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IMPACT OF GRAZING STOCKPILED TALL FESCUE

ON LACTATING BEEF COWS
LeAnn Elizabeth Curtis
Dr. Robert L. Kallenbach, Thesis Supervisor

ABSTRACT

Two experiments are described, in which fall-calving cow-calf pairs grazed
stockpiled tall fescue at three different endophyte infection levels (20, 51, and 89%) and
four forage allowances (2.25, 3.00, 3.75, and 4.50% of BW). A hay feeding treatment
was included as a standard for comparison. Each experiment was a randomized complete
block design. Average daily gain, BW, BCS decreased as forage allowance decreased and
endophyte infection increased. However by weaning, cow BW averaged 528 kg across all
treatments. Calf gain was unaffected by endophyte infection level of stockpiled tall
fescue, with an ADG of 0.72 kg d”'. Individual calf performance was greatest at forage
allowances above 2.25% of BW. However, gain ha” was greatest for the 2.25% of BW
forage allowance, averaging 155 kg ha™. A forage allowance of 2.25% of BW is likely
the most efficient, since cow weight loss over winter is easily regained, land requirements
are low, and calf gain ha' is maximized. Additionally, if used for winter stockpiling,
renovation of endophyte-infected tall fescue pastures for fall-calving operations is

unneeded in most cases.
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GENERAL INTRODUCTION

Winter feed cost is the major factor separating high and low profit beef cow-calf
producers (Clark et al., 2004). This is because of the wide variation in the cost of
supplying adequate forage during winter. Generally, producers in the Midwest rely on
mechanically harvested forage, mainly hay (Nichols et al., 1990), to supply winter feed.
However, forage-livestock systems that maximize the use of pasture for winter feed often
have the lowest annual feed costs (Strohbehn, 2001). Research at the University of
Missouri found that extending the grazing season into winter reduced dependence on
stored feed and decreased winter-feeding costs by one-third to one-half (Bishop-Hurley
and Kallenbach, 2001).

One method to extend the grazing season is to utilize stockpiled forages
throughout winter, which can reduce labor (Van Keuren, 1970) and almost eliminate the
need for hay (Riesterer et al., 2000a; Clark, 2003). Stockpiling is the practice of
accumulating forage for grazing at a later time (Fribourg and Bell, 1984; Minson and
Whiteman, 1989). Tall fescue (Festuca arundinacea Schreb), the predominant forage
throughout the cool-temperate and subtropical transition zone of the United States, lends
itself well to stockpiling. Tall fescue is commonly used for stockpiling because it
produces high amounts of biomass during autumn, responds well to N fertilization, and
retains adequate yield and quality throughout winter.

Extensive plot research has been conducted on stockpiled tall fescue. In addition

to the effects of fertilization and defoliation on the yield, quality, and subsequent



accumulation of stockpiled tall fescue (Berry and Hoveland, 1969; Collins and Balasko,
1981a, b; Fribourg and Bell, 1984; Kallenbach et al., 2003), there have been several
grazing studies to examine its usefulness (Tucker et al., 1989; Allen et al., 1992a, b; Hitz
and Russell, 1998). These studies have focused on gestating, spring-calving beef cows
and stocker calves. In recent years, producers have been adopting a fall-calving season
because of increased pregnancy rates, decreased calf death loss, decreased heat stress
during breeding, marketing advantages, and weight cycling (Nelson, 1988; Waller et al.,
1988; Freetly et al., 2000). Limited research has been conducted using stockpiled tall
fescue with lactating fall-calving cows (Morrow et al, 1988; Waller et al, 1988; Coffey et
al., 1999; Gerrish, 2002; Janovick, 2002). Lactating cows have higher nutrient
requirements than gestating cows (NRC, 2000) and may require higher forage allowances
than those of gestating cows. In addition, milk production and animal performance may
be hindered by grazing endophyte-infected tall fescue.

The majority of tall fescue (90%; Ball et al., 2002) is infected with a fungal
endophyte, Neotyphodium coenophialum [(Morgan-Jones and Gams) Glenn, Bacon and
Hanlin]. Neotyphodium coenophialum has a mutualistic, symbiotic relationship with tall
fescue plants. The tall fescue plant provides a living environment, while the endophyte
increases plant persistence by improving resistance to insect and nematode feeding, and
stress and drought tolerance (Sleper and West, 1996). Endophyte infection results in an
accumulation of toxic alkaloids known to cause a series of animal health disorders
collectively called tall fescue toxicosis. Tall fescue toxicosis costs the United States
livestock industry over $609 million annually (Hoveland, 1993; Roberts and Andrae,

2004). Recent small plot research indicates fescue toxicosis should be less severe in



stockpiled tall fescue (Kallenbach et al., 2003). However, more research is needed to
determine the effects of grazing endophyte-infected stockpiled tall fescue on cow-calf
performance.

This study examined the effects of four daily forage allowances (2.50, 3.00, 3.75,
and 4.50 percent of the animal’s body weight) and three endophyte infection levels (20,
51, and 89 percent) of stockpiled tall fescue. Our hypothesis was cattle allocated high
forage allowances and low endophyte infection levels would exhibit higher body
condition scores and calf gain compared to the other treatments; however when looking
at beef production per hectare, we hypothesized the lower forage allowances would be
more economical. The objective of this study was to evaluate the impact of different
forage allowance and endophyte infection levels of stockpiled tall fescue on the
performance and pasture utilization of lactating beef cows and their calves. A secondary
objective was to determine if spring growth of pastures was altered by allocating different
levels of forage through the winter. Conventional winter hay-feeding practices were also

evaluated for a comparison of animal performance with stockpiled tall fescue.



LITERATURE REVIEW

Tall fescue is a perennial, cool-season bunchgrass grown for pasture, hay, silage,
soil conservation, and turf. It was introduced to the United States in the late 1800’s from
Europe and northern Africa (Sleper and West, 1996). Since the 1940s, it has become the
principal cool-season grass throughout the transition zone of the United States. Covering
approximately 12—14 million ha of land in pure and mixed stands (Sleper and Buckner,
1995), it forms the forage base for beef cow-calf production, supporting over 8.5 million
beef animals (Hoveland, 1993). This widespread use is due to its ability to tolerate a wide
range of soil and climatic factors, persistence under continuous grazing, response to

renovation, and low-input management (Hanson, 1979; Waller et al., 1988).

STOCKPILED TALL FESCUE

Typical of cool-season grasses, peak growth rate of tall fescue occurs in spring,
with a secondary peak of vegetative growth in the autumn (Wolf et al., 1979). Tall
fescue’s autumn growth peak is especially useful for stockpiling, the practice of
accumulating autumn growth for grazing at a later time (Waller et al., 1988). Winter
grazing of stockpiled forage, also called “deferred grazing,” has gained popularity as a
low-cost means of maintaining beef cows through the winter because it can reduce labor
(Van Keuren, 1970) and almost eliminate the need for stored feed (Riesterer et al., 2000a;
Clark, 2003). Tall fescue has many characteristics that make it a superior cool-season
grass to stockpile. These characteristics include upright leaves, waxy cuticle layer, and a

dense sod (Bryan et al., 1970; Ocumpaugh and Matches, 1977; Fribourg and Bell, 1984;



Sleper and West, 1996; Riesterer et al., 2000a). The importance of each of these

characteristics is described in more detail below.

Upright Leaves

The literature shows that tall fescue maintains yield throughout autumn and
winter better than most cool-season grasses (Baker et al., 1965; Bryan et al., 1970; Taylor
and Templeton, 1976; Archer and Decker, 1977a and b; Collins and Balasko, 1981a and
b; Gerrish et al., 1994). Riesterer et al., (2000a) suggested that the upright leaf of tall
fescue may possibly be linked to this attribute. It is thought that upright leaves decrease
the number of leaves at ground level, thereby reducing yield losses.

In Towa, Wedin et al. (1966) evaluated autumn yield of five cool-season grasses
for stockpiling. Reed canarygrass (Phalaris arundinacea), orchardgrass (Dactylis
glomerata), smooth bromegrass (Bromus inermis), and meadow foxtail (Alopecurus
pratensis) yielded 10 to 35% less than tall fescue when 269 kg ha™' of N was applied. A
similar study in Wisconsin examined forage yield from August to March (Riesterer et al.,
2000a). This study evaluated the yield of tall fescue, early and late-maturing orchardgrass
cultivars, timothy (Phleum pretense L. ), reed canarygrass, quackgrass (Elytrigia repens
L.), and smooth bromegrass for stockpiling. Tall fescue, early-maturing orchardgrass,
and reed canarygrass were found best suited for grazing after December, yielding 2790,
2690, and 2020 kg OM ha™ respectively (Riesterer et al., 2000a). These experiments
suggest that forage species with upright leaf growth pattern, such as reed canarygrass and

tall fescue have higher yields as winter progresses.



Waxy Cuticle Layer

In addition to tall fescue’s upright leaf growth pattern, its waxy cuticle layer helps
prevent dry matter and forage quality loss. Dry matter loss over time is an important
factor in preserving stockpile yield and quality. Dry matter loss is attributed to leaf death
and decay caused by a combination of respiration, translocation, leaching of cell contents,
and increasing leaf brittleness (Archer and Decker, 1977a,b; Ocumpaugh and Matches,
1977). Leaching of cell contents causes stockpiled tall fescue to decrease in nutritive
value and yield.

The cuticle protects the plant from weathering and frost damage which decreases
dry matter loss (Gerrish and Peterson, 1993). The waxy layer may also help tall fescue
retain its green color throughout winter due to a slower rate of leaf death and decay
(Archer and Decker, 1977b). In addition to less deterioration and color loss than other
cool-season grasses, tall fescue’s forage dry matter yield remains stable or declines
slowly from mid-December to mid-March (Collins and Balasko, 1981a; Fribourg and

Bell, 1984; Kallenbach et al., 2003).

Dense Sod

Tall fescue’s ability to tolerate season-long grazing is in part due to its ability to
form a dense sod (Cowan, 1956; Van Keuren, 1969). Tall fescue’s dense sod can help
reduce muddiness during the freezing and thawing of winter and facilitates stand
persistence. When comparing tall fescue to orchardgrass for winter grazing, Allen et al.,
(1992a) found that orchardgrass stands thinned overtime and weeds invaded, such that
herbicide and reseeding were required. Tall fescue in this study maintained an acceptable

stand throughout the experiment with little weed encroachment.



ENDOPHYTE INFECTION

Tall fescue has many attributes, however the majority of tall fescue (70%) in the
transition zone is at least 90% infected (Ball et al., 2002) with a fungal endophyte,
Neotyphodium coenophialum [(Morgan-Jones and Gams) Glenn, Bacon and Hanlin].
Neotyphodium coenophialum grows in the intercellular space in tall fescue plants, and
has a mutualistic, symbiotic relationship (Bacon and Siegel, 1988). The plant supplies
carbohydrates to the fungus and the fungus increases plant persistence by improving
resistance to insect and nematode feeding, and stress and drought tolerance (Sleper and
West, 1996). In addition, the endophyte lends antiherbivory characteristics to the plant by
synthesizing ergot-like alkaloids (Roberts and Andrae, 2004).

While endophyte infection improves the agronomic aspects of tall fescue, the
alkaloids produced by the fungus causes a series of animal health disorders commonly
referred to as tall fescue toxicosis. Disorders include reduced weight gains, decreased
milk production, increased respiration rates, and failure to shed winter hair coats during
the summer (Hemken et. al., 1981; Studemann and Hoveland, 1988; Tucker et. al., 1989;
Peters et al., 1992; Beconi et al., 1995; Ball et al., 2003). Symptoms are generally less
severe in cooler temperatures (Chestnut et al., 1991), but occasionally sloughing of the
tips of the ears, tails, and even entire hooves have been seen during the winter. Because
of these health disorders, tall fescue toxicosis cost the United States livestock industry
well over $609 million annually (Hoveland, 1993).

