolerant animals vs. susceptible animals, determined by FTSM; n=40 (Period 1: 
0.4875 and 0.0125 (trt P=0.0008); Period 2: 0.6125 and 0.3625 (trt P=0.0625); Overall:  1.05 
and 0.375 (trt P<0.0001)). 
 

-0.5 

0 

0.5 

1 

1.5 

C
ha

ng
e 

in
 B

od
y 

C
on

di
tio

n 

Change in Body Condition Score by Period by 
Treatment 

Tolerant Susceptible 
         Period 1                        Period 2            Overall  

a	

b	

a	

b	

5.00 

5.20 

5.40 

5.60 

5.80 

6.00 

B-Tol. B-Sus.  U-Tol.  U-Sus.  

B
od

y 
C

on
di

tio
n 

Sc
or

e 

Body Condition Scores by Location X 
Treatment 

a	

b	

c	
c	



 

108 

 
 
Figure 2.7: Rectal Temperature by Treatment (°C): Tolerant animals had a lower rectal 
temperature vs. susceptible animals as determined by FTSM: 38.685°C, 38.8643°C, 
respectively; n=40 (P<0.0001). 
 

 
 
Figure 2.8: Hair Shedding Score by Treatment over time (weeks): Tolerant animals had a 
lower hair shedding score vs. susceptible animals, determined by FTSM; n=40 (P<0.0001). 
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Figure 2.9: Hair Coat Score by Treatment over time (weeks): Tolerant animals had a lower 
hair coat score vs. susceptible animals as determined by FTSM; n=40 (P<0.0001). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.10: Pregnancy Rate via A.I. by Treatment: Tolerant animals had a higher pregnancy 
rate via A.I. vs. Susceptible animals as determined by FTSM: 78.89%, 45.0%, respectively; 
n=40 (P=0.0342). 
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Figure 2.11: Progesterone concentration by Treatment (ng/mL): Tolerant animals had a 
higher progesterone concentration vs. Susceptible animals as determined by FTSM: 3.3004 
ng/mL, 2.9632 ng/mL, respectively; n=40 (a vs. b, signifies a tendency; P=0.0859). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.12: Progesterone concentration by Location (ng/mL): BBCFL animals had a higher 
progesterone concentration vs. UPRS animals: 3.443 ng/mL, 2.8207 ng/mL, respectively; 
n=40 (P=0.0016). 
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Figure 2.13: Progesterone concentration by Location and Treatment (ng/mL): BBCFL-
Tolerant animals were 3.5887 ng/mL, BBCFL-Susceptible were 3.2973 ng/mL, UPRS-
Tolerant were 3.0121 ng/mL, and UPRS- Susceptible 2.6293 ng/mL, respectively; n=40 
(P<0.05; when signified by different letter subscript). 
 
 
 

 
 

Figure 2.14: Prolactin concentration by Treatment (ng/mL): Tolerant animals had a lower 
prolactin concentration vs. susceptible animals as determined by FTSM: 98.2706 ng/mL, 
138.38 ng/mL, respectively; n=40 (a vs. b, signifies a tendency; P=0.0787). 
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Figure 2.15: Calf Birth Weight by Location and Treatment (kg): BBCFL-Tolerant animals 
were 30.4913 kg, BBCFL-Susceptible were 33.5658 kg, UPRS-Tolerant were 31.7968 and 
UPRS-Susceptible 29.7103 kg, respectively; n=40 (a vs. b signifies a tendency; P=0.0952) 
 
 

 
 
Figure 2.16: Calf Average Daily Gain by Location and Treatment (kg/day): BBCFL-
Tolerant animals were 0.9334 kg/day, BBCFL-Susceptible were 0.9861 kg/day, UPRS-
Tolerant were 1.0373 kg/day and UPRS-Susceptible 0.9739 kg/day, respectively; n=40 (a vs. 
b signifies a tendency; P=0.0969) 
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Figure 2.17: Calf Hip Height by Treatment (cm): Tolerant animals had a higher hip height 
vs. susceptible animals as determined by FTSM: 108.36 cm and 105.92 cm, respectively; 
n=40 (a vs. b signifies a tendency; P=0.07). 
 
