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Abstract 

Cow-calf operations across the U.S. serve as the foundation for the nation’s beef cattle industry. 

Cattle effectively convert forages to high quality protein by grazing pastureland often not 

suitable for crop production. To maximize grazing potential, producer cognizance of available 

forage types, their growth patterns, and nutritional value are crucial. For instance, the cool-

season perennial, tall fescue, follows a bimodal growth pattern and reaches optimal forage 

quality in the early spring. Conversely, a warm-season perennial like bermudagrass has a 

unimodal forage growth curve, with forage quality peaking in early summer. Fescue has acquired 

the reputation of a “miracle forage”, capable of withstanding the environmental stressors of 

drought, insect predation, and poor soil conditions. However, the fungal endophyte that inhabits 

tall fescue produces ergot alkaloids, that when consumed are responsible for negative impacts on 

weight gain, reproduction, and endocrine function in cattle. Supplemental feeding, transitioning 

to a fall calving system, and the development of endophyte-free and non-toxic strands of fescue 

have been introduced as potential avenues for fescue toxicosis mitigation. Supplemental feeding 

has also been proven to improve grazed forage savings in drought management situations. 

Unfortunately, limited research has been conducted to evaluate cow and forage performance, and 

cow physiology, when supplementing corn silage to cattle grazing toxic fescue. Transitioning to 

bermudagrass for grazing cattle during the summer months may prove effective in mitigating 

drought and avoiding fescue toxicosis when ergot concentrations and ambient temperatures are 

highest. However, unlike fescue, little is known about the physiological effects of grazing 

bermudagrass, let alone how supplemental feeding can impact cattle grazing bermudagrass. 

Chapter one is a review of the literature surrounding forage, fescue toxicosis, and supplemental 

feeding. Chapter two is an evaluation of the physiological impacts of supplemental feeding late-



  

gestation fall calving cows and calves on different fescue cultivars. Chapter three investigates the 

supplemental feeding of late-gestation fall calving cows and calves on bermudagrass pastures.  
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Chapter 1 - Literature Review 

 Introduction 

 Beef cattle production is diverse throughout the U.S. Cattle usually spend most of their 

lives in a pasture setting (Mathews, 2013). Regardless of finishing process, cattle spend at a 

minimum, half of their lives on pasture (Mathews, 2013). Depending on management practices 

and geography, forage species may differ from pasture to pasture, and even within pasture. And 

while all forages may not possess the same nutrient value or thrive in the same growing season, 

the variety of forages in the diet of beef cattle plays a crucial role in performance (Galyean and 

Hubbert, 2014). For years, producers of the Southeastern and Midwestern U.S. have toiled with 

fescue because of its notable survivability (Beck et al., 2008). In an effort to capitalize on the 

more than 1.42×107 ha of grazeable fescue (Buckner and Bush, 2015), producers spend more 

than $2 billion dollars trying to mitigate fescue toxicosis (Kallenbach, 2015). The need to 

alleviate this economic strain bore by livestock producers is evident, as scientist try to balance 

keeping the plant’s notable ability to overcome insect predation, drought, poor soil conditions, 

and overgrazing (Rottinghaus et al., 1991; Bacon, 1995; Thompson et al., 2001; Kallenbach, 

2015), only without the noted stresses on reproduction, lactation, and circulatory function on 

both the cow and calf  (Hemken et al., 1984; Stuedemann and Hoveland, 1988; Strickland et al., 

2011; Kallenbach, 2015).  

 Importance of Cow-Calf Operations 

 Economics Surrounding the Cow-Calf Industry 

 The cow-calf sector of the beef industry serves as the economic foundation for the U.S. 

beef industry. As of January 1, 2024, the U.S. is home to 87.2 million head of cattle and calves, 

with 28.2 million of that total being comprised of the nation’s beef cow herd (NASS, 2024). 
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Operations generally run cows with calves, until weaning at 5 to 10 months of age, on grazing 

pastures or harvested forage, with the calf serving as the primary source of revenue in the 

production system (Feuz and Umberger, 2003). In 2016, the U.S. beef supply chain, including 

more than 800,000 beef operations, accounted for 18% of all the agricultural commodities sold 

by U.S. producers, representing $167 billion in gross sales (English et al., 2020). Additionally, 

the U.S. beef industry provided nearly 721,500 jobs to supply chain workers in 2016, producing 

over $30 billion dollars in total added value to the U.S. economy (English et al., 2020). Short 

(2001) states that 49 percent of cow calf operations are found in the Plains States, producing 51 

percent of the total number of annual weaned calves. Today, the bulk of the cow calf industry is 

located in the Great Plains and High Plains regions (Kansas, Nebraska, Oklahoma, Texas, North 

Dakota, South Dakota, and Montana), with an appreciable population still present in the 

Midwestern (Missouri), South Central (Arkansas), and Southeastern regions (Kentucky, 

Tennessee, and Florida) of the U.S. (NASS, 2024). Interestingly, climate and crops are variable 

across the vast landscape used for beef production, but the common denominator between these 

different biomes is a reliable supply of grass and hay (Feuz and Umberger, 2003).  

 Importance of Forages to Beef Cow-Calf Production Systems 

Forage is crucial to maintaining the prevalence of the beef industry, considering that 

ruminants possess the capacity to digest cellulose biomass for protein production, which would 

otherwise be wasted (Terry et al., 2021). Since only 7-13% of beef produced globally is grain 

finished (Gerber et al., 2015), it fortifies the stance that forages are essential to the beef lifecycle 

(Mottet et al., 2017).  

When thinking about forages, scientists usually categorize forage types with two criteria 

in mind: growing season and life cycle. Forages classify as cool-season, warm-season, or 
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legumes and follow a perennial or annual life cycle (Bohnert et al., 2011; Richards et al., 2021). 

Additionally, pastures are comprised of forages that have been consumed, replenished, and 

evolved by animals, and are classified as either native grassland or range (Hoveland, 1992). 

Whether it is a cool- or warm-season forage that supplies the basis of needs for grazing cattle, 

producers need to know if the forage they have available is capable of maximizing animal 

performance (Bagley, 1993; Adams et al., 2000). It is important to be aware of the varying 

nutrient composition between forages. For instance, cool-season forages are reported to have an 

advantage in the soluble fraction, neutral detergent fiber (NDF) composition of dry matter, and 

ruminally degradable protein compared to warm-season forages (Bohnert et al., 2011). Bohnert 

et al. (2011) also documents a higher amount of non-fibrous carbohydrates and water-soluble 

carbohydrates within cool-season plant species.   

Perennial forage stands inhabit greater than 3.32×107 hectares in the humid portions of 

the Eastern U.S., with 75% of the pastures located in the South (Hoveland, 1992). Perennials 

often grow on land not ideal for grain, oilseed, or fiber crops, and serve as the main reserve of 

nutrition for beef and dairy cattle. Planting forages in an area where the climate assists in the 

survival of the plant makes logical sense, which is why in regions of the South (i.e. Alabama, 

Arkansas, Florida, Georgia, Kentucky, Louisiana, Mississippi, North Carolina, South Carolina, 

Tennessee, Virginia, and Eastern Texas and Oklahoma) the type of perennial may differ. For 

instance, producers may seed summer productive grasses in the North Central (Illinois, Indiana, 

Iowa, Michigan, Minnesota, Missouri, Ohio, Wisconsin, and Eastern Kansas and Nebraska) and 

Northeast (Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, Rhode 

Island, New Jersey, New York, Pennsylvania, Vermont, and West Virginia) as opposed to 

planting winter-productive forages in the South (Hoveland, 1992). Finally, it is important to note 
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that the humid regions are often maintained by man, and located in areas that were once forested. 

Without human maintenance and renovation, forests will resume in place of pasture (Hoveland, 

1992). Hoveland (1992) states that pasture inputs in cow-calf operations are often low, 

consequently prolificacy of the forage stand trends lower. Still, improved animal performance, in 

the humid region specifically, has been achieved with minute pasture inputs. 

Cool-season perennials in the U.S. follow a bimodal growth curve (Figure 1.1) with the 

major peak in biomass occurring from May to June, and the lesser, second peak arriving in early 

fall. The productivity of the secondary curve is dictated by moisture and temperature, which is 

followed by a dormancy phase for winter (Hoveland, 1992). In summary, producers have to 

capitalize on forages at the time when nutrient value and availability are the highest and when 

anti-quality factors are at bay. With the nutrient content of the forage decreasing with plant 

maturity (Hoveland, 1992), timing of the grazing period rules out the idea of haphazardly turning 

out cattle to graze.  

 Hoveland (1992) further states there is 8.09×106 ha of winter and summer annual pasture 

in the humid region, with the majority (94%) inhabiting the South. The vast majority of annual 

species prevalent in the South and Northern U.S. are primarily winter small grains grown to 

support weaned calves or for backgrounding before entering the feedlot phase. Perennial cool-

season forages and legumes are manifested in the upper South and Northern U.S. for the same 

purpose (Hoveland, 1992).  

 Cow Factors that Impact Forage Intake 

 Stage of Production  

Approximately 70-75% of a cow’s total yearly energy requirements are designated for 

maintenance, which is a greater biological priority than growth, gestation, or lactation (Ferrell 
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and Jenkins, 1985). Much of this maintenance energy demand is due to visceral organs, 

considerably the liver and digestive tract, which are prominent primary, or secondary, 

proponents of intense protein synthesis.  

 Kronberg et al. (1986) observed lactating Hereford and Hereford-Simmental cross cows 

consume 23-39% more forage respectively, compared to fellow non-lactating cows. Questions 

surrounding the exact mechanism that allows for increased dry matter intake, is suggested to be 

the hypertrophy of the gastrointestinal tract (Smith and Baldwin, 1974) during lactation which is 

triggered by endocrine signaling (Campling, 1970). Kronberg et al. (1986) also observed breed 

dissimilarity for forage intake, which they accredited to the high order for metabolizable energy 

during lactation. This resulted in increased forage intake during the summer grazing period. They 

concluded that biological factors like condition score, calf sex, age, size, along with 

physiological and digestive stipulations could very well have swayed the breed contrast 

documented in their trial. Journet and Remond (1976) reported an in-depth review of the 

physiological factors surrounding voluntary dry matter intake (VDMI) of the ruminant dairy 

cow. The stage of production (i.e. gestation, lactation) historically has affected the cow’s 

nutritional requirements which agrees with fellow accounts by Ferrell and Jenkins (1985). The 

VDMI for pregnant cows is said to be lower than their non-pregnant peers (Hutton, 1963). The 

demand for energy and protein escalates post-calving, yet VDMI is relatively stagnant and 

increases during a fluctuating length of time (Journet and Remond, 1976). Even though diet may 

cause some inconsistencies, VDMI has been shown to decrease more rapidly entering the final 

week of pregnancy, decline the day before, and during, parturition, before rising the day after 

calving (Journet and Remond, 1976). A decrease in forage intake as the cow approaches calving 

is related to the possibility that estrogen release by the placenta, increasing fetal size, and 
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accumulation of fat deposits in the abdominal cavity may limit feed uptake (Journet and 

Remond, 1976). The absence of the fetus post-parturition and utilization of abdominal fat 

reservoirs in the hopes of meeting the energy needs of the cow, may be the trigger for increased 

feed intake. Nevertheless, the authors state that dairy cows are vulnerable to both extremes, with 

an energy scarcity at the beginning of lactation and a contrasting surplus at the end of lactation, 

and instances can be stimulated by a combination of milk production and diet digestibility. 

Ferrell and Jenkins (1985) assumption would contradict the previously mentioned physiological 

timeline made by Journet and Remond (1976), stating that the estimates of maintenance energy 

required by a non-pregnant, and pregnant non-lactating cow are similar. Mobilization of fat by 

cows after calving due to limited intake around calving initiates a much more aggressive rate of 

intake. This rise in intake during the first months of lactation is hypothesized to be a response to 

meet the energy needs of the animal. Feed intake increases slower with a lowly “ingestible” and 

more rapidly over a smaller amount of time with a highly “ingestible” diet. The assumption that 

as long as the cow continues to lose body weight and stays in a negative energy balance, intake 

will continue to increase, illustrates how the cow’s physiological state impacts feed and forage 

consumption.  

 Mature Cow Size 

The relationship between forage nutrient content and mature cow size also plays a vital 

role in accounting for the energy requirements, and supplemental maintenance, needed to sustain 

a cow-calf unit (Vavra and Raleigh, 1976; Adams et al., 1996). Arguments have voiced support 

in favor of moderate cows being just as productive as larger cows regarding calf weaning weight 

and relative efficiency (Vargas et al., 1999; Scasta et al., 2015). Scasta et al. (2015) reported 

moderate to larger cows possibly having greater ruminal capacity and dry matter intake, resulting 
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in bigger calves weaned under drought conditions as compared to small-framed cows. The notion 

that smaller to moderate cows are more efficient hinges on the idea that if smaller females wean 

calves similar in weight to calves weaned off larger cows, the ratio of total product (calf) per cow 

metabolic size is reduced (Dickerson, 1970). Stokes et al. (1986) observed greater stocking rates 

with a smaller mature cow size, but an increase in potential milk production, milk production, 

and calf weaning weights favored a larger mature cow size. Ferrell and Jenkins (1985) reported 

instances of little difference in maintenance energy demand based on weight or metabolic size, 

as genetic ability for milk production positively relates to maintenance energy needs for lactating 

and non-lactating females. Ferrell and Jenkins (1985) mention that energy requirements for 

maintenance may differ between cow types, but a difference in maintenance energy is likely due 

to factors beyond cow size and milk production potential. Mulliniks et al. (2018) explains that 

though larger cows may wean off a bigger calf, in times of low resources (i.e. drought) cows 

with greater genetic potential for milk and growth will have less energy to spend on 

reproduction, resulting in non-pregnant cows. Similarly, a repercussion of increased maintenance 

demand by offspring that have a high genetic propensity for performance may not capitalize on 

their genetic potential when nutrients are scarce, inhibiting the animal to capitalize on its genetic 

capabilities (Ferrell and Jenkins, 1985). Mulliniks et al. (2018) mentioned grazed forages are the 

most vital feedstuff for cows, and for each one hundred pounds in additional cow weight, an 

estimated 600 pounds of high-quality forage is required to maintain condition. This is reflected 

by Kronberg et al. (1986) who reported Simmental-Hereford cross cows, weighing 83 kg heavier 

than purebred Herefords, consumed 1.1 kg/day more organic matter. This justifies the 

comparatively more moderate Hereford cows consuming 28% less forage than the heavier 

crossbred cows.  
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 Grazing Selectivity 

To better comprehend what cattle consume and why, models such as FORAGE 

developed by Baker et al. (1992), predict the eating pattern of cattle in both a pen and free-range, 

or pasture, setting. While nutritional properties influence intake in both pen and pasture 

environments, grazing on a rangeland makes the estimation of voluntary intake for grazing 

animals more arduous (Baker et al., 1992). Though the relationship between physical weight of 

the grazing animal and its corresponding intake were positively related, the reliability of such 

reports are amiss (Journet and Remond, 1976).  Baker et al. (1992) mention the impact of non-

nutritional components of a sward (i.e. herbage yield, plant height, and plant distribution in the 

sward) dictate the grazing behavior of ruminants. Similarly, Galyean and Gunter (2016) report 

that predictions of voluntary intake have been an age-old obstacle for the research community. 

The culmination of environmental, spatial, and biological effects impact study viability, but each 

of the previously mentioned elements are augmented when the addition of animal selectivity and 

forage diversity have the power to affect grazing selection (Galyean and Gunter, 2016; Smith et 

al., 2021). Annual forage-production estimates are not always a true reflection of forage 

availability and selection. For instance, a 37-year study rooted in an arid rangeland presented 

yearly variation in herbage production ranging from 4 to 307%, abolishing the thought that 

herbage production is a constant occurrence (Khumalo and Holechek, 2005). While researchers 

rely on the average forage presence of a designated time frame to manage the estimation of 

future stocking rate, cattle make selection decisions on the present factors and graze based on 

learned behavior (Galyean and Gunter, 2016). Furthermore, forage sources may differ in a day-

by-day manner, presumably impacting voluntary intake (Galyean and Gunter, 2016). 

Researchers stress the aim of dietary selection is to heighten diet quality and stabilize nutrient 
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consumption, which guides the animal’s voluntary intake as it tries to maintain bodily 

homeostasis (Galyean and Gunter, 2016).  

  The animal’s diet preference and subsequent forage selectivity may be shaped by the 

conditioning of past experiences, interior processing, and analysis of information gathered from 

the surveillance of their environment (Galyean and Gunter, 2016). Accordingly, the decision to 

consume a given forage is based on the anticipated benefit from eating a feedstuff (Provenza et 

al., 2015). This is tailored by previous experiences that direct an animal’s preference, or lack 

thereof, for the available forage (Provenza et al., 2015). With wanting, liking, and learning being 

three distinct categories of forage selection, one would assume that each generates a great 

influence on the animal’s forage selection decisions (Ginane et al., 2015). Wanting is defined as 

“the motivation for the reward”, while liking is described as “the pleasure component associated 

of a reward”, and learning being “associated, representative, and predictive about future rewards 

on the basis of past experiences” (Galyean and Gunter, 2016). Learning contributes to the level 

of “wanting” and “liking” by the animal (Galyean and Gunter, 2016). The benefit of this 

behavior is evident when a herd is presented with a novel sward, as cows that are foreign to this 

environment exhibit difficulty maintaining body condition compared to veteran cows 

predisposed to said grassland. Additionally, older cattle familiar with a certain landscape (i.e. 

range slope) have been documented to consume forage at higher altitudes, endure greater 

distances for water, explore further from cover, and graze on more drastic inclines than younger, 

inexperienced cows. This led older cows to graze more because of their willingness to journey 

beyond the boundaries of their counterparts, providing a broader grazing portion. These findings 

have led ranchers to source cattle from operations with a similar forage demographic, allowing 

newcomers to more easily acclimate to their new environment, which increases productivity. The 
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animal’s innate ability to graze certain forages and willingness to adapt to changing 

environmental conditions varies between individuals (Ferrell and Jenkins,1985). Classically, Bos 

indicus cattle are mentioned as better suiters for tropical forage systems, whereas Bos taurus 

cattle better fit a temperate grazing system. Journet and Remond (1976) report that the sluggish 

process of digesting more fibrous feed portions, limits feed consumption as well. Galyean and 

Gunter (2016) mention that in general, grazing ruminants dissect the plant from most favorite to 

least, with leaves being consumed in priority to the stem and dead material. The inclusion of 

lowly digestible and low energy diets that often measure great in fibrous material are poorly 

digested and controlled by the animal’s gut-fill and digesta passage, thus regulating intake 

(Galyean and Gunter, 2016). Conversely, intake of high energy diets, while less fibrous, may 

predispose the animal to greater acid circulation, and is managed by the animal’s energy order 

and metabolic stipulations (i.e. acid content of the rumen and protein generation). In short, Baker 

et al. (1992) states that grazing comportment can be broken down into two elements: diet 

selection and intake, with intake serving as the product of grazing duration and rate intake. For 

example, the height of the available forage dictates the rate of biting and size of the bite, with 

taller swards causing the animal to increase the size of their bite, but decrease the rate of biting 

respectively (Galyean and Gunter, 2016). The authors further say these observations reflect the 

importance of forage quality relative to level of utilization, as a surplus of excellent forage will 

generally entice animals to that section of a pasture. The reviewers further mention that on mixed 

range pastures, cattle will target dominions of lush forbs and grasses, with likeability decreasing 

with rising prevalence of brush. Smith et al. (2021) suggests approximating intake as a means of 

managing supplemental feeding allotment and carrying capacity, both of which directly impact 
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the grazing environment. In short, the physiological state of the animal on pasture, will affect 

consumption and nutrient demands, resulting in an impression on supplementation.   

 Drought Mitigation Strategies 

 Drought and its impact on the U.S. beef cattle supply chain has been a pressing topic. In 

recent years, the current drought-stricken environments in the Midwest and Southwest have 

coerced cattle producers to liquidate the cow herd, mostly would-be replacement heifers and 

cows, with the hopes of freeing up resources. As of January 31, 2024, Kansas cows and heifers 

that calved were down 3%, with beef cows in totality being down 4% from the prior year, 

resulting in a 6% decline in the annual calf crop when compared to 2022 (USDA, 2024). This is 

alarming, considering that extended periods of drought will cause an initial influx in cattle 

flowing through the market (Scasta et al., 2016). However, this drought-induced exodus of cattle 

into the marketplace will result in less cows and replacements to produce the usual calf crop, 

resulting in a decrease in cattle volume and thus lesser cattle market values for local markets in 

the short term (Holechek, 1996). In the long term, the scarcity of cattle entering auction will 

increase cattle prices for the U.S. as a whole (Scasta et al., 2016). With precipitation serving as a 

limiting factor for the nutritional content measures of forage crude protein (McCuistion et al., 

2014), ranchers have to rely on the combined forces of early weaning, mass culling, and 

supplementation as a means of adjusting to a scarce resource environment (Scasta et al., 2016).  

 Early weaning of calves is a consideration to help relieve forage demand and increase 

body condition of cows, as non-lactating cows will require less energy for maintenance (Horn et 

al., 2003). Lusby (1995) reported that necessity of maintaining body condition for reproduction 

and increased requirements for milk production are the most demanding nutrient constraints for 

limiting intake. Furthermore, lactation influences nutrient requirements in two instances: directly 
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for milk production and maintenance requirements during lactation. Cows subjected to early 

weaning have been documented to have 12% greater AI pregnancy rates with a 3.78 d earlier 

conception than normal weaned calves (Waterman et al., 2012). Johnson et al. (2015) reported 

spring calving cows grazing mixed-grass prairie in the northern Great Plains experienced 

improved average daily gain and body condition with early weaning. This is in agreeance with 

(Waterman et al., 2012), who reported increased body weight gain and body condition when 

calves were early weaning at the start of the breeding season. Additionally, a study in New 

Mexico documented higher weaning rates (86% vs. 72%) for calves early weaned in May or 

October, respectively (Herbel et al., 1984). The same study found early weaning assisted 

conception rates, with early weaned cows having an 8% higher conception rate than normal 

weaned cows.  Horn et al. (2003) postulated that the forage saved by weaning calves at four, 

rather than six or seven, months could provide an additional month of grazing for cows. Johnson 

et al. (2015) documented herbage disappearance was less in early weaning pastures compared to 

normal weaned pastures, which allowed for 8.57 kg cow-1 day-1, or 36%, herbage savings. This is 

equal to an additional 1.1 month of grazing saved per animal unit over a 90-day time period. 

However, Horn et al. (2003) stressed that if this practice is implemented after pasture nutrients 

have been spent, herds may be subject to lower weaning weights and poorer body condition for 

cows. Additionally, Lusby (1995) reports that while early weaning can be effective in bettering 

reproduction and reducing cow-inputs, having an effective management strategy to develop early 

weaned calves has been an obstacle. If dry lot settings can provide gains to calves similar to that 

of a lactating cow, this can be a practical choice. However, if calves are fed an intense 

concentrate diet too early, they will put on excessive condition too soon, and not reach a proper 

slaughter weight.  



13 

 

 Culling is another practice that can be used to mitigate drought. The percentage of non-

productive cows within a herd is said to be 5-15% for cattle and 15-25% for sheep (Horn et al., 

2003).  During times of drought, any animal, regardless of pregnancy status, that is not nursing a 

calf should be culled according to Horn et al. (2003). By ridding the herd of females not bringing 

income into the operation, producers will be able to save more forage productive cows. The 

authors mention that females with structural defects (teeth, feet, legs udders) or production 

defects (low milk production, unthrifty/low weaning weight offspring) should be culled. Middle 

aged cows with a BCS of 3 or less, and first/second-calf cows with a BCS of 4 or less, are 

considered to have poorer rebreeding potential and should be culled. Finally, after the removal of 

cows that are 8 years or older, Horn et al. (2003) reported that only the most productive females 

should be left. However, if after all culling, there is still not enough forage to support the 

remaining cattle, the only alternative is complete liquidation of the cow herd. The authors state 

that a culling strategy should be utilized before resolving to other methods like early weaning. 

Conversely, Neibergs et al. (2018) mentioned that culling is not as simple as it may sound. While 

culling is quickly chosen during drought, producers should note the expense of buying, and the 

time to rebuild cow herd inventory by raising replacements.  

 Supplementation is also a viable route to consider when faced with drought conditions. 

Warner et al. (2017) investigated supplementation of cattle consuming sub-optimal quality 

forages with ethanol by-products. Over the course of a three-year study, spring pairs were placed 

on smooth bromegrass pastures and divided into two replicates each of non-supplemented and 

supplemented (30:70 modified distillers grains plus solubles: corn stalks (DM) mixture). With no 

true performance contrast amongst the treatment groups, the authors concluded that supplemental 

feeding may be practicable when resources are scarce. With the projected total DMI for the 
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control and supplemented groups being 18.6 and 19.1 total kg/per day respectively, and 

considering the supplemented group obtained 7.1 kg of DM/d, the researchers postulated that 

supplemental feeding reduced grazing intake by 35% with 0.93 kg being replaced by every 1 kg 

of supplement. The authors mentioned that prior studies observed reductions in range forage 

intake figures varying from 44-54% (Villasanti et al., 2011). Warner et al. (2017) fed a 

supplement with a higher total TDN and RUP content than the available forage, thus the 

supplemented pairs ate three times more RUP than the non-supplemented pairs, which indicates 

benefits for cow-calf pair. The authors described cow reliance on pasture being heavier earlier in 

the grazing period, with supplemental feeding being more beneficial later. As the allotted cool-

season forage entered dormancy further into the summer, it is likely that pairs favored the more 

nutrient dense supplement, when forage was poorer quality (Warner et al., 2017). Cautiously, 

Warner et al. (2017) noted that supplement characteristics may play a role in dictating the level 

of substitution in forage-based diets, as studies by Gustad et al. (2008) and Stalker et al. (2012) 

found when utilizing only dried distillers that it did not reduce forage intake. Similarly, a lack of 

impact on forage intake was documented in five of seven studies described in an extensive 

review of liquid supplementation by Bowman et al. (1995). However, Bowman et al. (1995) 

review states that sheep supplemented with a molasses-urea supplement while grazing low-

quality range or cereal stubble during drought (Mulholland and Coombe, 1979) experienced an 

increase in total intake and wool growth and experienced less weight loss (Coombe and 

Mulholland, 1983). Hudson et al. (2010) attempted to introduce switchgrass (Panicum virgatum 

L.) and big bluestem (Andropogon gerardii Vitm.) into cool-season grazing systems with the 

goal of improving pasture productivity and quality during drought conditions in Southwest 

Michigan. The treatments observed were: 1) cool-season grass and legume stands, 2) big 
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bluestem and cool-season grass and legume, and 3) switchgrass and cool-season grass with 

legumes stands. Since treatments were similar in CP, NDF, and ADF values, the authors 

postulated that since livestock productivity is closely related to forage quality and availability, 

incorporating warm-season perennials like switchgrass and big bluestem with cool-season 

forages and legumes would not enhance livestock performance nor days of grazing throughout 

the summer months. 

Supplemental feeding does tend to impose added expenses and a lack of long-term 

environmental stability that doesn’t seem to be a true upgrade (Hudson et al., 2010; Neibergs et 

al., 2018). As drought hinders an operation’s cash flow, the idea of supplementing with high-cost 

feedstuffs further complicates the efficacy of this drought mitigation strategy. Economic stability 

permitting though, use of supplemental feeding provides one plausible route to attack the issue of 

drought and its influence on attainable forage for cattle production (Warner et al., 2017). While 

supplemental feeding and intentional culling are capable of thwarting drought, pairing an animal 

with the correct biome is praised as a more sustainable practice to battling drought long-term 

(Scasta et al., 2016). 

 Fescue 

 History and Geography 

Tall fescue is the predominant cool-season perennial forage in the U.S. (Browning and 

Leite-Browning, 1997).  With the assistance of the endophyte fungus Acrenmonium 

coenophialum, tall fescue is a durable forage utilized in the Southeast U.S., High Plains, and 

Oklahoma and Kansas wheat belts (Beck et al., 2008). Thompson et al., (2001) reported that tall 

fescue was grown on 14 million hectares of pasture and hayfields throughout the U.S. More 
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recently, Stuedemann and Seman (2005) noted that the grass’s occupancy has grown to over 1.98 

× 107 hectares of land (Figure 1.2).   

 Tall fescue likely came to the U.S. as a contaminant in other grass seed imported from 

Europe (Stuedemann and Hoveland, 1988). The most prevalent cultivar, ‘Kentucky 31’, was 

discovered in Menifee County of Eastern Kentucky, where it had been present on the respective 

farm since the late 1800’s with seed origins tracing back to a seed salesman from Virginia 

(Fergus and Buckner, 1972). After the release of Kentucky 31 fescue as a cultivar in 1942 

(Fergus and Buckner, 1972), there was a vast acceptance of the grass throughout the late 1940s 

and 1950s (Stuedemann and Hoveland, 1988). With the rapid increase of Kentucky 31 tall 

fescue, and its dominating presence in pastures during the time, a review article by Stuedemann 

and Hoveland (1988) was written, determining that tall fescue filled an ecological void in the 

area.  