Tall fescue toxicosis has no cure; however, management strategies can decrease
its effect on livestock during the growing season. These strategies include clipping

pastures in mid- to late-spring, replacing toxic tall fescue with cultivars that are



endophyte-free or that are infected with a novel (non-toxic) endophyte, interseeding other
forages such as clover to dilute the toxins, and rotating livestock to non-toxic pastures
(Roberts and Andrae, 2004). Clipping pastures in mid- to late-spring is an important
management tool because it removes seedheads from the pastures. Toxic alkaloids, such
as ergovaline, are most concentrated in the reproductive structures from boot stage until
seed maturity which occurs from mid- to late-spring (Rottinghaus et al., 1991).

Replacing endophyte-infected tall fescue with cultivars that are endophyte-free or
that contain novel (non-toxic) endophytes can eliminate tall fescue toxicosis. However,
endophyte-free tall fescue is generally less persistent (Oliphant, 2005). The other option,
planting novel endophyte-infected tall fescue cultivars, has high establishment costs;
returns on investment for this option requires 3 to 7 years to become profitable (Gunter
and Beck, 2004). Interseeding tall fescue with other forages and rotating livestock to non-
toxic pastures are also important tools to help reduce tall fescue toxicosis and improve
economic returns to cow-calf operations.

There have been several grazing studies evaluating animal performance on
stockpiled tall fescue (Waller et al., 1988; Tucker et al., 1989; Allen et al., 1992a, b; Hitz
and Russell, 1998). However, these studies focused on gestating, spring-calving beef
cows and stocker calves grazing tall fescue infected with an endemic, toxic endophyte, a
novel endophyte, or that are endophyte-free. A study conducted by Tucker et al. (1989)
showed that spring-calving cows grazing endophyte-infected tall fescue stands (77%
infection rate) had lower pregnancy rates and lost more weight than cows on other
forages such as endophyte-infected tall fescue with a low level of infection (21%

infection rate) or orchardgrass. During the growing season, for each 10% increase in



endophyte infection rate there is about 0.05 kg depression in ADG over the span of a
grazing season (Studemann and Hoveland, 1988).

Grazing data examining the impact of different levels of endophyte infection in
stockpiled tall fescue is limited, especially on fall-calving cows and their calves.
Research indicates that tall fescue toxicosis should be less severe when grazing autumn
saved tall fescue during winter. Autumn growth of tall fescue is characterized by a leafy
vegetative growth (Sleper and West, 1996). In addition, Kallenbach et al. (2003)
discovered that ergovaline in stockpiled tall fescue declines throughout winter at a faster
rate than does forage quality.

A study conducted by Oliphant (2005), showed endophyte-infected tall fescue is
less toxic when stockpiled compared to tall fescue during the growing season. She
concluded that grazing stockpiled endophyte-infected tall fescue pastures during winter
did not affect body condition score (BCS) and progesterone concentrations of gestating
beef heifers. In addition, Beconi et al. (1995) reported no carryover effects of grazing
endophyte-infected stockpiled tall fescue by steer calves on subsequent feedlot
performance. When calves were finished in the feedlot, calves that had previously grazed
endophyte-infected tall fescue had higher ADG and gain-to-feed ratios when compared to
the calves that had grazed endophyte-free cultivars (Cole et al., 1987; Lusby et al., 1990;
Beconi et al., 1995). However, average daily gains (ADQG) of steers grazing endophyte-
infected stockpiled tall fescue (65% infection rate) was decreased (P<0.05) when

compared with endophyte-free cultivars (Beconi et al., 1995).



STOCKPILED TALL FESCUE MANAGEMENT

Although tall fescue is the superior cool-season grass to stockpile, climate has the
most control over success of this practice. There are management practices, such as date
of stockpile initiation, time of use, and fertilization that can assist in producing stockpiled
tall fescue of consistent yield and quality (Ocumpaugh and Matches, 1977; Matches et
al., 1973). The importance of each of these management strategies is described in more

detail below.

Date of Stockpile Initiation

The date of initiation, or start of the stockpiling period, greatly influences both
yield and quality of forage available for late autumn and winter grazing (Rayburn et al.,
1979). In general, the longer the accumulation period is, the greater the yield of
stockpiled forage and the lower the forage quality (Fribourg and Bell, 1984). Matches et
al. (1973) found that high yields of stockpiled tall fescue could be obtained by
accumulating forage over the entire growing season. However, this accumulated growth
was low in quality due to mature, reproductive growth, and was inadequate to meet the
nutritional requirement for gestating and lactating beef cows.

Research indicates that reproductive growth should be removed by mowing,
harvesting, or grazing during the spring and summer (Roberts and Andrae, 2004). In
addition to removing poor quality forage, it also removes reproductive growth. Schmitz
(2001) states that forage should be clipped to a height of 8 to 10 cm during the last 70-80
days of the growing season (early to mid August) to initiate the stockpiling phase.
Research in northern Missouri shows that 2240 kg ha™ forage dry matter can be

stockpiled over a 70-day period when no N fertilizer is applied (Gerrish et al., 1994).
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Time of Use

Since autumn growth of tall fescue is mostly leaf, it is high in nutritive value. The
nutritive value slowly declines over winter due to weathering, making the time of use
important. A study conducted by Ocumpaugh and Matches (1977) found that between
November and February crude protein, in vitro dry matter digestibility (IVDMD), and
potassium decreased by 0.1, 1.0, and 0.1 % week ™, respectively. Throughout the
experiment, crude protein, [IVDMD, and potassium averaged 17, 67, and 1.8 percent,
respectively. These values were similar to several other experiments (Brown and Blaser,
1965; Wedin et al., 1966; Archer and Decker, 1977). The crude protein level remains
adequate throughout winter; however, by January digestibility and potassium may fall
below the nutrient requirements for some lactating beef cows (NRC, 2000). Collins and
Balasko (1981b) suggested supplementation of energy and potassium may be necessary
when utilizing stockpiled tall fescue during January and thereafter.

As the nutritive value of the forage declines, so does the ergovaline concentration
of stockpiled tall fescue. A study conducted at the University of Missouri found that
ergovaline concentrations decreased by 85 percent from mid-December to mid-March, a
much faster rate of decline than crude protein or energy (Kallenbach et al., 2003). This
response suggests that producers can benefit by feeding nontoxic forages in early winter
and then use infected stockpiled tall fescue in late winter with only minor declines in
animal performance.

Time of use may also be important to spring growth. Burns and Chamblee
(2000a) showed date of grazing stockpiled tall fescue had no effect on subsequent spring

growth. In addition, other studies have shown, if grazed before the growing season
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begins, stockpiling does not adversely affect spring growth and botanical diversity (Allen
et al., 1992a; Riesterer et al., 2000a). However, an earlier study conducted at the
University of Pennsylvania showed the opposite result in spring growth when grazed by
sheep (Hall et al., 1998). These different conclusions may have resulted from different
allocation and endophyte levels, animal species used to graze, and environmental

differences.

Fertilizer Application

Several researchers have studied the response of tall fescue to N fertilization
during autumn (Wedin et al., 1966; Taylor and Templeton, 1976; Balasko, 1977,
Fribourg and Bell, 1984; Gerrish et al., 1994). They found applying N increases yield and
quality by decreasing the number of senesced leaves and increasing leaf area, number of
leaves, tiller density, and concentrations of crude protein (Belesky et al., 1984;
Occumpaugh and Matches, 1977). Applying N may also alleviate the need for protein
supplementation (Collins and Balasko, 1981a, b; Occumpaugh and Matches, 1977).
Archer and Decker (1977b) reported than an application of 100 kg ha™ of N increased
crude protein concentrations from 13.4 to 16.2 percent after 105 days of stockpiling.

A study conducted in Iowa, showed that tall fescue was more responsive to N
fertilizer when compared to reed canarygrass, orchardgrass, smooth bromegrass and
meadow foxtail (Wedin et al., 1966). In addition, Taylor and Templeton (1976) also
reported that N applications of 100 kg ha™ nearly doubled tall fescue production between
mid-August and early October compared with no N. A study conducted at the University
of Missouri found that tall fescue has a linear response to N rates with forage yield up to

113 kg ha™ (Kallenbach and McGraw, 2003). Interestingly, they also reported that N
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rates up to 113 kg ha™ did not significantly affect red clover stands the following spring.
That knowledge could have implications for producers using clover to help dilute the
effects of endophyte infection on fescue toxicosis. Another study conducted at the
University of Missouri showed N levels of 0, 45, 90, and 135 kg ha™' produced dry matter
yields of 1896, 2656, 2922, and 3294 kg ha™, respectively (Gerrish et al,. 1994).
However, the researchers concluded that in many years, due to environmental factors,

rates of N greater than 45 kg ha”' might not be economically justified.

HERD MANAGEMENT

In addition to stockpiled tall fescue management, herd management is also an
important tool when trying to decrease winter feed cost. Herd management, such as
calving season, and grazing strategies, such as strip grazing and forage allowance, also
play important roles when planning to use stockpiled tall fescue (Matches et al., 1977,
Fribourg, 1983; Nelson, 1988;). The importance of each of these herd management

practices is described in depth below.

Calving Season

Calving season plays an important role in determining forage quantity and quality
needs. Cow-calf producers must decide which calving season works best with the forage
resources available. Lowest feed costs are realized when a cow’s most demanding phase
of production (usually lactation), occurs on pasture (Waller et al., 1988). Fall-calving is
gaining popularity in the lower Midwest, although some researchers suggest that the
forage production cycle of tall fescue more closely matches the nutrient requirements of

spring-calving cows (Waller et al., 1988; Fribourg, 1983; Matches et al., 1977). However,
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with the opportunity to stockpile “forage, fat, and calves”, tall fescue may be better suited
for fall-calving cows. The importance of each of these opportunities is described in more
detail below.

Stockpiled Forage. Fall-calving cows often have higher feed expenses because of
increased nutritional demands during winter (Raleigh, 1970). Stockpiled tall fescue
reduces annual feed costs because it lengthens the grazing season and reduces the need
for stored feed. There is some question whether stockpiled tall fescue can meet the
nutrient requirements of a lactating, fall-calving cow. Fall-calving cows’ nutrient
requirements are most critical between calving and breeding because this is when peak
lactation occurs (Tucker et al., 1989). Meeting the nutritional requirements for this time
period is important for conception rates (Dunn et al., 1969). However, at peak lactation a
fall-calving cow’s TDN requirement is 57% (NRC, 2000), which is similar to what
stockpiled tall fescue can provide in early December.

Stockpiled Fat. “Stockpiled” fat can be estimated by body condition scores
(BCS). BCS is an estimate of the fat content of the animal's body by evaluating the tissue
cover over the ribs, spine, pins and hooks, and tail head (Neumann and Lusby, 1986). The
scoring system has a range from one to nine, with one representing extremely emaciated
cows and nine representing extremely obese cows. A grazing study in lowa that utilized
stockpiled tall fescue in a year-round grazing system with fall (average BCS = 6) and
spring-calving (average BCS = 5) cows reported that at similar production stages, fall-
calving cows had greater (P<0.03) BCS at all stages except at post-breeding (P=0.13) and

post-weaning (P=0.53; Janovick, 2002).
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Several researchers have concluded the factor most influencing the cow’s ability
to rebreed is body condition score at the time of calving (Wiltbank et al., 1962; Richards
et al., 1986; Selk et al., 1988; Short et al., 1990; Dunn and Moss 1992; Sinclair et al.,
1994; Spitzer et al., 1995). Cows maintaining a condition score between four and six at
the time of calving were less affected by a change of one condition score either higher or
lower, compared to those who were below four or above a six (Selk et al., 1988). In
addition, Houghton et al. (1990) suggested that fleshy (BCS>6) and thin (BCS<4) cows
at parturition should be managed to approach moderate body condition (BCS=5) before
the breeding season to optimize reproductive performance.