 
 
 

 
 

Figure 2.18: Calf Frame Score by Treatment (calculated score): Tolerant animals had a 
higher frame score vs. susceptible animals as determined by FTSM: 4.6239 and 4.115, 
respectively; n=40 (P=0.0274). 
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INTRODUCTION 

 Fescue toxicosis is one of the most detrimental conditions that cattle grazing tall 

fescue face in the Southeastern United States. Fescue toxicosis is caused by an endophytic 

fungus that lives in a symbiotic relationship with the plant, which is advantageous to the 

plant but can be detrimental to the animal that grazes it (Strickland et al., 2011). It has been 

shown to lead to decreased growth performance, poor reproductive efficiency, and 

inadequate heat tolerance through vasoconstriction and retained winter hair coats (Coffey et 

al., 2001) in cattle in the Southeast United States (Aiken and Strickland, 2013). This has 

generated interest in exploring the animal’s immune response to the toxin. While little is 

known concerning the mechanisms that the toxin plays on the immune system, a depression 

in immune function has been observed with grazing toxic tall fescue (Settivari et al., 2006; 

Saker et al., 2001; Filipov et al., 1999). It is also likely that proteins involved in the immune 

response, known collectively as cytokines, could potentially play a role in many of the 

trademark symptoms that are associated with fescue toxicosis such as decreased prolactin 

secretion due to disruption in the dopamine D2 receptor as well as issues with 

vasoconstriction that can lead to amplified heat stress and decreased steroid hormone 

production (Paterson et al., 1995).   

 Cytokines are proteins manufactured as a component of the immune system, and are 

commonly referred to as immune effector proteins. These proteins are classified as either 

pro-inflammatory cytokines, anti-inflammatory cytokines, G-protein coupled receptor 

associated sorting proteins, growth factors, and angiogenic factors. These different families 

of cytokines likely play varying roles in their ability to elicit physiological changes in 
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animals suffering from fescue toxicosis (Ott and Gifford, 2010). Cytokines could play a 

direct role in how tolerant or susceptible an animal is to the adverse effects of fescue 

toxicosis due to their connection with the various metabolic pathways, receptor interactions, 

and biological processes associated with the syndrome. With this in mind, genetic 

predispositions for increased cytokine response could likely be achieved as a method of 

selection to achieve resistance to fescue toxicosis. Therefore, the objective of this study was 

to evaluate the effectiveness of utilizing cytokine response as among animal’s deemed 

tolerant or susceptible to fescue toxicosis while grazing endophyte infected tall fescue using 

a broad range, yet targeted approach evaluating twenty bovine cytokines.   

 

MATERIALS AND METHODS 

 This study was conducted at two locations in the piedmont of North Carolina, which 

were the Butner Beef Cattle Field Laboratory (BBCFL) in Bahama, NC and the Upper 

Piedmont Research Station (UPRS) in Reidsville, NC. All animal procedures were approved 

by the North Carolina State University Institutional Animal Care and Use Committee (NCSU 

IACUC #13-093-A; 17-043-A).  

Animals 

 Cow performance and forage data were collected from late April to late July 2016 

(see experimental timeline in Figure 3.1). Pregnant Purebred Angus cows (n=148) that 

ranged from two to four years of age all grazed endophyte infected tall fescue during the 

entire experimental period. Cattle were offered ad libitum water throughout the duration of 

the study, and had access to natural shade structures that existed in the pastures they grazed 
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as well as free choice minerals. All cattle were deemed pregnant for the duration of this 

collection period, and would have been approximately in the second trimester of pregnancy.  

 To best monitor the animal’s physiological response to ergot alkaloid exposure, 

performance measures were taken from each animal on a weekly basis during the entire 

experiment (as described in Chapter 2). To analyze cytokine response blood samples were 

collected at week 1, 7, and 13 via jugular venipuncture using 20 gauge needles and sterile 

10.0 mL vacutainer tubes that contained no additive (Becton Dickerson, Franklin Lakes, NJ). 