Ergot Alkaloids 

Ergot alkaloids are a family of secondary metabolites produced by a phylogenetically 

discontinuous group of fungi (Panaccione et al., 2012). Elongated sclerotia are known as ergot 

alkaloids, which are fabricated by the Claviceps species (Money, 2016). There are records of 

ergot alkaloids dating back to the 50 C.E. within the Holy Bible from the Book of Matthew 

which documents the sowing of tares (Bacon, 1995). Others mention its discovery in a dark 

dense sclerotia which proliferated upon the infection of grass and grains from parasitic fungi of 

the genus Claviceps (Jakubczyk et al., 2014). Ergot alkaloids have a signature tetracyclic 

ergoline ring, and can be divided into three classes according to their structural features: amide- 

or peptide-like amide, derivatives of D-lysergic acid, and the clavinet alkaloids (Wallwey and Li, 

2011). Structural differences among ergot alkaloids affect their affinity for different receptors, 
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and whether they carry out agonistic or antagonistic action at those receptors (Panaccione et al., 

2012). For instance, the ergot alkaloids that are derivatives of lysergic acid and ergopeptides are 

synonymous with Claviciptaceous fungi Claviceps purpurea and Neotyphodium. lolii, and are 

known to safeguard the fungi from predation (Jakubczyk et al., 2014). Generators of ergoamides 

and ergopeptides are fungis belonging to the Clavicipitaceae family, with Wallwey and Li (2011) 

stating that the Claviceps purpurea family is undoubtedly the most important of all ergot alkaloid 

producers. Besides those belonging to the Claviceps genus, the Epicholё species and their 

asexual compliment Neotyphodium produce ergot alkaloids when they amalgamate with their 

host plants. Other forms of the fungus are produced in varying species including: Aspergillus, 

Neotyphodium, Arthroderma, Penicillium, Epichole, Balansia and Periglandula (Steiner et al., 

2011; Schardl et al., 2013; Jakubczyk et al., 2014). Among the most aggressively studied are 

perennial ryegrass with N. lolii and Lolium arundicaneum (tall fescue) with Neotyphodium 

coenophialum (Schardl et al., 2002).  

 Ergot alkaloids mature in the autumn, survive the winter, and germinate in the spring to 

bring forth a stalked fruit body from which infectious ascospores are discharged into the air  

(Money, 2016). Seasonality plays a drastic role in the concentration of ergot alkaloids (Evans et 

al., 2012). For instance, fescue pastures exhibit a low ergovaline concentration in the spring 

(300-500 ppb) and reach peak concentrations in seed heads (up to 1000-5000 ppb) during the 

summer months (Rottinghaus et al., 1991; Evans et al., 2012). Rottinghaus et al., (1991) noted 

that while the stems with leaf sheaths and leaf blade values remained constant (300-500 ppb) in 

late June, when nitrogen fertilizer was applied, ergovaline levels in all plant tissues increased 

(Figure 1.3, Figure 1.4). This matches the observations of Lyons et al. (1986). Impacts of 

drought and flooding also had a stimulating impact on ergovaline production from fescue, with 
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drought having the most dramatic effect on ergovaline production when nitrogen was 

administered to the fescue at moderate to high levels (Arechavaleta et al., 1992). 

Multiple members of the ergot alkaloid family are instrumental in production agriculture 

where they have adverse health effects on both the humans and animals that consume them 

through forages and grain crops (Wallwey and Li, 2011; Panaccione et al., 2012). Known as “St. 

Anthony’s Fire”, ergotism initiated mass outbreaks of gangrene, convulsions, and hallucinations, 

but fortunately was finally connected to the consumption of rye during the latter part of the 17th 

century (Strickland et al., 2011; Wallwey and Li, 2011; Jakubczyk et al., 2014). Up until this 

point, all the general population knew was that the treatment offered by monasteries under the 

Order of St. Anthony treatment seemed to be a cure (Strickland et al., 2011). It was later found 

that the remedy was as simple as feeding the infected patrons clean grain (Strickland et al., 

2011). This vantage point was critical in developing steps to reduce the horrendous poisonings 

caused by ergot containing compounds (Jakubczyk et al., 2014).  

Though known for their negative, ergot alkaloids can serve as a valuable asset in the 

world of pharmaceuticals (Wallwey and Li, 2011; Panaccione et al., 2012; Jakubczyk et al., 

2014).  Recently, ergot alkaloids have prompted semi-synthetic derivatives that have been 

integrated for a variety medical purposes, including the treatment of migraines, parkinsonism, 

and tumor growth (Jakubczyk et al., 2014).  

 Defining Characteristics and Alternative Fescue Varieties 

Hoveland (1992) mentions that while tall fescue may be capable of survival year-round, 

there are differences in seasonal productivity between the cultivars. A specific example includes 

Kentucky 31, which is much lower in productivity in the winter, versus an Alabama cultivar 

derived from the Mediterranean germplasm that produces 80% more forage than its notable 
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counterpart. Fescue is known for its excellent agronomic characteristics (Hemken et al., 1984; 

Drewnoski et al., 2007). With its hardy nature and heat tolerance, tall fescue serves as a source of 

forage in the most unforgiving environments (Stuedemann and Hoveland, 1988; McCann et al., 

1993). Franzluebbers et al., (2013) vouches for fescue as one of the few cool-season, perennial 

forages that has the endurance to handle the hot, drought-stricken conditions of summer.  

Seasonal variation in tall fescue digestibility seems to dictate selectivity of grazing 

animals, as evidenced by Bagley et al. (1983), which documented sheep having a greater 

digestible dry matter intake in November (92.2%) compared to May (73.4%) or July (71.6%), 

with the lowest digestible dry matter intake reported in February (39.2%). This is further 

supported by (Lacefield et al., 1977), which reported that tall fescue has a seasonal change in 

sugar concentration and digestibility. Furthermore, even though CP can be high in leaf content 

throughout the season, digestibility and sugars are highest in the fall, intermediate during spring, 

and poorest during summer. This trend gives fescue the ability to provide cattle producers with a 

reliable source of nutrients in the early spring and fall, making it a useful and cheap forage to 

help grow stocker cattle until the forage’s maturity around midsummer when it is said to “head 

out” (Paterson et al., 1995; Beck et al., 2006). Grazing fescue prior to forage maturity may be 

attributed to enhanced performance in stocker cattle, but allocation might need to be modified 

when using endophyte infested fescue to develop prepubertal replacement heifers trying to 

achieve reproductive maturity (Lyons et al., 2016). In the upper and intermediate areas of the 

Southern U.S., fescue is revered as the most important forage in the region, praised for its ability 

to deliver valuable pasture for eight to ten months out of the year (Hoveland, 1992). 

Franzluebbers et al. (2013) continues this point by mentioning that even though a warm-season 

forage like bermudagrass is valuable, a resolute forage during the long cool-season is a necessity 
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to account for the dormant warm-season forages that are not available from November through 

April. Due to its seasonality, fescue is also often stockpiled in the fall for winter grazing when 

ambient temperatures and ergot alkaloid concentration are lower (Drewnoski et al., 2007) which 

narrows the supplemental feeding window to only two to three months (Hoveland, 1992). 

However, Hoveland (1992) mentions that while tall fescue may be capable of survival year-

round, there are differences in seasonal productivity between the cultivars. From the standpoint 

of stocking rates, Riewe et al. (1963) compared the stocking densities of Gulf ryegrass (Lolium 

multiflorum Lam.) and tall fescue (Festuca elatior var. arundinacea) to develop a grazing 

production curve based on pasture, pasture treatment, and grazing management. While the 

stocking rate that produced maximum gain per acre, gain per steer, and per acre was higher on 

Gulf ryegrass, carrying capacity was greater on tall fescue (Riewe et al., 1963). The authors note 

that there was a greater decrease in gain per animal on ryegrass than tall fescue when stocking 

rate was increased.  

Knowing the adverse effects of endophyte and ergot alkaloid production on the livestock 

industry, the generation of alternative seed lines of fescue that are agronomically robust and yet 

not detrimental to livestock productivity have been developed. The introduction of new 

endophyte-free and novel varieties has gained much attention in the research realm, providing 

plenty of cited contrast (Stuedemann and Hoveland, 1988; Pedersen et al., 1990; Burns et al., 

2006). Endophyte-free varieties of fescue are barren of the endophyte fungus; therefore, they 

cannot serve as a factory for ergot alkaloid production. Novel fescue, though it still has the 

endophyte fungus, does not produce ergot alkaloids, or produces the noxious agents at a 

miniscule level (Gunter and Beck, 2004). Bouton et al. (2002) saw that reinfecting existing 

‘Jesup’ and ‘Gerorgia5’ with non-toxic, endophyte containing strains, after removal of their 
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noxious strains, could promote similar agronomic effects to that of toxic fescue without 

hampering livestock productivity. The seed line AR542 variety was deemed the best counter for 

the previous endemic line of Jesup fescue, a notion seconded by the revelations of Burns et al. 

(2006). This surrogate strand of fescue seed has become revered as one of the most prominent 

non-toxin producing cultivars and is referred to as ‘MaxQ’ (Bouton et al., 2002). 

Barker et al. (2005) explored both endophyte-free and novel varieties’ ability to maintain 

a stand when seeded in tandem with varying levels of Kentucky 31 toxic fescue seed, on 

different pasture locations that were past occupied by toxic Kentucky 31 tall fescue. The novel 

and endophyte-free varieties were seeded alongside six levels of Kentucky 31 endophyte infected 

tall fescue (0, 10, 20, 30, 40, and 50% of tenable seed mass) at three independent sites in Ohio. 

The average change in infection for each location for each time measurement was reported. 

While there were six infection levels, the average of the infection levels at one location exhibited 

77, 118, and 143% higher endophyte infection levels than anticipated at each respective time 

point. Another site averaged 32, 70, and 39% above the expected measure of endophyte for each 

respective time point, but the third location averaged endophyte infection levels 8% below the 

expected values. The infection of endophyte in all instances was ascribed to the already existing, 

volunteer endophyte seed from prior endophyte infected Kentucky 31 cultivars embedded in the 

test plots. The authors attributed that the lower infection values from the non-toxic fescue plots 

to losses sustained by the Kentucky 31 seed planted in conjunction with the non-toxic seed. This 

secondary observation was incapable of being elucidated and justifies further investigation. 

Overall, the authors concluded that the threat of endophyte-free swards being confiscated by 

toxic volunteer fescue is alive and well, however novel stands seem to be sustained at greater 

success under similar stipulations and thus may not take as long to establish as their endophyte-
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free constituents (Barker et al., 2005). In short, novel fescue’s ability to establish itself and not be 

as easily overrun by existing endophyte infected fescue, makes it more attractive than endophyte-

free varieties (Barker et al., 2005).  

 Comparisons Between Fescue Varieties 

The residency of the endophyte within fescue has equipped endophyte-infected fescue to 

be far more durable in an extreme drought setting and allow the plant to produce seedlings with 

improved survivability (Pedersen et al., 1990). The plant’s endurance in ecosystems can be 

attributed to lower stomatal dilation, resulting in less gas release (Pedersen et al., 1990). As a 

reflection of this phenomenon, Arachevaleta et al. (1989) purposefully simulated natural 

stressors in a greenhouse setting on cloned endophyte infected and endophyte-free varieties to 

compare survival and plant vigor when exposed to different soils, nitrogen levels, flooding, and 

drought stress. The leaves of infected fescue were denser and more tapered in the face of all 

environmental stressors and verdure production was 50% more for infected plants, more 

specifically with exposure to increasing nitrogen levels. Furthermore, in the drought simulation, 

75% of endophyte-free plants dying and 100% of endophyte infected plants surviving by the end 

of the experiment. These findings may be further explained by the results of West et al. (1988) 

who experimented with endophyte infection levels at either a 0 or 75% infection, and a water 

amounts at levels of none, low, or high. Forage produced and leaf size were lower, while 

decayed leaf matter, and canopy less air temperature was greater in endophyte-free plants 

compared to endophyte infected stands. Also, parasitic nematodes in the soil were higher in non-

infected plants. The infected plant’s survival, and improved forage bearing ability in times of 

heat stress, can be accredited to its capacity to reduce stomatal cavities and enhance 

evaporatively cooling. This is reflected by the increased persistence of drought annoyance 
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symptoms in non-infected plants compared to infected fescue in spans of waning water supply 

(West et al., 1988). A controlled greenhouse experiment by Clay (1987), compared the plant and 

seed viability of infected and non-infected fescue. The proportion of filled tall fescue seeds from 

endophyte-infected plants was double that of their non-toxic coevals, though seed weight was not 

different. Tillers and dry weight tended to not be different at the primary collection period, 

whereas the second and third sample period displayed 18% and 42% greater tiller weight 

respectively for endophyte infected fescue. Likewise, above surface plant material was improved 

24% and 58% at the second and third collection points, respectively, in favor of the infected 

plants. Burns et al. (2006) demonstrated a greater stand loss for endophyte-free varieties versus 

both toxic fescue and novel endophyte producing fescue. These advantages seem to be reliant on 

the infection standing of the plant which could very well magnify the infected fescue’s ability to 

vie for survival and sward concentration in a natural environment (Clay, 1987; Arachevaleta et 

al., 1989). While it’s not certain all of the mechanisms that impact this symbiotic relationship of 

plant and endophyte, there is a noticeable ascendancy present when this pairing is in play. On the 

other hand, cattle producers trying to take advantage of endophyte-free cultivars should be 

cognizant of the fact that with the plant line’s decreased ability to handle drought and pest 

invasion, cattle ought to be limited to grazing swards no lower than 3-4 in (7-10 cm) and pastures 

not used for grazing should be cropped as hay (Pedersen et al., 1990). This is increasingly more 

important with pastures that contain both endophyte infected and endophyte-free varieties, as 

cattle will naturally target the endophyte-free variety when given the choice (Pedersen et al., 

1990).  
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 Endophyte 

The meaning of the word endophyte can be split into two parts: “endo” = within; “phtye” 

= plant (Bacon et al., 1977). Tall fescue and the endophyte fungus that occupies the plant enjoy 

what has been coined a mutualistic, or symbiotic, relationship (Thompson et al., 2001). Both the 

plant and the fungus reap the benefits of being intertwined (Thompson et al., 2001; Schardl et al., 

2004; Evans et al., 2012). The plant provides the safety of a stable internal environment equipped 

with all the nutrients that the endophyte may need (Schardl et al., 2004; Evans et al., 2012; Aiken 

and Strickland, 2013; Schardl et al., 2013; Jakubczyk et al., 2014). The endophyte barters for its 

residency by producing toxins that make it more resistant to drought, insects, parasitic nematodes, 

fungi, and herbivores (Joost, 1995; Thompson et al., 2001; Schardl et al., 2004; Haarmann et al., 

2009; Evans et al., 2012). The endophyte specifically nestles in the intercellular spaces of sheath, 

stem, leaf, and seed tissues (Thompson et al., 2001; Schardl et al., 2004; Haarmann et al., 2009). 

Seeds from the infected plants inherit the endophyte fungus through vertical transmission, which 

is explained as the transfer of a pathogenic agent from a parent to their offspring (Schardl et al., 

2002; Schardl et al., 2004; Schardl et al., 2013). 

 Fescue Toxicosis 

 Symptoms 

The vast circulation of tall fescue (Lolium arundinaceum [Schreb] Darbysh. 

Schedonorous arundinaceus [Schreb] Dumfort., formerly Festuca arundinacea Schreb. var. 

arundinacea Schreb.) as a pasture grass in the early 1940’s in the U.S. provoked the identification 

of the linkage of endophyte to ergot-alkaloid induced fescue toxicosis (Fergus and Buckner, 

1972; Stuedemann and Hoveland, 1988; Bacon, 1995). Notably, fescue toxicosis is infamous for 

its signature negative impacts on livestock, with some of the most prominent visual ramifications 
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being an inability to shed summer haircoats, fat necrosis, and fescue foot (Hemken et al., 1984; 

Stuedemann and Hoveland, 1988; Paterson et al., 1995; Thompson et al., 2001; Evans et al., 

2012).  

The endophyte on fescue produces ergot alkaloids that are classified as vasoconstrictors 

which hinder proper circulatory function (Paterson et al., 1995; Evans et al., 2012; Aiken and 

Strickland, 2013). A hindered ability for cattle to shed their winter hair coats during the summer 

months has been observed, with the hair taking on a bleached, unthrifty appearance (Evans et al., 

2012). Cattle grazing endophyte infected fescue tend to pant, excessively salivate, have an 

altered posture, have a decreased feed intake, and spend more time in either shade, mud, or water 

sources (Stuedemann and Hoveland, 1988; Rottinghaus et al., 1991; Schmidt and Osborn, 1993; 

Paterson et al., 1995; Beck et al., 2008; Strickland et al., 2011; Evans et al., 2012). “Summer 

slump” is the term used in the cattle industry characterizing the time of year cattle grazing fescue 

display the aforementioned conditions (Evans et al., 2012). The noticeable symptoms of fescue 

toxicosis are easily recognizable in the sale barn setting, consequently endophyte-stricken cattle 

usually sell at a discounted rate (Paterson et al., 1995). Bacon et al. (1977) reported that cattle 

had symptoms of fescue toxicosis were grazing pasture with a 100% infection of Epicholё 

typhine, whereas cattle grazing grasslands with a 0-50% infection rate exhibited no signs of 

fescue toxicosis. This observation is analogous to the results of Shelby and Dalrymple (1987) 

evaluation of Acremonium coenophialum levels in fescue specimens gathered from throughout 

the U.S. Their survey included 26 states and demonstrated vast variation from Oregon samples as 

low as a 17% infection and samples from Maryland posting the highest infestation rate (73%). 

With cattle operations submitting the greatest amount of animal performance records, the authors 

note that breed did not influence reaction to endophyte levels, which contradicts the results of 



26 

 

McMurphy et al. (1990), who noticed Brahman-Angus cross cattle gained faster than purebred 

Angus steer calves. However, some discrepancies amongst producers observing high infestation 

and a lack of clinical toxicosis symptom expression, and producers claiming toxicity issues on 

pasture documented as endophyte-free, may prove this portion of the survey to be not as reliable 

due to producer partiality (Shelby and Dalrymple, 1987). The authors do mention that with an 

average pasture infection rate of 58%, that the common cattle producer is losing approximately 

0.63 kg of daily gain to toxic fescue consumption. Interestingly, Kallenbach et al. (2012) 

reported that steers grazing pasture consisting of endophyte infected tall fescue and clover 

pasture had a tendency for higher in-vitro total digestibility (IVTD) than steers grazing pastures 

made up of 75% endophyte infested tall fescue and 25% “Ozark” bermudagrass.  

 Economic Impact 

 The strain that fescue toxicosis puts into the beef industry’s economy is difficult to 

quantify due to a lack of apparent clinical symptoms, yet multiple researchers have attempted to 

characterize the impact (Hoveland, 1993; Strickland et al., 2011). The earliest estimations of 

annual cost due to fescue toxicosis-induced issues in U.S. was around 600 million dollars ($354 

million from reduced calf weights and $255 million from decreased weaning weights) 

(Hoveland, 1993). The prior figure is naïve to the additional losses absorbed when cattle 

backgrounded on toxic fescue don’t perform on nutrient dense winter annual pastures (Hoveland, 

1993). As reviewed by Kallenbach (2015) the annual cost of fescue toxicosis has climbed to 

almost $2 billion dollars, with the cow-calf industry losing $160 per cow per year. These costs 

are comprised of performance, reproductive, and endocrine system shortcomings that are 

ultimately damaging to the U.S. livestock industry (Stuedemann and Hoveland, 1988; Browning 

et al., 1998; Jones et al., 2004; Aiken et al., 2008). A review by Hoveland (1993), reported that a 
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cow-calf survey from 21 states found an average conception rate of 74%, resulting in 885,000 

unborn calves every year due to this phenomenon. Furthermore, within the same survey, calf 

weaning weights were 23 kg less than anticipated, which was accredited to the widespread 

incidence of fescue toxicosis (Hoveland, 1993). More recently, Jones et al. (2004) documented 

negative effects on male reproduction, such as smaller scrotal circumference, elevated scrotal 

temperatures, and increased spermatozoa concentrations. With the challenge of tabulating all 

absolute costs, the true toll that fescue financially foists on livestock producers across industry 

sectors, but especially the beef industry, may never be completely understood.  

 Other Similar Conditions Found in Forages  

Fescue is not the only forage susceptible to endophyte, which may cause issues adversely 

affecting animal performance and physiology (Joost, 1995). Perennial ryegrass, an important 

pasture species in New Zealand (Joost, 1995), is susceptible to the endophytic fungus A. lolii 

which causes a neurological disease in sheep known as Ryegrass staggers. The disease is 

prevalent during times of decreased forage growth in summer, and affects livestock primarily 

consuming large proportions of toxic basal sheath material (Prestidge, 1993). Money (2016) 

noted that another source for rye ergots is Claviceps purpurea, which is analogous with toxic 

alkaloids that constrict blood vessels.  Livestock exhibiting symptoms may experience muscular 

tremors, staggering, and eventual collapse (Prestidge, 1993). The subclinical symptoms include 

decreases in weight gain, reproductive performance, and lactation (Prestidge, 1993). 

Porter et al. (1974) and Uhlig et al. (2009) documented that common and coastal 

Bermudagrass were susceptible to endophyte infection referred to commonly as “Bermudagrass 

tremors”. Endophyte infection of bermudagrass causes a condition defined by a general 

nervousness in cattle varying from slight twitching, to palsy of the shoulder muscles and flank 
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regions, to apparent posterior paralysis (Kingsbury, 1964). Porter et al. (1974) evaluated a toxic 

sample of common Bermudagrass containing an alkaloid fraction greater than 45% ergot-type 

alkaloids. However, it was uncertain whether the etiogenic agents present in Bermudagrass were 

related to tremor behavior, even though the authors mention that the tremorogenic conditions 

could be related to Claviceps-type fungi affiliated with Bermudagrass. Uhlig et al. (2009) defined 

Claviceps as parasites of grasses that specifically infect florets and replace the host reproductive 

organ with a sclerotium. Money (2016) reported that sclerotia are solidified masses of hyphae 

that serve a survival function to their host. Elongated sclerotia, known as ergots, are 

manufactured by the Claviceps species, and are known for their toxic alkaloids that cause 

vasoconstriction (Money, 2016). Uhlig et al. (2009) also stated that the occurrence of 

“Bermudagrass staggers” is caused by indole-diterpenoid mycotoxins found to inhabit the plant. 

Prior to work done by Uhlig et al. (2009), which utilized the purposeful infection of the ergot 

fungus on samples collected from a pasture linked to a tremorgenic syndrome of cattle in South 

Africa, there had been little evidence to support that Claviceps cynodontis was linked to 

tremorgenic mycotoxin production (Porter et al., 1974).  

 Fescue Toxicosis Management Strategies 

 Known Strategies 

While risk of fescue toxicosis is present in typical cattle production situations, entirely 

avoiding grazing of fescue is not practiced in many areas given the widespread establishment and 

agronomic benefits. Stuedemann and Hoveland (1988) noted past research reporting a linear 

relationship between inclining endophyte levels and degradation of steer weight gains (Williams 

et al., 1984; Pedersen et al., 1986), but moving to low-endophyte infected pastures increased 

average daily gain anywhere from 30 to over 100%. This coincides with the improvements that 
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were documented when cattle were backgrounded on endophyte infected tall fescue, and then 

subsequently removed from their grazing source and placed in a pen and fed a diet without 

endophyte infected tall fescue (Aiken et al., 2001). Other reviewers have documented improved 

stocker performance along with higher conception rates and milk output in beef cows grazing 

endophyte-free tall fescue (Hoveland, 1992). However, less robust endophyte-free fescue 

varieties, sward population, forage production, and weed arrogation problems have been reported 

for producers who rely on extensive grazing systems (Drewnoski et al., 2007). 

Horney et al. (1996) fed two types of hay: endophyte-free fescue or alfalfa, to cows on 

early vegetative fescue, and observed cows actually gained body condition on endophyte-free 

fescue hay better than on alfalfa, fed at 0.61% and 0.4% BW, respectively (Horney et al., 1996). 

Feeding hay may not completely be a strategy to combat the risks of actively grazing toxic 

fescue, but feeding endophyte-free hay as a supplement may be something to experiment with 

endophyte infected fescue.  

 The use of stockpiling endophyte infected tall fescue for winter grazing may prove to be 

a beneficial mitigation strategy considering ergot concentration will have subsided to a safer 

consumption level (Drewnoski et al., 2007). Drewnoski et al. (2007) reported an 81% decline in 

ergot concentration in toxic fescue from December (2349 ppb) to January (443 ppb). This is in 

agreement with Burns et al. (2006), who reported February and December stockpiled fescue had 

a lower ergovaline concentration than that of October grazed canopies. Additionally, knowing 

that the hub for the plant’s ergovaline storage is the stem and leaf, the process of stockpiling 

allows for the migration of the ergots back down to the less preferred lower portion of the plant 

(Burns et al., 2006). However, with the cattle industry historically taking advantage of spring 

pastureland, and seasonally higher temperatures playing a pivotal role in increasing prevalence 
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clinical toxicosis, grazing novel fescue appears to be another plausible way to maximize grazing 

potential without encountering toxicosis issues (Drewnoski et al., 2007).  

 Experimental Strategies 

Among strategies to mitigate fescue toxicosis, Stuedemann and Seman, (2005) 

documented the following: reseeding with endophyte-free fescue or novel fescue, dilution with 

other grasses or legumes, differential stocking rate, offering differential amounts of forage mass, 

stockpiling of forage, and mechanical management of the pasture such as mowing. McMurphy et 

al. (1990) incorporated clover into toxic fescue pastures for grazing stocker cattle and compared 

their performance to cattle grazing strictly toxic fescue pastures and non-toxic pastures over a 

three-year period. Significant interactions were noticed between treatment and breed for daily 

gain when the mean was taken over all grazing sessions and for three of the 5 intermediate weigh 

periods (McMurphy et al., 1990). All cattle obtained greater weights on low endophyte and high 

endophyte pastures over sown with clover compared to strictly toxic fescue pasture, despite high 

endophyte pastures over sown with clover having a lower stocking density than other treatment 

groups prior to mid-April. The Brahman x Angus steers gained weight better than their straight 

Angus bred peers on all three pasture settings with the most noticeable advantage was observed 

on the toxic fescue pasture with Brahman x Angus steers experiencing nearly a pound more in 

gain per day. Angus and Simental x Brahman-Angus cattle had higher rectal temperatures at the 

last weight day, while Brahman x Angus cattle showed less clinical heat stress as measured by 

rectal temperature. These breed x forage interactions are refuted and yet somewhat mirrored by 

Cole et al. (2001) which noted that breed and forage significantly impacted multiple biomarkers, 

such as serum phosphorus. The researchers postulate that cows and calves grazing fescue 

pastures were held captive by a plane of nutrition below those who grazed bermudagrass 
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pastures, along with the claim that crossbred cows (Brahman x Angus) appeared to be able to 

withstand toxic fescue stresses better than purebreds (Angus and Brahman). In the case of 

McMurphy et al. (1990), considering cool-season perennial growth patterns, it is no surprise that 

cattle gains did not differ from mid-December to late-January but did during mid-March to late 

May, which is partially explained by more available forage mass in the high endophyte pastures 

during this time. 

The attempt to manage fescue toxicosis by chemical treatment of toxic tall fescue has 

also been reported. Williams et al. (1984) reported increased ADG and reduced endophyte levels 

on toxic fescue pastures treated with propiconazole and triadimefon, compared to no fungicide, 

with granular treatments being more effective than foliar applications. The benefit to ADG was 

noticeable when the application of granule fungicide reached 3.3 kg a.i./ha for both fungicides 

used. Kucht et al. (2004), documented the treatment of Ipomoea asarifolia (Convovulaceae) with 

two fungicides impeded the growth of the fungi which resulted in the complete riddance of the 

ergot alkaloid production. Contrarily, Williams et al. (1984) reported that after 11 months the 

endophyte fungus had returned to the plant but noted that increased fungicide application 

resulted in slower reinfestation. In contrast to this, Shelby and Dalrymple (1987) reported that 

prolonged storage of endophyte infected tall fescue is a possible non-chemical alternative to 

eliminate the source of the seed’s nefarious issues. This is due in part to the endophyte’s 

tendency to decline in viability faster than the seed itself (Clay, 1987). However, this method 

requires a grow-out phase test to ensure successful eradication of the endophyte as indicated by 

Shelby and Dalrymple (1987).  

Time of year, careful monitoring of forage allotment and management, as well as protein 

supplementation, should be intensively observed to ensure proper reproductive performance and 
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weight gain for females, which should result in lower production costs. (Lyons et al., 2016). 