Body weight, then, can decline during winter without adversely affecting
reproduction as long as the weight change is fat stores and not lean tissue (Adams et al.,
1987). Depositing or depleting of fatty tissue, which varies depending on the season and
production stage, increases the efficiency of energy and N use throughout the year
(Laurenz, 1992). This is called weight cycling. Weight cycling is natural during a cow’s
production stages. Jordan et al., (1968) found during winter, body weight loss of up to 1.1
kg d”! during lactation did not negatively affect the cow’s ability to recover lost body
tissue when adequate diet was available the following spring. A study conducted in lowa
found that fall-calving cows can lose over two BCSs between calving and after weaning
and then accumulate enough fat stores during the grazing season to reach a BCS of 6.5 to
6.9 (Janovick, 2002).

Stockpiled Calves. Fall-calving herds generally produce more revenue than
spring-calving herds (Adams et al., 2001; Nelson, 1988). By calving in the fall, producers

may be more flexible in economics and management. Calves born in the fall are exposed
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to fewer pathogens because calving occurs on pasture and there is less threat of adverse
weather (Adams et al., 2001), thus increasing the number of calves weaned. In addition,
weanling calves and cull cows can be marketed at nontraditional times of the year at a
premium price (Kreft et al., 1998). Alternatively, calves can be retained as stockers.
Retaining or “stockpiling” calves increases the stocking rate when excess spring and
summer forage is available. Guretzky et al. (2005) suggest that retention of a fall calf
crop is advantageous over retention of a spring calf crop because of lower stored-feed
requirements. When compared to retained spring calves, fall calves require 1180 kg hd™!

less hay (Adams et al., 2001).

Strip Grazing

Effective grazing management techniques can help optimize pasture utilization.
Pasture utilizations decrease due to trampling if cattle are allowed access to large areas of
stockpiled tall fescue throughout winter (Gerrish, 2004). Trampling damages the waxy
cuticle layer and flattens the erect leaves causing accelerated deterioration. In addition,
trampling of pasture by cattle has varying effects on spring yield the following season
and soil properties (VanHavern, 1983; Drewry et al., 2001).

To take full advantage of stockpiled forage, it should be strip grazed (Clark,
2003). Strip grazing confines animals to a limited area of pasture with a portable, electric
fence. Allocating stockpiled forage in strips extends grazing further into winter and
provides more uniform forage quality (Sleper and West, 1996). Researchers at the
University of Missouri compared the efficiency of allocating stockpiled forage at three,

seven, and 14-day intervals. Strip grazing on a three-day frequency yielded greater than
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40 percent more grazing days per hectare than allocating a 14-day forage supply and did
not compromise animal gain (Gerrish, 2004).

Using strip grazing is also beneficial to cattle when stockpiled forage is covered
by snow and ice. Strip grazing allows access to forage underneath the elements which can
be easily grazed. Cattle can graze through accumulations of up to 50 cm of fresh snow
and 10 mm of ice as long as un-grazed forage is available (Decker, 1988; Riesterer et al.,

2000a).

Forage Allowance

Forage allowance, an important factor influencing intake, is another aspect of
grazing management. “Although much information is available on the nutrient
requirements of beef cattle, knowledge of the relationships between animal performance
and forage allowance for the grazing animal would be of greater relevance in a pasture
situation” (Marsh, 1979). Selecting the appropriate forage allowance will enable the
producer to allocate the amount of forage needed for acceptable animal performance.
When strip grazing, allocating too much forage decreases utilization and days of grazing,
while allowing too little forage limits animal intake and performance. Typically, higher
animal gains can be expected with higher allowances than with lower allowances
(Matches et al., 1981). By managing stockpiled tall fescue correctly, we can begin to
develop management techniques to optimize animal performance and define an
economical forage allocation. As defined by Nicoll (1979), the objective may be to
determine the minimum weight and condition a beef cow can annually conceive and

produce a quality calf.
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Most grazing research conducted on stockpiled forage has been related to the
maintenance of gestating beef cows (Wilson et al., 1965; Tucker et al., 1989; Allen et al.,
1991a, b; Davis, 1996). This research shows that stockpiled tall fescue provides adequate
nutrition for gestating beef cows during fall and winter grazing (Baker et al., 1965; Hobbs
et al., 1965). However, no few studies have been conducted on forage allocation as a
function of body weight for lactating beef cows and their calves.

This study examined the effects of four daily forage allowances (2.50, 3.00, 3.75,
and 4.50 percent of the animal’s body weight) and three endophyte infection levels (20,
51, and 89 percent infected) of stockpiled tall fescue. Our hypothesis was that cattle
allocated high forage allowances and low endophyte infection levels would exhibit higher
body condition scores and calf gain compared to the other treatments; however when
looking at beef production per hectare, we hypothesized the lower forage allowances
would be more economical through least-cost feeding. The objective of this study was to
evaluate the impact of different forage allocation and endophyte infection levels of
stockpiled tall fescue on the performance of lactating beef cows and their calves, as well
as pasture utilization. A secondary objective was to determine if spring growth of
pastures was altered by allocating different levels of forage through the winter.
Conventional winter hay-feeding practices were also evaluated for a comparison of

animal performance with stockpiled tall fescue.
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IMPACT OF FORAGE ALLOWANCE ON LACTATING BEEF COWS STRIP-
GRAZING STOCKPILED TALL FESCUE

ABSTRACT: A two year study was conducted from December to July of 2004-2005
(Year 1) and 2005-2006 (Year 2) to evaluate the impact of different forage allowances on
the performance of lactating beef cows and their calves grazing stockpiled tall fescue. To
examine this, forage allowances of 2.25, 3.00, 3.75, and 4.50 percent of body weight (%
of BW) were set as experimental treatments. Conventional hay-feeding was also
evaluated as a comparison to grazing stockpiled tall fescue. The experimental design was
a randomized complete block with three replications. Apparent DM intake of cow-calf
pairs grazing stockpiled tall fescue was 32% greater than (P < 0.05) for those receiving
4.50% of BW than cows allocated 2.25% of BW. However, as forage allowance
increased from 2.25% to 4.50%, pasture utilization fell by 25%. During Year 1, cows in
the hay treatment lost 0.50 kg d”' compared to 1 kg d”' for cows grazing stockpiled tall
fescue 3.00, 3.75, and 4.50% of BW, and 1.25 kg d!' when allocated 2.25% of BW

(P < 0.05). However during Year 2, cows receiving 4.50% of BW lost only 0.04 kg d”!
which was less than (P < 0.05) all other treatments, except the 3.75% of BW treatment.
Averaged over both years, calf ADG was 0.12 kg d”' greater (P < 0.05) when forage
allowances were above 2.25% BW or when hay was fed. However, calf gain ha™' for the
2.25% of BW treatment was nearly 40% greater than the 4.50 % of BW treatment. These
results suggest that cow weight and condition loss and suppressed calf average day gain
can be easily regained when pasture conditions improve. Individual calf performance is

maximized at forage allowances at or above 3.00% of BW, but the most economical
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forage allowances may be at 2.25% of BW, since cow weight loss is easily regained, land
requirement are decreased and calf gain ha™ is increased. In addition, this study shows
that stockpiled tall fescue without concentrate supplementation can be fed to lactating,

fall calving cows and is a suitable substitute to hay.

Key Words: Forage allowance, Allocation level, Fall-calving, Stockpiled tall fescue
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INTRODUCTION

Fall-calving has gained popularity (Bagley and Evans, 2004) due to increased
conception rates, decreased calf death loss, decreased heat stress, and marketing
advantages (Nelson, 1988). In addition, fall-calving cows typically have higher BCS at
similar production stages than do spring-calving cows (Janovick, 2002) and have more
energy for weight cycling (Freetly et al., 2000). However, due to lactation demands
during winter, the cost to feed a fall-calving cow is approximately 12% greater than the
cost to feed a spring-calving cow (Brees and Horner, 2006).

One management technique used to reduce winter feeding costs is to utilize
stockpiled tall fescue (Festuca arundinacea Schreb). Studies have shown that stockpiled
tall fescue can extend the grazing season, reduce labor, and almost eliminate the need for
stored feed (Hitz and Russell, 1998; Clark, 2003). However, little is known about the
relationship between animal performance and forage allowance of stockpiled tall fescue,
especially for lactating, fall-calving beef cows. Researchers in Iowa allotted 4% of BW to
gestating, spring calving cows (Hersom, 1999), however lactating cows have higher
intake and nutrient requirements (NRC, 2000), and may require higher forage allowances.
Selecting the appropriate forage allowance would enable producers to decrease the
amount of land required for stockpiling winter forage, while still achieving acceptable
animal performance.

We hypothesized that cows allocated more forage would exhibit higher BCS and

less BW loss over winter; however, calf gain ha™ would be optimal at lower forage
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allowances. The objective of this study was to evaluate the impact of different forage
allowances of stockpiled tall fescue on the performance of lactating beef cows and their
calves, pasture utilization, and subsequent spring growth of tall fescue. Conventional hay-

feeding practices were also evaluated for a comparison of animal performance.
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MATERIALS AND METHODS

A 2-year grazing experiment was conducted from 2 December to 18 July in 2004-
2005 (Year 1) and from 1 December to 12 July in 2005-2006 (Year 2) at the University
of Missouri Forage Systems Research Center near Linneus, Missouri (39° 51' N, 93° 6’
W). The experiment was conducted on a 50 ha block that was divided into 12, four ha
pastures and three hay feeding areas (FIGURE 1). The areas used were typical of cool-
season grass-legume pastures in the region, with tall fescue as the predominate species.
Orchardgrass (Dactylis glomerata L.) and Kentucky bluegrass (Poa pratensis L.) were
subordinate components as were red clover (Trifolium pretense L.) and birdsfoot trefoil
(Lotus corniculatus L.). The soil types were Grundy silt loam (fine, smectitic, mesic
Aquertic Argiudolls) on 1-5% slopes, Armstrong loam (fine, smectitic, mesic, Aquertic
Hapludalfs) and Lagonda silt loam (fine, smectitic, mesic Aquertic Hapludalfs) on 2-5%
slopes, Armstrong clay loam (fine, smectitic, mesic Aquertic Hapludalfs) on 5-9% slopes,

and Purdin loam (fine, mixed, superactive, mesic Oxyaquic Hapludalfs) on 9-14% slopes.

Treatments

The treatments in this experiment were forage DM allowances of 2.25, 3.00, 3.75,
and 4.50 percent of cow-calf body weight daily and an additional treatment with cows fed
hay ad libitum. The experiment was divided into two parts: 1) a grazing phase and 2) a
monitoring phase (FIGURE 2). The 84-day grazing phase was divided into four, 21 day

periods starting on 2 December 2004 for Year 1 and 1 December 2005 for Year 2.
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The monitoring phase was from the end of the grazing phase until mid-July.
During the monitoring phase, cows and calves were commingled and managed as a single
group. During this phase, animals grazed stockpiled tall fescue until late March, and then
were fed hay until they were turned out to cool-season grass/legume pastures in early
April. Cattle were not allowed regraze areas used during the grazing phase until mid-May

so that residual effects of winter grazing could be measured on pastures.