At the time of collection, blood samples were placed on ice and then transported to the 

laboratory for processing. Whole blood samples were centrifuged the afternoon following 

collection each week for 25 minutes at 1,500 X g at 4°C, then serum was drawn from 

vacutainer tubes and was aliquot into a glass dram vial and a plastic micro-centrifuge tube 

and stored at -80°C until analysis was conducted.  

Forage Measurements 

 Cattle at both locations grazed pastures known to be endophyte infected, toxic tall 

fescue for the entirety of the study. Cattle were rotationally grazed every two weeks at each 

location among select pastures to continue adequate forage management as well as insure 

sufficient forage was continually available. Prior to cattle being moved, pastures were 

sampled (bi-weekly) in an established manner and composite samples taken from each 

pasture to evaluate nutrient quality and percentage of available forage that was fescue. In 

addition to the bi-weekly forage sampling, fescue tiller samples were collected in November 

of 2016 to evaluate pasture infection rate for the toxic endophyte. Forage sampling was 
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conducted in established manners (as described in Chapter 2) and nutrient data and fescue 

characteristics are reported (Table 2.1 and 2.2, respectively).     

Animal Selection 

 After the completion of the cow data collection period, growth performance was 

utilized in the form of a “selection based on residuals” to linearly “rank” the animals at each 

location from the most tolerant to the least tolerant (or susceptible). The ranking utilized 

average weekly gain (AWG), where the estimates were based on three window periods: 

weeks 1 through 13 (ES), weeks 1 through 7 (P1), and weeks 7 through 13 (P2) to assess 

animal response to exposure to endophyte infected tall fescue. From the entire herd of 

purebred Angus cows (n=148 for combined locations), the most extreme animals from each 

location and time period were determined for further analysis and evaluation similarly to how 

others have described disease tolerance selection (Rowland et al., 2012; Kause et al., 2011). 

The model accounted for location, parity, and the partial regression coefficient for the 

covariate of initial BW. Due to each of the time periods producing a different forty animals, 

further analysis was conducted to evaluate which of the three time periods best represented 

the impact that fescue toxicosis had on animal performance. Due to P1 having the greatest 

additive genetic variance, more extreme residual values for AWG, and this period having the 

greatest percentage of fescue; the forty selected animals from P1 were used to evaluate 

performance and resistance to fescue toxicosis. All animal analysis conducted from this point 

forward in the study concentrated on those described animals (n=40; n=10 for extreme 

tolerant BBCFL; n=10 for extreme susceptible BBCFL; n=10 for extreme tolerant UPRS; 
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n=10 for extreme susceptible UPRS). This method of selection is further referred to as the 

Fescue Toxicosis Selection Method (FTSM). 

Bovine Cytokine Analysis  

 Serum cytokine concentrations were analyzed for both locations at week 1, 7 and 13; 

which represent the beginning, midpoint and end of the collection period. These 

concentrations were determined using a “Bovine Cytokine Array Q1” (which detects 

interferon alpha (IFN-α), interferon gamma (IFN-γ), interleukin (IL)-13, IL-1A, IL-36R-α, 

IL-21, chemokine CXCL10, CXCL9, CCL4, and tumor necrosis factor alpha (TNF-α)) and 

“Bovine Cytokine Array Q2” (which detects the fibroblast growth factor (FGF)-1, bFGF, G 

Protein-Coupled Receptor Associated Sorting Protein (GASP)-1, Insulin like growth factor 

(IGF)-1, IL-2, IL-4, IL-15, CCL2, cluster of differentiation (CD) 56, and Vascular 

endothelial growth factor (VEGF)-A) using the Multiplex ELISA Cytokine Arrays 

(Quantibody® Cytokine Arrays; RayBiotech, Inc.).  