Lyons et al. (2016) stated that stockpiled fescue incorporated with protein supplementation and 

(or) extra forage allocation, can increase body weight and subsequent body condition of 

prepubertal heifers during the winter months, while conversely lowering production costs in 

young replacement females. Considering that energy partitioning for reproduction ranks the 

lowest in the hierarchy of needs for females, the grazing of stockpiled fescue during time prior to 

breeding may prove promising. It’s a pressing matter to either delay grazing toxic fescue and 

avoiding the syndrome issues that tarnish livestock performance, or risk livestock health for the 

sake of grazing fescue when its nutritional status is better. This comparison was apparent in 

Burns et al. (2006) studied the impact of grazing novel, endophyte-free, and toxic fescue growth 

and nutritional composition when grazed during peak growth or as a stockpiled forage. Forage 

dry matter nor nutritive value was affected by endophyte. Grazing contributed to greater in vitro 

true dry matter, CP, and lower concentrations of hemicellulose compared to the stockpiled 

forage. Fescue variety did not influence any differences in leaf proportion or total leaf mass, and 

grazing fescue tended to result in greater leaf amounts. The lone nutrition factor impacted by 

endophyte was the IVTD in the leaf, with the endophyte-free variety being superior to MaxQ 

fescue (865 g kg-1 and 858 g kg-1, respectively). The authors documented grazed fescue to have 

higher CP, ADF, cellulose, and lignin, with less total nonstructural carbohydrates. Stockpiling 

fescue had linearly decreased ADF and lignin, and a higher TNC concentration. While the 

authors acknowledge the significant harmful results that come with consuming toxic fescue with 

higher ergovaline levels, they are quick to document the staggering losses in digestible dry 

matter (DDM), CP, and TNC that arrive when consuming stockpiled fescue, seeing decreases of 

137%, 133%, and 142% for each of the prior mentioned parameters, respectively.  Endophyte 
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status and defoliation strategies did interact for the total of the canopy and all plant portions. 

MaxQ variety showed intermediate ergovaline levels (57 μg kg-1) amongst the canopies 

compared to wild type (221 μg kg-1) and endophyte-free (6 μg kg-1), with the same trend visible 

in the leaf and stem. As defoliation was postponed, a linear decrease in ergovaline concentration 

for wild type toxic fescue was observed. However, considering the variation in productivity 

amongst the fescue species, maximizing grazing potential becomes more complicated (Hoveland, 

1992).  

 The use of legumes, such as red clover, which possess isoflavones that are known to 

have hypotensive properties, has proved to be a promising mitigation strategy (Davis et al., 

2023). Besides being known for their ability to stimulate the proliferation of rumen bacteria that 

utilize fiber and inhibit rumen microbes that don’t (Harlow et al., 2021), isoflavones are 

classified as phytoestrogens that have been proven to dilate blood vessels and increase 

circulation at varying levels of concentration, with type of phytoestrogen playing a role in 

magnitude of effect  (Wu et al., 2010; Harlow et al., 2022). Phytoestrogens are one of numerous 

secondary metabolites generated by plants during photosynthesis (Hashem and Soltan, 2016). 

However, isoflavone content varies among legumes and little research has been conducted 

regarding the impact of different legumes and their biochemical properties surrounding variable 

isoflavone concentration (Harlow et al., 2022). In an effort to quantify this, Harlow et al. (2022) 

evaluated red clover, white clover, and soybean meal as possible treatments for the 

thermoregulatory issues of fescue toxicosis in wether goats. Goats were fed three levels of 

endophyte-infected seed in a 3 x 3 crossover design. The mean carotid luminal areas were 

measured using Doppler ultrasonography. Red clover increased luminal area by 39.8% with 

white clover and soybean meal demonstrating an intermediate response of 29.1% and 30.7%. 
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Promising results were also documented in McMurphy et al. (1990) in which ADG was 

increased when red clover was integrated into highly infected toxic fescue stands and grazed by 

yearling steers. However, as reviewed by numerous sources (Hashem and Soltan, 2016; Křížová 

et al., 2019; Grgic et al., 2021), is that phytoestrogens have been linked to be both an estrogen 

agonist and antagonist that has positive and adverse effects on performance and reproductive 

success in numerous species. At extremely high levels, isoflavones, because of their 

phytoestrogen-like properties and high affinity for estrogen receptors, will block estrogen from 

binding to its receptor and thus inhibit estrogen dependent processes critical for reproduction 

(Křížová et al., 2019). Other issues related to excessive intake of isoflavones have been 

documented in the form of “clover disease”, dating back to as early as the 1940s when an 

Australian sheep flock exhibited variable reproductive abnormalities such as immature ewes 

showing signs of estrus, inability to become pregnant, aborted pregnancies, and abnormal 

development of the mammary gland (Hashem and Soltan, 2016; Křížová et al., 2019; Grgic et 

al., 2021). While this may be a valid way to help mitigate fescue toxicosis, more research is 

required to understand at what level of administration does inclusion of isoflavones via 

supplementation, or incorporation of clover into forage stands, become more harmful than 

proactive.  

A simpler approach to mitigating fescue toxicosis is supplemental feeding, to decrease 

the amount of circulating ergot alkaloids present in the blood (Stokes et al., 1988; Forcherio et 

al., 1995; Roberts and Andrae, 2004). While many feedstuffs have been proven as effective 

mitigators, the type and quality of supplemental feed are critical factors impacting the rate and 

extent of fescue toxicity mitigation response (Roberts and Andrae, 2004). It is important to note 

that the type of supplement and quality of supplemental feed have also been deemed of 
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importance in encouraging a response. Stokes et al. (1988) reported that feeding Holstein steers 

with a non-toxic forage (bermudagrass hay) or grain promoted total intake of digested organic 

matter, yet consumption of fescue was more dramatically depressed with the use of a non-toxic 

forage. Reductions in intake of endophyte infected fescue ranged from 61-82% when cattle were 

fed bermudagrass hay at 0.3, 0.6, 0.9, and 1.2% BW. Furthermore, the authors postulate that corn 

supplementation may prove more valuable in amplifying performance of cattle grazing toxic 

fescue in a fall grazing system. Even so, Forcherio et al. (1995) did not document the same 

effects on intake and ruminal digestion for steers grazing toxic pastures and supplemented with 

cracked corn or soybean hull-originated feedstuffs at a maximum of 200 g/d of ruminally 

undegradable protein. Steers on endophyte-free and endophyte-infected fescue had an OM intake 

of 8.2 and 7.3 kg/d and a total tract OM digestibility of 59.3 and 59%, respectively. This agrees 

in part to the results documented by Aiken et al. (2008) who fed pelleted soybean hulls at 2.3 

kg/d per steer as fed. While supplemented experienced increased ADG compared to non-

supplemented steers (0.66 kg/d and 0.45 kg/d, respectively), supplementation did not have an 

effect on fescue toxicosis symptoms. Similarly, in the second trial of Forcherio et al. (1995), 

lactating cows grazing toxic fescue being supplemented with 200 g/d of ruminally degradable 

protein, in either a cracked corn or blood meal supplement, experienced increased body weight 

gain, allowing for supplemented cows to transfer that performance to their calves in the form of 

increased milk production. So, while supplementation may not always alleviate the symptoms of 

fescue toxicosis, supplementation’s ability to increase weight gain for cattle grazing toxic fescue 

is valuable regardless. 

  Switching to a fall-calving season for cow-calf producers may improve dam and 

offspring performance when grazing endophyte-infected fescue, due to lower environmental 
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temperatures and (or) toxin levels (Caldwell et al., 2013). Caldwell et al. (2013) observed five 

groups of cow-calf pairs designated to either spring or fall calving systems, exposed to toxic 

fescue at full and limited amounts. Calves from all fall calving treatments had greater 

preweaning calf body weight gain, actual and adjusted weaning weight, ADG, sale price, and 

value at weaning compared to the spring calving system. The same performance advantages were 

observed for spring calves exposed to 100% novel endophyte pastures, compared to calves 

exposed to pasture composed of 75% toxic fescue, with the exception of sale price, which 

favored the 75% toxic pasture treatment. This observation coupled with the authors 

recommendation to utilize novel endophyte producing fescue to aid calving rates, serum 

prolactin, and non-essential fatty acid levels during the spring grazing season supports the 

previous findings of Drewnoski et al. (2007), which observed an 81% decrease in ergot alkaloid 

concentration from December (2349 ppb) to January (443 ppb). Drewnoski et al. (2007) 

encouraged producers with toxic fescue pastures to graze these pastures in the winter when 

ambient temperatures and ergot alkaloid concentrations are lower. From the dam’s perspective, 

cows in this fall calving system were heavier and had a higher BCS at breeding, end of breeding, 

and weaning compared to spring calvers (Caldwell et al., 2013). The authors once again accredit 

the improved performance by fall calvers to the lesser temperatures and ergot alkaloid 

composition at a juncture when the cow’s nutritional demands are at a zenith.  

 Physiological Measures as Indicators of Fescue Toxicosis 

 Prolactin 

 Prolactin is most often synonymous with mammary gland growth and lactogenesis 

(Houdebine et al., 1985; Evans et al., 2012). As reviewed by Forsyth, (1986), in vitro 

examinations have documented mammary tissues from several species generate milk 
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components when regulated by insulin, adrenal corticoid, and prolactin. Furthermore, species 

possess varying differences in a minimal hormone threshold requirement to initiate lactogenesis. 

Rabbits will commence and/or sustain lactation with the introduction of only prolactin, while 

sheep and goats require prolactin, growth hormone, adrenal corticoid hormone, and thyroid 

hormone. Therefore, plasma hormones across multiple species provide considerable evidence of 

variation in the hormonal secretion pathways that actuate mammary growth and function. The 

reviewers emphasize that while there is an influx of prolactin in circulation at the beginning of 

parturition, it may not be necessary for the start of lactogenesis. As with other ruminant species, 

the authors say that secretion in sheep and cattle is dependent on seasonal temperature and 

daylength. Cows that calve in autumn will have a higher basal prolactin concentration in the 

second half of pregnancy, with the inverse being observed to spring calving cows (Forsyth, 

1986). Immunologically, prolactins of the sheep, goat and cow are practically identical, with 

growth hormones of those same species also being similar. However, it has been established that 

levels of circulating prolactin are variable on a circadian basis, as well as from animal to animal 

(Falconer, 1980).  

Fescue toxicosis has been known to cause modifications to copper homeostasis and 

decrease circulating prolactin (Evans et al., 2012). The two previously mentioned symptoms 

cause a decrease in feed intake, which is most likely linked to the hair coat’s discolored 

appearance (Evans et al., 2012). However, it has been documented that prolactin levels increase 

with daylength and heat stress (Peters and Tucker, 1978; Faichney and Barry, 1986; Amaral et 

al., 2010). Research revolving around prolactin levels seems to be focused on relating its 

concentration to either heat stress or fescue toxicosis, but no research has been conducted to 

understand how these conditions interact. The best explanation for the discrepancy between 
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prolactin increasing during heat stress, and decreasing with ergot introduction, is related to 

multiple independent mechanisms controlled by the hypothalamus (Falconer, 1980). The 

prolactin axis can be brought to cessation with the introduction of dopamine. Dopamine agonists 

imitate the endogenous tonic inhibition of pituitary lactotrophs resulting in the quiescence of 

prolactin secretion by the anterior pituitary gland (Larson et al., 1995; Evans et al., 2012). When 

a pharmacologically induced reduction of serum prolactin occurs during the days leading up to 

parturition, both the quality and quantity of milk produced is curtailed during the ensuing 

lactation (Bernard et al., 1993). As a result of the dopamine-like chemical structure that ergot 

alkaloids possess, ergot alkaloids can bind to the same D2 receptors that dopamine targets which 

subsequently can block milk let down (Larson et al., 1995; Klotz, 2015). This ergot alkaloid 

interaction is a naturally existing instance of “endocrine disruption” and serves as a biomarker to 

indicate exposure to these compounds (Evans et al., 2012). Naturally, prolactin suppression is 

one of the most well documented hormonal processes across species either being imposed 

experimentally to ergopeptine alkaloids and/or encountering clinical fescue toxicosis (Paterson et 

al., 1995; Thompson et al., 2001; Strickland et al., 2011; Evans et al., 2012). The absence of 

efficient prolactin circulation is central to many of the biological conditions that arise from 

fescue toxicosis (Evans et al., 2012). As reviewed by Porter and Thompson (1992), prolactin is 

essential in maintaining the corpus luteum. Considering prolactin’s pertinent role in supporting 

pregnancy, and toxic fescue’s ability to disrupt prolactin secretion, scientist believe that this 

interaction may result in pregnancy loss. Cattle consuming toxic fescue have been determined to 

have depressed prolactin levels as a whole, with a decrease in body weight gain following suit 

(Aiken and Strickland, 2013).  
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 Aiken et al. (2007) documented a decrease from baseline serum prolactin levels in 

crossbred (Angus x Brangus) heifers consuming chopped alfalfa hay mixed with a concentrate 

containing either endophyte infected or endophyte-free fescue seed. Prolactin levels for both 

dietary treatments were less by hour four of the 11-day experiment, with both diets maintaining 

that decrease from the baseline measurement still at 28 hours post initial feeding. It was reported 

that the decrease in serum prolactin concentrations on the first day of the experiment 

corresponded to a noticeable decrease in ambient temperature on that day. Prolactin levels were 

lower in heifers consuming endophyte infected seed for the duration of the trial post 28 hours, 

while heifers consuming the endophyte-free seed concentrate had an increase in serum prolactin 

levels following 96 hours and were not different from the baseline concentrations by hour 268. 

Browning et al. (2001) reported an abbreviated episode of prolactin reduction in two experiments 

testing the impact of ergotamine tartrate on reproductive parameters in cycling Holstein F1 

heifers and cows. In a cross-over design experiment involving heifers, ergotamine reduced serum 

prolactin levels 1 to 4 h post ergot or placebo treatment via intravenous injection, compared to 

baseline values. In the experiment with cows, ergotamine lowered serum prolactin by 120 

minutes post intravenous injection compared to baseline values. However, cows resumed normal 

prolactin levels by 200 minutes post-treatment. Similar to this, in a feeder calf transport study by 

Aiken et al. (2001), calves that had been removed from toxic fescue pastures began to exhibit 

increasing serum prolactin levels around days 3 and 4, or 82 hours, after removal. Bernard et al. 

(1993) noted a reduction in prolactin secretion in cows consuming endophyte infested tall fescue 

hay by 30% in the 5 days preceding parturition, and by 23% during the prolactin surge that began 

and ended the same day following parturition. Though milk quantity produced was not hindered, 

the composition of milk fat and protein was. Cattle consuming endophyte infected and 
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endophyte-free hay had a 3.40 and 3.52 milk fat percentage and a 2.94 and 3.01 milk protein 

percentage, respectively. Aiken et al. (2009) found that heifers have reduced serum prolactin 

levels when fed a chopped alfalfa hay diet with endophyte infected tall fescue concentrate at 

hour 27, and for heifers consuming a combination of endophyte infected and endophyte-free 

concentrate with chopped alfalfa hay at hour 51. Heifers on both dietary treatments, sustained 

serum prolactin levels lower than the baseline level for the extent of the trial. Heifers fed strictly 

a chopped alfalfa hay diet consisting of only endophyte-free concentrate were not different in 

serum prolactin concentration during the trial when compared to the baseline. Aldrich et al. 

(1993) documented decreases in plasma prolactin for both Angus heifers and Holstein steers fed 

an endophyte infected fescue diets (381 ppb of ergovaline and 285 ppb of ergovaline, 

respectively).  Aiken et al. (2008) however, did not see signs of toxicosis symptom relief with 

steers that were supplemented with soybean hulls on toxic fescue pasture.  

Hypoprolactinemia is routinely associated with agalactia at parturition in numerous 

species, primarily the horse and pig (Schmidt and Osborn, 1993; Evans et al., 2012). Monroe et 

al. (1988) also noted that mares grazing endophyte infested fescue had lower serum prolactin 

levels at parturition and throughout the entirety of gestation. Lactating mares are also prone to 

fescue-induced issues, with some studies reporting 88% of mares experiencing agalactia 

(Monroe et al., 1988). Blodgett (2001) reported that dopamine is the guilty party in relevance to 

the inhibition of prolactin function in the mare, and that ergovaline is a major contributing factor. 

Furthermore, a lower prolactin balance in the blood has also been linked to notable hyperthermia 

and immune issues. On the contrary, placental lactogens are produced by ruminants (Arima and 

Bremel, 1983; Schuler and Kessler, 1992). Placental lactogen is tantamount to chorionic 

somatomammotropin, which is derived and secreted from the fetal placenta during pregnancy in 
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certain mammalian species (Arima and Bremel, 1983). Most of the placental lactogens that have 

been characterized thus far have a proximate chemical structure and biological activity to growth 

hormone and prolactin (Arima and Bremel, 1983). Ergot alkaloid consumption may hinder 

prolactin secretion and its effect on lactogenesis, but it has no effect on placental lactogen (Cross 

et al., 1995). Cross et al. (1995) reported that cattle, along with sheep and mice, may couple the 

minute amount of pituitary prolactin with placental lactogen to initiate lactogenesis prepartum 

and then sustain milk production post parturition. Consider placental lactogen as a secondary 

vehicle to carry out prolactin’s responsibilities surrounding milk let-down. This hormonal 

relationship is accredited to placental lactogen’s versatility to bind to its own bovine prolactin 

receptor, along with its close structural derivatives (Arima and Bremel, 1983) prolactin and 

growth hormone (Schuler and Kessler, 1992), also known as somatotropin.  

As reviewed by Schmidt and Osborn (1993), toxic fescue consumption has reduced milk 

production in beef and dairy cattle up to 50% in some instances (Schmidt et al., 1983). However, 

Brown et al. (1993) documented Angus cows on bermudagrass pasture producing higher daily 

milk volume in four months out of a six-month period than Angus cows grazing fescue pasture; 

with bermudagrass cows averaging 1.64 kg/d more milk from day 84 through day 168 (Brown et 

al., 1993). Considering these data, grazing alternative forage during lactation maybe a logical 

solution to avoid negative impacts on milk production and subsequent effects on pre-weaning 

calf performance on toxic fescue.  

 Cortisol 

 Cortisol is a mammalian hormone that increases in circulation in response to stress 

(Bristow and Holmes, 2007) and can be accurately assayed in multiple bodily fluids including 

saliva, urine, feces, serum and plasma (Bayazit, 2009; Karachaliou et al., 2023). The steroid’s 
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introduction into the bloodstream is a process regulated by the hypothalamic-pituitary-adrenal 

axis, which is one of four neuro centers responsible for neuroendocrine control and monitoring 

(Karachaliou et al., 2023). Proliferated in the zona fasciculata/reticularis cells inhabiting the 

adrenal cortex, the release of cortisol is governed by adrenocorticotropic hormone (ACTH) 

(Karachaliou et al., 2023). The hormone has lipophilic properties which allow for passive 

transport through the cell membrane (Karachaliou et al., 2023). Once the steroid binds to the 

intracellular glucocorticoid receptors, the nucleus is translocated and the activity of certain genes 

are either increased or decreased, which may provoke several physiological responses (i.e. 

catabolism of muscles and lipolysis) (Karachaliou et al., 2023). Sgorlon et al. (2015) states that 

in episodes of disease or a negative energy balance, the HPA is called to reinstitute equilibrium. 

The mechanism of action responsible for toxic fescue’s impact on cortisol regulation is poorly 

understood, with varying physiological findings (Aldrich et al., 1993; Browning et al., 1998; 

Browning et al., 2000). With the multitudes of different ergot alkaloids inhabiting plants, results 

suggest that different types of ergot may be more potent at stimulating endocrine signals, and 

hormonal responses, at the same concentration (Browning et al., 1998). Heifers grazing toxic 

fescue did not have an increased cortisol concentration or production with an ergovaline 

concentration of 381 ppb compared to heifers grazing endophyte-free varieties (Aldrich et al., 

1993). This coincides with the results of Fiorito et al. (1991), in which no differences were found 

in serum cortisol between wether sheep being fed either lowly infected (<1% infected) or highly 

toxic (>95% infected) tall fescue. However, steers administered an i.v. bolus injection containing 

7 mg of ergotamine tartrate (ET) exhibited spiked plasma cortisol levels when compared to steers 

receiving the same dosage of ergonovine maleate (EM) (Browning et al., 1998). In a second 

experiment with the same authors, Holstein cows with calves at side received 9.5 mg of ET or 
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EM, and similar findings were observed with the ET group showing elevated plasma cortisol 

levels compared to the EM treatment. The authors concluded that the introduction of ergot 

alkaloids can have a significant impact on the internal metabolic and thermoregulatory processes 

of cattle. In a pair of subsequent studies by the same lab group experimenting with estrous 

cycling Holstein F1 heifers, cortisol and other physiological biomarkers were measured 

(Browning et al., 2000). Heifers given a bolus injection of 19 μg/kg of body weight of 

ergotamine tartrate posted increased plasma cortisol when compared to a saline placebo, with a 

significant treatment by time interaction being observed. In the second experiment, heifers 

exhibited similar results when receiving 20 μg/kg of body weight of ergotamine compared to a 

negative control.  

 Fetal cortisol presides over the control of placental dynamics in mares, which is down-

regulated by ergot alkaloid’s ability to decrease the secretion of ACTH (Blodgett, 2001). The 

same author stated a lack of fetal cortisol, which is crucial for parturition signaling in ruminants 

(Adams and Wagner, 1970; Jenkin and Young, 2004; Schuler et al., 2018), may be to blame for 

increased gestation length in mares. Furthermore, with dopamine possibly being an endocrine 

regulator for cortisol (Ahmadzadeh et al., 2006), as evidenced by a decrease in circulating 

cortisol induced by fescue during the later stages of parturition may contribute to a longer 

pregnancy and a lack of mammary development, whereas an increase in cortisol during early 

gestation may result in pregnancy loss and compromised immune fucntion. To better understand 

the role of ergot alkaloids, and their relationship to cortisol, in this axis, more fescue research is 

warranted.   
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 Bermudagrass 

 History and Geography 

Hill et al. (2001) stated that with its known affinity for sandy, acidic soil and reliance of 

nitrogen containing fertilizers to promote yields, bermudagrass is revered as the warm-season 

perennial of choice for pasture and hay production in the southern U.S. Bermudagrass is native 

to the Mediterranean, but has been discovered in more than 100 countries, including tropical and 

subtropical regions alike (Huang et al., 2019). Huang et al. (2019) stated that bermudagrass is 

used as a prominent turfgrass, cultivated for use on lawns, sports fields, and parks, along with its 

pertinent role in grazing livestock systems. Though multiple different hybrids exist, the most 

prevalent cultivar is Coastal bermudagrass, developed by G. Burton, USDA-ARS, Tifton, GA, 

which occupies more than 4×106 ha nationwide (Hill et al., 2001). Other hybrid cultivars of 

bermudagrass have been developed, but most take longer than a year to establish themselves as a 

viable nutrient source in their new environment (Hill et al., 2001). Additionally, though 

bermudagrass is known to inhabit the deep Southeastern U.S. (Aiken, 2002), it can also be used 

in conjunction with cool-season forages like fescue (Stokes et al., 1988), ryegrass, and (or) 

clover (Rouquette, 2017) to extend the grazing season in the Central Plains (Peel, 2003; Mullenix 

and Rouquette, 2018) and the Northern U.S. at a time when the native cool-season forages are 

less productive (Hoveland, 1992). Kallenbach (2015) reports 50% or less of available dry matter 

(DM) in a mixed-species (cool- and warm-season) pasture is accredited to fescue, especially in 

the summer months. This percentage relies heavily on annual precipitation, fertilization, grazing 

management, and the interspecies competition that can be expected in the dynamic of pairing 

cool- and warm- season grass growth (Hoveland, 1992; Kallenbach, 2015), which means a 

warm-season perennial like bermudagrass has to make up the bulk of available forage during this 
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time where cool-season forages are not optimal for grazing. In the lower South, warm-season 

perennials are dormant for a period of four to six months post-summer, resulting in either an 

alternative stockpiled forage source or the supplementing feeding of hay (Hoveland, 1992).  

 Defining Characteristics  

Bermudagrass has a rich nutritional composition: with crude protein, crude fat, crude 

fiber, crude ash and ether extract being 83.2, 54.1, 206.2, 88.4, and 574.1 g kg-1, respectively 

(Huang et al., 2019). Likewise, its palatability and texture make it a popular choice among 

multiple species. However, digestible energy is a looming concern for animals grazing warm-

season perennials (Hoveland, 1992). Accordingly, lignin volume in the cell walls of these grass-

types spike dramatically with increasing temperatures. This agrees with Jolliff et al., (1979) 

which reported age of bermudagrass, type of bermudagrass, and environment all have a 

significant impact on forage quality, especially between 4-8 weeks of age. Coastcross-1 

bermudagrass had greater variability in nutritional content compared to Coastal bermudagrass 

over a 3-month period, yet overall nutritional variation in ADF, NDF, CP, and IVDMD across 

and between cultivars at six different ages was similar. Furthermore, amongst 60 bermudagrass 

accessions, immense phenotypic variability in NDF, ADF, and numerous other variables have 

been noted (Gitau et al., 2017). With increasing development of bermudagrass cultivars, 

differences in quality between cultivars have been documented (Hill et al., 2001). For instance, 

the Tifton 85 hybrid has been documented to have a higher dry matter yield and forage 

digestibility than Coastal bermudagrass, allowing producers to increase stocking rates and gain 

per hectare. Furthermore, the lower concentration of ether-linked ferulic acid in Tifton 85 than in 

Coastal bermudagrass alludes to Tifton 85’s higher digestibility (Hill et al., 2001). Depending on 

the month, crude protein may be greater for Tifton 85 than Tifton 87 cultivars (Hill et al., 1993). 
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Germplasm has been utilized to promote the digestibility of bermudagrass in the form of the 

‘Coastcross-1’, which is 12% higher in digestibility than Coastal bermudagrass, and 

correspondingly has resulted in 30% higher animal gains in some cases reviewed by Hoveland 

(1992). Utley et al. (1974) saw similar results when they compared the performance of grazing 

steers consuming Coastal bermudagrass, Pensacola Bahia grass (paspalum notatum var. saurae 

Parodi), and Coastcross-1 bermudagrass. Over the four-year study, steers showed 0.49, 0.43, and 

0.68 kg of ADG for each forage respectively, ensuing 372, 249, and 527 kg in average beef 

production for hectare per each forage. Coastal bermudagrass still had 35% greater total dry 

matter yield compared to the others evaluated.  

 Franzluebbers et al. (2013) states that it is bermudagrass that fits well into the hot and 

fluctuating wet and dry conditions of the summer. This ability to be well suited for varying 

extremes may be explained by Huang et al. (2019), which reports that multiple bermudagrass 

varieties have extensive root systems, bulky leaf cuticles, and smaller stomatal openings which is 

correlated to increased drought resistance. Possessing a more cavernous root system is a notable 

trait for drought resistant plants. Kallenbach et al. (2012) documented bermudagrass exhibiting 

benefit to productivity when moisture was limited. However, choosing to renovate endophyte-

infected tall fescue pastures to include 25% bermudagrass, saw no added value in wetter years 

(Kallenbach et al., 2012). Conversely, tall fescue capitalized on the above average rainfall during 

the experimental period, allowing for adequate growth and limiting bermudagrass’s participation 

in the system. This lack of productivity during flooding may be a survival mechanism that makes 

bermudagrass less metabolically active in times of flooding, fostering the safety of the plant 

during submergence (Ye et al., 2015; Huang et al., 2019). In contrast to cool-season forages, 

warm-season grasses are capable of continuing root growth through the summer. Leaf wilting 
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also stands as an indicator of drought tolerance, and compared to other turfgrasses, certain 

bermudagrass lines display a reduced leaf wilting rate which is accredited to the plants ability to 

regulate stomatal dilation. This feature decreases stomatal surface area and aids the plant in 

abbreviating evapotranspiration rate. Like fescue, certain metabolites work during times of 

distress to allow for a more homeostatic level of osmotic pressure, which also differs amongst 

cultivars within the bermudagrass family. Similarly, metabolite interference is said to serve as a 

support system for both saline and cold stress resistance, though cold stress still limits 

geographical prevalence of bermudagrass in many parts of the world. Ultimately, if managed 

correctly, bermudagrass plots can sustain productive forage production for more than 35 years 

(Hill et al., 2001). 

 Supplementing to Grazing Cattle 

 Why to Supplement 

Supplemental feeding of grazing cattle is often necessary during periods of decreased 

forage quality in relation to animal maintenance requirements (Stafford et al., 1996; Bodine et 

al., 2001). Bodine et al. (2001) preface their research with past findings alluding to heavy grain 

supplementation leading to a decrease in forage consumption and utilization, while protein 

supplementation does the inverse when livestock graze marginal quality forages. Bodine et al. 

(2001) reported heifers grazing low-quality bermudagrass had 0.26 kg/d greater ADG from 

additional protein, high fiber, and high grain supplementation compared to non-supplemented 

heifers. Performance differences were noticed as forage became scarce later in the grazing 

season, with energy supplementation enhancing ADG, with the same result being apparent for 

energy supplementation compared to protein supplementation for the entirety of the trial. Total 

organic matter intake was greater for steers receiving protein supplementation rather than a high 



48 

 

fiber; high grain; or control diet, with total-diet organic matter digestibility being greater for 

steers given high fiber and grain diets versus protein and mineral-corn supplemented cattle. In 

contrast, Horn and McCollum (1987) reported supplementation of high fiber and high grain 

supplements influencing forage intake at rates higher than 30 g/kg of BW0.75, Bodine et al. 