Pasture Management for Stockpiled Tall Fescue

Pastures were harvested for hay and/or grazed during the spring and summer prior
to stockpiling. In mid-August, pastures were uniformly grazed to a height of
approximately 8 cm and then fertilized with 90 kg N ha™ as ammonium nitrate. Soils
were sampled and tested annually; lime, phosphorus, and potassium were applied in mid-
August according to recommendations by the University of Missouri Soil Testing
Laboratory. Following fertilization, pasture growth was allowed to accumulate until early
December when the grazing phase was initiated. After the end of the grazing phase in
late-February, red clover (Trifolium pretense L.) and N fertilizer were broadcast across all
pastures at 4.48 and 56 kg ha™, respectively, and pastures were allowed to rest until mid-

May.

Animal Management

A total of 75 multiparous cross-bred cows (red Gelbvieh, black Gelbvieh, red
Angus, and black Angus) in early lactation and their calves were stratified into fifteen
groups of five based on cow weight and age, and calf age and sex, and then groups were

randomly assigned to treatments. Water and trace-mineralized salt blocks were available
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ad libitum to cows and calves. In early-December of Year 1 and Year 2, one red Gelbvieh
or black Simmental bull was added to each group to initiate a 45-day breeding season.
Each bull passed a breeding soundness examination. The experimental protocol was
reviewed and approved by the University of Missouri Animal Care and Use Committee.

Animal Management for Stockpiled Tall Fescue Treatments. Stockpiled tall
fescue was allocated every 3.5-days (twice per week) according to treatments by strip
grazing. Animals were rotated between pastures within each block at the end of each 21-
day period to minimize the impact of pasture variation on animal performance. A back-
fence, consisting of portable plastic posts and polywire, was use to prevent access to
previously grazed areas of different forage allowance. In the event of a heavy ice (>10
mm) or snowstorm (>50 cm), small square bales of mixed-grass hay were fed to cattle
grazing stockpiled tall fescue until animals were able to resume grazing. During Year 1, a
total of 58 kg hay was fed per cow-calf pair for five of the 84-days due to excessive ice
accumulations. During Year 2, no hay was required.

Animal Management for Hay Treatment. The hay treatment utilized cool-season
grass/legume large round bales harvested the previous spring. Bales were stored outside
in a well-drained location but uncovered. Cows and calves assigned to the hay feeding
treatment were fed hay ad libitum and restricted to pasture area of less than one ha. The
forage in this area was grazed to 8-cm height prior to the start of the experiment. The
amount of hay fed was recorded. Bales were weighed and sampled for dry matter and
nutritive value analysis before being fed. Samples were analyzed in duplicate for crude
protein and in-vitro true digestibility using near infrared (NIR) reflectance spectroscopy

(TABLE 1).
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Forage Measurements

Pasture yield during the grazing phase was in each pasture measured by clipping ten,
0.8 x 4.6-m strips to a 2 cm height with a tractor-mounted, flail-type harvester. These
harvests are referred as pre harvests (PRE) and were taken from where the cattle were
expected to graze within the next 21-day period. At the end of each 21-day period, twelve
strips as described above were clipped from the grazed area to determine residual forage
yield. These harvests are referred as post harvests (POST). Pasture utilization and
apparent intake (pasture disappearance rate) were calculated from the differences in the
PRE and POST harvests. During the monitoring phase, five, 0.8 x 4.6-meter strips were
harvested in early May from each of the four forage allowance areas in pasture to
evaluate the effect of forage allowance on subsequent spring yield (FIGURE 3). Grab-
samples collected from each harvest strip were bulked together for an individual pasture
area. This grab-sample was then split into two sub-samples of approximately 300 g each.
The first sub-sample was analyzed for dry matter by drying in a forced air oven for a
minimum of 24 h at 90°C. The second sub-sample was frozen and then freeze-dried.
After freeze-drying, samples were ground in a cyclone mill (UDY Corp., Ft. Collins, CO)
to pass a 1-mm screen and used to evaluate forage nutritive value.

Crude protein and in-vitro true digestibility were measured from ground samples with
NIR using the scanning, calibration, and validation methods (TABLE 1). Crude protein
for calibration samples was determined by measuring total N content using a LECO FP-
428 (LECO Corp., St. Joseph, MI) and then multiplying N values by 6.25. In-vitro true
digestibility (IVTD) was determined by running a 48-h in-vitro digestion followed by

washing with neutral detergent fiber solution as described the Ankom Technology
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(Ankom Technology, Fairport, NY). Rumen fluid for IVTD was collected from a

cannulated cow offered a forage-based diet.

Animal Performance Measurements

Body condition scores, body weights, birth dates and weights of calves, health
records, and pregnancy rates were collected. An experienced technician assigned body
condition scores to all cows at the start and end of the grazing phase, at weaning, and the
end of the monitoring phase in July. Cow weights were taken on two consecutive
mornings to minimize variability due to fluctuations in gastrointestinal fill, without prior
removal from water and pasture. This was done at the start and end of the grazing phase,
at weaning, and the end of the monitoring phase. On 12 April of Year 1 and 4 April of
Year 2, pregnancy determinations were made using rectal palpation and ultrasonography.

Calf weights were also taken on two consecutive mornings without prior removal
from water and pasture at the beginning and end of the grazing phase and again at
weaning. Calf weaning weights were analyzed both as actual and adjusted 205-d weaning
weights. Adjusted weaning weights were adjusted for calf age but not for age of cow. All

calves were weaned and sold in mid-April both years.

Statistical Analysis

Data for forage yield and quality were analyzed as a randomized complete block
design with five treatments and three blocks as described by Steel and Torrie (1980). The
model was a repeated measures, with year as the main plot, allocation levels as sub-plots,
and sampling periods within a year as sub-sub-plots. Main effects and all possible

interactions were analyzed as described by Steel and Torrie (1980). Treatment differences

27



were separated using Fisher’s protected LSD (alpha = 0.05). Animal performance data
were also analyzed as a randomized complete block using the model described above,
except that period was removed from the model. The experimental unit for all
measurements in animal performance was the group of five cow-calf pairs on each of the
twelve pastures or three hay feeding areas. Animal data were analyzed using the general
linear model procedure of SAS version 8.2 (SAS Inst. Inc., Cary, NC). Where applicable,
regression analysis was used to explain variable responses using least squares analysis of
function and fit (Steel and Torrie, 1980). Except where indicated otherwise, significant

differences were defined as P < 0.05.
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RESULTS AND DISCUSSION

Apparent Dry Matter Intake and Utilization

Averaged over the stockpiled forage allowance treatments, apparent DM intake
was 3 kg d! and pasture utilization was 14 % greater (P < 0.001) for Year 1 than for Year
2 (TABLE 2). However, there were no interactions between treatments and years. The
differences between years were attributed to variations in weather conditions; Year 1 was
a wet, cold winter, while Year 2 was a dry, cool winter (FIGURE 4). When cattle are cold
and wet, DM intake and passage rate increases to help regulate body temperature (NRC,
2000), therefore increasing pasture utilizations.

Throughout the 84-day grazing phase, cow-calf pairs allotted to the hay treatment
received 1,632 kg DM of grass hay, giving an apparent DM intake of 18 kg d”' (TABLE
2). Apparent DM intake of the stockpiled tall fescue treatments was greatly affected by
the different forage allowances (P = 0.001). Apparent DM intake was the greatest for
cows receiving 4.50% of BW. At 19 kg d”', they apparently consumed 32% more
(P <0.05) DM than cows allocated stockpiled tall fescue at 2.25% of BW (TABLE 2).
According to the NRC, a beef cow weighing 533 kg in mid-lactation requires
approximately 12 kg DM d”', which is 2.25 % of BW. Therefore, cows allocated 2.25%
of BW would have to reach pasture utilizations near 100% to meet their DM intake
requirements. Baker et al. (1981) concluded at forage allowances below 3.4% of BW

reduced the time spent grazing by 2.25 hours and decreased herbage intake by 12%,

29



making it even harder for cows allotted to the 2.25% of BW treatment to reach DM
intake requirements.

Pasture utilization was also affected (P = 0.001) by forage allowance. As forage
allowance increased from 2.25% to 4.50%, pasture utilization fell from 84% to 59%
(FIGURE 5). In addition, pasture utilization responded quadratically to forage allowance
(R*=0.99; FIGURE 5), with pasture utilization increasing by about 15% for each 1%
decrease in forage allowance. Working with lactating dairy cows Virkajarvi et al., (2001),
found that when forage allowances increased from 19 to 27 kg DM cow™'d™, pasture
utilizations declined from 78 to 61%. Marsh (1979) also found that as forage allowance
increased, apparent DM intake also increased but pasture utilization decreased; however
their study used steers and apparent DM intake did not plateau until the forage allowance
in our study were at 10% of BW. These studies suggest that if forage allowances were

increased above 4.50% of BW, apparent DM intake would have likely increased.

Animal Performance

Cows. Interactions between years and treatments were significant for all measures
of cow performance; thus data are presented by year. A likely reason for the year by
treatment interactions were the differences in weather conditions mentioned earlier.

During Year 1, cow BW, BCS, and ADG were greatly influenced by treatments.
Cows in the hay treatment lost less weight (P < 0.05) and body condition (P < 0.05)
compared to cows grazing stockpiled tall fescue (TABLE 3, TABLE 4). By the end of the
grazing phase, cows in the hay treatment weighed 557 kg, which was 32 kg more
(P<0.05) than cows allocated 3.00, 3.75, and 4.50% of BW as stockpiled tall fescue. The

cows in the 2.25 treatment weighed 506 kg, which was less (P<0.05) than any other
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treatment (TABLE 3). Body condition score also displayed similar results to those of
BW. Cows in the hay treatment lost the least (P < 0.05) amount of condition and had an
average BCS of 5.2, which was at least half a body condition score greater than any of
the forage allowance treatments (TABLE 4). A decline in body weight and condition
score was also recorded by Janovick et al. (2004). In their study, from November to
February, cows lost approximately 30 kg BW and dropped from a BCS of 6 to 4.5,
similar to results reported in our experiment.

As aresult of the body weight and condition loss, it follows that cow ADG
displayed similar results. Cows in the hay treatment lost approximately 0.50 kg d”!
compared to 1 kg d”' for cows that received 3.00, 3.75, and 4.50% of BW as stockpiled
tall fescue. Cows allocated only 2.25% of BW lost 1.25 kg d”' (P < 0.05; TABLE 3). At
weaning in mid-April (45 days after the grazing phase ended), all cows averaged 502 kg
(P =0.184; TABLE 3). Another interesting result we measured during this part of the
monitoring phase was that cows grazing stockpiled tall fescue lost 0.52 kg d™' less (P <
0.05) than cows fed hay ad libitum. It appears that a fall-calving cow’s weight declines at
a fast rate during winter, but lost body weight and condition are easily regained when
spring forage becomes available (Janovick et al. 2004).

Contrary to Year 1, during Year 2, cow BCS for both the grazing and monitoring
phase was unaffected (P > 0.05) by treatments and averaged 6.2 and 5.8, respectively
(TABLE 4). In addition, cows in the hay treatment weighed approximately 30 kg less
than (P < 0.05) cows at the 4.50% of BW forage allowance (TABLE 3). Treatment
effects for ADG approached significance (P = 0.063) in Year 2, and was greatest for the

4.50% treatment, averaging -0.04 kg d”' (TABLE 3). Similar to the findings of Gerrish
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(2002), the BW of fall-calving cows was practically unchanged when they grazed
stockpiled tall fescue from mid-November to mid-February. Another similarity was that
from mid-February to late March, cows lost an average of 0.7 kg d”', which was only 0.1
kg d! greater than results report in our experiment (TABLE 3). It is likely that
unseasonably mild winters contributed to the similarity in results of these two different
experiments.

Even though there were differences in cow performance during the grazing phase,
in both years conception rate averaged 93% across all treatments. Conception rate and the
ability of a cow to produce a healthy calf on a yearly cycle is one of the major
determinants for profitability of cow-calf enterprises (Wiltbank et al., 1962).