 The multiplex cytokine arrays were divided into 16 wells for each slide, where 8 

wells were used for standards on each slide and 8 wells were used for samples. After 

buffering the slide, standard concentrations were formed after serial dilution of the “Cytokine 

Standard Mix” provided by the manufacturer. This process established seven standards of 

various concentrations and the eighth “standard” well contained a control sample, which 

contained none of the cytokine standard mix. For animal samples, bovine blood serum was 

utilized as an approved method for the array and diluted by a 2X dilution factor as suggested 

by the manufacturer. After decanting the samples and standards, slides were washed as to 

manufacturer specification. The biotinylated antibody cocktail was then added to each of the 
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16 wells and the slide allowed to incubate. Following incubation and decanting procedures, 

the Cy3 equivalent dye-streptavidin was added under dark conditions and allowed to incubate 

overnight at 4°C in a dark box. The next morning, slides were decanted, washed and then 

disassembled, again under dark conditions. Following disassembly, slides were washed and 

then dried using a slide micro-centrifuge. Slides were then stored at 4°C in a dark box until 

being sent to the manufacturer for laser scanning and data extraction. From the absorbance 

values provided by the manufacturer, serum concentrations were determined using a software 

(Q-Analyzer Software for QAB-CYT; RayBiotech, Inc.) and concentrations reported in ng 

per mL for each individual cytokine. In addition to raw data, images of florescence were 

provided for each slide (example shown in Figures 3.2, 3.3, and 3.4).  

Statistical Analysis  

 Data were analyzed using the MIXED procedure of SAS 9.3 (SAS Inst. Inc., Cary, 

NC, 1996) with repeated measures. The model used to classify tolerance group was described 

in Chapter 2, utilized animal performance. For cytokine response data analysis, individual 

animal was utilized as the experimental unit and the model each cytokine response included 

treatment (Tolerant vs. Susceptible), location (BBCFL vs. UPRS), and time (Weeks 1, 7 and 

13).  Results were recorded as least squares means ± SEM, where statistical significance was 

reported at P≤0.05 and a statistical tendency at 0.05≤ P ≤0.10.  
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RESULTS AND DISCUSSION 

Cytokine Differences by Location and Week  

 Twenty cytokines were analyzed using the RayBiotech, Inc. Bovine Cytokine Array 

Q1 and Q2 to identify immune effector proteins that mediate tolerance to fescue toxicosis 

tolerance. The following cytokines that were significantly different (P<0.05) or showed a 

statistical trend (P<0.10; where p-value is indicated) to be higher at the UPRS location:  

aFGF, IL-4 (P=0.09), IL-1 alpha (P=0.05), IL-1F5, IP-10 (P=0.09), MIG (P=0.09), CCL4, 

and TNF alpha (P=0.07); while the following cytokines were higher at the BBCFL location:  

bFGF and IGF-1. In addition, the following cytokines were significantly different (P<0.05) 

or showed a statistical tendency (P<0.10; where p-value is indicated) by week: aFGF, GASP-

1, IGF-1, IFN alpha, IL-13 (P=0.06), and CCL4. While these differences were not the main 

focus of this study, they could still be indicative of these cytokines role in the biological 

response to fescue toxicosis in cattle. Given the numerous location differences seen in the 

performance data of this study (Figures 2.12, 2.14, 2.15) as well as the differences observed 

in the fescue characteristics between the two locations (see Table 2.2), those cytokines that 

had higher circulating concentrations for cattle at the UPRS location could be indicative of a 

greater immune response to higher toxin exposure, as has been theorized with much of the 

performance data. Others have shown (Thompson et al., 1993; Danilson et al., 1986) that 

increases in tiller infection rate as well as ergot alkaloid levels can have direct negative 

correlations to animal performance. It is likely that the same could be true for biological and 

immunological response to ergot alkaloid exposure. Further, the differences seen between 

week are also not surprising given the numerous differences observed between periods in the 
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performance data (Figures 2.4 and 2.5). These differences can also likely be explained by the 

changes in fescue characteristics (Table 2.2) between the two periods of the trial. Overall, the 

cytokine response increased over the course of period 1, when the percent fescue was the 

highest, and decreased over period 2, when the percent fescue decreased.  

Cytokine Differences by Treatment  

 From the twenty cytokines evaluated, over half of the proteins showed strong 

numerical differences between treatment, with higher response from tolerant deemed animals 

than susceptible animals, however these concentrations were not statistically different due to 

large standard errors. Greater investigation is needed to evaluate these cytokines and their 

role in fescue toxicosis as well as the tolerant animal’s ability to mount a stronger immune 

response to mitigate some of the negative effects of fescue toxicosis. Cytokine concentrations 

are reported by treatment and by location in Table 3.1 and 3.2.  