(2001) did not report influences on forage intake. The authors suggest that if ruminally 

degradable protein is available in grain supplements, low-quality forage consumption will not 

decrease compared to a non-supplemented control. The authors postulate that when ruminally 

degradable protein is equalized to total digestible nutrients in starch supplements, forage intake 

will not decrease. Stafford et al. (1996), reported the variation of supplements at differing levels 

provided results that somewhat mirror previous literature. The authors documented high crude 

protein concentrate and alfalfa pellet supplementation increased forage intake. Supplementation 

increased dry matter digestibility, forage intake, and digestible dry matter intake by 20, 22, and 

96%, respectively. Increases in forage DMI linearly followed increases in supplement level for 

cattle fed alfalfa pellets and high crude protein concentrate, documenting a 1.18 and 0.42 g of 

forage/g of supplement, respectively. Substitution effects occurred for the moderate crude 

protein and long stem alfalfa hay groups once cattle reached supplementation status of 0.10% of 

BW, displaying a -0.56 g of forage/g of supplement and -0.48 g of forage/g of supplement 

respectively. Long-stem alfalfa hay and moderate crude protein supplementation lowered intake 

when fed at 0.15% BW. Furthermore, the use of supplemental feeding positively impacting 

ruminal fermentation demonstrates the rumen’s need for ruminally degradable protein, with 

highly fermentable supplements better meeting that need than forage.  

 Regardless of the method’s virtue, supplemental feeding is dependent on multiple 

elements of the basal forage, supplemental feeding regiment, and the composition of the 
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supplemental diet before it can be championed as an effective tool for increasing productivity in 

grazing cattle (Stafford et al., 1996; Bodine et al., 2001).    

 Different Kinds of Supplemental Feeding 

 Fiber 

 A common custom in the beef industry is supplementing cattle with high fiber, low-

protein rations in an effort to optimize the utilization of the basal forage available (Horney et al., 

1996). Horney et al. (1996) fed steer calves and gestating cows either a high-quality tall fescue or 

alfalfa hay to compare digestive function and performance of cattle on a forage diet. Compared 

to steers being fed strictly tall fescue straw, steers being supplemented with high quality 

roughage experienced increases in DMI of 13 and 26% for alfalfa and fescue hay, respectively. 

Dry matter digestibility was 8-19% for supplemented cattle, with tall fescue hay outperforming 

alfalfa. The fescue hay treatment’s advantage in digestibility was related to its lower ADF and 

indigestible ADF portions and greater allotment (fed at a level 1.6 times higher than alfalfa in 

order to maintain an isonitrogenous standard between the two supplements). This would have 

allowed fescue hay to be more digestible with presumably more attainable energy. Rate of 

passage was double for fescue compared to alfalfa, with fescue-hay fed steers also exhibiting 

greater VFA concentrations in the rumen. For the cow study, the researchers observed 

supplemented gestating cows having an advantage in gain and body condition. Cows fed tall 

fescue hay had greater weight gain and maintained their body condition better than cows 

consuming alfalfa-hay. Still, it is important to note that neither supplementation strategy was 

productive in increasing the basal diet’s digestibility.   

  Highfill et al. (1987) evaluated elevated fiber energy supplements as a way to avoid the 

repressive impacts of starch-digesting bacteria on rumen microflora. The authors mention low 
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fiber, highly fermentable concentrates suppress fiber digestion when fed or supplemented with a 

low-quality forage. In another study stretching over a consecutive 3-yr. period, Horn et al. (1995) 

examined the effect of either high starch or high fiber energy supplements containing monensin 

fed at 0.70% of weaned steer calves’ BW while grazing wheat pasture. Supplementation 

increased ADG and increased stocking rates by one-third. While there was no significant 

difference in ADG between supplement type, cattle more readily consumed the high fiber 

supplement over the high starch supplement. Soybean hull supplementation on toxic fescue 

pasture did improve ADG, but had no influence on toxicosis indicative biomarkers (Aiken et al., 

2008).  The authors indicate a possible substitution effect existed for the soybean hulls, though 

forage availability results say otherwise. To that point, Stokes et al. (1988) indicated forage-

based supplementation decrease toxic fescue intake more than grain-based supplementation for 

cattle grazing endophyte infected tall fescue. Supplementing non-forage-fiber-based diets (i.e. 

soyhulls, beet pulp, etc.) with fat to dairy cattle, Ylioja et al. (2018) reported that the additional 

fat to these non-forage fiber feedstuffs resulted in decreased milk protein and MUN. A tendency 

to increase DMI and milk yield alongside a noticeable decline in net energy conversion from 

feed to milk compared to the control was also observed. The authors assume that fatty acid 

digestibility or nutrient portioning may be to blame for the less than desirable conversion, while 

the influences on DMI may be explained by the amalgamation of the by-product fiber and fat 

with the rumen microbiome. However, stage of lactation may also be a variable that needs 

further exploration as a factor of influence before any concrete assumptions about the benefit, or 

lack thereof, of supplying additional fat to non-forage fiber diets. 

 Starch 
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A two-year study by Aiken (2002) investigated the impact of supplementing yearling 

steers grazing bermudagrass with different amounts of ground corn on average daily gain and 

cost. They concluded that feeding steers at 0.45 and 1.35 kg per calf per day increased ADG, 

with the 1.35 kg per calf per day rate having the lowest cost per additional unit of gain (Aiken, 

2002). In another study by Stafford et al. (1996) higher levels of starch (63% and 34%, 

respectively) depressed forage consumption for the higher starch-containing supplement. The 

authors further noted that this depression of forage intake is typical when starch is supplemented 

in low quality forage diets. In the first of two consecutive studies, Highfill et al. (1987) attributed 

lower fiber digestion on the presence of high starch contents in supplements containing corn-

soybean meal and corn gluten feed, whereas a citrus-pulp plus 12.5% soybean meal combination 

showed the highest microbial crude protein and organic matter recovery and true ruminal organic 

matter digestion. Forcherio et al. (1995) found that feeding cracked corn in conjunction with 200 

g/d of ruminal undegradable protein improved body weight gain for cows grazing endophyte 

infected pasture. While feeding 100 g/d of rumen undegradable protein resulted in weight loss 

(0.1 kg/d), cows consuming 200 g/d experienced a 0.33 kg/d gain. Interestingly, cows fed 100 

g/d of rumen undegradable protein had greater milk output and calf gain as compared to the 200 

g/d treatment, assuming the physiological direction of energy to milk production, rather than 

body reserves.  

 Protein 

Bodine et al. (2001) cited preceding studies demonstrating that protein supplementation, 

increases low to marginal quality forage intake in an additive mechanism. Wheeler et al. (2002) 

supplemented soybean meal in increasing amounts to beef cows on stockpiled bermudagrass 

pasture. Contrary to expectation, cows being supplemented actually lost weight and body 
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condition during year one of the study. In the other year, supplemented cows gained more weight 

and lost less body condition. Additionally, forage intake tended to increase during year two for 

supplemented cows, though the amount of protein supplementation did not have an effect 

(Wheeler et al., 2002). Concurrently, on the same forage and supplements, supplemented steers 

reported increases in forage intake, OM intake, organic matter digestibility, and total digestible 

organic matter intake of 16, 30, 14.5 and 49% for each measurement, respectively. Similarly, 

Stafford et al. (1996) found that diets with moderate-to high crude protein resulted in an additive 

effect on forage intake at numerous levels of supplemental feeding. Contrarily, Warner et al. 

(2017) supplementally feeding modified distillers grains and solubles with cornstalks led to a 

substitution effect when cow-calf pairs grazed low quality, cool-season smooth bromegrass 

during the summer. Forcherio et al. (1995) noted that steers being supplemented either cracked 

corn or soybean hulls in combination with either 100 or 200 g/d of rumen undegradable protein 

consuming endophyte infected or endophyte-free hay as a basal diet, showed no differences in 

hay organic matter intake. But true ruminal organic matter digestion favored steers fed 200 g/d of 

rumen undegradable protein, as well as an increase in total nitrogen flow to duodenum, though 

similar microbial regulation was observed between treatment groups.  

 In a series of experiments, Bohnert et al. (2011) attempted to differentiate the impact of 

soybean meal supplementation to cattle and sheep consuming low-quality cool-season and 

warm-season forages. In a study involving ruminally cannulated steers, there was a crude protein 

supplement x forage interaction for the respective grass type and DMI. Protein supplementation 

increased the intake of warm-season forage by 47% and cool-season forages by 7%, with similar 

trends for dry matter digestibility. These observations came in tandem with a noticeable 

reduction in ruminal liquid retention time and a climb in particulate passage rate. In the wether 
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study, an increase in digestibility of warm-season forages by 18% and cool-season forages by 

7% were reported, however nitrogen balance and nitrogen digestibility were exclusively 

modified. The differences in responses in ruminants receiving supplementation is contingent on 

the basal forage provided.  

Other research surrounding fescue toxicosis mitigation has evaluated protein 

supplementation, with prior studies indicating stressed cattle require more protein in the diet 

(Cole and Hutcheson, 1990; Aiken et al., 2001). Unfortunately, Aiken et al. (2001) saw no 

impact of supplemental protein on relieving fescue toxicosis symptoms alongside an estrogenic 

implant.  

 Corn Silage 

 From a review by Bolsen et al. (2000), silage production is a practice believed to date as 

early as Biblical times (Isaiah, 30:24). Silage is defined as the “the product formed when grass or 

other material of sufficiently high moisture content, liable to spoilage by aerobic 

microorganisms, is stored anaerobically” (Woolford, 1984). In other words, storing a wet forage 

crop in the absence of oxygen exposure for extended time periods following harvest (Woolford, 

1984). The fermentation timeline ranges from 7-21 days, with a higher moisture content (65% or 

greater) accelerating the process and lower moisture (50% or less) doing the inverse. The process 

is a regional practice, with wetter regions being more conducive for silage production, whereas 

dryer regions are better suited for hay production. Furthermore, plant characteristics almost 

naturally outfit corn as an ideal suitor for this practice, whilst alfalfa’s dense concentration of 

water-soluble carbohydrates and lack of resilience towards acidification, deems it, amongst other 

fellow legumes, a lesser fit candidate for ensiling.   
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 Silage has been an appealing feedstuff for dairy producers (Coppock, 1969), but 

investigations have evaluated the possible benefits silage may bring beef producers, with greater 

emphasis placed on growing and finishing cattle than grazing cattle. But, some evaluations have 

been conducted to see if silage can increase stocking density without sacrificing animal 

performance (Abdelhadi et al., 2005). In an experiment looking at manipulating stocking rate in 

Argentina, Abdelhadi et al. (2005) attempted to see if pastures with low nutritional value could 

benefit from supplementing either corn silage or high moisture corn. While no differences in 

ADG were found, total live weight gain and stocking rates were increased with the use of both 

supplements. The control, corn silage, and high moisture corn resulted in weight gains of 320, 

499, and 467 kg per ha-1 with stocking rates of 4.2, 7, and 6.2 heifers/ha, respectively. Similarly, 

Abdelhadi and Santini (2006) stated feeding corn silage or high moisture corn results in greater 

gain per hectare and stocking rates as compared to grazing alone. The cattle receiving the high 

moisture corn treatment had a higher total DMI, leading to the assumption that the high starch 

content of the high moisture corn provoked a negative associative effect on forage digestion 

(Abdelhadi et al., 2005). Conversely, the feeding of corn silage improved the pasture forage DM 

and NDF digestibility. Cattle supplemented with corn silage did not differ in DMI, with grazing 

intake being reduced with high moisture corn supplementation. Ruminal homeostasis was 

regulated better by feeding corn silage, maintaining a more stable pH compared to the control or 

high moisture corn groups (which recorded pH values under 6.2 for the day). The authors 

concluded that corn silage supplementation enhanced forage digestion, and while both corn 

silage and high moisture corn treatments increased stocking density, the improvement in 

digestion for corn silage improves its value as a pasture supplement. In another pasture setting, 

Holden et al. (1995) saw no impact on milk output, milk composition, or total DMI by 
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supplemental feeding corn silage to lactating dairy cows. Miguel et al. (2023) observed similar 

impacts on milk production when administering corn silage as a supplement source. However, at 

varying extremes of grazing intensity and herbage allowance on pastures of high-quality forage, 

vast substitution effects were reported. When dairy cows were only allowed to consume 15 kg of 

herbage dry matter (ryegrass pasture) per day at 3 cm above ground level, there were no leftover 

refusals from corn silage visible, as this was to mimic high grazing intensity. With less grazing 

pressure and cattle being allowed to consume up to 30 kg of herbage dry matter per day, the corn 

silage intake was less. The authors suggested that cattle with greater access to higher quality 

forage had little interest in consuming the corn silage. This preference is related to the available 

forage having a higher nutritional content than the supplemental feedstuff. However, cattle with 

less forage allowance consumed more corn silage. The authors express that these findings offer 

little value to dairy cattle producers who have access to these high-quality forages, but as for 

beef producers in a limited resource in environment, this may prove beneficial. 

Another classic example of a substitution effect was observed with stocker cattle fed corn 

silage while grazing either bermudagrass or wheat pasture (Vogel et al., 1989). With increasing 

amounts of supplemental feeding, bermudagrass and wheat pasture intake was depressed, 

although total intake of bermudagrass, wheat pasture, and silage climbed linearly. The inclusion 

of corn silage magnified the extent of ruminal degradation of wheat forage, which resulted in a 

positive associative effect on wheat forage usage. The researchers postulated that these 

observations may explain why double stocking, without reduction on calf weight gain, can be 

achieved when silage is supplemented. These findings align with earlier research by Vogel et al. 

(1987), which evaluated supplementing cattle grazing wheat pasture with sorghum silage. This 

experiment noted the challenge of a different scarcity imposed by weather and poor crop 
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performance, as winter weather tends to leave very nutritionally dense wheat pasture either 

covered by the elements, or depleted due to stocking calves on an unrealistic amount of a forage. 

Also, by increasing stocking rates, the producer protects himself from having to buy extra cattle 

to graze for what has been coined the graze-out period. In this study, stocking rates of 0.46, 0.46, 

0.61, and 0.92 steers/acre were applied, representing groups 1, 2, 3, and 4, respectively. Groups 

2, 3, and 4 received silage ad libitum while group 1 served as the control. Group 4 steers ranked 

the highest for silage consumption throughout the 3-yr supplemental feeding trial, which in 

conjunction with the fact that total gain per acre was 1.8 times greater (43 kg) for group 4 steers 

versus group 1 and 2 steers, and 1.3 times greater (25 kg) than that of treatment 3, displays a 

significant effect for feeding silage and increasing stocking density. Conclusively, the 

observation that steers across all treatments culminated for an averaged 0.97 kg/day of weight 

gain, builds the case for supplementing silage to double stocking rates while simultaneously 

decreasing the number of stocker cattle the producer would have to buy at the climax of market 

prices in order to take advantage of the graze-out period. Ultimately, using silage as a 

supplemental feed provides a steadfast nutrient cache in variable grazing systems. 

  Corn silage is often regarded as the most popular ensiled feedstuff, while other 

alternatives, such as sorghum silage, are viable pending weather and economic conditions (Vogel 

et al., 1987; Abdelhadi and Santini, 2006). Kirkland and Patterson (2006) compared performance 

outcomes of beef cattle utilizing high and low maturity grain silage as a component of diets 

centered around grass silages with low and high feed values. Regardless of maturity, intake of 

grain silage was similar. However, the intake of grain silage was significantly higher than grass 

silage, with the highest DM intake observed with high feed values and high maturity grain silage. 

Results from this study suggest that a forage-based diet, coupled with a high-quality 
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supplemented corn silage can improve intake. Furthermore, the cattle harvested that consumed 

high maturity grain silage as the main component of their diet, or as supplement to the other 

mentioned silage types, exhibited significantly higher mean carcass fat class scores, 

subcutaneous fat depth, and weight of internal fat deposits than animals consuming low maturity 

grain silage. Knowing what is true of females to put on fat deposition faster than males, these 

results may indicate supplementing grain and (or) grass silage as a means to maintain and 

improve body condition. 

Overall, referencing back to Abdelhadi et al. (2005), it is important to remember the 

quality of the forage serving as the foundational source of nutrition, coupled with the 

benchmarked value and extent of supplementation, will determine if the grazing animals 

performance response of grazing animals is reciprocated positively. 
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Figure 1.1 Cool and warm-season forage growth patterns1  

 

 

1(How Do I Know When Grass is in Rapid Growth? National Drought Mitigation Center: 

University of Nebraska)  
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Figure 1.2 Fescue and endophyte adaptation within the U.S.1  

 
1From Grass endophytes; West, 1999  

1) Diagonal shaded: Area represents where fescue has been adapted for minor use 

2) Cross hatched: Area represents where fescue has been adapted for major use 

3) Dotted line: Area where fescue requires the endophyte fungus to provide stand 

persistence 
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Figure 1.3 Seasonal variation in ergovaline concentration (1987) of endophyte-infected tall 

fescue1 

 

 
1Figure 2 from Rottinghaus et al., (1991)   
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Figure 1.4 Seasonal variation in ergovaline concentration (1988) of endophyte-infected tall 

fescue1 

 

 
1Figure 5. from Rottinghaus et al., (1991) 

 

 

 

 

 



62 

 

References 

Abdelhadi, L. O., and F. J. Santini. 2006. Corn silage versus grain sorghum silage as a 

supplement to growing steers grazing high quality pastures: Effects on performance and ruminal 

fermentation. Anim. Feed Sci. Technol. 127:33–43. doi:10.1016/j.anifeedsci.2005.08.010. 

Abdelhadi, L. O., F. J. Santini, and G. A. Gagliostro. 2005. Corn silage or high moisture corn 

supplements for beef heifers grazing temperate pastures: effects on performance, ruminal 

fermentation and in situ pasture digestion. Anim. Feed Sci. Technol. 118:63–78. 

doi:10.1016/j.anifeedsci.2004.09.007. 

Adams, C., R. T. Clark, T. J. Kloptenstein, and D. Volesky. 1996. Matching the cow with forage 

resources. Rangelands. 18:57–62. 

Adams, D. C., M. K. Nielsen, W. H. Schacht, and R. T. Clark. 2000. Designing and conducting 

experiments for range beef cows. J. Anim. Sci. 77:1. doi:10.2527/jas2000.77E-Suppl1u. 

Adams, W. M., and W. C. Wagner. 1970. The role of corticoids in parturition. Biol. Reprod. 

3:223–228. doi:10.1093/biolreprod/3.2.223. 

Ahmadzadeh, A., M. A. Barnes, F. C. Gwazdauskas, and R. M. Akers. 2006. Dopamine 

antagonist alters serum cortisol and prolactin secretion in lactating Holstein cows. J. Dairy Sci. 

89:2051–2055. doi:10.3168/jds.S0022-0302(06)72272-X. 

Aiken, G. E. 2002. Cost of steer weight gain to rate of supplementation with ground corn on 

bermudagrass pasture. Agron J. 94:1387–1392. doi:10.2134/agronj2002.1387. 

Aiken, G. E., B. H. Kirch, J. R. Strickland, L. P. Bush, M. L. Looper, and F. N. Schrick. 2007. 

Hemodynamic responses of the caudal artery to toxic tall fescue in beef heifers. J. Anim. Sci. 

85:2337–2345. doi:10.2527/jas.2006-821. 

Aiken, G. E., L. K. McClanahan, and F. N. Schrick. 2008. Steer responses to feeding soybean 

hulls on toxic tall fescue pasture. PAS. 24:399–403. doi:10.15232/S1080-7446(15)30889-5. 

Aiken, G. E., E. L. Piper, and C. R. Miesner. 2001. Influence of protein supplementation and 

implant status on alleviating fescue toxicosis. J. Anim. Sci. 79:827. doi:10.2527/2001.794827x. 

Aiken, G. E., and J. R. Strickland. 2013. Forages and Pastures Symposium: Managing the tall 

fescue–fungal endophyte symbiosis for optimum forage-animal production. J. Anim. Sci. 

91:2369–2378. doi:10.2527/jas.2012-5948. 

Aiken, G. E., J. R. Strickland, M. L. Looper, L. P. Bush, and F. N. Schrick. 2009. 

Hemodynamics are altered in the caudal artery of beef heifers fed different ergot alkaloid 

concentrations. J. Anim. Sci. 87:2142–2150. doi:10.2527/jas.2008-1562. 



63 

 

Aldrich, C. G., J. A. Paterson, J. L. Tate, and M. S. Kerley. 1993. The effects of endophyte-

infected tall fescue consumption on diet utilization and thermal regulation in cattle. J. Anim. Sci. 

71:164–170. doi:10.2527/1993.711164x. 

Amaral, B. C. D., E. E. Connor, S. Tao, J. Hayen, J. Bubolz, and G. E. Dahl. 2010. Heat stress 

abatement during the dry period influences prolactin signaling in lymphocytes. Domest. Anim. 

Endocrinol. 38:38–45. doi:10.1016/j.domaniend.2009.07.005. 

Arachevaleta, M., C. W. Bacon, C. S. Hoveland, and D. E. Radcliffe. 1989. Effect of the tall 

fescue endophyte on plant response to environmental stress. Agron J. 81:83–90. 

doi:10.2134/agronj1989.00021962008100010015x. 

Arechavaleta, M., C. W. Bacon, R. D. Plattner, C. S. Hoveland, and D. E. Radcliffe. 1992. 

Accumulation of ergopeptide alkaloids in symbiotic tall fescue grown under deficits of soil water 

and nitrogen fertilizer. Appl Environ Microbiol. 58:857–861. doi:10.1128/aem.58.3.857-

861.1992. 

Arima, Y., and R. D. Bremel. 1983. Purification and characterization of bovine placental 

lactogen. Endocrinol. 113:2186–2194. 

Bacon, C. W. 1995. Toxic endophyte-infected tall fescue and range grasses: historic 

perspectives. J. Anim. Sci. 73:861–870. doi:10.2527/1995.733861x. 

Bacon, C. W., J. K. Porter, J. D. Robbins, and E. S. Luttrell. 1977. Epichloë typhina from toxic 

tall fescue grasses. Appl Environ Microbiol. 34:576–581. doi:10.1128/aem.34.5.576-581.1977. 

Bagley, C. P. 1993. Nutritional management of replacement beef heifers: a review. J. Anim. Sci. 

71:3155–3163. doi:10.2527/1993.71113155x. 

Bagley, C. P., J. P. Fontenot, R. E. Blaser, and K. E. Webb. 1983. Nutritional value and 

voluntary intake of tall fescue (Festuca arundinacea Schreb.) fed to sheep. J. Anim. Sci. 

57:1383–1391. doi:10.2527/jas1983.5761383x. 

Baker, B. B., R. M. Bourdon, and J. D. Hanson. 1992. FORAGE: a model of forage intake in 

beef cattle. Ecol. Model. 60:257–279. doi:10.1016/0304-3800(92)90036-E. 

Barker, D. J., R. M. Sulc, T. L. Bultemeier, J. S. McCormick, R. Little, C. D. Penrose, and D. 

Samples. 2005. Contrasting toxic‐endophyte contamination between endophyte‐free and 

nontoxic‐endophyte tall fescue pastures. Crop Sci. 45:616–625. doi:10.2135/cropsci2005.0616. 

Bayazit, V. 2009. Evaluation of Cortisol and Stress in Captive Animals. Aust. J. Basic Appl Sci. 

2:1022–1031. 

Beck, P. A., S. A. Gunter, K. S. Lusby, C. P. West, K. B. Watkins, and D. S. Hubbell. 2008. 

Animal performance and economic comparison of novel and toxic endophyte tall fescues to 

cool-season annuals. J. Anim. Sci. 86:2043–2055. doi:10.2527/jas.2007-0522. 



64 

 

Beck, P. A., S. A. Gunter, and J. M. Phillips. 2006. Evaluation of supplementation programs for 

growing cattle grazing tall fescue. PAS. 22:325–333. doi:10.15232/S1080-7446(15)31115-3. 

Bernard, J. K., A. B. Chestnut, B. H. Erickson, and F. M. Kelly. 1993. Effects of prepartum 

consumption of endophyte-infested tall fescue on serum prolactin and subsequent milk 

production of holstein cows. J. Dairy Sci. 76:1928–1933. 

Blodgett, D. J. 2001. Fescue Toxicosis. Vet. Clin. North Am. Equine Pract. 17:567–577. 

doi:10.1016/S0749-0739(17)30052-4. 

Bodine, T. N., H. T. Purvis, and D. L. Lalman. 2001. Effects of supplement type on animal 

performance, forage intake, digestion, and ruminal measurements of growing beef cattle. J. 

Anim. Sci. 79:1041. doi:10.2527/2001.7941041x. 

Bohnert, D. W., T. DelCurto, A. A. Clark, M. L. Merrill, S. J. Falck, and D. L. Harmon. 2011. 

Protein supplementation of ruminants consuming low-quality cool- or warm-season forage: 

Differences in intake and digestibility. J. Anim. Sci. 89:3707–3717. doi:10.2527/jas.2011-3915. 

Bolsen, K. K., M. Wilkinson, and C. J. Lin. 2000. Evolution of silage and silage inoculants. 453–

471. 

Bouton, J. H., G. C. M. Latch, N. S. Hill, C. S. Hoveland, M. A. McCann, R. H. Watson, J. A. 

Parish, L. L. Hawkins, and F. N. Thompson. 2002. Reinfection of tall fescue cultivars with non‐

ergot alkaloid–producing endophytes. Agron J. 94:567–574. doi:10.2134/agronj2002.5670. 

Bowman, J. G. P., B. F. Sowell, and J. A. Paterson. 1995. Liquid supplementation for ruminants 

fed low- quality forage diets: a review. Anim. Feed Sci. Technol. 55:33. 

Bristow, D. J., and D. S. Holmes. 2007. Cortisol levels and anxiety-related behaviors in cattle. 

Physiol. Behav. 90:626–628. doi:10.1016/j.physbeh.2006.11.015. 

Brown, M. A., L. M. Tharel, A. H. Brown, W. G. Jackson, and J. R. Miesner. 1993. Milk 

production in Brahman and Angus cows on endophyte-infected fescue and common 

bermudagrass. J. Anim. Sci. 71:1117–1122. doi:10.2527/1993.7151117x. 

Browning, R., S. J. Gissendanner, and T. Wakefield. 2000. Ergotamine alters plasma 

concentrations of glucagon, insulin, cortisol, and triiodothyronine in cows. J. Anim. Sci. 78:690. 

doi:10.2527/2000.783690x. 

Browning, R., and M. L. Leite-Browning. 1997. Effect of ergotamine and ergonovine on thermal 

regulation and cardiovascular function in cattle. J. Anim Sci. 75:176. doi:10.2527/1997.751176x. 

Browning, R., M. L. Leite-Browning, H. M. Smith, and T. Wakefield. 1998. Effect of 

ergotamine and ergonovine on plasma concentrations of thyroid hormones and cortisol in cattle. 

J. Anim. Sci. 76:1644. doi:10.2527/1998.7661644x. 



65 

 

Browning, R., F. N. Schrick, F. N. Thompson, and T. Wakefield. 2001. Effect of an acute 

ergotamine challenge on reproductive hormones in follicular phase heifers and progestin-treated 

cows. Anim. Reprod. Sci. 66:135–149. doi:10.1016/S0378-4320(01)00098-7. 

Buckner, R. C., and L. P. Bush, eds. 2015. Front Matter. In: Agronomy Monographs. American 

Society of Agronomy, Crop Science Society of America, Soil Science Society of America, 

Madison, WI, USA. p. i–xvi. Available from: 

http://doi.wiley.com/10.2134/agronmonogr20.frontmatter 

Burns, J. C., D. S. Fisher, and G. E. Rottinghaus. 2006. Grazing influences on mass, nutritive 

value, and persistence of stockpiled Jesup tall fescue without and with novel and wild‐type 

fungal endophytes. Crop Sci. 46:1898–1912. doi:10.2135/cropsci2005.09-0327. 

Caldwell, J. D., K. P. Coffey, J. A. Jennings, D. Philipp, A. N. Young, J. D. Tucker, D. S. 

Hubbell, T. Hess, M. L. Looper, C. P. West, M. C. Savin, M. P. Popp, D. L. Kreider, D. M. 

Hallford, and C. F. Rosenkrans. 2013. Performance by spring and fall-calving cows grazing with 

full, limited, or no access to toxic Neotyphodium coenophialum-infected tall fescue. J. Anim Sci. 

91:465–476. doi:10.2527/jas.2011-4603. 

Campling, R. C. 1970. Physical regulation of voluntary intake. Physiology of Digestion and 

Metabolism in the Ruminant. 226–234. 