Calves. Calf performance in Year 2 was greater than year 1; however, there were
no year by treatment interactions and thus, data were averaged over both years.

Similar to cow performance in Year 1, calf performance was greater (P < 0.05)
with forage allowances above 2.25% BW d”' or when hay was fed (TABLE 5). During
the grazing phase, calf weight was the same (P > 0.05) for the 3.00, 3.75, 4.50, and hay
treatments and averaged 173 kg. Calves in the 2.25% of BW treatment gained an average
11 kg less than (P < 0.05) the other treatments during the grazing phase. Average daily
gain responded quadratically to forage allowance (r* = 0.92; FIGURE 6), in which ADG
increased, with increasing forage allowance.

Our data shows that even though fall-calving beef cows are losing weight over
winter, calf performance is not altered until forage allocation is less than 3.0% of BW. As
mentioned earlier, at a forage allowance of 2.25% of BW, cows may have had limitations

in forage DM intake. Although we did not measure milk production from cows in this
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study, it seems likely to us that cows in the 2.25% of BW treatment produced less milk
than cows in the other treatments, was nearly equal. Johnson et al. (2003) found that for
Brangus cows, a 0.35 kg increase in forage DM intake was associated with about a one
kg increase in milk yield. Intake data in conjunction with that of Rutledge et al. (1971),
showed that 60% of the variation in calf weaning weight can be attributed to the dam’s
ability to produce milk. In addition, Lake et al. (2005) found that calf performance was
not influenced by the cow’s BCS at parturition or diet, but rather it was influenced by
milk yield and energy content.

Average daily gain is an important factor for increasing returns to livestock
operations; however if land is a limiting component, gain ha™ is another valuable index.
Even though average daily gain was 20% greater from the highest to the lowest forage
allowance, gain ha™ for the 2.25% of BW treatment was nearly 40% greater compared
the 4.50 % of BW treatment (TABLE 5). These results are similar to those of Virkajavi et
al. (2001), which were that a reduction in individual animal performance of 6% led to a
33% increase in animal production per hectare.

There were no differences (P > 0.1) in actual weaning weights compared to 205-d
adjusted weaning weights; therefore actual weaning weights were used. By weaning, all
calves averaged 195 kg (P =0.17; TABLE 5). While calf ADG was greater (P < 0.05)
for 3.00, 3.75, 4.50% of BW and hay treatments compared to that of the 2.25% of BW
treatment during the grazing phase, calf ADG during the monitoring phase was not
different (P = 0.167). The range of pre-weaning calf ADG for this experiment was

approximately 0.2 to 0.3 kg d ' less than a similar experiment conducted in Iowa
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(Janovick et al., 2004). However no supplements were fed during our experiment, which

would be a likely factor influencing calf ADG.

Pre and Post-grazing Yield and Nutritive Value

Pre-grazing Yield. Ample rainfall during the stockpiling period each year helped
to produce approximately 5000 kg ha™ of DM. However due to more precipitation during
the grazing phase of Year 1 (FIGURE 4), forage yield and quality declined at a faster rate
from day 0 to 63 (From 1 December to 13 January; TABLE 6) in Year 1 than in Year 2.
Abundant rainfall and warmer temperatures in February of Year 1 (FIGURE 4) caused a
slight increase in forage DM yield during the last two forage harvests. Nelson (1996)
showed that tall fescue will grow during winter, if temperatures are slightly above
freezing.

Contrary to Year 1, during Year 2, forage DM yield remained the same from day
0to 63 (5,123 kg ha™'; P > 0.05). However, due to lack of rainfall and cooler
temperatures in February (FIGURE 4), forage DM yield declined by 26% by the end of
the grazing phase (TABLE 6). These declines in forage DM yield are in accordance with
other studies (Ocumpaugh and Matches, 1977; Fribourg and Bell, 1984; Gerrish et al.,
1994), which found that the yield of stockpiled tall fescue can decline from almost 0 to
50% over winter. We would also like to note that differences in pre-grazing DM yield
could also be attributed to landscape position, as this data was collected from different
locations within the pasture.

Pre-grazing/Feeding Nutritive Value. There were year by period interactions for

all measures of stockpiled tall fescue nutritive value; therefore data are presented by year.
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By the end of the grazing phase during Year 1, crude protein concentration of
stockpiled tall fescue declined 5%; however, it remained relatively constant during Year
2 (TABLE 6). Crude protein remained above 12% both years, which was 17% greater
concentration than the hay fed in the hay treatment (TABLE 6). Although CP
concentrations for stockpiled tall fescue during Year 1 and Year 2 were statistically
different, they exceeded the nutrient requirements of lactating beef cows (NRC, 2000).
Therefore, the difference in CP reported was likely not biologically important.

For Year 1 and Year 2, IVTD concentrations of the stockpiled tall fescue were 77
and 81%, respectively, at the start of the grazing phase and declined 10 and 6 percentage
units, respectively, over the course of the study (P < 0.05; TABLE 6). According to the
NRC (2000) forage with increased digestibility should have greater DM intake. However,
these differences in IVTD concentrations had no impact on apparent DM intake of the
cow-calf pairs. For example, during Year 2, IVTD was greater however, apparent DM
intake was greater for Year 1 (TABLE 2; TABLE 6) Even though IVTD concentrations
did not explain differences in DM intake, and in addition to weather conditions they may
explain the difference in calf ADG and cow weight loss.

Post-grazing Yield. Post-grazing forage DM vyield was approximately 600 kg ha™
greater for Year 2 than Year 1. As discussed earlier, due to wet, cold weather conditions
during Year 1, apparent intake was increased and therefore the amount of post-grazing
DM decreased. For both years, post-grazing forage DM increased as forage allowance
increased, but the responses were curvilinear (r* = 99 both years; FIGURE 7). The
curvilinear responses were in part due to increased pasture utilizations as forage

allowances decreased.
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Post-grazing Nutritive Value. Post-grazing Stockpiled tall fescue CP
concentrations were unaffected by forage allowance (P > 0.2). However, post-grazing CP
concentrations were approximately 6% less than the pre-grazing CP concentrations. Thus
it seems likely that cattle selected high quality forage based on the nutritive value of the
residual forage. Unlike CP, IVTD was influenced by forage allowance during Year 2 (P <
0.001) and slightly during Year 1 (P = 0.081). Similar results were found for both years,
in which forage allowance positively correlated to IVTD (R* = 0.99; (FIGURE 8).
Additionally, all measure of post-grazing IVTD were lower than pre-grazing IVTD.
These post-grazing nutritive value results imply that cattle are selective grazers. These
data agree with the finding of Roth et al. (1990), as forage allowances declined from 148
to 9% of BW, grazing selectivity increased. In addition, Roth et al. (1990) documented
that cattle select for leaf tissue and leave the stem portion. Cows allocated to 2.25% of
BW treatment left a greater portion of stem, therefore IVTD was 67%. In addition cattle
at higher forage allowances had more forage to pick through therefore leaving forage at

higher IVTD concentrations.

Spring Yield

There were no year interactions for spring yield (P = 0.467) and thus data for both
years were combined. Contrary to the findings of Burns and Chamblee (2000), Allen et
al. (1992), and Riesterer et al. (2000) spring yield was affected (P < 0.05) by winter
grazing. However, our results show that the lower the forage allowances during winter,
the lower the forage DM yield the following spring. Spring yield was the same for all
forage allowances except at the 2.25% treatment, which averaged approximately 4000 kg

ha™. However, spring yield was positively correlated (R* = 0.99) with increasing forage
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allowance (FIGURE 9). Kuusela and Khalili (2002) found similar results, noting
deceases in pasture regrowth with decreasing forage allowances. They attributed their
decline in pasture regrowth to soil compaction from trampling. Soil compaction is known
to reduce the availability of N (Younie and Hermansen, 2000). This may have been a
factor accounting for some of the decrease in spring yields recorded in our experiment;
however more research is needed in this area.

The question needs to be asked, will a decrease in spring DM yield, decrease
returns to the land? Even though decreasing forage allowance during winter decreases
spring growth the following season, typically spring forage production is in excess of
what most beef herds can consume. Many producers harvest this extra forage growth for
hay, however, a grazing system that utilizes stockpiled tall fescue the need for hay is

virtually eliminated (Clark, 2003).
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IMPLICATIONS

Results from this grazing experiment show that as forage allowance is decreased,
cow and calf average daily gain, apparent dry mater intake and subsequent spring growth
decrease, but also the amount of land required to over winter a fall-calving herd
decreases. Cow weight and body condition loss and suppressed calf average day gain
during winter can be easily regained the following spring. Forage allowances may be
most economical at 2.25% of BW, since cow weight loss is easily regained, land
requirements are decreased and calf gain ha” can be increased by as much as 40%. In
addition, when comparing stockpiled tall fescue to hay, cow and calf performance was
comparable, concluding that utilization of stockpiled tall fescue for lactating, fall calving

beef cows is a suitable substitute for hay.
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FIGURE 1. Map of experimental site: impact of grazing stockpiled tall fescue on
lactating beef cows and their calves during the grazing phase (December to February) for
Year 1 (2004-2005) and Year 2 (2005-2006). The location was at the University of
Missouri Forage Systems Research Center near Linneus, MO (39° 51' N, 93° 6'W).
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FIGURE 2. Experimental timeline for forage allowance and hay feeding treatments for
lactating beef cows and their calves from August to the end of July for Year 1 (2004-
2005) and Year 2 (2005-2006). The experiment was conducted at the University of
Missouri Forage Systems Research Center (39° 51' N, 93° 6'W).
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FIGURE 3. Experimental map of grazing stockpiled tall fescue forage allowance
treatments located at the University of Missouri Forage Systems Research Center (39° 51'
N, 93° 6’W) for Year 1 (2004-2005) and Year 2 (2005-2006). The May forage harvest

was collected to evaluate the impact of different forage allowances on subsequent spring
growth.
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FIGURE 4. Temperature and precipitation data from August to February for Year 1
(2004-2005) and Year 2 (2005-2006), in comparison to the 30 year average. Data were
collected from the University of Missouri Forage Systems Research Center Weather
Station near Linneus, Missouri (39° 51' N, 93° 6’W). No precipitation was received in
February of Year 2 therefore it is not shown.
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FIGURE 5. Correlation between pasture utilization and forage allowance treatments for
Year 1 (2004-2005) and Year 2 (2005-2006) combined. Data were collected at the
University of Missouri Forage Systems Research Center near Linneus, Missouri (39° 51'
N, 93° 6’W). The error bars represent two times the standard error. Treatments represent
forage allowances based on percent of body weight (BW).
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FIGURE 6. Relationship between calf daily gain and forage allowance treatments with
inclusion of the hay treatment for comparison for Year 1 (2004-2005) and Year 2 (2005-
2006) combined. Data were collected at the University of Missouri Forage Systems
Research Center near Linneus, Missouri (39° 51' N, 93° 6’W). Error bars represent two
times the standard error. Treatments, with the exclusion of hay, represent forage

allowances based on percent of body weight.
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FIGURE 7. Correlation between post-grazed, “residual,” forage dry matter yield and
forage allowance treatments for Year 1 (2004-2005) and Year 2 (2005-2006). Data were
collected at the University of Missouri Forage Systems Research Center near Linneus,
Missouri (39° 51' N, 93° 6’W). Error bars represent two times the standard error.
Treatments represent forage allowances based on percent of body weight (BW).
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FIGURE 8. Correlation between forage allowance treatments and in-vitro true
digestibility (IVTD) of post-grazed forage for Year 1 (2004-2005) and Year 2 (2005-
2006). Data were collected during the grazing phase of the experiment at the University
of Missouri Forage Systems Research Center near Linneus, Missouri (39° 51' N, 93°
6’W). Error bars represent two times the standard error. Treatments represent forage
allowances based on percent of body weight (BW).
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FIGURE 9. Relationship between spring forage dry matter yields and forage allowance
treatments. Data collected at the University of Missouri Forage Systems Research Center
near Linneus, Missouri (39° 51' N, 93° 6’W). Error bars represent two times the standard
error. Treatments represent forage allowances based on percent of body weight (BW).
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TABLE 1. Calibration statistics for near-infrared spectroscopic determination of crude
protein and in-vitro true digestibility content in stockpiled tall fescue.