 GASP-1. Tolerant animals had higher (P=0.03) concentrations of the cytokine GASP-

1 when compared to susceptible animals as determined by the FTSM (Figure 3.5: 4.70 

ng/mL, 4.15 ng/mL, respectively; n=40). GASP-1 is a member of the G Protein-coupled 

receptor associated sorting protein family and has been associated with down regulation of a 

variety of G Protein-Coupled receptors, including the D2-dopamine receptor, through 

lysosomal degradation. The D2-dopamine receptor has been shown to play a direct effect in 

cattle prolactin secretion and is also involved in ergot alkaloids exposure’s decrease in 

prolactin secretion (Freeman et al., 2000; Lamberts and Macleod, 1990). Prolactin is 

decreased when dopamine binds to the D2-dopamine receptor, and the cyclic ring structure of 

ergovaline closely mimics the ring structure of dopamine, allowing ergovaline to bind the 



 

123 

D2-dopamine receptor and thus inhibit prolactin secretion (Sibley and Creese, 1983; Porter 

and Thompson, 1992). In this study where tolerant animals had greater levels of GASP-1, the 

D2-dopamine receptor was likely being down regulated at a greater rate. This decrease in the 

prevalence of the D2-dopamine receptor decreased the opportunity for ergovaline to bind and 

decrease prolactin secretion, giving tolerant animals advantages when grazing endophyte-

infected tall fescue. This could also likely result in tolerant animals having greater sensitivity 

to prolactin, through down regulation of the entire prolactin secretion pathway, resulting in 

lower biological thresholds needed to initiate the biological roles of the hormone, which was 

seen in the performance portion of this study (Figure 2.13: Prolactin concentration by 

treatment).  

 IL-4. Tolerant animals had a tendency (P=0.07) to have higher concentrations of IL-4 

when compared to susceptible animals as determined by the FTSM (Figure 3.6 and 3.7: 2.18 

ng/mL, 0.82 ng/mL, respectively; n=40). IL-4 is known to be an anti-inflammatory cytokine 

that plays a large role in B-cell activation and synthesis of IgE (Opal and DePalo, 2000). It 

also is a key component of the adaptive (acquired) immune response and is involved in the 

up regulation of MHC class II production (Janeway Jr., 2000). MHC II are known to be 

important in initiating the adaptive immune response once antigen-presenting cells present 

antigen to the complex. Previously, Saker et al. (1998) showed that steers consuming 

endophyte infected tall fescue exhibited decreased expression of MHC class II than those 

steers that did not graze endophyte infected tall fescue. It could be speculated that the tolerant 

animals increased levels of IL-4 initiated increased expression of MHC II, generating 

animals that were less immune-compromised. In addition, B-cells are also a component of 
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the adaptive immune system and play a role in antibody secretion, and B-cells are also 

capable of presenting antigen. Given that these factors are all components of the adaptive 

system, increased IL-4 secretion could be indicative of the ability for tolerant animals to 

mount stronger memory immune responses against exposure to ergot alkaloids. This ability 

to recognize the compound sooner and initiate biological responses to mitigate its effects 

would undoubtedly be advantageous for tolerant animals.  

 VEGF-A. Tolerant animals had higher (P=0.02) concentrations of the cytokine 

VEGF-A when compared to susceptible animals as determined by the FTSM (Figures 3.8 

and 3.9: 0.497 ng/mL, 0.20 ng/mL, respectively; n=40). VEGF-A is a known vasodilator and 

has been shown to increase micro-vascular permeability. In addition, it is known to play a 

particularly important role in vascular endothelial cells, where higher concentrations increase 

vascular permeability (Janeway, Jr., 2000). Vasoconstriction caused by exposure to ergot 

alkaloids further compounds the issues associated with fescue toxicosis, such as its ability to 

decrease the animal’s capacity to evaporatively cool (Aiken et al., 2014). This is further 

supported by evidence presented in the performance portion of this study where the same 

tolerant animals had the ability to maintain lower rectal temperatures compared to susceptible 

animals (Figure 2.6). With both of these results, strong evidence exists that animals selected 

using the FTSM have greater ability to avoid heat stress and vasoconstrictions effects of 

fescue toxicosis than their susceptible counterparts. In addition, Jones et al. (2003) and Aiken 

et al. (2007) have speculated that decreases in serum progesterone concentrations could be 

caused by vasoconstriction of blood flow to the ovary in cattle consuming ergot alkaloids. 