Clay, K. 1987. Effects of fungal endophytes on the seed and seedling biology of Lolium perenne 

and Festuca arundinacea. Oecologia. 73:358–362. doi:10.1007/BF00385251. 

Cole, N. A., M. A. Brown, and W. A. Phillips. 2001. Genetic ×environment interactions on 

blood constituents of Angus, Brahman, and reciprocal-cross cows and calves grazing common 

bermudagrass or  endophyte-infected tall fescue. J. Anim Sci. 79:1151–1161. 

Cole, N. A., and D. P. Hutcheson. 1990. Influence of dietary protein concentrations on 

performance and nitrogen repletion in stressed calves. J. Anim. Sci. 68:3488. 

doi:10.2527/1990.68113488x. 

Coombe, J., and J. Mulholland. 1983. Utilization of urea and molasses supplements by sheep 

grazing oat stubble. Aust. J.  Agric. Res. 34:767. doi:10.1071/AR9830767. 

Coppock, C. E. 1969. Problems associated with all corn silage feeding. J. Dairy Sci. 52:848–858. 

doi:10.3168/jds.S0022-0302(69)86662-2. 

Cross, D. L., L. M. Redmond, and J. R. Strickland. 1995. Equine fescue toxicosis: signs and 

solutions. J. Anim. Sci. 73:899–908. doi:10.2527/1995.733899x. 

Davis, B. E., T. A. Hamilton, J. T. Johns, D. L. Harmon, J. L. Klotz, J. R. Weinert-Nelson, J. P. 

Goodman, J. May, H. Ji, F. N. Schrick, and M. D. Flythe. 2023. Conventional loose mineral with 

added red clover leaf (Trifolium pratense L.) reverses vasoconstriction associated with tall fescue 

toxicosis in steers. Anim. Feed Sci. Technol. 295:115523. doi:10.1016/j.anifeedsci.2022.115523. 



66 

 

Dickerson, G. 1970. Efficiency of animal production—molding the biological components. J. 

Anim. Sci. 30:849–859. doi:10.2527/jas1970.306849x. 

Drewnoski, M. E., M. H. Poore, E. J. Oliphant, B. Marshall, and J. T. Green. 2007. Agronomic 

performance of stockpiled tall fescue varies with endophyte infection status. Forage & 

Grazinglands. 5:1–13. doi:10.1094/FG-2007-1217-03-RS. 

English, L., J. Popp, G. Alward, and G. Thoma. 2020. Economic Contributions of the US  Beef 

Industry. Available from: https://cpb-us-e1.wpmucdn.com/wordpressu  

a.uark.edu/dist/9/350/files/2017/05/4-NCBA-CATTLE-_Revision_FINAL_clean-lae  

001@uark.edu_.pdf. 

Evans, T. J., D. J. Blodgett, and G. E. Rottinghaus. 2012. Fescue toxicosis. In: Veterinary 

Toxicology. Elsevier. p. 1166–1177. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/B9780123859266001150 

Faichney, O., and T. Barry. 1986. Effects of mild heat exposure and suppression of prolactin 

secretion on gastro-intestinal tract function and temperature regulation in sheep. Aust. J. Biol. 

Sci. 39:85. doi:10.1071/BI9860085. 

Falconer, I. R. 1980. Aspects of the biochemistry, physiology and endocrinology of lactation. 

Aust. J. Biol. Sci. 33:71. doi:10.1071/BI9800071. 

Fergus, E. N., and R. C. Buckner. 1972. Registration of Kentucky 31 Tall Fescue (Reg. No. 7). 

Crop Sci. 12:714–714. doi:10.2135/cropsci1972.0011183X001200050061x. 

Ferrell, C. L., and T. G. Jenkins. 1985. Cow Type and the Nutritional Environment: Nutritional 

Aspects. J. Anim. Sci. 61:725–741. doi:10.2527/jas1985.613725x. 

Feuz, D. M., and W. J. Umberger. 2003. Beef cow-calf production. Vet. Clin. North Am. Food 

Anim. Pract. 19:339–363. doi:10.1016/S0749-0720(03)00023-9. 

Fiorito, I. M., L. D. Bunting, G. M. Davenport, and J. A. Boling. 1991. Metabolic and endocrine 

responses of lambs fed Acremonium coenophialum-infected or noninfected tall fescue hay at 

equivalent nutrient intake. J. Anim. Sci. 69:2108–2114. doi:10.2527/1991.6952108x. 

Forcherio, J. C., G. E. Catlett, J. A. Paterson, M. S. Kerley, and M. R. Ellersieck. 1995. 

Supplemental protein and energy for beef cows consuming endophyte-infected tall fescue. J. 

Anim. Sci. 73:3427–3436. doi:10.2527/1995.73113427x. 

Forsyth, I. A. 1986. Variation among species in the endocrine control of mammary growth and 

function: the roles of prolactin, growth hormone, and placental lactogen. J. Dairy Sci. 69:886–

903. doi:10.3168/jds.S0022-0302(86)80479-9. 

Franzluebbers, A. J., J. A. Stuedemann, and D. H. Seman. 2013. Stocker performance and 

production in mixed tall fescue–bermudagrass pastures of the Southern Piedmont USA. Renew. 

Agric. Food Syst. 28:160–172. doi:10.1017/S1742170512000105. 



67 

 

Galyean, M. L., and S. A. Gunter. 2016. Predicting forage intake in extensive grazing systems. J. 

Anim. Sci. 94:26–43. doi:10.2527/jas.2016-0523. 

Galyean, M. L., and M. E. Hubbert. 2014. Review: Traditional and alternative sources of fiber—

Roughage values, effectiveness, and levels in starting and finishing diets. PAS. 30:571–584. 

doi:10.15232/pas.2014-01329. 

Gerber, P. J., A. Mottet, C. I. Opio, A. Falcucci, and F. Teillard. 2015. Environmental impacts of 

beef production: Review of challenges and perspectives for durability. Meat Sci. 109:2–12. 

doi:10.1016/j.meatsci.2015.05.013. 

Ginane, C., M. Bonnet, R. Baumont, and D. K. Revell. 2015. Feeding behaviour in ruminants: a 

consequence of interactions between a reward system and the regulation of metabolic 

homeostasis. Anim. Prod. Sci. 55:247. doi:10.1071/AN14481. 

Gitau, M. M., J. Fan, Y. Xie, and J. Fu. 2017. Genetic diversity and association mapping of 

forage quality in diverse bermudagrass accessions. Euphytica. 213:234. doi:10.1007/s10681-017-

2024-z. 

Grgic, D., E. Varga, B. Novak, A. Müller, and D. Marko. 2021. Isoflavones in animals: 

metabolism and effects in livestock and occurrence in eed. Toxins. 13:836. 

doi:10.3390/toxins13120836. 

Gunter, S. A., and P. A. Beck. 2004. Novel endophyte-infected tall fescue for growing beef 

cattle. J. Anim. Sci. 82:E72–E82. 

Gustad, K. H., L. A. Stalker, T. J. Klopfenstein, W. H. Schacht, D. C. Adams, J. A. Musgrave, 

and J. D. Volesky. 2008. Use of dried distiller’s grains to extend range capacity. Available from: 

https://digitalcommons.unl.edu/ animalscinbcr/10 

Haarmann, T., Y. Rolke, S. Giesbert, and P. Tudzynski. 2009. Ergot: from witchcraft to 

biotechnology. Mol. Plant Pathol. 10:563–577. doi:10.1111/j.1364-3703.2009.00548.x. 

Harlow, B. E., M. D. Flythe, J. P. Goodman, H. Ji, and G. E. Aiken. 2022. Isoflavone containing 

legumes mitigate ergot alkaloid-induced vasoconstriction in goats (Capra hircus). Animals. 

12:750. doi:10.3390/ani12060750. 

Harlow, B. E., M. D. Flythe, T. A. Hamilton, H. Ji, F. N. Schrick, and G. E. Aiken. 2021. Effects 

of overseeding red clover in endophyte-infected tall fescue pastures on steer physiology and 

performance. Appl. Anim. Sci. 37:748–757. doi:10.15232/aas.2021-02152. 

Hashem, N., and Y. Soltan. 2016. Impacts of phyotestrogens on livestock production: a review. 

Egypt. J. Nutr. Feeds. 19:81–89. doi:10.21608/ejnf.2016.74871. 

Hemken, R. W., J. A. Jackson, and J. A. Boling. 1984. Toxic factors in tall fescue. J. Anim. Sci. 

58:1011–1016. doi:10.2527/jas1984.5841011x. 



68 

 

Herbel, C. H., J. D. Wallace, M. D. Finkner, and C. C. Yarbrough. 1984. Early weaning and part-

year confinement of cattle on arid rangelands of the Southwest. JRM. 37:127. 

doi:10.2307/3898897. 

Highfill, B. D., D. L. Boggs, H. E. Amos, and J. G. Crickman. 1987. Effects of high fiber energy 

supplements on fermentation characteristics and In vivo and in situ digestibilities of low quality 

fescue hay. J. Anim. Sci. 65:224–234. doi:10.2527/jas1987.651224x. 

Hill, G. M., R. N. Gates, and G. W. Burton. 1993. Forage quality and grazing steer performance 

from Tifton 85 and Tifton 78 bermudagrass pastures. J. Anim. Sci. 71:3219–3225. 

doi:10.2527/1993.71123219x. 

Hill, G. M., R. N. Gates, and J. W. West. 2001. Advances in bermudagrass research involving 

new cultivars for beef and dairy production. J. Anim. Sci. 79:E48. doi:10.2527/jas2001.79E-

SupplE48x. 

Holden, L. A., L. D. Muller, T. Lykos, and T. W. Cassidy. 1995. Effect of corn silage 

supplementation on intake and milk production in cows grazing grass pasture. J. Dairy Sci. 

78:154–160. doi:10.3168/jds.S0022-0302(95)76625-5. 

Holechek, L. 1996. Drought and low cattle prices: hardship for New Mexico ranchers. 

Rangelands. 18:11–13. 

Horn, B. E., C. R. Hart, and S. I. Paisley. 2003. Management of rangeland livestock under 

drought. Ann. Arid Zone. 41:1–23. 

Horn, G. W., M. D. Cravey, F. T. McCollum, C. A. Strasia, E. G. Krenzer, and P. L. Claypool. 

1995. Influence of high-starch vs high-fiber energy supplements on performance of stocker cattle 

grazing wheat pasture and subsequent feedlot performance. J. Anim. Sci. 73:45. 

doi:10.2527/1995.73145x. 

Horn, G. W., and F. T. McCollum. 1987. Energy supplementation of grazing ruminants. Grazing 

livestock nutrition conference. 1:125–136. 

Horney, M. R., T. DelCurto, M. M. Stamm, R. K. Bailey, and S. D. Brandyberry. 1996. Early-

vegetative tall fescue hay vs alfalfa hay as a supplement for cattle consuming low-quality 

roughages. J. Anim. Sci. 74:1959. doi:10.2527/1996.7481959x. 

Houdebine, L.-M., J. Djiane, I. Dusanter-Fourt, P. Martel, P. A. Kelly, E. Devinoy, and J.-L. 

Servely. 1985. Hormonal action controlling mammary activity. J. Dairy Sci. 68:489–500. 

doi:10.3168/jds.S0022-0302(85)80848-1. 

Hoveland, C. S. 1992. Grazing systems for humid regions. J. Prod. Agric. 5:23–27. 

doi:10.2134/jpa1992.0023. 

Hoveland, C. S. 1993. Importance and economic significance of the Acremonium endophytes to 

performance of animals and grass plant. Agric Ecosyst Environ. 44:3–12. doi:10.1016/0167-

8809(93)90036-O. 



69 

 

Huang, S., S. Jiang, J. Liang, M. Chen, and Y. Shi. 2019. Current knowledge of bermudagrass 

responses to abiotic stresses. Breed. Sci. 69:215–226. doi:10.1270/jsbbs.18164. 

Hudson, D. J., R. H. Leep, T. S. Dietz, A. Ragavendran, and A. Kravchenko. 2010. Integrated 

warm‐ and cool‐season grass and legume pastures: I. seasonal forage dynamics. Agron J. 

102:303–309. doi:10.2134/agronj2009.0204. 

Hutton, J. B. 1963. The effect of lactation on intake in the dairy cow. Proc. N. Z. Soc. Anim. 

Prod. 23:39–52. 

Jakubczyk, D., J. Z. Cheng, and S. E. O’Connor. 2014. Biosynthesis of the ergot alkaloids. Nat. 

Prod. Rep. 31:1328–1338. doi:10.1039/C4NP00062E. 

Jenkin, G., and I. R. Young. 2004. Mechanisms responsible for parturition; the use of 

experimental models. Anim. Reprod. Sci. 82–83:567–581. 

doi:10.1016/j.anireprosci.2004.05.010. 

Johnson, P. S., K. C. Olson, R. N. Gates, H. H. Patterson, M. Hubert, D. Landblom, J. J. 

Kincheloe, H. A. Richter, and A. V. Grove. 2015. Early weaning reduces rangeland herbage 

disappearance. Crop Forage & Turfgrass Mgmt. 1:1–5. doi:10.2134/cftm2014.0090. 

Jones, K. L., C. R. McCleary, S. S. King, G. A. Apgar, and K. E. Griswold. 2004. Case study: 

consumption of toxic fescue impairs bull reproductive parameters. PAS. 20:437–442. 

Joost, R. E. 1995. Acremonium in fescue and ryegrass: boon or bane? A review. J. Anim Sci. 

73:881–888. doi:10.2527/1995.733881x. 

Journet, M., and B. Remond. 1976. Physiological factors affecting the voluntary intake of feed 

by cows: A review. Livest. Prod. Sci. 3:129–146. doi:10.1016/0301-6226(76)90030-0. 

Kallenbach, R. L. 2015. Bill E. Kunkle Interdisciplinary Beef Symposium: Coping with tall 

fescue toxicosis: Solutions and realities. J. Anim Sci. 93:5487–5495. doi:10.2527/jas.2015-9229. 

Kallenbach, R. L., R. J. Crawford, M. D. Massie, M. S. Kerley, and N. J. Bailey. 2012. 

Integrating bermudagrass into tall fescue-based pasture systems for stocker cattle. J. Anim. Sci. 

90:387–394. doi:10.2527/jas.2011-4070. 

Karachaliou, C.-E., G. Koukouvinos, D. Goustouridis, I. Raptis, S. Kakabakos, P. Petrou, and E. 

Livaniou. 2023. Cortisol immunosensors: A literature review. Biosensors. 13:285. 

doi:10.3390/bios13020285. 

Khumalo, G., and J. Holechek. 2005. Relationships between chihuahuan desert perennial grass 

production and precipitation. Rangel Ecol Manag. 58:239–246. doi:10.2111/1551-

5028(2005)58[239:RBCDPG]2.0.CO;2. 

Kingsbury, J. M. 1964. Poisonous Plants of the United States and Canada. Soil Sci. 98:349. 



70 

 

Kirkland, R. M., and D. C. Patterson. 2006. The effect of quality of grass and maize silage on the 

intake and performance of beef cattle. Livestock Sci. 100:179–188. 

doi:10.1016/j.livprodsci.2005.08.015. 

Klotz, J. 2015. Activities and effects of ergot alkaloids on livestock physiology and production. 

Toxins. 7:2801–2821. doi:10.3390/toxins7082801. 

Křížová, L., K. Dadáková, J. Kašparovská, and T. Kašparovský. 2019. Isoflavones. Molecules. 

24:1076. doi:10.3390/molecules24061076. 

Kronberg, S. L., K. M. Havstad, E. L. Ayers, and D. E. Doornbos. 1986. Influence of breed on 

forage intake of range beef cows. JRM. 39:421. doi:10.2307/3899442. 

Kucht, S., J. Gro, Y. Hussein, T. Grothe, U. Keller, S. Basar, W. A. König, U. Steiner, and E. 

Leistner. 2004. Elimination of ergoline alkaloids following treatment of Ipomoea asarifolia 

(Convolvulaceae) with fungicides. Planta. 219. doi:10.1007/s00425-004-1261-2. Available from: 

http://link.springer.com/10.1007/s00425-004-1261-2 

Lacefield, G. D., J. C. Henning, and T. D. Phillips. 1977. Tall fescue. 

Larson, B. T., M. D. Samford, J. M. Camden, E. L. Piper, M. S. Kerley, J. A. Paterson, and J. T. 

Turner. 1995. Ergovaline binding and activation of D2 dopamine receptors in GH4ZR7 cells. J. 

Anim. Sci. 73:1396–1400. doi:10.2527/1995.7351396x. 

Lusby, K. 1995. Use of early weaning in practical cattle management. 

Lyons, P. C., R. D. Plattner, and C. W. Bacon. 1986. Occurrence of peptide and clavine ergot 

alkaloids in tall fescue grass. Science. 232:487–489. doi:10.1126/science.3008328. 

Lyons, S. E., A. D. Shaeffer, M. E. Drewnoski, M. H. Poore, and D. H. Poole. 2016. Effect of 

protein supplementation and forage allowance on the growth and reproduction of beef heifers 

grazing stockpiled tall fescue. J. Anim. Sci. 94:1677–1688. doi:10.2527/jas.2015-9969. 

Mathews, K. H. 2013. Alternative beef production systems: issues and implications. USDA, 

ERS. 

McCann, J. S., G. L. Heusner, H. E. Amos, and D. L. Thompson. 1993. Effects of 0 and 94% 

endophyte-infected tall fescue hay on growth rate, diet digestibility, and serum prolactin levels in 

early yearling horses. PAS. 9:39–44. doi:10.15232/S1080-7446(15)31992-6. 

McCuistion, K., M. Grigar, D. B. Wester, R. Rhoades, C. Mathis, and L. Tedeschi. 2014. Can we 

predict forage nutritive value with weather parameters? Rangelands. 36:2–9. 

doi:10.2111/RANGELANDS-D-13-00055.1. 

McMurphy, W. E., K. S. Lusby, S. C. Smith, S. H. Muntz, and C. A. Strasia. 1990. Steer 

performance on tall fescue pasture. J. Prod. Agric. 3:100–102. doi:10.2134/jpa1990.0100. 



71 

 

Miguel, M. F., H. M. N. Ribeiro-Filho, and R. Delagarde. 2023. Effects of corn silage 

supplementation strategy and grazing intensity on herbage intake, milk production, and behavior 

of dairy cows. J. Dairy Sci. 106:1013–1025. doi:10.3168/jds.2021-21649. 

Money, N. P. 2016. Fungal cell biology and development. In: The Fungi. Elsevier. p. 37–66. 

Available from: https://linkinghub.elsevier.com/retrieve/pii/B9780123820341000025 

Monroe, J. L., D. L. Cross, L. W. Hudson, D. M. Henndricks, S. W. Kennedy, and W. C. Bridges 

Jr. 1988. Effect of slenium and ednophyte-contaminated fescue on performance and reproduction 

in mares. J. Equine Vet. Sci. 8:148–153. 

Mottet, A., C. De Haan, A. Falcucci, G. Tempio, C. Opio, and P. Gerber. 2017. Livestock: On 

our plates or eating at our table? A new analysis of the feed/food debate. Glob. Food Sec. 14:1–

8. doi:10.1016/j.gfs.2017.01.001. 

Mulholland, J., and J. Coombe. 1979. Supplementation of sheep grazing wheat stubble with urea, 

molasses and minerals: quality of diet, intake of supplements and animal response. Aust. J. Exp. 

Agric. 19:23. doi:10.1071/EA9790023. 

Mullenix, M. K., and F. M. Rouquette. 2018. Review: Cool-season annual grasses or grass–

clover management options for extending the fall–winter–early spring grazing season for beef 

cattle. PAS. 34:231–239. doi:10.15232/pas.2017-01714. 

Mulliniks, J. T., M. Benell, and R. N. Funston. 2018. Nutrient requirements of beef cattle, 8th 

revised edition. In: National Academies Press, Washington, D.C. p. 19014. Available from: 

http://www.nap.edu/catalog/19014 

NASS, N. 2024. Biannual Cattle Inventory Report. 

National Drought Mitigation Center. How Do I Know When Grass is in Rapid Growth? National 

Drought Mitigation Center: University of Nebraska. Available from: 

https://www.ndmc.unl.edu/ranchplan/DroughtBasics/GrassesandDrought/SeasonandTimingofPla

ntGrowth.aspx 

Neibergs, J. S., T. D. Hudson, C. E. Kruger, and K. Hamel-Rieken. 2018. Estimating climate 

change effects on grazing management and beef cattle production in the Pacific Northwest. Clim 

Change. 146:5–17. doi:10.1007/s10584-017-2014-0. 

Panaccione, D. G., K. L. Ryan, C. L. Schardl, and S. Florea. 2012. Analysis and modification of 

ergot alkaloid profiles in fungi. In: Methods in Enzymology. Vol. 515. Elsevier. p. 267–290. 

Available from: https://linkinghub.elsevier.com/retrieve/pii/B9780123942906000124 

Paterson, J., C. Forcherio, B. Larson, M. Samford, and M. Kerley. 1995. The effects of fescue 

toxicosis on beef cattle productivity. J. Anim. Sci. 73:889–898. doi:10.2527/1995.733889x. 

Pedersen, J. F., G. D. Lacefield, and D. M. Ball. 1990. A review of the agronomic characteristics 

of endophyte-free and endophyte-infected tall fescue. J. Appl. Agric. Res. 5:188–194. 



72 

 

Pedersen, J. F., J. A. McGuire, S. P. Schmidt, C. C. King, C. S. Hoveland, and L. A. Smith. 

1986. Steer performance as affected by tall fescue cultivar and level of Acremonium 

coenophialum infection. New Zeal J Agr Res. 14:307–312. 

doi:10.1080/03015521.1986.10423044. 

Peel, D. S. 2003. Beef cattle growing and backgrounding programs. Vet. Clin. North Am. Food 

Anim. Pract. 19:365–385. doi:10.1016/S0749-0720(03)00032-X. 

Peters, R. R., and H. A. Tucker. 1978. Prolactin and growth hormone responses to photoperiod in 

heifers. Endocrinology. 103:229–234. doi:10.1210/endo-103-1-229. 

Porter, J. K., C. W. Bacon, and J. D. Robbins. 1974. Major alkaloids of a Claviceps isolated from 

toxic Bermuda grass. J. Agric. Food Chem. 22:838–841. doi:10.1021/jf60195a007. 

Porter, J. K., and F. N. Thompson. 1992. Effects of fescue toxicosis on reproduction in livestock. 

J. Anim. Sci. 70:1594–1603. doi:10.2527/1992.7051594x. 

Prestidge, R. A. 1993. Causes and control of perennial ryegrass staggers in New Zealand. Agric 

Ecosys Environ. 44:283–300. doi:10.1016/0167-8809(93)90051-P. 

Provenza, F. D., M. Meuret, and P. Gregorini. 2015. Our landscapes, our livestock, ourselves: 

Restoring broken linkages among plants, herbivores, and humans with diets that nourish and 

satiate. Appetite. 95:500–519. doi:10.1016/j.appet.2015.08.004. 

Richards, N., B. D. Nielsen, and C. J. Finno. 2021. Nutritional and non-nutritional aspects of 

forage. Vet. Clin. North Am. Equine Pract. 37:43–61. doi:10.1016/j.cveq.2020.12.002. 

Riewe, M. E., J. C. Smith, J. H. Jones, and E. C. Holt. 1963. Grazing production curves: 

Comparison of steer gains on gulf ryegrass and tall fescue. Agron J. 55:367–369. 

doi:10.2134/agronj1963.00021962005500040020x. 

Roberts, C., and J. Andrae. 2004. Tall fescue toxicosis and management. Crop manag. 3:1–18. 

doi:10.1094/CM-2004-0427-01-MG. 

Rottinghaus, G. E., G. B. Garner, C. N. Cornell, and J. L. Ellis. 1991. HPLC method for 

quantitating ergovaline in endophyte-infested tall fescue: seasonal variation of ergovaline levels 

in stems with leaf sheaths, leaf blades, and seed heads. J. Agric. Food Chem. 39:112–115. 

doi:10.1021/jf00001a022. 

Rouquette, F. M. 2017. Invited review : management strategies for intensive, sustainable cow-

calf production systems in the Southeastern United States: Bermudagrass pastures overseeded 

with cool-season annual grasses and legumes. PAS. 33:297–309. doi:10.15232/pas.2016-01591. 

Scasta, J. D., L. Henderson, and T. Smith. 2015. Drought effect on weaning weight and 

efficiency relative to cow size in semiarid rangeland. J. Anim. Sci. 93:5829–5839. 

doi:10.2527/jas.2015-9172. 



73 

 

Scasta, J. D., D. L. Lalman, and L. Henderson. 2016. Drought mitigation for grazing operations: 

matching the animal to the environment. Rangelands. 38:204–210. 

doi:10.1016/j.rala.2016.06.006. 

Schardl, C. L., A. Leuchtmann, and M. J. Spiering. 2004. Symbioses of grasses with seedborne 

fungal endophytes. Annu. Rev. Plant Biol. 55:315–340. 

doi:10.1146/annurev.arplant.55.031903.141735. 

Schardl, C. L., B. Scott, S. Florea, and D. Zhang. 2002. Epichloë endophytes: clavicipitaceous 

symbionts of grasses. In: International Journal of Food Microbiology. 2nd ed. Springer-Verlag 

Berlin Heidelberg. p. 275–300. Available from: 

https://linkinghub.elsevier.com/retrieve/pii/S0168160502000429 

Schardl, C. L., C. A. Young, U. Hesse, S. G. Amyotte, K. Andreeva, P. J. Calie, D. J. Fleetwood, 

D. C. Haws, N. Moore, B. Oeser, D. G. Panaccione, K. K. Schweri, C. R. Voisey, M. L. Farman, 

J. W. Jaromczyk, B. A. Roe, D. M. O’Sullivan, B. Scott, P. Tudzynski, Z. An, E. G. 

Arnaoudova, C. T. Bullock, N. D. Charlton, L. Chen, M. Cox, R. D. Dinkins, S. Florea, A. E. 

Glenn, A. Gordon, U. Güldener, D. R. Harris, W. Hollin, J. Jaromczyk, R. D. Johnson, A. K. 

Khan, E. Leistner, A. Leuchtmann, C. Li, JinGe Liu, Jinze Liu, M. Liu, W. Mace, C. Machado, 

P. Nagabhyru, J. Pan, J. Schmid, K. Sugawara, U. Steiner, J. E. Takach, E. Tanaka, J. S. Webb, 

E. V. Wilson, J. L. Wiseman, R. Yoshida, and Z. Zeng. 2013. Plant-symbiotic fungi as chemical 

engineers: multi-genome analysis of the clavicipitaceae reveals dynamics of alkaloid loci. J. 

Heitman, editor. PLoS Genet. 9:e1003323. doi:10.1371/journal.pgen.1003323. 

Schmidt, S. P., C. C. King, C. S. Hoveland, E. M. Clark, L. A. Smith, H. W. Grimes, and J. L. 

Holliman. 1983. Cow-calf performance as affected by fungus infestation of Kentucky-31 tall 

fescue pastures. J. Anim Sci. 57:295. 

Schmidt, S. P., and T. G. Osborn. 1993. Effects of endophyte-infected tall fescue on animal 

performance. Agric Ecosys Environ. 44:233–262. doi:10.1016/0167-8809(93)90049-U. 

Schuler, G., R. Fürbass, and K. Klisch. 2018. Placental contribution to the endocrinology of 

gestation and parturition. Anim Reprod. 15:822–842. doi:10.21451/1984-3143-AR2018-0015. 

Schuler, L. A., and M. A. Kessler. 1992. Bovine placental prolactin-related hormones. Trends in 

Endocrinology & Metabolism. 3:334–338. doi:10.1016/1043-2760(92)90112-E. 

Sgorlon, S., M. Fanzago, D. Guiatti, G. Gabai, G. Stradaioli, and B. Stefanon. 2015. Factors 

affecting milk cortisol in mid lactating dairy cows. BMC Vet Res. 11:259. doi:10.1186/s12917-

015-0572-9. 

Shelby, R. A., and Dalrymple. 1987. Incidence and distribution of the tall fescue endophyte in 

the United States. Plant Dis. 71:783. doi:10.1094/PD-71-0783. 

Short, S. D. 2001. Characteristics and production costs of U.S. cow-calf operations. Report. 26. 

doi:10.22004/ag.econ.262282. 



74 

 

Smith, N. E., and R. L. Baldwin. 1974. Effects of breed, pregnancy, and lactation on weight of 

organs and tissues in dairy cattle. J. Dairy Sci. 57:1055–1060. doi:10.3168/jds.S0022-

0302(74)85008-3. 

Smith, W. B., M. L. Galyean, R. L. Kallenbach, P. L. Greenwood, and E. J. Scholljegerdes. 

2021. Understanding intake on pastures: how, why, and a way forward. J. Anim. Sci. 

99:skab062. doi:10.1093/jas/skab062. 

Stafford, S. D., R. C. Cochran, E. S. Vanzant, and J. O. Fritz. 1996. Evaluation of the potential of 

supplements to substitute for low-quality, tallgrass-prairie forage. J. Anim. Sci. 74:639. 

doi:10.2527/1996.743639x. 