Population N R° Mean SEC' SECV* 1-VR
Crude protein, % 60 0.95 12 0.29 0.39 0.91
In-vitro true digestibility, % 50 0.98 76 1.27 1.99 0.95

R

SEC, standard error of calibration calculated in modified partial least squares regression
SECV, standard error of cross validation calculated in modified partial least squares regression

1 — VR, 1 minus variance ratio calculated in cross validation in modified partial least squares regression
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TABLE 2. Forage offered, apparent dry matter (DM) intake, and hectares used for each
treatment during 84 days of grazing (grazing phase) starting in December. Data were
averaged across Year 1 (2004-2005) and Year 2 (2005-2006). Data were collected at the
University of Missouri Forage Systems Research Center near Linneus, Missouri (39° 51"
N, 93° 6’W). Treatments labeled 2.25, 3.00, 3.75, and 4.50 represent forage allowances
based on a percent of body weight. Hay represents the hay feeding treatment in which
forage was offered ad libitum. Cow-calf pairs in the stockpiled tall fescue forage
allowance treatments were fed hay only when weather conditions did not permit grazing.

Treatment

Item 2.25 3.00 3.75 4.50 Hay SE P
Forage Offered

Stockpiled tall fescue,

kg pair! 1,380 1,840 2300 2,759 - - -

Hay, kg pair’ 42 58 58 58 1,632 - -
Apparent DM intake, kg d* 13¢ 16 17¢ 19° 18 1.33  <0.001
Hectares used, ha 0.35 0.46 0.58 0.70 - - -

a,bed Means within a row within a grouping with different superscripts differ (P < 0.05)
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TABLE 3. Body weight and average daily gain of cows during 84 days of grazing during
winter (grazing phase) and monitoring phase for Year 1 (2004-2005) and Year 2 (2005-
2006). Data were collected at the University of Missouri Forage Systems Research
Center near Linneus, Missouri (39° 51' N, 93° 6’W). Daily gain under the grazing phase
heading accounts for the average daily gain between early-December and late-February
(84 days). Daily gain under the monitoring phase heading accounts for the daily gain
from the end of the grazing phase to weaning (45 days). Treatments labeled 2.25, 3.00,
3.75, and 4.50 represent forage allowances based on a percent of body weight. Hay
represents the hay feeding treatment in which forage was offered ad libitum.

Treatment
Item 2.25 3.00 3.75 4.50 Hay SE P
YEAR 1 kg
Grazing Phase
Initial weight 611 611 611 599 600 9  0.298
Final weight 506° 517°  533° 504 557° 11 0.006
Daily gain -1.25°  -1.03°  -093° -097°  -0.51* 0.10 <0.002

Monitoring Phase
Weight at weaning 492 505 510 496 509 10 0.184

Daily gain -0.26°  -0.35"  -0.41*  -042° -0.88° 0.16  0.009
YEAR 2
Grazing Phase
Initial weight 610 612 610 615 608 3 0.128
Final weight 586"  591°  597*  612° 583" 10 0.044
Daily gain 030> -025°  -0.16™ -0.04* -030° 0.10 0.063"
Monitoring Phase
Weight at weaning ~ 550° 550>  551° 566  531° 8  0.007
Daily gain 070  -0.80 -0.89  -0.90 -1.02 0.5 0209
a,b,c

Means within a row within a grouping with different superscripts differ (P < 0.05)
" Means within this row within a grouping with different superscripts differ by P <0.1
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TABLE 4. Body condition score (BCS) of cows during the 84 days of winter grazing
(grazing phase) and the first 45 days of the monitoring phase of Year 1 (2004-2005) and
Year 2 (2005-2006). Data were collected at the University of Missouri Forage Systems
Research Center near Linneus, Missouri (39° 51' N, 93° 6’W). Body condition score
change under the grazing phase heading accounts for the change in BCS during the
grazing phase. Body condition score change under the monitoring phase heading
accounts for the change in BCS from the end of the grazing phase to weaning (late-
February to mid-April). Treatments labeled 2.25, 3.00, 3.75, and 4.50 represent forage
allowances based on a percent of body weight. Hay represents the hay feeding treatment
in which forage was offered ad libitum.

Treatment
Ttem 225 300 375 450 Hay SE P
YEAR 1 BCS
Grazing Phase
Initial BCS 60 59 57 59 57 015 0215
Final BCS 41° 46> 47° 45> 52 0.8 <0.001
BCS change -1.9¢ -13% -1.0°  -14° <05 0.19 <0.001
Monitoring Phase
BCS at weaning 49°  49° 50" 50° 54 013 0.008
BCS change 0.9° 03 03 05® 02° 023 0.047
YEAR 2
Grazing Phase
Initial BCS 66 65 65 67 65 021 0.680
Final BCS 62 61 60 63 62 021 0500
BCS change 04 -04 -05 -04 -04 016 0887
Monitoring Phase
BCS at weaning 59 5.8 5.6 5.9 5.6 0.20  0.275
BCS change 03 -03 -03 -03 -05 0.12 0206
a,b,c

Means within a row with different superscripts differ (P < 0.05)
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TABLE 5. Body weight and daily gain of calves allotted four different allowances of
stockpiled tall fescue or hay during 84 days of grazing in winter (grazing phase) and a
subsequent monitoring phase over two years. Data were collected at the University of
Missouri Forage Systems Research Center near Linneus, Missouri (39° 51' N, 93° 6’W).
Daily gain under the grazing phase heading accounts for the daily gain during the grazing
phase. Daily gain under the monitoring phase heading accounts for the daily gain from
the end of the grazing phase to weaning (late-February to mid-April). Gain hectare™
accounts for the calf body weight gain per hectare for each treatment. Treatments labeled
2.25,3.00, 3.75, and 4.50 represent forage allowances based on a percent of body weight.
Hay represents the hay feeding treatment in which forage was offered ad libitum.

Treatment
Item 225 3.00 375 450 Hay SE P
kg
Grazing Phase
Initial weight 108 110 112 107 110 6 0.688
Final weight 162°  171°  174*  174* 174 7  0.055
Daily gain 0.64° 0.73* 0.73* 0.80° 0.77° 0.05  0.009
Gain hectare™ 155 132>  107° 97° - 9 <0.001
Monitoring Phase
Weaning weight 187 194 196 197 200 8  0.207
Daily gain 048 044 043 040 048 0.06 0.167

Means within a row within a grouping with different superscripts differ (P < 0.05)
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TABLE 6. Pre-grazing dry matter (DM) yield, crude protein (CP) and in-vitro true
digestibility (IVTD) for 84 days in the winter (grazing phase) of Year 1 (2004-2005) and
Year 2 (2005-2006). Nutritive value of forage used in hay treatment is also included.
Data were collected at the University of Missouri Forage Systems Research Center near
Linneus, Missouri (39° 51' N, 93° 6’W). The forage harvest collected on day 21 of Year 1
was not included in this analysis, due to inability to accurately harvest forage under snow
and ice cover. Treatments labeled 2.25, 3.00, 3.75, and 4.50 represent forage allowances
based on a percent of body weight. Hay represents the hay feeding treatment in which
forage was offered ad libitum.

Day of Experiment
Item 0 21 42 63 84 HAY  SE P
YEAR 1
DM vyield, kg ha’ 4,875 - 4471 3,975 4468 - 557 0.009
CP, % 13 - 13% 13% 12° 9 0.5 0.007
IVTD, % 77 - 72° 74° 69¢ 70 1.7 <0.001
YEAR 2
DM yield, kgha'  5,144* 5,029° 5,198 4,602° 3783 - 359 <0.001
CP, % 13 13 13 13 13 11 0.5 0.403
IVTD, % 81° 81° 75% 73¢ 76° 74 2.1 <0.001

*
Hay nutritive value data is not included in mean separation

abed  Means within a row within a grouping with different superscripts differ (P < 0.05)
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IMPACT OF ENDOPHYTE LEVEL ON LACTATING BEEF COWS STRIP-
GRAZING STOCKPILED TALL FESCUE

ABSTRACT: A study was conducted to examine the effect of endophyte infection level
of stockpiled tall fescue on the performance of lactating, fall-calving beef cows and their
calves. To examine this, three endophyte infection levels of tall fescue at 20 (LOW), 51,
(MEDIUM) and 89% (HIGH) were set as experimental treatments. The experimental
design was a randomized complete block replicated four times and repeated over two
years. Five cow-calf pairs grazed in experimental pasture (n = 120 cow-calf pairs) for 84
days starting on 2 December 2004 (Year 1) and 1 December 2005 (Year 2). Animal
performance data including cow BW, ADG, and BCS and calf BW and ADG were
collected as well as pre-grazed and post-grazed forage DM yield to estimate apparent
intake. Apparent intake of stockpiled tall fescue was constant across all treatments at 16
kg d! for each cow-calf pair. In addition, nutritive value was constant across all
treatments; therefore, changes in animal performance are attributed to endophyte
infection levels. Cows allotted to the LOW treatment averaged 547 kg by the end of the
grazing phase, losing 16 and 32 kg less than (P < 0.05) cows grazing MEDIUM and
HIGH treatments, respectively. Furthermore, cow ADG was 0.22 kg d”' greater

(P < 0.05) for the LOW treatment, averaging -0.47 kg d”', when compared to either the
MEDIUM or HIGH treatments. However, after being commingled for 45 days after the
completion of the experiment, cows that had grazed the HIGH and MEDIUM treatment
gained 0.28 kg d”' more (P = 0.015) weight than the LOW treatment and by weaning, all

cows weighed the same (528 kg; P = 0.137). In contrast to cow performance, calf ADG
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and BW were unaffected (P = 0.134) by endophyte level, averaging 0.73 kg d™'(P =
0.134) and 170 kg (P = 0.215), respectively. Our data suggest that to maximize calf
weaning weight for fall calving herds, renovation of endophyte-infected pastures is
unneeded.

Key Words: Endophyte, Fall-calving, Stockpiled tall fescue
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INTRODUCTION

Winter is the most expensive time to feed cattle, especially for fall-calving beef
cows. Fall-calving herds are in lactation over winter and thus their nutritional demands
and feed costs increase (NRC, 2000). While spring-calving is more common in the lower
Midwest, there are advantages frequently cited for fall-calving. Perhaps foremost are
increased pregnancy rates because there is no heat stress during breeding in December.
Marketing advantages are another reason fall-calving is gaining popularity (Nelson,
1988). Waller et al. (1988) and Janovick et al. (2004) evaluated the use of stockpiled tall
fescue (Festuca arundinacea Schreb) to decrease winter feed costs for fall-calving herds
and found that it was an adequate winter feed source.