Given this notion, the tendency (P=0.09) seen in this study for serum progesterone 
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concentrations to be lower in susceptible animals (Figure 2.10) could be, at least in part, due 

to the same susceptible animals having decreases in VEGF-A concentration, likely resulting 

in decreased blood vessel diameter to the ovary. Tolerant animal’s ability to synthesize 

higher concentrations of VEGF-A gives them the potential capacity to increase vessel 

diameter, which would result in substantial mitigation of the vasoconstriction seen with 

fescue toxicosis.  
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TABLES 
 

Table 3.1:  Cytokine concentrations reported by treatment (ng/mL)  
 

    Statistics 
Cytokine Tolerant Susceptible SEM Trt p-value 

aFGF 145.71 109.19 22.6 0.257 
bFGF 0.0267 0.0137 0.00598 0.128 

GASP-1 4.695 4.161 0.170 0.029 
IGF-1 7.692 6.069 1.236 0.354 
IL-2 7.522 6.130 2.089 0.638 
IL-4 2.163 0.809 0.530 0.073 
IL-15 22.75 13.38 4.676 0.157 

MCP-1 1,647.5 1,071.2 354.33 0.252 
NCAM-1 35.995 32.735 1.815 0.206 
VEGF-A 0.496 0.200 0.091 0.023 
IFN-alpha 2.205 1.537 0.411 0.253 

IFN-gamma 3.107 2.872 0.635 0.794 
IL-13 10.78 10.30 2.329 0.883 

IL-1 alpha 1.857 1.473 0.339 0.424 
IL-1 F5 2.583 1.699 0.542 0.252 
IL-21 11.62 9.611 2.352 0.548 

IP-10 (CXCL10) 6.691 5.150 1.038 0.296 
MIG (CXCL9) 10.831 7.574 2.603 0.378 

MIP-1 beta (CCL4) 2.584 1.219 0.7479 0.199 
TNF alpha 12.24 9.585 2.806 0.505 
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Table 3.2:  Cytokine concentrations reported by treatment by location (ng/mL)  
 

  BBCFL UPRS Statistics 
Cytokine T S T S SEM Trt Loc Trt*loc 

aFGF 125.8 73.35 166.34 145.02 32.08 0.257 0.081 0.636 
bFGF 0.038 0.018 0.014 0.009 0.008 0.128 0.051 0.364 

GASP-1 4.851 4.246 4.538 4.076 0.241 0.029 0.319 0.769 
IGF-1 10.60 8.282 4.780 3.855 1.747 0.354 0.004 0.690 
IL-2 7.848 9.159 7.197 3.101 2.954 0.638 0.258 0.362 
IL-4 1.295 0.410 3.031 1.208 0.750 0.073 0.094 0.533 
IL-15 18.62 10.16 26.89 16.52 6.613 0.157 0.271 0.886 

MCP-1 1,315 890.5 1,979 1,251 501.1 0.252 0.308 0.763 
NCAM-1 36.03 29.56 35.96 35.91 2.567 0.206 0.224 0.214 
VEGF-A 0.420 0.143 0.573 0.259 0.128 0.023 0.297 0.883 
IFN-alpha 1.704 1.496 2.706 1.579 0.581 0.253 0.353 0.430 

IFN-gamma 2.813 2.371 3.401 3.372 0.900 0.794 0.379 0.818 
IL-13 10.67 7.453 10.89 13.14 3.293 0.883 0.372 0.408 