Stalker, L. A., T. J. Klopfenstein, W. H. Schacht, and J. D. Volesky. 2012. Dried distillers grains 

as a substitute for grazed forage. PAS. 28:612–617. doi:10.15232/S1080-7446(15)30418-6. 

Steiner, U., S. Leibner, C. L. Schardl, A. Leuchtmann, and E. Leistner. 2011. Periglandula, a 

new fungal genus within the Clavicipitaceae and its association with Convolvulaceae. 

Mycologia. 103:1133–1145. doi:10.3852/11-031. 

Stokes, K. W., C. R. Shumway, P. E. Doren, W. O. Ajayi, T. C. Nelsen, and T. C. Cartwright. 

1986. Economic effects of alternative beef cow size and milking potential in cow-calf operations. 

J. Anim. Sci. 62:1154–1163. doi:10.2527/jas1986.6251154x. 

Stokes, S. R., A. L. Goetsch, H. H. Nejad, G. Murphy, A. L. Jones, S. Mashburn, K. W. Beers, Z. 

B. Johnson, and E. L. Piper. 1988. Effects of supplemental bermuda grass hay or corn on intake, 

digestion and performance of cattle consuming endophyte-infected fescue. J. Anim. Sci. 66:204–

212. doi:10.2527/jas1988.661204x. 

Strickland, J. R., M. L. Looper, J. C. Matthews, C. F. Rosenkrans, M. D. Flythe, and K. R. 

Brown. 2011. Board-Invited Review: St. Anthony’s Fire in livestock: Causes, mechanisms, and 

potential solutions. J. Anim. Sci. 89:1603–1626. doi:10.2527/jas.2010-3478. 

Stuedemann, J. A., and C. S. Hoveland. 1988. Fescue endophyte: History and impact on animal 

agriculture. J. Prod. Agric. 1:39–44. doi:10.2134/jpa1988.0039. 

Stuedemann, J. A., and D. H. Seman. 2005. Integrating genetics, environment, and management 

to minimize animal toxicoses. In: C. A. Roberts, C. P. West, and D. E. Spiers, editors. 

Neotyphodium in Cool-Season Grasses. Blackwell Publishing Ltd, Oxford, UK. p. 305–324. 

Available from: https://onlinelibrary.wiley.com/doi/10.1002/9780470384916.ch14 

Terry, S. A., J. A. Basarab, L. L. Guan, and T. A. McAllister. 2021. Strategies to improve the 

efficiency of beef cattle production. F. Miglior, editor. Can. J. Anim. Sci. 101:1–19. 

doi:10.1139/cjas-2020-0022. 

Thompson, F. N., J. A. Stuedemann, and N. S. Hill. 2001. Anti-quality factors associated with 

alkaloids in eastern temperate pasture. JRM. 54:474. doi:10.2307/4003119. 



75 

 

Thompson, R. W., H. A. Fribourg, J. C. Waller, W. L. Sanders, J. H. Reynolds, J. M. Phillips, S. 

P. Schmidt, R. J. Crawford, V. G. Allen, D. B. Faulkner, C. S. Hoveland, J. P. Fontenot, R. J. 

Carlisle, and P. P. Hunter. 1993. Combined analysis of tall fescue steer grazing studies in the 

Eastern United States. J. Anim Sci. 71:1940–1946. doi:10.2527/1993.7171940x. 

Uhlig, S., C. J. Botha, T. Vrålstad, E. Rolén, and C. O. Miles. 2009. Indole−Diterpenes and ergot 

alkaloids in Cynodon dactylon (bermuda grass) infected with Claviceps cynodontis from an 

outbreak of tremors in cattle. J. Agric. Food Chem. 57:11112–11119. doi:10.1021/jf902208w. 

USDA, D. 2024. Kansas January 1 cattle inventory. USDA. Available from: 

https://www.nass.usda.gov/Statistics_by_State/Kansas/Publications/Livestock_Releases/Cattle_I

nventory/2024/KS-cattle2401.pdf 

Utley, P. R., H. D. Chapman, W. G. Monson, W. H. Marchant, and W. C. McCormick. 1974. 

Coastcross-1 bermudagrass, coastal bermudagrass and pensacola bahiagrass as summer pasture 

for steers. J. Anim. Sci. 38:490–495. doi:10.2527/jas1974.383490x. 

Vargas, C. A., T. A. Olson, C. C. Chase, A. C. Hammond, and M. A. Elzo. 1999. Influence of 

frame size and body condition score on performance of Brahman cattle. J. Anim. Sci. 77:3140. 

doi:10.2527/1999.77123140x. 

Vavra, M., and R. J. Raleigh. 1976. Coordinating beef cattle management with the range forage 

resource. JRM. 29:449. doi:10.2307/3897246. 

Villasanti, S., L. A. Stalker, T. K. Klopfenstein, W. H. Schacht, and J. D. Volesky. 2011. 

Replacement of grazed forage with WDGS and poor quality hay mixtures. University of 

Nebraska-Lincoln. Available from: 

https://digitalcommons.unl.edu/animalscinbcr/?utm_source=digitalcommons.unl.edu%2Fanimals

cinbcr%2F638&utm_medium=PDF&utm_campaign=PDFCoverPages 

Vogel, G. J., G. W. Horn, W. A. Phillips, M. J. Ford, C. J. Brown, and J. R. Romans. 1987. 

Influence of supplemental silage on performance and economics of growing cattle on wheat 

pasture. PAS. 3:50–55. doi:10.15232/S1080-7446(15)32393-7. 

Vogel, G. J., W. A. Phillips, G. W. Horn, M. J. Ford, and R. W. McNew. 1989. Effects of 

supplemental silage on forage intake and utilization by steers grazing wheat pasture or 

bermudagrass. J. Anim. Sci. 67:232. doi:10.2527/jas1989.671232x. 

Wallwey, C., and S.-M. Li. 2011. Ergot alkaloids: structure diversity, biosynthetic gene clusters 

and functional proof of biosynthetic genes. Nat. Prod. Rep. 28:496–510. 

doi:10.1039/C0NP00060D. 

Warner, J. M., A. J. Doerr, G. E. Erickson, J. A. Guretzky, R. J. Rasby, A. K. Watson, and T. J. 

Klopfenstein. 2017. Case study : Supplementation of cow-calf pairs grazing smooth bromegrass 

pastures with ethanol by-products and low-quality forages. PAS. 33:764–770. 

doi:10.15232/pas.2017-01612. 



76 

 

Waterman, R. C., T. W. Geary, J. A. Paterson, and R. J. Lipsey. 2012. Early weaning in Northern 

Great Plains beef cattle production systems: Performance and reproductive response in range 

beef cows. Livestock Sci. 148:26–35. doi:10.1016/j.livsci.2012.05.004. 

West, C. P. 1999. Grass endophytes. In: McGraw-Hill Yearbook of Science and Technology. J. 

Weil, ed. McGraw-Hill, New York. p. 161–163. 

West, C. P., E. Izekor, D. M. Oosterhuis, and R. T. Robbins. 1988. The effect of Acremonium 

coenophialum on the growth and nematode infestation of tall fescue. Plant Soil. 112:3–6. 

doi:10.1007/BF02181745. 

Wheeler, J. S., D. L. Lalman, G. W. Horn, L. A. Redmon, and C. A. Lents. 2002. Effects of 

supplementation on intake, digestion, and performance of beef cattle consuming fertilized, 

stockpiled bermudagrass forage. J. Anim. Sci. 80:780–789. doi:10.2527/2002.803780x. 

Williams, M. J., P. A. Backman, M. A. Crawford, S. P. Schmidt, and C. C. King. 1984. Chemical 

control of the tall fescue endophyte and its relationship to cattle performance. New Zeal J Agr 

Res. 12:165–171. doi:10.1080/03015521.1984.10421428. 

Woolford, M. K. 1984. The Silage Fermentation. Marcel Dekker, Inc., New York, NY. 

Wu, J.-H., Q. Li, M.-Y. Wu, D.-J. Guo, H.-L. Chen, S.-L. Chen, S.-W. Seto, A. L. S. Au, C. C. 

W. Poon, and G. P. H. Leung. 2010. Formononetin, an isoflavone, relaxes rat isolated aorta 

through endothelium-dependent and endothelium-independent pathways. J. Nutr. Biochem. 

21:613–620. doi:10.1016/j.jnutbio.2009.03.010. 

Ye, T., H. Shi, Y. Wang, and Z. Chan. 2015. Contrasting changes caused by drought and 

submergence stresses in bermudagrass (Cynodon dactylon). Front. Plant Sci. 6. 

doi:10.3389/fpls.2015.00951. Available from: 

http://journal.frontiersin.org/Article/10.3389/fpls.2015.00951/abstract 

Ylioja, C. M., C. Abney-Schulte, R. Stock, and B. J. Bradford. 2018. Effects of fat 

supplementation to diets high in nonforage fiber on production responses of midlactation dairy 

cows. J. Dairy Sci. 101:6066–6073. doi:10.3168/jds.2017-13991. 

 

  



77 

 

 

Chapter 2 - Effects of supplementing corn silage to fall-calving cows 

grazing tall fescue on cow performance and physiology and forage 

performance  

 Abstract 

 The objective was to test the effect of fescue cultivars and supplemental feeding of corn 

silage to pregnant grazing cows on performance and physiological biomarkers. Fall-calving 

primiparous and multiparous crossbred Angus-based cows (n = 45; 151 ± 7 d of gestation), were 

stratified to treatment pastures by parity. Each pasture contained three cows with one cow of 

each age group represented: a young (first-calf heifer), middle-aged (3-5 yrs.), and old (≥ 6 yrs.) 

cow. The experiment was a randomized complete design with a 2 x 2 factorial arrangement of 

treatments with factors being 1) fescue type of non-toxin producing (NONTOX) or K-31 toxin-

producing fescue (TOX); and 2) two supplemental feeding levels being: Non-Supplemented 

(NONSUPP) or Supplemented (SUPP). Supplemented cows were fed corn silage at 1% of BW 

on DM basis (32-42% DM and 10.65% CP) daily in fenceline bunks. Cow BW, BCS, hair score 

(HS), hair length, and rump fat (RF) measurements, along with blood samples for serum 

prolactin and cortisol analysis, were taken at each measurement collection point during gestation. 

Post-partum measurements consisted of calf birth weight, cow weight at peak lactation, an 

estimate of milk production via weigh-suckle-weigh method, and calving date. Supplementation 

tended (P = 0.09) to increase gestational BW gain and RF (P = 0.06) regardless of fescue type. 

Cattle grazing toxic fescue tended to have longer hair (P = 0.09), with cattle grazing toxic fescue 

without supplemental feeding shedding the least (P = 0.08) during gestation. Supplemental 

feeding did not impact calf birth weight nor milk production (P > 0.10), however, cows that were 
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supplemented through early lactation lost less weight from parturition to peak lactation (P = 

0.02). TOX fescue pastures had a greater available forage mass than NONTOX (P = 0.05) 

averaged through the entire 205 days of grazing.  Cattle grazing toxic fescue exhibited classic 

fescue toxicosis symptoms, while supplementation improved cow performance regardless of 

fescue cultivar. 

Key words: fescue, performance, supplementation, toxicosis 

 Introduction 

Tall fescue is the predominant cool-season perennial forage in the U.S. (Browning and 

Leite-Browning, 1997), inhabiting vast portions of the Southeast U.S., High Plains, and 

Oklahoma and Kansas wheat belts (Beck et al., 2008). However, the endophyte fungus that 

works cohesively with fescue to ensure drought and predation resistance, produces ergot 

alkaloids that when ingested have vasoconstricting properties that hinder circulation (Aiken and 

Strickland, 2013). Fescue toxicosis, or ergotism, can reduce livestock performance, with visual 

ramifications including an inability to shed winter haircoats, fat necrosis, and fescue foot 

(Hemken et al., 1984; Stuedemann and Hoveland, 1988). Cattle grazing endophyte infected 

fescue tend to pant, excessively salivate, and spend more time in either shade, mud, or water 

sources, especially during times of increased ambient temperatures (Stuedemann and Hoveland, 

1988; Rottinghaus et al., 1991; Beck et al., 2008; Evans et al., 2012). Compromised reproductive 

efficiency in heifers and cows has also been associated with grazing toxic fescue, accompanied 

by delayed puberty, increased respiration rates, and decreased pregnancy rates (Schmidt and 

Osborn, 1993; Paterson et al., 1995; Strickland et al., 2011).  

 Researchers have looked into fescue toxicosis mitigation strategies including: stockpiling 

fescue to be consumed at times when ergot concentration is lower, diluting fescue pastures with 



79 

 

other grasses and legumes, and breeding endophyte-free and novel fescue varieties (Stuedemann 

and Seman, 2005). These efforts will hopefully reduce the estimated $2 billion dollars ergotism 

costs annually (Kallenbach, 2015). Endophyte-free and novel fescue varieties have been 

developed to capitalize on fescue’s durability, while limiting the debilitating consequences of 

ergotism (Bouton et al., 2002). Endophyte-free varieties do not have the endophyte fungus, 

disabling ergot alkaloid production. Novel fescue, also known as non-toxin producing fescue, 

includes an endophyte that does not produce ergot alkaloids (Bouton et al., 2002). The AR542 

seed variety utilized by Bouton et al. (2002), referred to as “MaxQ”, was the most successful 

seed line in decreasing the prevalence of fescue toxicosis and improving animal performance.  

 Supplementing grain, oil seeds, milling byproducts, silage, and non-toxic hay has been 

documented to assist in alleviating tall fescue toxicosis by providing a substitute nutrition source 

(Roberts and Andrae, 2004). As the cattle select these alternatives, they decrease the intake of the 

basal forage, reducing the amount of toxin being ingested, resulting in a substitution effect 

(Stokes et al., 1988; Forcherio et al., 1995; Bodine et al., 2001; Roberts and Andrae, 2004; 

Warner et al., 2017) that increases animal performance (Elizalde et al., 1998). However, the 

understanding of supplementing cows on toxic fescue and its effect on physiological biomarkers 

has had limited investigation. More specifically, supplementing with cows during endophyte-

infected fescue’s growing season while grazing has not been evaluated. The objective of this 

study was to examine how supplementing with corn silage would impact physiological 

biomarkers and performance parameters of pregnant cows grazing different fescue varieties 

during the growing season. The subobjective was to evaluate the impact of fescue variety and 

supplementation on forage nutrient quality and production. 
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 Materials and Methods 

 Experimental Procedures 

 A 205-d grazing study was conducted at the Mound Valley Branch of the Kansas State 

University Southeast Research and Extension Center in Mound Valley, Kansas.  This experiment 

was conducted from early May to early December 2023 and consisted of the cow production 

periods of mid-second trimester through early lactation. The experiment utilized fescue pastures 

(n = 15; 2.02 hectares each) of either a toxin producing variety of tall fescue (K-31, n = 8) or 

non-toxic varieties (n = 7) consisting of the novel tall fescue (MaxQ) and endophyte-free fescue 

variety (HM4). The original long-term pasture design consisted of 16 pastures with an equal 

number of toxin-producing and non-toxin varieties, however, due to drought conditions the prior 

year causing a lack of regrowth, one endophyte-free pasture was unable to be utilized, therefore 

seven pasture replicates of non-toxic fescue were grazed and replicates eight toxic fescue 

pastures. The experiment was a randomized complete design with a 2 x 2 factorial arrangement 

of treatments. Treatment factors were: 1) fescue cultivar type (toxic = TOX or non-toxic = 

NONTOX) and 2) supplementation (non-supplemented = NONSUPP or supplemented = 

SUPP). Supplementation consisted of feeding corn silage (average 32-42% DM and 10.65% CP, 

DM basis) at 1% of BW on DM-basis daily (Table 2.1). Corn silage was fed in fence-line bunks 

and refusal amounts were measured every Monday, Wednesday, and Friday. Supplemented cows 

were fed silage from mid-second trimester through early lactation, and all cows grazed their 

respective treatment pastures during this same time. The DM content of the silage was 

determined weekly, and a three-week running average was used to determine the feeding rate for 

the subsequent three weeks. Cattle in all pasture replicates were offered free choice access to a 

dry, granular mineral supplement.  
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To determine ergot alkaloid concentration, 10 samples were collected throughout each 

pasture by clipping ~2.54 cm from ground the whole plant, and samples were composited for 

analysis. Samples were placed on ice before being sent overnight to the University of Missouri 

Diagnostic Lab (University of Missouri, Columbia, MO). Upon arriving at the lab, HPLC 

analysis was conducted (Rottinghaus et al., 1991; Bailey et al., 2022), and endophyte 

measurements were performed using the Agrinostics Phytoscreen© field tiller endophyte 

detection kit (Agrinostics Ltd. Co., Watkinsville, GA). For the analysis, 20 random tillers were 

collected from each pasture and samples were placed on ice. The lower portion of the stem was 

placed on a nitrocellulose membrane and incubated overnight. This allowed for the migration of 

the endophyte organisms to the nitrocellulose membrane which were then bound with color 

indicators determining the presence of the endophyte organism. The number of positives were 

identified and multiplied by five to determine total percent infection for each pasture.  

In June, pastures were mowed upon inflorescence to remove the seedhead, thus ensuring 

pasture integrity and preventing toxic fescue infestation of non-toxic fescue pastures. Pastures 

were fertilized with 60 units of N in March of 2023 and were also fertilized with P and K based 

on soil tests collected October of 2022. Pastures were fertilized with approximately 16.2 units of 

N per hectare in September 2023 for fall growth. 

Crossbred primiparous and multiparous Angus-based cows (n = 45) originating from the 

Southeast Research and Extension Center production herd were utilized in this experiment. 

Estrus was synchronized using the seven-day CIDR protocol and cows were artificially 

inseminated on December 14, 2022 and exposed for natural service breeding 2 weeks later. 

Pregnancy was diagnosed via trans-rectal ultrasound on February 12, 2023 and bulls were 

removed on this date. Females utilized for the experiment were confirmed as pregnant to either 
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AI or natural service mating in the first two weeks of the breeding season. One cow from the 

NONTOX-NONSUPP treatment was determined to be non-pregnant prior to commencement of 

the study according to BioPRYN Pregnancy-Specific Protein B blood serum test (Ag Health 

Laboratories Inc., Sunnyside WA) conducted by SEK Genetics (Galesburg, KS). This blood 

pregnancy test occurred using serum samples collected from collection time point during 

gestation and analyzed after calving to retrospectively determine time of fetal loss. The one 

female from the NONTOX-NONSUPP treatment was excluded from the percentage of live 

calves born analysis. Cows were stratified by age, and randomly assigned to pasture replicates 

with each pasture designed to include an animal from three age groups: a young (first-calf 

heifer), middle-aged (3-5 yrs.), and old (≥ 6 yrs.) cow. The average age of all cows used during 

the experiment was 4.75 ± 0.30 yrs. old. 

 Cow Performance 

Cattle were restrained in an Arrowquip Q-Power 107 Series hydraulic squeeze chute 

(Arrowquip, Woodlands, MB), with weights being recorded by a Gallagher TWR chute scale 

head (Gallagher Group Limited, Riverside, MO). Cows were weighed for two consecutive days 

after being commingled in a dry-lot pen with ad libitum access to prairie hay for 3 days prior to 

first weigh date to manage for gut fill. Cows were placed on pasture May 8, 2023, corresponding 

to 151 ± 7 d of gestation, which was midway through the second trimester. Cows were also 

weighed at the beginning of 3rd trimester (June 21, 2023); and ~2 weeks prior to calving on 

August 29-30, 2023.  Cow measurements post-partum were recorded at time of insemination 

(December 13, 2023) and corresponded to peak lactation (December 3, 2023) after all cows were 

housed for 1 week prior to weigh weighing in the same dry lot pen with ad libitum access to 
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prairie hay. Calves were weighed at birth using a hanging scale, and calving occurred from 

September 5, 2023 through October 10, 2023. 

Three independent evaluators, blinded to treatments, evaluated BCS at each measurement 

period using the standard 1-9 scale (Selk et al., 1988). Rump fat was measured by a trained 

technician using an ALOKA 500 ultrasound machine (Hitachi, LTD., Wallingford, CT) with a 

3.5-megahertz short probe to capture the image. The image was then analyzed using the Cattle 

Performance Enhancement Company software package (CPEC, Oakley, KS).  

  Hair Score and Hair Length 

 One trained technician evaluated hair scores at each measurement period using the 

standard 1-5 scale (American Angus Association, St. Joseph Missouri). In brief, a hair score of 1 

means the animal has shed 100% of hair coat; 2 indicates 75% shedding; 3 is 50% shedding; 4 is 

25% shedding; and a 5 means the animal still has a full winter hair coat. Hair length was 

measured by a different technician using a slide ruler over the forerib, on the left side of the 

animal and recorded in millimeters (mm).  

 Calf Weigh-Suckle-Weigh  

Cows and calves were sorted ~60 days after calving (December 3, 2023) to perform a 

weigh-suckle-weigh measurement, with this time of the experiment coinciding with peak 

lactation. Weigh-suckle-weigh methods were modelled after Grings et al., (2008). Pairs were 

gathered and sorted on December 2, 2023, with calves being separated from dams overnight. On 

December 3, 2023, calves were weighed empty. After empty weight was recorded, calves were 

turned back in with their dams and allowed to nurse until full and weighed. This process was 

replicated twice in a 24-hour period with a 6-hour removal of the calf from the dam in the middle 

of the day. The empty weight was then subtracted from the full weight to determine the change 
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in calf body weight due to milk in kg at each period. The weights were added then multiplied by 

two for an estimated 24-hr milk output value.  

 Hormonal Analyses 

Blood was collected via jugular vein puncture using Greiner bio-one VACUETTE 4 mL 

Serum Clot Activator blood collection tubes (Model: 2016-06, Greiner bio-one, Monroe, NC) 

and samples were allowed to clot a minimum of two hour at room temperature before 

centrifugation. Following the clotting period, samples were centrifuged using a Beckman Coulter 

Allegra® X-22R Centrifuge (Beckman Coulter Inc., Brea, CA) for 20 mins at 4℃ at 1000 x g. 

Post-centrifuging, samples were hand pipetted to obtain serum, which was then transferred to a 

1.5 ml centrifuge tube. Serum samples were placed in a freezer at -20℃ until analysis for 

prolactin and cortisol.  

 Serum cortisol was analyzed by the Kansas State University College of Veterinary 

Medicine Department of Anatomy and Physiology Lab (Kansas State University, Manhattan, 

KS) using a radioimmune assay (MP Biomedicals ImmuChem™ Cortisol Coated Tube RIA kit 

catalog #: 207221; MP Biomedicals, LLC, Solon, Ohio) as described by Reppert et al. (2020). 

Briefly, 25 µL of sample and standards are placed into pre-coated tubes, with the addition of 

cortisol-125, and allowed to incubate. Then tubes were measured with a gamma counter for I125. 

The coefficient of variance for the inter-assay variability was 7.02%. 

Prolactin was analyzed using the Cattle Prolactin (PRL) ELISA Kit (MyBioSource, Inc. 

San Diego, CA) according to manufacturer protocol. Briefly, 50 μL of sample and standards 

were placed in a 98-well plate using the competitive enzyme immunoassay technique utilizing a 

polyclonal anti-prolactin antibody and a prolactin-HRP conjugate. The plate was read 

spectrophotometrically at 450 nm in a microplate reader (BioTek ELx800, Agilent, Santa Clara, 
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CA). Results were calculated noting the inverse relationship between prolactin concentration in 

the sample and the assay signal intensity, with a standard curve created by placing the log of the 

prolactin concentration along the y-axis and absorbance along the x-axis and determining a best 

fit line via regression analysis. The detection range of the assay was 2.47-200 ng/mL, with intra-

assay variability and inter-assay variability being 7.6% and 14.8% respectively. 

 Pasture Measurements 

Forage mass is defined as the total dry weight of forage per unit area of land, usually 

above ground level and at a defined reference level (Forage, and Grassland Terminology 

Committee, 1991). Forage mass measurements were collected at the beginning of the study and 

then every 28 days using a 0.33 m2 area was clipped at approximately 2.54 cm of height 

remaining outside of the exclusion cage. There were four exclusion cages per pasture, thus four 

forage mass samples were collected each time and used to determine the average forage mass 

production per pasture. This measurement was used to determine the amount of available forage 

for the cows.  

Forage accumulation is defined as the increase in forage mass per unit area over a 

specified period of time Forage, and Grassland Terminology Committee, 1991). Forage 

accumulation was determined via destructive methods and were collected according to the paired 

cage method (Paraiso et al., 2019). Briefly, four exclusion cages (0.66 m2) were placed in each 

pasture and were moved every 28 days.  At each sampling period a 0.33 m2 area was clipped to 

2.54 cm height within the exclusion cage.  To calculate forage accumulation the amount of 

forage measured within the exclusion cage was used and then the amount of forage measured 

from outside the cage (forage mass) during the previous 28 days was subtracted. Hand-grab 

samples were taken at the beginning of grazing (May), middle of grazing (July), and end of 
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grazing (December). to determine pasture nutrient content. The below equation illustrates the 

equation used to calculate forage accumulations. 

𝐹𝑜𝑟𝑎𝑔𝑒 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 = 𝐵𝑖𝑜𝑚𝑎𝑠𝑠 𝑖𝑛 𝑒𝑥𝑐𝑙𝑢𝑠𝑖𝑜𝑛 𝑐𝑎𝑔𝑒 − 𝐵𝑖𝑜𝑚𝑎𝑠𝑠 𝑜𝑢𝑡𝑠𝑖𝑑𝑒 𝑐𝑎𝑔𝑒 28 𝑑 𝑝𝑟𝑖𝑜𝑟 

 Statistical Analysis 

 Changes in BW, RF, HL, and HS measured during the gestation period were analyzed 

using the MIXED procedure model in SAS 4.3 (SAS Institute, Cary, NC). There were three 

change periods evaluated for RF, HL, and HS (period 1: beginning of third trimester minus mid-

second trimester; period 2: ~2 weeks prior to calving minus beginning of third trimester; total 

gestation period: ~2 weeks prior to calving minus mid-second trimester. Body weight changes 

were calculated for those same periods as well as post-calving and was calculated by weight at 

peak lactation minus weight ~2 weeks prior to calving. Main effects were fescue variety and 

supplementation, with a fescue by supplementation interaction also being included in the 

analysis. Random variables were pasture, cow, and cows within pasture. Sample periods were 

analyzed independently. Pasture was the experimental unit with cow as subsamples. 

Body condition score was analyzed using the GLIMMIX procedure, with main effects of 

fescue type, supplement, and fescue type by supplementation. The random effects included 

scorer, cow, pasture, and cow within pasture. Pasture was the experimental unit with cow as 

subsamples.    

 Calf birth weight, calving date, and milk production were analyzed using the GLIMMIX 

procedure of SAS 4.3 with main effects of fescue variety, supplementation, cow age, calf sex, 

and interactions of all main effects. If an interaction effect was greater than P > 0.10 then it was 

removed from model. Calf sex was not significant for weigh-suckle weigh data and was removed 

from the model.  
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 Prolactin and cortisol were measured using the GLIMMIX procedure of SAS 4.3. Main 

effects included fescue variety, supplementation, and the interactions. Age of cow was evaluated 

as a co-variate and found to be non-significant at P > 0.10. Each time point of sampling was 

analyzed independently. Random effects included cow and cow within pasture.   

 Percent calf crop was calculated for each pasture by taking number of calves born (both 

dead and alive) and dividing by number of cows within pasture that were identified as pregnant 

at start of study (one cow was identified as open at initiation and removed from calf crop 

analysis). Data were analyzed with GLIMMIX procedure of SAS 9.4 with main effects of fescue, 

supplement, and interaction.  Pasture was the experimental unit.   

 Forage mass and accumulation were analyzed using the MIXED procedure of SAS 4.3 

with main effects of fescue type, supplementation method, time of sample, and interactions. 

Random effect was pasture. Interaction effects that were not significant were removed from the 

model.  When interaction effects were found, the SLICE function was utilized to determine 

treatment differences.   

 Forage quality was evaluated using the mixed procedure of SAS 4.3 with main effects of 

fescue, supplementation, and interaction.  Random effect was pasture.  Each time period was 

analyzed independently of the other time points of collection.   

For all analyzed results, statistical significance was determined at (P ≤ 0.05), with 

tendencies being declared (0.05 < P < 0.10).  If an interaction effect was detected, SLICE effects 

were conducted to determine within treatment differences. 
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 Results and Discussion 

 Treatment validity 

 The percentage of endophyte infection was 92.5% for toxin producing pasture and 38.6% 

for non-toxin producing pastures. This was not surprising as the endophyte-free pastures (n = 4) 

did have a 0% endophyte infection level, but some novel fescue pastures had high concentration 

of the endophyte fungi (>80%).  However, endophyte presence is not the only variable of 

potential toxic effects on cattle, thus the test for ergot alkaloid concentrations.  The non-toxic 

pastures averaged 5 ppb ± 2.50 SEM ergot alkaloids whereas the toxic pastures averaged 507 

ppb ± 0.82 SEM. This was a 100 times greater concentration of ergot alkaloids, in toxic 

compared to non-toxic pastures. Fescue toxicity issues in cattle have been identified to occur 

when infection of endophyte is 20-35% (Fribourg et al., 1991; Roberts and Andrae, 2004) or 

when 400-750 ppb concentration of ergot alkaloids are present (Aldrich-Markham et al., 2007). 