More than 90% of tall fescue (Ball et al., 2002) is infected with the fungal
endophyte Neotyphodium coenophialum [(Morgan-Jones and Gams) Glenn, Bacon and
Hanlin]. While endophyte infection improves many agronomic aspects of tall fescue
(Sleper and West, 1996), it also produces ergot-like alkaloids known to cause a series of
animal health disorders collectively known as “fescue toxicosis”. Symptoms are
generally less severe in cooler temperatures, but occasionally sloughing of the tips of the
ears, tails, and even entire hooves occurs during the winter (Chestnut et al., 1991). Since
fall-calving cows are lactating during winter, they may be more vulnerable to fescue
toxicosis. In addition, little is known about how calf performance is affected when calves

are suckling dams grazing stockpiled, endophyte-infected tall fescue.
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Our hypothesis was beef cows grazing tall fescue with a low endophyte infection
level would exhibit higher body condition scores and increased calf gain compared to
highly infected tall fescue. The objective of this study was to examine the effects of three
endophyte infection levels of 20, 51, and 89 percent in stockpiled tall fescue on forage

yield and nutritive value as well as animal performance.
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MATERIALS AND METHODS

A 2-year grazing experiment was conducted from 2 December to 23 February in
2004-2005 (year 1) and from 1 December to 22 February in 2005-2006 (year 2) at the
University of Missouri Forage Systems Research Center near Linneus, Missouri (39° 51'
N, 93° 6' W). The experiment was conducted on a 48 ha block that was divided into 12,
four ha pastures. The areas used were typical of cool-season grass-legume pastures in the
region, with tall fescue as the predominate species. Orchardgrass (Dactylis glomerata L.)
and Kentucky bluegrass (Poa pratensis L.) were subordinate components as were red
clover (Trifolium pretense L.) and birdsfoot trefoil (Lotus corniculatus L.). The soil types
were Grundy silt loam (fine, smectitic, mesic Aquertic Argiudolls) on 1-5% slopes,
Armstrong loam (fine, smectitic, mesic, Aquertic Hapludalfs) and Lagonda silt loam
(fine, smectitic, mesic Aquertic Hapludalfs) on 2-5% slopes, Armstrong clay loam (fine,
smectitic, mesic Aquertic Hapludalfs) on 5-9% slopes, and Purdin loam (fine, mixed,

superactive, mesic Oxyaquic Hapludalfs) on 9-14% slopes.

Experimental Design and Treatments

The experimental design was a randomized complete block with three treatments
replicated four times. The treatments in this experiment were endophyte levels of 20, 51,
and 89%, which will be referred to as LOW, MEDIUM, and HIGH, respectively. The
experiment was conducted for 84 days from December to February, which was divided

into four, 21-day periods. Upon completion of the grazing experiment, cows and calves
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were commingled and managed as a single group so residual effects of grazing

endophyte-infected tall fescue could be documented.

Pasture Management

In mid-August, pastures were uniformly grazed to a height of approximately 8 cm
and then fertilized with 90 kg ha™' of N as ammonium nitrate. Soils were sampled and
tested annually; lime, phosphorus, and potassium were applied in mid-August according
to recommendations by the University of Missouri Soil Testing Laboratory. Following
fertilization, pasture growth was allowed to accumulate until early December when
grazing was initiated. On 2 November 2004 and 11 May 2006, twenty-five tall fescue
tillers were collected from each pasture in order to document endophyte infection status

using the immunoblot assay described by Hiatt and Hill (1997).

Animal Management

A total of 60 multiparous cross-bred cows (red Gelbvieh, black Gelbvieh, red
Angus, and black Angus) in early lactation and their calves were stratified into twelve
groups of five based on cow weight and age, and calf age and sex and then groups were
randomly assigned to treatments. Water and trace-mineralized salt blocks were available
ad libitum to cows and calves. In early-December of year 1 and year 2, one red Gelbvieh
or black Simmental bull was added to each group to initiate a 45-day breeding season.
The experimental protocol was reviewed and approved by the University of Missouri
Animal Care and Use Committee.

Stockpiled tall fescue was allocated every 3.5-day (twice per week) at 3.375 %

BW d' in DM by strip grazing. In the event of a heavy ice (>10 mm) or snowstorm (>50
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cm), small square bales of mixed grass hay were fed until animals were able to resume

grazing. Over the two years of experimentation, hay was fed for a total of 5 days.

Forage Measurements

Pasture yield was measured by clipping ten, 0.8 x 4.6-m strips to a 2 cm height with a
tractor-mounted, flail-type harvester from each pasture. These harvests are referred to as
pre harvests (PRE) and were taken from where the cattle were expected to graze within
the next 21-day period. At the end of each 21-day period, twelve strips as described
above were clipped from the grazed area to determine residual forage yield. These
harvests are referred to as post harvests (POST). Apparent intake (pasture disappearance
rate) was calculated from the differences in the PRE and POST harvests.

Grab-samples collected from each harvest strip were bulked together for an individual
pasture. This grab-sample was then split into two sub-samples of approximately 300 g
each. The first sub-sample was analyzed for dry matter by drying in a forced air oven for
a minimum of 24 h at 90°C. The second sub-sample was frozen, freeze-dried, and then
ground in a cyclone mill (UDY Corp., Ft. Collins, CO) to pass a 1-mm screen. This
sample was used to evaluate forage nutritive value.

Crude protein (CP) and in-vitro true digestibility (IVTD) were measured from
ground samples with near infrared reflectance spectroscopy (NIR) using the scanning,
calibration, and validation methods (TABLE 7). Crude protein for calibration samples
was determined by measuring total N content using a LECO FP-428 nitrogen analyzer
(LECO Corp., St. Joseph, MI) and then multiplying N values by 6.25. In-vitro true
digestibility (IVTD) was determined by running a 48-h in-vitro digestion, followed by

washing with neutral detergent fiber solution as described by Ankom Technology
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(Ankom Technology, Fairport, NY). Rumen fluid was collected from one cannulated cow
offered a forage based diet. Total ergot alkaloid content was determined by using a
phytoscreen ergot alkaloid ELISA kit purchased from Agrinostics Ltd. Co. (Watkinsville,

GA).

Animal Performance Measurements

Body condition scores, hip heights, body weights, birth dates, birth weights,
health records, and pregnancy rates were collected. An experienced technician assigned
body condition scores to all cows at the start and end of the grazing experiment, weaning,
and late-July. Hip-height measurements obtained during February of each year were used
to determine weight-to-height ratios as a second indicator of body condition. Cow
weights were taken on two consecutive mornings to minimize variability due to
fluctuations in gastrointestinal fill, without prior removal from water and pasture. This
was done at the start and end of the grazing experiment, weaning, and late-July. On 12
April of year 1 and 4 April of year 2, pregnancy determinations were made using rectal
palpation and ultrasonography. Throughout the experiment, health records were recorded
on both cows and calves. Calf weights were also recorded on two consecutive mornings
without prior removal from water and pasture at the beginning and end of the grazing
experiment and again at weaning. Calf weaning weights were analyzed as actual weaning

weights. All calves were weaned and sold in mid-April both years.

Statistical Analysis

Data for forage yield and quality was analyzed as a randomized complete block

design with three treatments and four blocks as described by Steel and Torrie (1980). The
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model was a repeated measures with year as the main plot, endophyte levels were sub-
plots, and periods were sub-sub-plots. Main effects and all possible interactions were
analyzed as described by Steel and Torrie (1980). Mean separation was performed using
Fisher’s protected LSD. Animal performance data was also analyzed as a randomized
complete block using the model described above except that period was removed from
the model. The experimental unit for all measurements in animal performance was the
group of five cow-calf pairs on each of the twelve pastures. Data were analyzed using the
general linear model procedure of SAS version 8.2 (SAS Inst. Inc., Cary, NC).

Significant differences were defined as P < 0.05, except where indicated otherwise.
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RESULTS AND DISCUSSION

Apparent Intake

Apparent DM intake of stockpiled tall fescue was 2 kg d™' greater for Year 1
compared to Year 2, however there were no year by treatment interactions, thus data were
averaged by year. In addition, apparent DM intake was unaffected by endophyte infection
level, with apparent DM intake remaining constant across all treatments at 16 kg d”' for
each cow-calf pair. Pasture utilizations were significantly different (P = 0.03) for Year 1
when compared to Year 2, and averaged 77 and 63%, respectively. These year
differences in apparent intake and pasture utilization are attributed to differences in
weather; Year 1 was a wet, cold winter, while Year 2 was a dry, cool winter (FIGURE
10). When cattle are exposed to wet, cold temperatures, metabolic rates increase to
regulate body temperature. As a result, DM intake and passage rate increases, which

increase the amount of heat produced (NRC, 2000).

Stockpiled Tall Fescue Forage Production

Forage Yield. Stockpile tall fescue DM yield had year by treatment interactions;
therefore, forage yield data are presented by year.

From 2 December to 23 February of Year 1, yield differences in endophyte
infection level approached significance (P = 0.06). When alpha equaled 0.10, the HIGH
treatment yielded 4,910 kg ha™' which was 11% greater than the MEDIUM treatment and
17% greater than the LOW treatment. Similarly, during Year 2, the HIGH treatment

yielded the most (P = 0.02; 4976 kg ha™) which was 337 kg ha™ greater than the LOW
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and MEDIUM treatments (FIGURE 11). These results are similar to those of Kallenbach
et al. (2003) where forage DM yield of endophyte-infected tall fescue was 20% greater
than that of endophyte-free cultivars.

Forage Nutritive Value. Stockpiled tall fescue nutritive value was unaffected by
endophyte infection level (P > 0.10); however, nutritive value was slightly greater for
Year 2 when compared to Year 1. Year by period interactions were documented for all
measures of nutritive value, therefore data were presented by year. Crude protein
concentration of stockpiled tall fescue declined by just one percentage unit from the
beginning of grazing until the end of grazing in Year 1; during Year 2, CP was constant
at 13% (TABLE 8). During both years, CP remained above 12% (TABLE 8), which
exceeds nutrient requirements for lactating beef cows (NRC, 2000).

For Year 1 and Year 2, IVTD concentrations of the stockpiled tall fescue started
at 77 and 81%, respectively, and by late February declined by 10 and 6%, respectively
(TABLE 8). However, these yearly differences in IVTD concentrations had no impact of
apparent DM intake of the cow-calf pairs. For instance, Year 2 IVTD was numerically
greater than for Year 1; however, apparent DM intake was greater for Year 1. According
to the NRC (2000) forage with increased digestibility should have greater DM intake.

Total Ergot Alkaloid Concentrations. Similar to Kallenbach et al. (2003) findings
with ergovaline, total ergot alkaloid concentration declined at faster rates than did energy
and protein. Total ergot alkaloid concentrations for the HIGH treatment started out at 918
ppb and quickly declined to 450 ppb between early December and late February
(FIGURE 12). Similar to the HIGH treatment, the MEDIUM treatment declined 52%,

ending at 168 ppb (FIGURE 12). The LOW treatment throughout the grazing experiment
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contained 0 ppb total ergot alkaloid concentration even though standing forage had an
endophyte infection level of 20%. Since total ergot alkaloid concentration declined
relatively fast over winter, there may be implications drawn. Producers could utilize
pastures with low levels of endophyte infection first and then move to higher infected
pastures in late winter. To accomplish this management though, endophyte testing of tall

fescue paddocks would have to be implemented.

Animal Performance

All measures of animal performance were significantly greater for year 2 than for
year 1; however there were no year by treatment interactions. Thus, animal performance
data was averaged across years.

Cow performance. Cow performance at the end of the 84-day grazing phase was
greatly (P = 0.005) influenced by endophyte infection level. The significance of the
difference was surprising to us because forage data from Sleper and West (1996),
Kallenbach et al. (2003), Oliphant (2005), and that which we have reported suggest that
alkaloids produced by endophyte-infected tall fescue are less concentrated in stockpiled
tall fescue compared to the growing season. Cow BW for the LOW treatment was 574
kg, while the MEDIUM and HIGH weighed 16 and 32 kg less, respectively (TABLE 9).
Body condition score and ADG for the cows in the LOW treatment were 0.4 and 0.22 kg
d”! greater than for cows on the HIGH and MEDIUM treatments (TABLE 9, TABLE 10).
In addition, Tucker et al. (1989) reported similar results when gestating, spring calving
cows grazed 77 and 21% endophyte-infected tall fescue during the growing season. In
another experiment which was a comparison of a leader-follower system, Waller et al.