IL-1 alpha 1.294 1.094 2.420 1.853 0.478 0.424 0.051 0.703 
IL-1 F5 1.217 0.838 3.949 2.561 0.767 0.252 0.004 0.512 
IL-21 8.400 7.838 14.83 11.38 3.327 0.548 0.136 0.665 

IP-10 (CXCL10) 5.356 3.962 8.025 6.338 1.468 0.296 0.088 0.920 
MIG (CXCL9) 5.404 6.632 16.26 8.515 3.682 0.378 0.086 0.225 

MIP-1 beta 
(CCL4) 

0.547 0.701 4.622 1.737 1.057 0.199 0.017 0.153 

TNF alpha 6.969 7.706 17.51 11.47 3.968 0.505 0.074 0.394 
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FIGURES 
 

 
 
Figure 3.1: Experimental timeline used during cow performance phase of data collection 
from late-April to late-July 2016 for measuring cytokine response.  
 
 
 
 
 
 
 

 
 
Figure 3.2: Example treatment differences among tolerant and susceptible animals for 
statistically significant cytokines by treatment (GASP-1, IL-4, VEGF-A) for week 1 of the 
trial. Tolerant animal (A319) concentrations: GASP-1: 6.679 ng/mL; IL-4: 18.396 ng/mL; 
VEGF-A: 5.278 ng/mL. Susceptible animal (B024) concentrations: GASP-1: 4.413 ng/mL; 
IL-4: 0.294 ng/mL; VEGF-A: 0.088 ng/mL. 
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Figure 3.3: Example treatment differences among tolerant and susceptible animals for 
statistically significant cytokines by treatment (GASP-1, IL-4, VEGF-A) for week 7 of the 
trial. Tolerant animal (A319) concentrations: GASP-1: 5.353 ng/mL; IL-4: 12.991 ng/mL; 
VEGF-A: 2.293 ng/mL. Susceptible animal (B024) concentrations: GASP-1: 3.520 ng/mL; 
IL-4: 0 ng/mL; VEGF-A: 0 ng/mL. 
 
 
 

 
 
Figure 3.4: Example treatment differences among tolerant and susceptible animals for 
statistically significant cytokines by treatment (GASP-1, IL-4, VEGF-A) for week 13 of the 
trial. Tolerant animal (A319) concentrations: GASP-1: 7.443 ng/mL; IL-4: 27.996 ng/mL; 
VEGF-A: 2.906 ng/mL. Susceptible animal (B024) concentrations: GASP-1: 3.816 ng/mL; 
IL-4: 0 ng/mL; VEGF-A: 0 ng/mL. 
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Figure 3.5: GASP-1 concentration by Treatment (ng/mL): Tolerant animals had a higher 
GASP-1 concentration vs. susceptible animals as determined by FTSM: 4.7012 ng/mL, 
4.1518 ng/mL, respectively; n=40 (Trt P=0.0291). 
 
 
 

 
 
Figure 3.6: IL-4 concentration by Treatment (ng/mL): Tolerant animals had a higher IL-4 
concentration vs. susceptible animals as determined by FTSM: 2.1845 ng/mL, 0.8177 ng/mL, 
respectively; n=40 (a vs. b, signifies a tendency; Trt P=0.0738; Week P=0.9737). 
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Figure 3.7: IL-4 concentration (ng/mL) by Treatment over time (weeks): Tolerant animals 
had a higher IL-4 concentration vs. susceptible animals as determined by FTSM: 2.1845 
ng/mL, 0.8177 ng/mL, respectively; n=40 (Trt P=0.0738; Week P=0.9737). 
 
 
 

 
 

Figure 3.8: VEGF-A concentration by Treatment (ng/mL): Tolerant animals had a higher 
VEGF-A concentration vs. susceptible animals as determined by FTSM: 0.4972 ng/mL, 
0.2015 ng/mL, respectively; n=40 (Trt P=0.0231; Week P=0.8678). 
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Figure 3.9: VEGF-A concentration (ng/mL) by Treatment over time (weeks): Tolerant 
animals had a higher VEGF-A concentration vs. susceptible animals as determined by 
FTSM: 0.4972 ng/mL, 0.2015 ng/mL, respectively; n=40 (Trt P=0.0231; Week P=0.8678). 
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OVERALL CONCLUSIONS 

 Numerous studies have sought to find solutions to the negative effects seen in cattle 

grazing endophyte infected tall fescue and to understand ways to better manage the forage to 

minimize those negative effects. However few have sought to investigate the potential 

resistance that has already begun to be established within our own fescue-grazing herds. With 

this study, identifying the most extremely tolerant animals within the population allowed 

evaluation of their performance and fescue toxicosis status when compared to animals that 

had very low tolerance to the syndrome.  