Research has shown that endophyte infection levels of 20-35% are considered moderate, whereas 

rates above 50 or 60% have been considered high (Thompson et al., 1993). The greatest 

percentage of ergot alkaloids present were ergovaline, which has been identified as the alkaloid 

that leads to greatest prevalence of toxicity symptoms (Aldrich-Markham et al., 2007). 

Additionally, as a general rule, with each 10% in endophyte infection, brings on an estimated 5% 

decrease in calving percentage, and a 0.05 kg/d decrease in weight gain for steers (Crawford et 

al., 1989; Roberts and Andrae, 2004).  

 Cow Performance 

Body weight changes due to supplementation during the second (P = 0.22; Table 2.2) and 

third trimesters (P = 0.12; Table 2.2) were not significant. However, over the entire gestation 

period there was a tendency (P = 0.09; Table 2.2) for SUPP cows to have a greater increase in 
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total weight gain compared to NONSUPP cows, regardless of fescue cultivar. These results 

concur with prior investigations (Stokes et al., 1988; Horney et al., 1996; Bodine et al., 2001; 

Lyons et al., 2016) supporting the performance benefits of supplementing cattle.  

During early lactation, supplemented cows lost less weight than non-supplemented cows 

(P = 0.02; Table 2.3). Additionally, cows that were grazing toxic fescue pastures post-calving 

tended to experience less weight loss than cows on non-toxic fescue (P = 0.09; Table 2.3).  

Throughout the entire 205 d of supplementation, the supplemented cows had a greater weight 

gain than the non-supplemented cows (P < 0.01; Table 2.2) regardless of fescue type.   

Research accounts of Wheeler et al. (2002) supplementing grazing cattle with soybean 

meal, Vogel et al., (1987) supplementing with wheat and sorghum silage, and Vogel et al., 

(1989) supplementing with corn silage, documented supplementation maintaining or improving 

body weight. However, supplementation has been associated with weight loss, like that noticed 

in year one of Wheeler et al. (2002). The authors report that while environmental temperatures 

may have influenced the plant characteristics of the basal forage, and maintenance energy 

requirements of the cows, neither was documented to be causal. Similarly, Horney et al. (1996) 

reported a four-fold increase in body condition recovery post-parturition, favoring cows not 

supplemented during late gestation compared to supplemented cows, demonstrating an 

impressive instance of compensatory gain. 

  Cows did not show a significant change in BCS during the 2nd trimester, but an interaction 

was noticed during the 3rd trimester (P = 0.06; Table 2.2) for non-supplemented cattle consuming 

non-toxic fescue, and supplemented cattle grazing toxic fescue, to have a higher BCS than non-

supplemented cattle grazing toxic fescue. There was no effect of either fescue type or 

supplementation on total BCS change during gestation. However, the more objective 
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measurement of rump fat showed that supplementation tended to (P = 0.06; Table 2.2) increase 

rump fat deposition during gestation. Supplementation increased external fat content in cows 

regardless of fescue type as evidenced by numerical improvements in both visually appraised 

BCS during the 3rd trimester and ultrasound rump fat measurements.  

 Hair Score and Hair Length  

Cows grazing toxic fescue without supplementation were less capable of shedding their 

winter hair coats. An observation as evidenced by an interaction to affect hair score (P = 0.08; 

Figure 2.2). In contrast, supplemented cattle grazing non-toxic fescue displayed significantly 

better hair scores, reflecting a slicker hair coat (P = 0.08; Figure 2.2). Total hair length change 

tended to be impacted by fescue cultivar (P = 0.09; Figure 2.2), with cattle grazing toxic fescue 

shedding less hair over the experimental period. 

 Calving and Calf Results 

 Toxic fescue resulted in more cows losing pregnancy than non-toxic fescue (P = 0.02; 

Table 2.3), Supplementation did not impact pregnancy retention.  Based on retrospective 

evaluation of serum samples and the Biopryn test, all the pregnancy losses occurred during the 

last trimester. Toxic fescue has been found to reduce pregnancy rates by 7.6-39.2% (Gay et al., 

1988; Brown et al., 1992). However, Burke et al. (2001) reported no differences in overall 

pregnancy rate or embryonic loss between cows grazing non-toxic and toxic fescue. However, 

they did report a tendency for cows grazing toxic fescue to have higher pregnancy losses from 70 

to 126 d of gestation (Burke et al., 2001).  

Neither supplementation during gestation, nor type of fescue grazed impacted calf birth 

weight (P > 0.10; Table 2.3). This contradicts Bohnert et al. (2013), who saw both 

supplementation and greater cow body condition increase calf birth weight. There was a classic 
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sex effect on calf birth weight (P = 0.01, SEM = 1.7 kg), with bulls weighing more than heifers 

(34.8 kg for bulls and 29 kg for heifers, respectively). 

There was not a fescue (P = 0.81; Table 2.3), supplemental feeding (P = 0.44; Table 

2.3), or fescue x supplement (P = 0.16; Table 2.3) effect on milk output by means of calf weigh-

suckle-weigh (SEM= 0.93; Table 2.3). However, an age effect (P < 0.01; SEM = 0.69 kg) on 

milk output was noticed with middle aged cows having greater milk production (4.19 kg) 

compared to young (1.76 kg) and old (1.03 kg) cows. Contrary to hypothesized outcomes, toxic 

fescue’s ability to produce ergot alkaloids that mimic dopamine, which is then able to bind and 

block the prolactin receptor site, and inhibit milk let down (Larson et al., 1995; Klotz, 2015), did 

not result in a measurable impact on lactation in this instance when measured via the weigh-

suckle-weigh technique. This is conclusive with Shoup et al. (2015), when cows grazing a mix of 

endophyte-infected tall fescue and red clover pasture experienced no differences in milk 

production relative to degree of supplementation. More research is needed to gather a greater 

understanding of toxic fescue and its effect on the milk-producing axis.   

 Hormonal Analysis 

There was not a significant fescue, supplementation, or fescue x supplementation 

interaction effect on serum cortisol at any data collection point (P > 0.05; Figure 2.3). The 

absence of a fescue effect on cortisol concentrations agrees with work with grazing heifers by 

Aldrich et al. (1993) and Fiorito et al. (1991) in which toxic and non-toxic hay was fed to wether 

sheep. However, both Browning et al. (1998) and Browning et al. (2000) describe a measurable 

increase in cortisol when directly administering similar concentrations of different ergots by 

method of bolus injection. As could be the case with this study, which tested for the five most 

popular ergot alkaloids, different ergots at the same concentration have been shown to differ in 
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their ability to elicit the cortisol response (Browning et al., 1998). Furthermore, given the unruly 

repercussions associated with the consumption of toxic fescue which deter cattle from forage 

consumption, and the ability of supplementation to impose a substitution response, the treatment 

groups may have reached a similar serum cortisol figure by completely different biological 

mechanisms.  

There was not a fescue, supplementation, or fescue x supplementation interaction effect 

on serum prolactin concentration at any time point (P > 0.05; Figure 2.4). This contradicts prior 

research in which cattle grazing toxic fescue, or supplemented with a toxic fescue concentrate, 

having a lower prolactin concentration compared to cattle grazing non-toxic forages and 

concentrates (Aldrich et al., 1993; Bernard et al., 1993; Browning et al., 2001; Aiken et al., 2007; 

Aiken et al., 2009). Additionally, knowing that ergot alkaloids emulate dopamine and thus are 

capable of binding to prolactin receptors (Larson et al., 1995; Evans et al., 2012), a difference in 

prolactin between NONTOX and TOX fescue treatments was hypothesized. On the contrary, 

considering prolactin’s complex regulation, including multiple independent control mechanisms 

governed by the hypothalamus (Falconer, 1980), the lack of differences between treatments is 

understandable (Figure 2.4). Furthermore, considering prolactin is known to spike during times 

of increased daylength and heat stress (Peters and Tucker, 1978; Faichney and Barry, 1986; 

Amaral et al., 2010), the fact that prolactin concentrations were higher during times of increased 

daylength, and possible exposure to heat stress, at the beginning and middle of the experiment 

compared to the end of the experiment, these results are plausible (Figure 2.4). A feasible 

explanation for these happenings are hinted at in Stokes et al. (1988) and Goetsch et al. (1987), 

which mention that ergot alkaloid concentration may have to be consumed past a certain 

threshold value before a noticeable decrease in prolactin is documented. More research is 
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warranted to clarify the discrepancy between the impact of fescue toxicosis with and without the 

presence of heat stress on circulating prolactin levels in cattle.  

 Pasture Measurements  

An interaction effect between fescue cultivar and supplemental feeding treatment was not 

apparent (P = 0.60; Table 2.4) for forage mass. Forage mass was greater (P = 0.05; Table 2.4.) 

in TOX fescue stands compared to NONTOX, implying that cattle preferred grazing the 

NONTOX fescue cultivars over the TOX varieties. This contradicts Kenyon et al. (2019), who 

saw no preferential differences when beef cattle had the opportunity to choose between novel 

endophyte and toxic endophyte infected fescue. The current study’s results of seeing 10% more 

available forage in TOX pastures, hints to prior research that state associative conditioning can 

serve as a filter for the perceived eating experience and anticipated benefits of consuming a 

given forage (Ginane et al., 2015; Provenza et al., 2015; Galyean and Gunter, 2016; Smith et al., 

2021). Therefore, in the present study the NONTOX pastures were more aggressively consumed 

than TOX pastures because of the cattle’s anticipated benefit, or lack thereof, expected from 

consuming non-toxic over toxic forage. Supplementation had no effect on forage mass available 

(P = 0.57; Table 2.4). This agrees with Forcherio et al. (1995), which reported steers being 

supplemented either cracked corn or soybean hulls in combination with either 100 or 200 g/d of 

rumen undegradable protein consuming endophyte infected or endophyte-free hay as a basal diet, 

showed no differences in hay organic matter intake. However, a review by Roberts and Andrae 

(2004) states that corn silage can be used to impose a substitution effect on cattle grazing toxic 

fescue. Vogel et al. (1989) reported a substitution effect when stocker cattle were fed corn silage 

while grazing bermudagrass or wheat pasture. Warner et al. (2017) also documented a 

substitution effect when cow-calf pairs were supplemented with distillers grains and solubles, but 
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the authors postulated that that supplement characteristics may play a role in dictating the level 

of substitution in forage-based diets, as Gustad et al. (2008) and Stalker et al. (2012) reported 

supplementing with only dried distillers grains did not reduce forage intake. Similarly, a lack of 

impact on forage intake was documented in five of seven studies described in an extensive 

review of liquid supplementation by Bowman et al. (1995).  

Forage accumulation was not impacted by fescue cultivar (P = 0.86; Table 2.4), 

supplemental feeding treatment (P = 0.63; Table 2.4), or an interaction (P = 0.28) of the two 

treatment factors over the entirety of the experiment. However, there was a significant month (P 

< 0.01) effect for fescue growth, which isn’t extraordinary considering that all fescue cultivars, 

regardless of supplemental feeding treatment, followed the typical bimodal growth pattern 

expected to be seen by a cool-season perennial. In summary, maximum forage accumulation was 

witnessed in May at the beginning of the experiment, before going dormant shortly thereafter, 

and finally displaying a small secondary climax in forage growth in September. 

  Crude protein did not differ amongst treatment groups at the commencement of the 

experiment in May. The mid-point measurement displayed an interaction effect, with TOX-

NONSUPP pastures being greater in CP (P = 0.04; Table 2.4) compared to NONTOX-

NONSUPP pastures. Neutral detergent fiber and ADF (Table 2.4) were not dependent of fescue 

cultivar, supplemental feeding treatment, or an interaction between the two factors (P > 0.05) at 

any measurement point. Of the minerals measured within the plant, Mg was higher (P < 0.01; 

Table 2.4) in NONTOX-SUPP and TOX-NONSUPP pastures than in NONTOX-NONSUPP 

pastures.  
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 Applications 

Supplementation, regardless of fescue type, will increase body condition and weight gain 

of grazing cattle during gestation. Interestingly, in this instance, the increase in body condition 

measures experienced by the supplemented cows did not correspond to enhanced milk 

production. Furthermore, supplementation was not a successful approach to mitigating fescue 

toxicosis symptoms. However, the possibility of a larger calf-crop encourages producers to 

transition to a non-toxic cultivar of fescue for grazing. Factors like available forage, stocking 

rate, silage prices, and whether cows are nursing or not may impact the financial feasibility of 

this supplementation strategy.  
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Figure 2.1 Average silage dry matter intake per cow per day 
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Figure 2.2 Hair length and hair score change during gestation 

A.)  Hair length change from initial (mid-2nd trimester collected on May 8, 2023) and final 

grazing measurements (~2 weeks prior to calving collected on August 30, 2023) 

B.) Hair score change from initial (mid-2nd trimester collected on May 8, 2023) and final 

grazing measurements (~2 weeks prior to calving collected on August 30, 2023 

Hair length and hair score change was documented at each respective measurement period, the 

overall change in hair length and coat score is shown above for the entirety of the experiment 

(SEM = 3.00 mm and 0.43 units, respectively). Bars with the same letters (a, b) are not 

statistically different (P < 0.05), nor display a tendency (0.05 < P < 0.10). There was a tendency 

(P = 0.09) for grazing TOX fescue to have less total change in hair length than NONTOX cattle. 

There was a tendency for the fescue x supplement interaction (P < 0.08), to impact hair score. 

NONTOX-NONSUPP cattle had slicker hair than TOX-NONSUPP cattle, with NONTOX-SUPP 

and TOX-SUPP cattle having intermediate hair scores.  
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Figure 2.3 Serum cortisol levels during gestation 

Serum cortisol levels (ng/ml) of cattle measured at each respective measurement collection point.  

1) Mid-2nd trimester = May 8, 2023 

2) 3rd trimester = June 21, 2023 

3) ~2 weeks prior to calving = August 30, 2023 

The SEM for each measurement collection point was 2.59, 4.20, and 2.38 ng/ml, respectively.  
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Figure 2.4 Serum prolactin levels during gestation 

Serum prolactin levels (ng/ml) of cattle measured at each respective measurement collection 

point.  

1) Mid-2nd trimester = May 8, 2023 

2) 3rd trimester = June 21, 2023 

3) ~2 weeks prior to calving = August 30, 2023 

The SEM for each measurement collection point was 11.87, 10.71, 9.76 ng/ml, respectively.  
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Table 2.1 Average silage nutritional composition throughout the supplemental feeding 

period 

Item Concentration, % DM basis 

Crude protein (CP) 10.00 

Acid detergent fiber (ADF) 35.75 

Neutral detergent fiber (NDF) 56.92 

Net energy-gain (NEg), Mcal/lb 0.29 

Net energy-maintenance (NEm), Mcal/lb 0.62 

Total digestible nutrients (TDN) 56.71 

Calcium (Ca) 0.67 

Phosphorus (P) 0.34 

Potassium (K) 1.79 

Magnesium (Mg) 0.26 

*Cattle were supplemented at 1% of BW on a DM basis 

**Average silage DM varied from 32-42% during the experimental period 
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Table 2.2 Cow performance measurements through gestation  

 

 

 NONTOX1 TOX2  P-valuea,b 

 

Item NONSUPP3 SUPP4 NONSUPP SUPP SEM Fescue type Supp. Fescue type x Supp. 

Initial wt., kg5 595 563 540 545 22 0.10 0.54 0.40 

Final wt., kg6 647 661 613 649 13 0.14 0.11 0.53 

Gain during 2nd trimester, kg7 59 63 40 57 8 0.14 0.22 0.42 

Gain during 3rd trimester, kg8 28 42 22 35 8 0.46 0.12 0.99 

Total gain through gestation, kg9 87 103 61 92 13 0.18 0.09 0.58 

         

Initial BCS, avg.5 5.2 5.0 4.8 4.9 0.4 0.14 0.76 0.58 

Final BCS, avg.6  6.6a  6.7a  5.6b  6.4a 0.4 <0.01 0.02 0.01 

BCS change during 2nd trimester7 0.39 0.73 0.44 0.52 0.24 0.74 0.40 0.58 

BCS change during 3rd trimester8 1.08a   0.96ab  0.39b  1.06a 0.24 0.16 0.18 0.06 

Total BCS change through gestation9 1.47 1.67 0.83 1.57 0.34 0.27 0.17 0.41 

         

Initial rump fat measurement, mm5 9.52 7.47 7.22 6.36 1.18 0.14 0.20 0.60 

Final rump fat measurement, mm6 15.08 16.49 14.36 15.58 1.42 0.57 0.36 0.95 

Rump fat difference through 2nd trimester, mm7 3.71 5.50 4.44 4.58 1.01 0.93 0.38 0.45 

Rump fat difference through 3rd trimester, mm8 1.85 3.48 2.69 4.64 1.00 0.33 0.08 0.87 

Total rump fat difference through gestation, mm9 5.56 8.77 6.62 9.22 1.33 0.59 0.06 0.83 

P-valuea,b: Values within row with different superscripts either statistically significant (P < 0.05) or display a tendency (0.05 < P < 0.10). 
1NONTOX: Pasture treatment consisting of endophyte-free and novel fescue types 
2TOX: Pasture treatment consisting of K-31 toxic fescue  
3NONSUPP: Pasture treatments that were not supplemented with corn silage 
4SUPP: Pasture treatments where cows were supplemented with corn silage at 1% of BW on DM basis in fenceline bunks 
5Initial: Cow performance parameters were assessed on the 8th of May 2023 
6Final: Cow performance parameters were assessed on the 29th and 30th of August 2023 
7Gain/change during the 2nd trimester: Change in a parameter from the initiation of the experimental period (May 8, 2023) until the mid-point (June 21, 2023) 
8Gain/change during the 3rd trimester: Change in a parameter from the mid-point of gestation (June 21, 2023) until ~2 weeks prior to calving (August 29-30, 2023) 
9Total change through gestation: Change in a parameter from the initial measurement until ~2 weeks prior to calving  
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Table 2.3 Cow performance measurements through lactation 

 

 

 

 

 

 

 NONTOX1 TOX2  P-value 

Item 

NONSUP

P3 SUPP4 NONSUPP SUPP SEM Fescue type Supp. 

Fescue type x 

Supp. 

Birthdate, Julien days 203 203 200 205 5 0.93 0.66 0.65 

Calf BW, kg 35 32 32 30 2.59 0.42 0.38 0.78 

Percent calves born, % 100 91.6 70.8 75.0 8.65 0.02 0.81 0.48 

Number of calves born/number of pregnant cows5 12/12 8/9 8/12 9/12 - - - - 

Change in calf body weight due to milk, kg 1.42 3.72 2.41 1.81 2.05 0.64 0.34 0.14 

         

Cow weight at peak lactation, kg6 625 654 576 649 23 0.26 0.04 0.34 

Cow weight change from parturition to peak lactation, kg7 -56.7 -10.9 -24.95 10.43 14.06 0.09 0.02 0.72 
1NONTOX: Pasture treatment consisting of endophyte-free and novel fescue types 
2TOX: Pasture treatment consisting of K-31 toxic fescue  
3NONSUPP: Pasture treatments that were not supplemented with corn silage 
4SUPP: Pasture treatments where cows were supplemented with corn silage at 1% of BW on DM basis in fenceline bunks  

5Number of calves born alive or dead 
6Cow weight at peak lactation: Weight of cow as measured ~60 days of lactation (December 3, 2023) 
7Cow weight change from parturition to peak lactation: Change in weight from parturition to ~60 days of lactation (December 3, 2023) 
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Table 2.4 Fescue forage quality factors, forage mass, and forage accumulation 

 NONTOX1 TOX2  P-valuea,b 

Item NONSUPP3 SUPP4 NONSUPP SUPP SEM Fescue type Supp. Fescue type x Supp. 

Avg. forage mass, kg/Ha5 3820.78 3829.41 4210.50 4467.85 229.17 0.05 0.57 0.60 

Avg. forage accumulation, kg/Ha6 1410.01 1862.17 1675.32 1494.06 275.14 0.86 0.63 0.28 

         

Initial CP7 15.87 17.57 17.21 16.48 0.94 0.90 0.62 0.22 

Middle CP8  15.96a    17.38ab    18.95ab  17.27b 0.68 0.05 0.85 0.04 

Final CP9 14.10 15.65 16.64 14.14 0.85 0.55 0.59 0.04 

Initial TDN7 60.59 63.95 62.94 61.45 1.39 0.95 0.51 0.11 

Middle TDN8 58.32 59.22 59.46 59.21 0.72 0.45 0.66 0.44 

Final TDN9 56.27 59.88 59.18 58.55 1.38 0.58 0.31 0.15 

Initial NDF7 52.06 51.01 52.10 52.01 0.98 0.61 0.57 0.63 

Middle NDF8 50.37 47.70 48.74 49.56 1.41 0.94 0.52 0.23 

Final NDF9 57.92 55.67 55.54 56.40 1.42 0.57 0.63 0.30 

Initial ADF7 32.76 32.10 31.92 32.10 0.53 0.45 0.66 0.44 

Middle ADF8 31.92 30.34 30.63 31.27 0.73 0.81 0.53 0.14 

Final ADF9 34.28 31.60 32.12 32.59 1.02 0.58 0.31 0.15 

Initial Ca7 0.54 0.59 0.54 0.53 0.03 0.28 0.52 0.32 

Middle Ca8 0.50 0.53 0.51 0.50 0.02 0.63 0.66 0.39 

Final Ca9 0.48 0.48 0.54 0.52 0.03 0.14 0.76 0.62 

Initial P7 0.25 0.25 0.26 0.26 0.01 0.55 0.86 0.81 

Middle P8 0.27 0.27 0.28 0.28 0.01 0.15 0.98 0.92 

Final P9 0.16 0.21 0.19 0.17 0.02 0.61 0.38 0.10 

Initial Mg7 0.29 0.32 0.30 0.29 0.02 0.62 0.59 0.36 

Middle Mg8 0.26 0.28 0.28 0.27 0.01 0.60 0.99 0.27 

Final Mg9  0.21b  0.28a    0.27a  0.24ab 0.02 0.49 0.39 0.01 

P-valuea,b :Values within row with different superscripts are either statistically significant (P < 0.05) or display a tendency (0.05 < P < 0.10).  

*Other interactions involving sample time etc. were not significant at P > 0.10. 

**All pasture quality parameters are presented on a % DM basis 
1NONTOX: Pasture treatment consisting of endophyte-free and novel fescue types 
2TOX: Pasture treatment consisting of K-31 toxic fescue  
3NONSUPP: Pasture treatments that were not supplemented with corn silage 
4SUPP: Pasture treatments where cows were supplemented with corn silage at 1% of BW on DM basis in fenceline bunks  

5Forage mass: The total dry weight of forage per unit area of land, usually above ground level and at a defined reference level 
6Forage accumulation: The increase in forage mass per unit area over a specified period of time 
7Initial: Measurements taken at the start of the experimental period on the 30th of May 2023 
8Middle: Measurements taken at the mid-point of the experimental period on the 27th of July 2023 
9Final: Measurements taken at the end of the experimental period on the 30th of September 2023 
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Chapter 3 - Effects of supplementing corn silage to fall-calving cows 

grazing bermudagrass on cow performance and physiology and 

forage performance 

 Abstract 

 The objective was to test the effect of supplementing corn silage to cows grazing 

bermudagrass pastures on cow performance and physiological biomarkers. In a randomized 

complete design, fall-calving, crossbred primiparous and multiparous Angus-based females (n = 

24) averaging 155 ± 14 d of gestation were allocated to bermudagrass pastures (n = 8), with 

pastures assigned to one of two supplementation treatments. Supplementation treatments 

included: 1) non-supplemented (NONSUPP) or 2) supplemented (SUPP), with supplemented 

cows fed corn silage at 1% of BW on a DM basis. Each pasture replicate contained (n = 3) head 

with one of each cow age group represented: a young (first-calf heifer), middle-aged (3-5 yrs.), 

and old (≥ 6 yrs.) cow. Cows were fed corn silage (32-42% DM and 10.65% CP) daily in 

fenceline bunks. Cow BW, BCS, hair score (HS), hair length (HL), and rump fat (RF) 

measurements, along with blood samples for serum prolactin and cortisol analysis were taken at 

each measurement collection time point. Following final measurements, cows were relocated to 

calving pastures containing bermudagrass, tall fescue, and prairie grass. Post-partum 

measurements consisted of calf birth date, calf birth weight, cow weight at peak lactation, and an 

estimate of milk production via calf weigh-suckle-weigh method. No cow performance 

differences between groups were noticed (P > 0.10). Cortisol measurements at mid- and end-

point collection times showed significant age by treatment interactions (P < 0.07; P < 0.01). 

Supplemental feeding with corn silage resulted in 31% more available forage (P < 0.09), in favor 
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of supplemented pastures when compared to non-supplemented. Overall, minimal differences 

occurred in cow performance, with or without supplemental feeding. However, greater forage 

availability may offset periods of drought or allow producers to increase stocking rates. 

Keywords: bermudagrass, cow-calf, forage, drought 

 Introduction  

 Bermudagrass (Cynodon dactylon) is revered as the superior warm-season perennial for 

pasture and hay production in the southern U.S. (Hill et al., 2001). Bermudagrass has multiple 

different hybrids, but the most prevalent is Coastal bermudagrass, which occupies more than 

1.61×106 hectares nationwide and was developed by Glenn Burton, USDA-ARS, Tifton, GA. 

Coastal bermudagrass gained popularity for its notable adaptability, stability, yield, and quality 

(Hill et al., 2001). Though usually known to inhabit the deep southeastern sectors of the U.S. 

(Aiken, 2002), bermudagrass can also be used in conjunction with cool-season forages like 

fescue (Stokes et al., 1988), ryegrass, and(or) clover (Rouquette, 2017) to extend the grazing 

season in the central plains (Peel, 2003; Mullenix and Rouquette, 2018). According to 

Kallenbach (2015), 50% or less of available DM in a mixed-species pasture is credited to a cool-

season forage (i.e. fescue), especially in the summer months. This percentage relies heavily on 

annual precipitation, fertilization, grazing management, and the interspecies competition that can 

be expected when cool- and warm-season are paired (Kallenbach, 2015). A balance of cool- and 

warm-season forages allows for forage production to be maintained because of their 

complementary growth curves. 

 However, recent drought conditions have hindered the potential of utilizing a warm- 

season perennial like bermudagrass as a staple grazing forage. On the contrary, supplementation 

has been known to help mitigate drought, increase stocking rate, and (or) enhance forage 
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savings. However, little research has been conducted to examine how supplementing cows 

grazing bermudagrass pasture can affect physiological biomarkers. With recent drought 

frequently occurring in the Midwest and Southwest sections of the U.S., mitigation strategies that 

increase stocking rate and forage availability while maintaining animal performance are critical. 

A two-year study by (Aiken, 2002) investigated supplementing yearling steers grazing 

bermudagrass with different amounts of ground corn on their average daily gain (ADG). The 

researchers reported feeding steers 0.45 and 1.35 kg per calf per day increased ADG, with the 

1.35 kg per calf per day treatment having the lowest cost per additional ADG (Aiken, 2002). 

Wheeler, et al., (2002) investigated how supplementing soybean meal in increasing amounts to 

beef cows grazing stockpiled bermudagrass pasture affected performance. Supplemented cows 

lost more weight and body condition during the first year compared to non-supplemented cows, 

but in the second year, supplemented cows gained more weight and lost less body condition. 

Additionally, forage intake increased in supplemented cows, regardless of supplement amount 

(Wheeler et al., 2002). In a succeeding digestion trial, steers were supplemented with protein to 

evaluate how supplementation would impact intake of bermudagrass hay (Wheeler et al., 2002). 

Forage intake increased 16% and OM intake increased 30% in supplemented steers compared to 

non-supplemented steers (Wheeler et al., 2002). Diet OM digestibility also increased 14.5%, and 

total digestible OM intake increased 49% in supplemented compared to non-supplemented 

steers.  

The objective of this study was to evaluate how supplementing corn silage would affect 

the physiology and performance of pregnant cows grazing bermudagrass pasture during the 

growing season. A secondary objective was to determine if supplementation would increase 



112 

 

forage savings by offsetting grazed forage intake. Our hypothesis was that supplementation 

would improve cow performance and forage availability by reducing grazed forage intake.  

 Materials and Methods 

A 185-day study was conducted at the Mound Valley Branch of Kansas State 

University’s Southeast Research and Extension Center (SEREC). Utilizing a total of 8 

bermudagrass pastures, the experiment was a completely randomized design with two 

treatments. Treatments included supplementation (SUPP) and non-supplemented (NONSUPP) 

Pastures were split equally between treatments with 4 replicates for each treatment. 