(1988) found that fall-calving cows grazing stockpiled tall fescue after their calves likely
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consumed more endophyte infected tall fescue and had lower average daily gains than
cows that did not follow calves.

Even though these studies documented declines in cow BW and ADG, they
concluded that stockpiling tall fescue for lactating, fall-calving beef cows was “a
practical forage system.” In addition, during our study when all cows were grouped
together from late February to weaning in mid-April, cows that had grazed the HIGH and
MEDIUM treatment gained 0.28 kg d”' more (P = 0.015) weight than the LOW treatment
and by weaning, all cows weighed the same (528 kg; P =0.137; TABLE 9). This increase
in ADG may be classified as compensatory gain, which is defined as “a period of faster
or more efficient rate of growth following periods of nutritional or environmental stress”
(NRC, 2000). Since they all received the same diet, our data show that cows that had
grazed HIGH and MEDIUM treatments during winter had higher efficiency of energy use
when compared to the LOW treatment cows. In addition, Carstens et al. (1991) concluded
that reduced energy requirements and changes in gut fill accounted for most of the
compensatory growth response exhibited in growing steers. However more research is
needed to examine the cause for compensatory gain in mature beef cows.

Contrary to Chestnut et al. (1991) findings that visual signs of tall fescue toxicosis
are less severe in cool weather, four cows in the HIGH treatment displayed symptoms of
fescue toxicosis during Year 1 and Year 2. In Year 2, one cow was removed from the
experiment in mid-February due to sloughing of the hoof. However it appears that cow
fertility was unaffected by endophyte infection level. Even with visible signs of fescue
toxicosis during the 84 days of winter grazing, natural service conception rate was still

93% across all treatments. This excellent conception rate is contradictory to the results
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reported by Boling (1985), in which increased levels of endophyte infection resulted in a
decline in conception rates. In addition, during the growing season, Porter and Thompson
(1992) reported that conception rates decreased 3.5% for each 10% increase in endophyte
infection. Since conception rates averaged 93% across all treatments, this may imply that
alkaloids produced by endophyte-infected tall fescue are less toxic when stockpiled; even
though EA concentrations were as high as 900 ppb during the breeding season (FIGURE
12).

Calf Performance. In contrast to cow performance, calf performance was
unaffected by endophyte level. Average daily gain and BW averaged 0.73 kg d”!
(P=0.134) and 170 kg (P = 0.215), respectively (TABLE 11). In addition, by weaning
calves still averaged the same weight at 193 kg (P = 0.526; TABLE 11). In a similar
study, Waller et al. (1988) found that gain of suckling calves was not affected by their
dams grazing endophyte-infected tall fescue (30-50% endophyte-infected) during winter.
Our data, along with this report, show that to maximize calf weaning weight for fall
calving herds, renovation of endophyte-infected pastures is unneeded. In Arkansas,
Gunter and Beck (2004) found that calves grazing endophyte infected tall fescue gained
47% less than steers grazing endophyte-infected tall fescue. This difference between the
Arkansas study and our study is likely because the calves on our study received the
greatest portion of their diet from milk and not forage.

Even though research commonly cites decreased milk production as an effect of
grazing endophyte-infected tall fescue (Paterson et al., 1995); surprisingly, calf
performance was unaffected by endophyte infection level. In addition, Rutledge et al.

(1971) discovered that the dam’s milking ability describes 60% of the variation in calf
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weaning weight. Since there was no variation in calf weaning weight, a likely conclusion
would be that the dam’s milking ability was unaffected by grazing stockpiled, endophyte-

infected tall fescue.
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IMPLICATIONS

Even though it is suggested that endophyte-infected tall fescue is less toxic when
stockpiled, cow performance at the end of the 84-day grazing phase was greatly (P =
0.005) influenced by endophyte level. However when looking at calf performance at the
three levels of endophyte infection (20, 51, and 89% endophyte-infected), body weight
and average daily gain was unaffected. Based upon our results for calf gain and weaning
weight, renovation of endophyte-infected tall fescue pasture would not be needed in most
cases. Our results also reiterate the importance of knowing endophyte infection level of
tall fescue pasture. Thus, if cattlemen have fields with different levels of endophyte
infection, cattle can graze less infected pastures earlier in the winter and can take
advantage of the decline in toxic alkaloids in pastures with a greater level of endophyte.
Doing so should help to minimize the weight loss of lactating cows on stockpiled tall

fescue.
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FIGURE 10. Temperature and precipitation data reported from December to February for
Year 1 (2004-2005) and Year 2 (2005-2006) in comparison to the 30 year average. Data
were collected at the University of Missouri Forage Systems Research Center weather
station near Linneus, Missouri (39° 51' N, 93° 6'W).
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FIGURE 11. Pre-grazing stockpiled tall fescue dry matter yield for the three endophyte
infection levels 20 (LOW), 51 (MEDIUM), and 89 (HIGH). Year 1 represents December
2004 to February 2005 and Year 2 represents December 2005 to February 2006. Data
collected at the University of Missouri Forage Systems Research Center near Linneus,
Missouri (39° 51' N, 93° 6 W). Error bars represent two times the standard error.
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FIGURE 12. Total ergot alkaloid (EA) concentrations of pre-grazed forage by endophyte
level and day of experiment for Year 1 (2004-2005) and Year 2 (2005-2006). Data
collected at the University of Missouri Forage Systems Research Center near Linneus,
Missouri (39° 51' N, 93° 6’W). Error bars represent two times the standard error. Day of
experiment 0 represents the EA concentration of the harvest collected on 2 December
2004 and 1 December 2005. NOTE: the LOW endophyte infected tall fescue treatment
was not plotted because all points equaled zero.
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TABLE 7. Calibration statistics for near-infrared spectroscopic determination of crude
protein and in-vitro true digestibility content in stockpiled tall fescue.

Population N R° Mean SEC' SECV* 1-VR
Crude protein, % 60 0.95 12 0.29 0.39 0.91
In-vitro true digestibility, % 50 0.98 76 1.27 1.99 0.95

R

SEC, standard error of calibration calculated in modified partial least squares regression
SECV, standard error of cross validation calculated in modified partial least squares regression

1 — VR, | minus variance ratio calculated in cross validation in modified partial least squares regression
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TABLE 8. Crude protein (CP) and in-vitro true digestibility (IVTD) recorded for each
harvest by Year 1 (2004-2005) and Year 2 (2005-2006). Data were collected at the
University of Missouri Forage Systems Research Center near Linneus, Missouri (39° 51'
N, 93° 6’W). The forage harvest collected on day 21 of Year 1 was not included in this
analysis, due to inability to accurately harvest forage under snow and ice cover.

Day of Experiment
Item 0 21 42 63 84 SE P
YEAR 1
CP, % 13 - 13% 13% 12° 0.5  0.007
IVTD, % 77 - 72° 74° 694 1.7 <0.001
YEAR 2
CP, % 13 13 13 13 13 0.5 0403
IVTD, % 81° 81° 75% 73° 76° 2.1 <0.001
ab,c,d
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TABLE 9. Body weight and average daily gain for cows grazing stockpiled tall fescue at
three endophyte infection rates of 20 (LOW), 51 (MEDIUM), and 89% (HIGH) for Year
1 (2004-2005) and Year 2 (2005-2006). Data collected at the University of Missouri
Forage Systems Research Center near Linneus, Missouri (39° 51' N, 93° 6’W). Daily
gain under the December to February heading accounts for the average daily gain over 84
days from early-December and late-February, daily gain under the February to April
heading accounts for the daily gain from April to weaning.

Treatment

Item LOW  MEDIUM  HIGH SE P

1

kg
December to February
Initial weight 613 612 605 8 0.118
Final weight 574 558" 542° 12 0.005
Daily gain -0.47° -0.64° -0.74° 0.13  0.014
February to April
Weight at weaning 534 529 521 11 0.137
Daily gain -0.78" -0.57° -0.43* 0.17 0.015
ab,c

Means within a row within a grouping with different superscripts differ (P < 0.05)
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TABLE 10. Body condition score (BCS) for fall-calving cows grazing stockpiled tall
fescue at three endophyte infection rates of 20 (LOW), 51 (MEDIUM) and 89% (HIGH)
during Year 1 (2004-2005) and Year 2 (2005-2006). Data collected at the University of
Missouri Forage Systems Research Center near Linneus, Missouri (39° 51' N, 93° 6’W).

Treatment

Item LOW  MEDIUM  HIGH SE P

1

kg
December to February
Initial BCS 6.4 6.2 6.1 023 0.182
Final BCS 5.6° 5.2° 52° 026 0.042
February to April
BCS at weaning 5.6" 5.3 53> 020 0.054
a,b,c

Means within a row within a grouping with different superscripts differ (P < 0.05)
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TABLE 11. Body weight and average daily gain of calves grazing stockpiled tall fescue
at three endophyte infection rates of 20 (LOW), 51 (MEDIUM) and 89% (HIGH) during
Year 1 (2004-2005) and Year 2 (2005-2006). Data collected at the University of Missouri
Forage Systems Research Center near Linneus, Missouri (39° 51' N, 93° 6’W). Daily
gain under the December to February heading accounts for the average daily gain over 84
days from early-December and late-February, daily gain under the February to April
heading accounts for the daily gain from April to weaning.

Treatment
Item LOW MEDIUM HIGH SE P
1
Kg
December to February
Initial weight 111 109 109 6 0.776
Final weight 174 168 197 8 0.215
Daily gain 0.76 0.71 0.70 0.05 0.134
February to April
Weaning weight 196 194 191 9 0.526
Daily gain 0.39 0.48 0.44 0.06 0.080
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GENERAL CONCLUSIONS

Cow performance results show that as forage allowance of stockpiled tall fescue
decreases and endophyte infection level increases, body condition score, body weight,
and average daily gain decrease. However, a fall-calving cow’s weight and body
condition loss can be easily regained when pasture conditions improve. In addition, calf
performance is unaffected by endophyte infection level of stockpiled tall fescue. On the
other hand, calf average daily gain is decreased when dams were allocated 2.25% of BW.
We conclude that this decrease in calf average daily gain is a result of dams not receiving
adequate dry matter intake, therefore reducing milk production. Even though calves gain
less weight when allocated 2.25% of BW, gain ha' can be increased by as much as 40%
compared to allocating at 4.50% of BW. One down fall to allocating forage at 2.25% of
BW is a decline in subsequent spring growth, however fall-calving operations that utilize
stockpiled tall fescue may be unaffected by decreased spring yield, since virtually no hay
is required to over winter cattle. Despite increased cow weight loss, reduced individual
calf gain, and decreased spring yield, forage allowances may be most economical at
2.25% of BW, since cow weight loss is easily regained, land requirement are decreased,
and calf gain ha™ is increased. In addition, when comparing the use of stockpiled tall
fescue to hay, cow-calf performance was comparable, concluding that utilization of
stockpiled tall fescue for lactating, fall calving beef cows is a suitable substitute and will
decrease winter feed costs (Bishop-Hurley and Kallenbach, 2001). And when faced with
the question of whether to renovate endophyte-infected tall fescue pastures for fall-

calving operations, based upon our results for calf gain and weaning weight, renovation
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of endophyte-infected tall fescue pasture would not be needed in most cases. Our results
also reiterate the importance of knowing endophyte infection level of pasture. Thus if

cattle producers have fields with different levels of endophyte infection, cattle can graze
less infected pastures earlier in the winter and can take advantage of the decline in toxic

alkaloids in pastures with a greater level of endophyte.
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