 Tolerant animals that were identified in this study utilizing the method of selection 

that was established (FTSM) have shown to have increased performance in all the areas that 

have previously been connected to fescue toxicosis. This leaves little doubt as to the 

effectiveness of this selection method, and brings to light new methods for combating the 

condition. With increased ADG and greater positive change in BCS, tolerant cattle can 

mitigate many of the negative effects associated with suppressed performance in fescue-

grazing cattle. In addition, there is evidence that these cattle were more capable of avoiding 

heat stress, as well as had the ability to shed their winter coats earlier in the spring, had 

greater reproductive fitness and could even possibly have genetic predispositions to greater 

sensitivity to prolactin, a hormone that has been widely connected to fescue toxicosis. 

Establishment of methods to determine prolactin sensitivity and more frequent measures of 

serum prolactin concentrations at earlier points in the spring would help to further investigate 

these hypotheses.  
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 In addition to firm validation of the effectiveness of the FTSM, this study sought to 

analyze what immunological advantages existed for tolerant animals through increased 

cytokine response. While this “shotgun” approach brought to light numerous differences 

between locations, likely due to differences in tall fescue characteristics, questions remain 

regarding the role that many of the those immune effector proteins play in fescue toxicosis 

response. However, three cytokines (GASP-1, IL-4, and VEGF-A) that showed differences 

by treatment have strong connections to other biological components of fescue toxicosis. 

GASP-1 has been connected to the down-regulation of numerous G protein-couple receptors, 

including the D2-dopamine receptor, which plays a large role in prolactin secretion. Further, 

IL-4’s indirect regulation of MHC II expression could also play a role in fescue toxicosis 

suppression of overall immune function in susceptible animals. Lastly, tolerant animals 

elevated concentrations of VEGF-A, which is a vasodilator and involved in angiogenesis, 

could also play a role in those animals ability to mitigate heat more effectively and perform 

better than their susceptible counterparts. These cytokines are undoubtedly important to the 

regulation of fescue toxicosis and likely play significant roles in an animal’s tolerance or 

susceptibility to the condition.  

 These findings leave little doubt of the potential for this selection method to be 

utilized as a means to combat fescue toxicosis in beef cattle. Given the increased 

performance and hair shedding ability, greater hormone regulation and efficiency, and 

stronger cytokine responses, tolerant animals have clear mechanisms available to provide 

these advantages that can, and should be selected for. While this study validated the 

effectiveness of the method, further research is needed with increased population sizes, 
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which would lead to larger samples of selectable extreme animals. In addition, to further 

validate the clear connection that this selection method has to fescue toxicosis tolerance, 

similar designed studies are needed where half of the population grazes endophyte infected 

tall fescue and the other half of the population grazes endophyte free or novel endophyte 

pastures, where comparisons can be made between tolerant animals of either endophyte 

status.  

 

IMPLICATIONS 

 Cow-calf producers in the Southeast United States can utilize the FTSM to identify 

cattle in their herds that are more tolerant to fescue toxicosis. By using this system as a 

component of the decision process on what replacement females to keep in their herds, to 

identify adult animals already in their herds that will be more successful, and to identify 

dams known to be tolerant to potentially keep male offspring for herd bull prospects, cattle 

producers can establish herds that are more tolerant to fescue toxicosis over a limited number 

of generations. When a herd of cattle are more tolerant to the negative effects associated with 

grazing endophyte infected tall fescue, producers can expect greater profitability for their 

operations due to cattle that perform better, rebreed quicker, produce larger framed calves, 

and are overall healthier, more competent cattle, despite the harmful forage that they graze.  