Supplementation consisted of daily feeding corn silage (average 32-42% DM and 10.65% CP) 

(Table 3.1) at 1% of cow BW on a DM-basis. Corn silage was delivered daily in fence-line 

bunks and silage refusal amounts were measured every Monday, Wednesday, and Friday. Corn 

silage was fed based on dry matter content that was measured weekly and a 3-week average dry 

matter was used in feeding amounts. Cattle in all pasture replicates were offered access to free 

choice mineral.  

 Primiparous and multiparous Angus-based crossbred cows (n = 24) from the Southeast 

Research and Extension Center production herd were utilized in this experiment. Estrus was 

synchronized using the 7-day CIDR protocol, and cows were artificially inseminated on 

December 14, 2023. Herd bulls were turned in two weeks following AI date. Cows were first 

checked for pregnancy on February 13, 2023, and were found to not be bred via AI or by herd 

bull exposure within the first two weeks of breeding season. Then cow pregnancy was diagnosed 

via trans-rectal ultrasound on April 15, 2023, at which time pregnant cows would have been 60-

90 d into gestation. After initial measurement collections, cows were turned out on June 1, 2023, 

which corresponded to being mid-way through the second trimester of gestation (155 ± 14 d of 
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gestation). Mid-point measurements were collected on July 27, 2023, which corresponded to the 

beginning of the third trimester. Final gestation measurements were taken ~2 weeks prior to the 

herd estimated calving date, October 2-3, 2023. Retrospectively, one cow from the NONSUPP 

treatment was found to be non-pregnant prior to the commencement of the study according to Ag 

Health Laboratories BioPRYN Pregnancy-Specific Protein B blood serum test (Ag Health 

Laboratories Inc., Sunnyside WA), which was conducted by SEK Genetics (Galesburg, KS) after 

completion of the study to retrospectively determine time of fetal loss from pre-collected blood 

samples. She was excluded from the calculation of the percentage of calves born. Cow age was 

used to balance within pasture, designing each pasture to include a bred heifer, a cow between 3-

5 years old, and a cow that was over 6 years old, with the average age of all cows being 4.8 ± 

0.48 yrs. 

 Cow Performance 

Cattle were restrained in an Arrowquip Q-Power 107 Series hydraulic squeeze chute 

(Arrowquip, Woodlands, MB), with weights being recorded by a Gallagher TWR chute scale 

head (Gallagher Group Limited, Riverside, MO). Cows were weighed for two consecutive days 

on May 31- June 1, 2023 at the commencement of the experiment (midway through the second 

trimester), again on July 27, 2023 (start of the third trimester at the end), and finally on October 

2-3, 2023 (~2 weeks prior to calving). Prior to initial and ending measurements, all cows were 

commingled into a dirt lot pen and fed prairie hay for three days prior to weighing to minimize 

variation in intestinal tract fill. Three independent evaluators, blinded to treatments, evaluated 

BCS at each measurement period using the standard 1-9 scale (Selk et al., 1988). Rump fat was 

measured using an ALOKA 500 ultrasound machine (Hitachi, LTD., Wallingford, CT) with a 

3.5-megahertz short probe to capture the image. The image was then analyzed using the Cattle 
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Performance Enhancement Company software package (CPEC, Oakley, KS). Measurements 

were taken over the rump by a trained technician and recorded in millimeters (mm).  

 Hair Score and Hair Length 

 One trained technician evaluated hair scores at each measurement period using the 

standard 1-5 scale (American Angus Association, St. Joseph Missouri). In brief, a hair score of 1 

means the animal has shed 100% of hair coat; 2 indicates 75% shedding; 3 is 50% shedding; 4 is 

25% shedding; and a 5 means the animal still has full winter hair coat. Hair length was measured 

by a different technician using a slide ruler over the forerib, on the left side of the animal and 

recorded in millimeters (mm).  

 Calf Weigh-Suckle-Weigh  

Weigh-suckle-weigh methods were modelled after Grings et al., (2008). Pairs were 

gathered and sorted on December 2, 2023, with calves being separated from dams overnight. On 

December 3, 2023, calves were weighed empty. After empty weight was recorded, calves were 

turned back in with their dams and allowed to nurse until full. Then calves were sorted once 

more and weighed to measure a post-nursing weight. The empty weight was then subtracted 

from the full weight to determine the change in calf body weight due to milk in kg. This process 

was replicated twice in a 24-hour period with a 6-hour removal of the calf from the dam in the 

middle of the day. Weight differences were added together and multiplied by two for an estimate 

of 24-hour milk production. Cows were removed from bermudagrass pastures and were no 

longer offered supplement on September 30, 2023, and then grazed in two large pastures of each 

treatment (n = 4 total pastures) through calving, up to ~60 days lactation. Pastures were 

composed of a mixture of bermudagrass and fescue. This was to determine if there were any 

long-term effects due to supplementing in late gestation. 
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 Serum Analyses 

Blood was collected from the jugular vein into a Greiner bio-one VACUETTE 4 mL 

Serum Clot Activator blood collection tube (Model: 2016-06, Greiner bio-one, Monroe, NC) and 

allowed to clot a minimum of one hour at room temperature before centrifugation. Following 

clotting, blood was centrifuged using a Beckman Coulter Allegra® X-22R Centrifuge (Beckman 

Coulter Inc., Brea, CA) for 20 mins at 4℃ at 1000 G. Post-centrifuging, samples were hand 

pipetted to obtain serum, which was then transferred to a 15 ml centrifuge tube. Serum samples 

were placed in a freezer at -20℃ until analysis for cortisol and prolactin.  

 Serum cortisol was analyzed by the Kansas State University College of Veterinary 

Medicine Department of Anatomy and Physiology Lab (Kansas State University, Manhattan, 

KS) using a radioimmune assay (MP Biomedicals ImmuChem™ Cortisol Coated Tube RIA kit 

catalog #: 207221; MP Biomedicals, LLC, Solon, Ohio) as described by Reppert et al. (2020). 

Briefly, 25 µL of sample and standards are placed into pre-coated tubes, followed by the addition 

of cortisol-125 and allowed to incubate. Tubes were subsequently measured with a gamma 

counter for I125. The coefficient of variance for the inter-assay and intra-assay variabilities were 

7.02% and 8.92%, respectively.  

 Prolactin was analyzed using the radioimmune Cattle Prolactin (PRL) ELISA Kit 

(MyBioSource, Inc. San Diego, CA) according to manufacturer protocol. Briefly, 50 μL of 

sample and standards were placed in a 98-well plate using the competitive enzyme immunoassay 

technique utilizing a polyclonal anti-prolactin antibody and a prolactin-HRP conjugate. The plate 

was read spectrophotometrically at 450 nm in a BioTek ELX 800 microplate reader (BioTek 

Instruments, Winooski, VT). Results were calculated noting the inverse relationship between 

prolactin concentration in the sample and the assay signal intensity, with a standard curve created 
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by placing the log of the prolactin concentration along the y-axis and absorbance along the x-axis 

and determining a best fit line via regression analysis. The detection range of the assay was 2.47-

200 ng/mL, with intra-assay variability and inter-assay variability being 5.8% and 16.4% 

respectively. 

 Pasture Measurements 

Forage mass is defined as the total dry weight of forage per unit area of land, usually 

above ground level and at a defined reference level (Forage, and Grassland Terminology 

Committee, 1991). Forage mass measurements were collected at the beginning of the study and 

then every 28 days by clipping a 0.33 m2 area to about 2.54 cm of height. These clippings 

occurred at 4 locations in the pastures and corresponded to close proximity to the 4 exclusion 

cages that were in the pasture. This measurement was used to determine the amount of available 

forage for the cows. Forage accumulation is defined as the increase in forage mass per unit area 

over a specified period of time Forage, and Grassland Terminology Committee, 1991). Forage 

accumulation was determined via destructive methods and were collected according to the paired 

cage method (Paraiso et al., 2019). Briefly, four exclusion cages (0.66 m2) were placed in each 

pasture and were moved every 28 days.  At each sampling period a 0.33 m2 area was clipped to 

2.54 cm height within the exclusion cage.  To calculate forage accumulation the amount of 

forage measured within the exclusion cage was used and then the amount of forage measured 

from outside the cage (forage mass) during the previous 28 days was subtracted. 

𝐹𝑜𝑟𝑎𝑔𝑒 𝑎𝑐𝑐𝑢𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛 = 𝐵𝑖𝑜𝑚𝑎𝑠𝑠 𝑖𝑛 𝑒𝑥𝑐𝑙𝑢𝑠𝑖𝑜𝑛 𝑐𝑎𝑔𝑒 − 𝐵𝑖𝑜𝑚𝑎𝑠𝑠 𝑜𝑢𝑡𝑠𝑖𝑑𝑒 𝑐𝑎𝑔𝑒 28 𝑑 𝑝𝑟𝑖𝑜𝑟 

Clippings were taken outside of the cage at the beginning of grazing (May), middle of 

grazing (July), and end of grazing (December). The clippings were composited into one sample 

to determine the consumed nutritional quality of the pastures the cows were grazing 
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 Statistical Analysis 

 Changes in BW, RF, HL, and HS measured during the gestation period were analyzed 

using the MIXED procedure model in SAS 4.3 (SAS Institute, Cary, NC). There were three 

change periods evaluated for RF, HL, BCS, and HS (period 1: beginning of third trimester minus 

mid-second trimester; period 2: ~2 weeks prior to calving minus beginning of third trimester; 

total gestation period: ~2 weeks prior to calving minus mid-second trimester. Main effects for 

RF, HL, and HS was treatment with random effects of pasture, cows, and cows within pasture. 

Experimental unit was pasture and cows were subsamples.  

 Change in BCS was analyzed using the GLIMMIX procedure in SAS 4.3, with a main 

effect of supplementation. Random variables included scorer, cow, pasture, and cows within 

pasture. Pasture was the experimental unit and cows within pasture served as subsamples. The 

main effect was supplementation. Random variables were pasture, cows, and cows within 

pasture. Sample periods were analyzed independently.   

Calf birth date, calf birth weight, and milk production was analyzed using GLIMMIX 

procedure of SAS 4.3 with a main effect of supplementation, calf sex, age of cow and 

interactions. If an interaction effect was greater than P > 0.10 then it was removed from model. 

Calf sex was not significant for weigh-suckle weigh data and was removed from the model. 

 Prolactin and cortisol were analyzed using the GLIMMIX procedure of SAS 4.3. The 

main effect was supplementation. Age of cow was used as a co-variate and found to be 

significant at P < 0.05, and thus induced interactions. Each time point of sampling was analyzed 

independently. Random effects included cow and cow within pasture. For age by treatment 

differences, the LINES function was used to differentiate treatment effects. 
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 Percent calf crop was calculated for each pasture by taking number of calves born (both 

dead and alive) and dividing by number of cows within pasture that were identified as pregnant 

at start of study (one cow was identified as open at initiation and removed from calf crop 

analysis). Data were analyzed with GLIMMIX procedure of SAS 9.4 with the main effect of 

supplementation. Pasture was the experimental unit.   

 Forage mass and accumulation were analyzed using the MIXED procedure of SAS 4.3 

with main effects of supplementation, time of sample, and interactions. Random effect was 

pasture. Interaction effects that were not significant were removed from the model.  When 

interaction effects were found, the SLICE function was utilized to determine treatment 

differences.   

 Forage quality was evaluated using the MIXED procedure of SAS 4.3 with a main effect 

of supplementation. Pasture was a random effect. Each time period was analyzed independently 

of the other time points of collection.   

For all analyzed results, statistical significance was determined at (P ≤ 0.05), with 

tendencies being declared (0.05 < P < 0.10). If an interaction was detected, SLICE effects were 

conducted to determine within treatment differences. 

 Results and Discussion 

 Cow Performance 

 Total body condition change was not affected by supplementation (P = 0.50; Table 3.2) 

This contradicts the previous findings in the literature where supplementation has proven to both 

increase and decrease body condition in grazing cattle. (Horney et al., 1996; Wheeler et al., 

2002; Lyons et al., 2016).  Likewise, total body weight gain (P = 0.37; Table 3.2) and rump fat 

(P = 0.18; Table 3.2) were not affected by the supplemental feeding of corn silage, which also 
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contradicts prior observations (Horn et al., 1995; Bodine et al., 2001; Aiken, 2002; Abdelhadi et 

al., 2005; Aiken et al., 2008). Considering the literature, the authors anticipated supplementation 

would increase body condition during the duration of the experiment. However, after considering 

the growth pattern of a warm-season perennial forage, these results are logical. Generally, warm-

season perennials, like bermudagrass, peak in forage quality prior to the peak available forage 

mass during the middle of the summer. So, it is plausible to suggest that the lack of differences in 

performance results between treatments were accredited to the high nutrient content available in 

the basal forage diet of NONSUPP bermudagrass pastures. This would have allowed 

NONSUPP cows to match the BCS and weight measure results of SUPP cattle on forage alone. 

In short, the authors believe that the NONSUPP cows’ diet of strictly forage was on a relatively 

equal plane of nutrition to their supplemented counterparts. Additionally, with an apparent 

substitution effect being present for SUPP cows, it is also logical to assume that SUPP cows did 

not experience the nutritional synergy of consuming both corn silage and high quality 

bermudagrass pasture. There was also no difference in calf birthweight (P = 0.43; Table 3.3) due 

to supplementation 

 Hair Score and Hair Length 

 There was no difference in hair length (P = 0.94; Figure 3.2) or hair score (P = 0.27; 

Figure 3.2) between treatments. The authors did not have a clear expectation for this 

measurement, but these findings are logical considering bermudagrass doesn’t have the 

reputation of impacting an animal’s ability to shed hair.  

  Calf Weigh-Suckle-Weigh  

 No effect of supplementation on milk output was detected by the weigh-suckle-weigh 

technique (P = 1.0; Table 3.3). Therefore, there were no long-term effects on milk production 
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due to fetal programming or supplementing corn silage to cows during late gestation. This 

contradicts results of Callaghan et al. (2020), which recorded supplementing a pelleted vegetable 

protein meal-based supplement enhanced milk production for primiparous Santa Gertrudis 

heifers compared to non-supplemented females. However, the current study’s results agrees with 

observations by Shoup et al. (2015), when supplementing a ration consisting of 70% dried 

distillers grains with solubles and 30% soybean hulls at different levels did not impact milk 

production for cows grazing pasture composed of tall fescue and red clover. Further research is 

warranted to understand what combination of supplement and forage type best encourages 

improved milk production in beef cattle. 

 Hormonal Analysis 

 Serum cortisol at the initial measurement was comparable between treatment groups as 

expected (Figure 3.3). By the beginning of the third trimester, there was an age by treatment 

interaction for SUPP heifers and NONSUPP 3-5 yrs. old cows to be lower in their serum 

cortisol levels than cows ≥ 6 yrs. (P = 0.07; Figure 3.4). However, at ~2 weeks prior to calving, 

there was a witnessable age by treatment interaction within, and between, two of the treatment 

groups. The NONSUPP 3-5 yrs. old cows showed lower serum cortisol concentrations than their 

SUPP contemporaries of the same age (P < 0.01; Figure 3.5). A statistical difference was also 

witnessed between the ≥ 6 yrs. old cows, with NONSUPP cows displaying lower serum cortisol 

figures than SUPP cows (P < 0.01; Figure 3.5). Finally, there was an interaction effect (P < 0.01; 

Figure 3.5) for NONSUPP 3-5 yrs. old cows to have lower serum cortisol than both NONSUPP 

and SUPP ≥ 6 yrs. old cows, and for SUPP 3-5 yrs. old cows to have lower serum cortisol levels 

than SUPP ≥ 6 yrs. old cows. These results were not anticipated, but are consistent with 

observations by Looper et al. (2010) who noticed cows of marginal body condition grazing 
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bermudagrass posted higher serum cortisol levels than cows grazing endophyte-infected fescue. 

However, even though the ergot concentration of the bermudagrass was never determined in this 

experiment, ergots can inhabit bermudagrass at a toxic concentration (Porter et al., 1974; Porter 

et al., 1975) and ergotism is known to increase serum cortisol in some instances with grasses like 

endophyte-infected tall fescue (Browning et al., 1998; Browning et al., 2000). These findings 

garner further research into understanding how different forages impact stress indicative 

biomarkers like cortisol.  

 Supplementation did not have an impact on serum prolactin concentration at any 

measurement collection point (P > 0.1; Figure 3.6). The authors did not have an anticipated 

impact for this parameter. Prolactin levels in cattle grazing bermudagrass with or without 

supplementation has had little investigation and warrants more research.  

 Pasture Measurements 

There was a tendency for available forage mass to be affected by supplementation (P = 

0.09; Table 3.4). This is likely reflective of the substitution effect by corn silage 

supplementation, allowing for more available forage in SUPP pastures by reducing grazing 

intake. This result supports the findings of Vogel et al. (1989), who documented depressed 

bermudagrass and wheat pasture intake with increased corn silage supplementation by stocker 

calves supplemented at 0, 0.35, 0.70, and 1.05 kg silage DM per 100 kg of body weight-1 • d-1. 

However, this current experiment’s findings contradict that of (Miguel et al., 2023), when dairy 

cows allowed to graze high quality rye grass pasture at a greater allotment did not opt to 

consume corn silage as aggressively as those offered access to rye grass pasture at a lesser 

allotment. Considering a warm-season perennial like bermudagrass would be at optimal 

nutritional content, it is interesting to see this substitution effect imposed by corn silage for the 
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SUPP group. Prior research would suggest that cattle prefer a high-quality forage over corn 

silage when given the opportunity to choose, due to the nutritional content and palatability of the 

available forage being more nutrient dense than the supplied supplement (Miguel et al., 2023). 

 There were no treatment effects on forage accumulation (P = 0.88; Table 3.4). With the 

same forage type being grazed in both treatment groups, the authors anticipated similar growth 

rates for the bermudagrass in both NONSUPP and SUPP pastures. 

 Cows grazing NONSUPP pastures had access to greater forage TDN on a % DM basis 

(P = 0.01; Table 3.4), and lower ADF present on a % DM basis than SUPP pastures (P = 0.01; 

Table 3.4). And while no differences in CP, NDF, or forage element concentration were 

observed, the difference in TDN and ADF further reinforces the possibility that the NONSUPP 

cows had access to a higher quality forage base than the SUPP treatment group, and thus 

possibly explain the similar performance results previously discussed.  

 Applications 

Contrary to the expected outcomes, supplementing fall-calving cows grazing 

bermudagrass pastures did not impact cow or calf performance. A 31% increase in forage 

savings due to supplemental feeding was noticed based on forage mass data. When estimating 

forage intake, forage quality, and silage quality, the estimated calories and pounds of protein 

consumed for each set of cows were the same, which led to observations of similar performance 

results for these cows. This lack of difference in cow performance is related to the greater 

nutrient content available in the basal forage providing a compatible plane of nutrition for 

NONSUPP treatments compared to SUPP groups. There was about a 1:0.3 substitution on a dry 

matter basis when feeding the silage; for each 0.45 kg DM of silage the cows consumed, cattle 

consumed 0.15 kg DM less pasture. This feeding practice could be used in years of good 
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precipitation to increase pasture carrying capacity or possibly in drought years to relieve grazing 

pressure. In short, supplemental feeding fall-calving cows on high quality bermudagrass pastures 

does not impact performance but can increase forage savings.   

 

Figure 3.1 Average silage dry matter intake per cow per day 

The average amount corn silage consumed per cow per day in the SUPP treatment pasture group 

over the course of the supplemental feeding period. 
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Figure 3.2 Hair score and hair length change during gestation 

Total change in hair length and hair score from mid-2nd trimester to ~2 weeks prior to calving. 

The SEM for hair score and hair length was 0.26 units and 2.30 mm, respectively.  

C.) Hair length change from initial (mid-2nd trimester collected on June 1, 2023) and final 

grazing measurements (~2 weeks prior to calving collected on October 3, 2023) 

D.) Hair score change from initial (mid-2nd trimester collected on June 1, 2023) and final 

grazing measurements (~2 weeks prior to calving collected on October 3, 2023) 
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Figure 3.3 Serum cortisol concentration at mid-2nd trimester by cow age  

Cortisol concentration (ng/ml) at the beginning of the experiment (mid-2nd trimester) for each 

cow age group. The SEM for serum cortisol was 5.73 ng/ml. 

1) Mid-2nd trimester: June 1, 2023 
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Figure 3.4 Serum cortisol concentration at the beginning of the 3rd trimester by cow age 

Cortisol concentration (ng/ml) at the mid-point of the experiment (beginning of the 3rd trimester) 

for each cow age group. Bars with the same letters (a, b) are not statistically different (P < 0.05), 

nor display a tendency (0.05 < P < 0.10). The SEM for serum cortisol was 3.25 ng/ml. 

1) Beginning of 3rd trimester: July 27, 2023 
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Figure 3.5 Serum cortisol concentration ~2 weeks prior to calving by cow age  

Cortisol concentration (ng/ml) at the final measurement (~2 weeks prior to calving) for each cow 

age group. Bars with the same letters (a, b) are not statistically different (P < 0.05), nor display a 

tendency (0.05 < P < 0.10). The SEM for serum cortisol was 2.82 ng/ml. 

1) ~2 weeks prior to calving: October 3, 2023 
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Figure 3.6 Serum prolactin through gestation  

Serum prolactin levels (ng/ml) of cattle measured at each respective measurement collection 

point. The SEM for each measurement collection point was 8.45, 4.71, 3.45 ng/ml, respectively.  

1) Mid-2nd trimester: June 1, 2023 

2) Beginning of 3rd trimester: July 27, 2023 

3) ~2 weeks prior to calving: October 3, 2023 
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Table 3.1 Silage nutritional composition 

Item Concentration, % DM basis 

Crude protein (CP) 10.65 

Acid detergent fiber (ADF) 35.75 

Neutral detergent fiber (NDF) 56.92 

Net energy-gain (NEg), Mcal/lb 0.29 

Net energy-maintenance (NEm), Mcal/lb 0.62 

Total digestible nutrients (TDN) 56.71 

Calcium (Ca) 0.67 

Phosphorus (P) 0.34 

Potassium (K) 1.79 

Magnesium (Mg)  0.26 

Cattle were supplemented at 1% of BW on a DM basis 

Average silage DM varied from 32-42% during the experimental period 
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Table 3.2 Cow performance through gestation 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Item NONSUPP1 SUPP2 SEM P-Value 

Initial wt., kg3 546 551 22 0.89 

Final wt., kg4 650 679 23 0.37 

Total gain trough gestation, kg5 103 122 14 0.37 

     

Initial BCS, avg.3 5.3 5.2 0.16 0.69 

Final BCS, avg.4 6.2 6.4 0.16 0.44 

Total BCS change through gestation5 0.95 1.21 0.26 0.50 

     

Initial rump fat measurement, mm3 6.86 7.61 0.81 0.52 

Final rump fat measurement, mm4 10.36 13.81 1.52 0.12 

Total rump fat difference through 

gestation, mm5 3.5 6.19 1.38 0.18 

P-value: Values within row with different superscripts are either statistically significant (P < 0.05) or display 

a tendency (0.05 < P < 0.10). 
1NONSUPP: Pasture treatments that were not supplemented with corn silage 
2SUPP: Pasture treatments that were supplemented with corn silage 
3Initial: Cow performance parameters were assessed on the 1st of June 2023 (mid-2nd trimester) 
4Final: Cow performance parameters were assessed on the 3rd of October 2023 (~2 weeks prior to calving) 
5Total gain/change through: Change in a parameter from the initial measurement until ~2 weeks prior to 

calving 
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Table 3.3 Calf data and milk production 

Item NONSUPP1 SUPP2 SEM P-value 

Birthdate, Julien days 225 233 5 0.29 

Calf BW, kg 36 33 1.99 0.43 

Percent calves born, % 83.3 75 9 0.54 

Number of calves born/number of pregnant cows3 9/11 9/12 - - 

Change in calf body weight due to milk, kg 3.56 4.00 0.76 1.0 
1NONSUPP: Pasture treatments that were not supplemented with corn silage 
2SUPP: Pasture treatments that were supplemented with corn silage 
3Number of calves born alive or dead  
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Table 3.4 Average bermudagrass nutritional content throughout experiment 

Item NONSUPP1 SUPP2 SEM P-value 

Forage accumulation, kg/ha 1684 1656 115.8 0.88 

Forage mass, kg/ha 2460 3234 242.3 0.09 

     

Initial CP3 17.28 14.63 0.64 0.01 

Middle CP4 7.4 6.64 0.64 0.41 

Final CP5 9.01 8.02 0.64 0.29 

Initial TDN3 59.91 56.81 0.64 > 0.01 

Middle TDN4 49.59 48.78 0.64 0.39 

Final TDN5 54.03 53.35 0.64 0.44 

Initial ADF3 27.00 29.51 0.54 > 0.01 

Middle ADF4 35.55 36.07 0.54 0.51 

Final ADF5 31.5 31.9 0.54 0.6 

Initial NDF3  45.75 51.87 1.47 > 0.01 

Middle NDF4 60.35 60.77 1.47 0.84 

Final NDF5 54.94 54.93 1.47 0.99 

Initial Ca3 0.59 0.51 0.04 0.16 

Middle Ca4 0.44 0.4 0.04 0.47 

Final Ca5 0.42 0.43 0.04 0.91 

Initial P3 0.31 0.27 0.01 0.05 

Middle P4 0.19 0.19 0.01 0.78 

Final P5 0.21 0.19 0.01 0.27 

Initial K3 2.2 2.01 0.14 0.35 

Middle K4 1.69 1.69 0.14 0.97 

Final K5 1.85 1.81 0.14 0.85 

Initial Mg3 0.28 0.24 0.02 0.24 

Middle Mg4 0.23 0.19 0.02 0.23 

Final Mg5 0.25 0.22 0.02 0.38 

*All pasture quality parameters are presented on a % DM basis 
1NONSUPP: Pasture treatments that were not supplemented with corn silage 
2SUPP: Pasture treatments that were supplemented with corn silage 
3Initial: Measurements taken at the start of the experimental period on the 30th of May 2023 
4Middle: Measurements taken at the mid-point of the experimental period on the 27th of July 2023 
5Final: Measurements taken at the end of the experimental period on the 30th of September 2023 
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Appendix A - Financial feasibility of supplementing corn silage to grazing cow-calf pairs  

 

Appendix Table A.1 Effect of supplementing corn silage price and % forage substitution on change in grazing pasture rental 

cost ($ hd/day) necessary to offset costs of supplementation 

 % Substitution1 

Corn silage price, $/907 kg2 20 40 60 80 100 

10 2.18 1.09 0.73 0.54 0.44 

20 3.10 1.55 1.03 0.78 0.62 

30 4.03 2.01 1.34 1.01 0.81 

40 4.95 2.48 1.65 1.24 0.99 

50 5.88 2.94 1.96 1.47 1.18 

60 6.80 3.40 2.27 1.70 1.36 

70 7.73 3.86 2.58 1.93 1.55 

80 8.65 4.33 2.88 2.16 1.73 

90 9.58 4.79 3.19 2.39 1.92 

100 10.50 5.25 3.50 2.63 2.10 
1% Substitution = Percentage of the amount of grazed forage being replaced by silage consumption 
2Corn silage price, $/907 kg = Price at which corn silage is delivered to the cattle, as-is basis 



138 

 

 The above table portrays how the relationship between corn silage price and percent forage replacement can impact grazing costs 

on a daily per head basis. The formula to calculate the required change in grazing cost per head daily for silage supplementation to be 

a breakeven was determined by taking the silage price multiplied by the average amount of daily silage intake per cow per day, plus 

$0.25 per day for yardage (fuel, equipment, and labor costs needed to deliver the silage to the cattle). That figure was then divided by 

one of the five given substitution percentages to get the price at which grazing pasture rental would need to decrease to make feeding 

silage a breakeven practice at that given substitution rate. 

𝑪𝒉𝒂𝒏𝒈𝒆 𝒈𝒓𝒂𝒛𝒊𝒏𝒈 𝒄𝒐𝒔𝒕 𝒓𝒆𝒒. =
(((𝑺𝒊𝒍𝒂𝒈𝒆 𝒑𝒓𝒊𝒄𝒆 𝒑𝒆𝒓 𝟗𝟎𝟕 𝒌𝒈 ÷ 𝟗𝟎𝟕) × 𝟏𝟔. 𝟖 𝒌𝒈) + $𝟎. 𝟐𝟓)

(% 𝑺𝒖𝒃𝒔𝒕𝒊𝒕𝒖𝒕𝒊𝒐𝒏 ÷ 𝟏𝟎𝟎)
 

 As price of corn silage increases, a greater substitution effect is required to justify supplementing grazing cattle with corn silage. 

Supplementing cattle with expensive corn silage without experiencing a substantial increase in forage savings is less economical. 

However, the table above suggests that at opportune times (when corn silage prices are low to moderate and substitution effects are 

moderate to high) corn silage can be utilized as a financially feasible supplement to increase forage savings. For example, if corn 

silage is priced at $50 dollars a ton and there was an assumption of forage substitution rate at 80%, then the cost of grazing per head 

per day would have to decrease by $1.47 to offset the added cost of supplementing.  


