Influence of Herbicides Applications on Weed and Tall
Fescue Management and Grazing Distribution in Missouri
Pastures

A Thesis
presented to
the Faculty of the Graduate School

at the University of Missouri

In Partial Fulfillment
of the Requirements for the Degree

Master of Science

by
BRYAN C. SATHER

Dr. Kevin W. Bradley, Thesis Supervisor
MAY 2012



The undersigned, appointed by the Dean of Graduate School, have examined the thesis
entitled:

Influence of Herbicides Applications on Weed and Tall
Fescue Management and Grazing Distribution in Missouri
Pastures

Presented by Bryan C. Sather,
A candidate of the degree of Master of Science,

And hereby certify that, in their opinion, it is worthy of acceptance.

Major Professor:

Dr. Kevin Bradley
Associate Professor

Thesis Committee:

Dr. Robert Kallenbach
Professor

Dr. Justin Sexten
Assistant Professor



ACKNOWLEDGEMENTS

First and foremost | would like to thank Dr. Bradley for taking me on as a
graduate student and all of his assistance through the research and writing process. | have
learned a great deal in the last two and a half years and in this process. | am very grateful
for all of the different opportunities that studying with Dr. Bradley brought to me. |
would also like to thank Dr. Kallenbach and Dr. Sexten for your help throughout the

process. Your input on the research trials and writing process were very helpful.

I would also like to thank Travis and Jim for your help and guidance with these
research trials. 1 would also like to thank the other graduate students and undergraduate
employees who assisting with my research trials, Kristen, Brett, Eric, Brock, Ryan, and
Ethan. Without your help and continued support none of these trials would have gone so

smoothly.

| also need to thank my fellow graduate students for reviewing abstracts and
giving me their comments on various presentations. These people include; Tye, Craig,

Doug, Spencer, and Ashley.

Finally, I would like to thank my family Mike, Carol, Brett and Bradley. Without

your continued support none of this would have been possible.



TABLE OF CONTENTS

ACKNOWICAZEIMENLS ...uceerernricrsnicssnnicssnnicssnnisssanissssssssssessssssssssssssssssssssssssssssssssessssssssssssses ii
LSt Of TADIES ...ccocuveiiirirnniicissreniecsssnsicssssnssesssssssessssssssssssssssessssssssssssssssssssssassssssssssssssssnass iv
LISt Of FIGUIES..uueiiiiieeniiniiensiinsninsneesstensnisssenssecssseessesssesssasssseesssssssssssassssessssssssassssssss vi
Chapter I: Literature REVIEW ......couiiiiiieiisensiinsinsennsennnensneneenseesseesesssssssesssssesseses 1
INEFOAUCTION ...ttt ettt st sbe e e e 1
NOINEIN DEWDEBITY ...ttt ste et st sbeanbesneenreas 3
Impact of Tall Fescue Seedheads in Pasture SYStemMS .........cccccvevvereriieneese e 5
Influence of Weeds on Tall Fescue Pastures and Cattle Grazing Distribution.............. 8
Conclusions and ODJECLIVES..........ccueiieieiiccecce e 11
LItErature CItEA .......eoeeiiecieee ettt ettt nre e nnes 13

Chapter II: Influence of Fall Herbicide Treatments on Northern Dewberry (Rubus
flagellaris) Control and Spring Forage Yields In Tall Fescue Pastures

ANd Haylands .....ccoeiiivviciininnnsnnicnsnnssssicsssnsssssssssssssssssssssssssssssssssssssssassssses 19
y AN 4] =10 SRR 19
L1 0 (U1 o ] TR 21
Materials and MENOUS. ........cvviiiiie et reas 23
RESUILS aNT DISCUSSION .....vvveeeiitiiie et e s ettt e e ettt s e e e s e e e s s et e e e s s sabeaeessbbeeesssasbenessssres 26
(0] o1 11157 o] o LTS 28
I (= =L 0T (=T O] (=T 30

Chapter III: Influence of Metsulfuron-containing Herbicides and
Application Timings on Tall Fescue (Lolium arundinacea Shreb.)

Seedhead Production and Forage Yield ........cccoeceeevvuricivnnicssnnccssnnccsencscnnnes 36
y AN 43 =10 SRR 36
Lo [T T2 o ] o SO 38
Materials and MENOUS. ........c.uiiiiii e reas 40
RESUILS aNT DISCUSSION ....evveieiiiiiiie et e s ettt e e ettt e e e s st e e s s et te e e s s sabeeeessbbeeessssreneessares 44
(0] o1 [V 1S To] o LT 50
I (==L 0L (=T O] (=T 52

Chapter 1V: Evaluation of Cattle Grazing Distribution in Response to Weed
and Legume Removal in Mixed Tall Fescue (Lolium arundinacea

Shreb.) and Legume Pastures.........ccccecvverecnssnnnccsssnsncsssssnnecsssssssesssssssssssans 66
YN o1 1 (X SR 66
L1 To [T Tw1 o ] TR 68
Materials and MEthOUS. .........ooiiuiiii e 71
RESUILS aNT DISCUSSION ....vvveieeietiiee ettt e e ettt e s ettt e e e s st e e s s et te e e s s eabeneessebbeeeesasreneessares 75
(O] 0103 (1Y [o] o S ORI PRRRR 79
I (= =L 0T (=T O] (=T 81



Table

2.1.

2.2

2.3

3.1

3.2

33

3.4

3.5

3.6

3.7

3.8

LIST OF TABLES

Page
Chapter II:
Herbicide treatments eVAlUALE. .....ccciiessessssecsessenssnsnssasssnsnsssssssssssssssasssssasssssssseos 33
Influence of herbicide treatments on Northern dewberry stem reduction 10
months after treatment (MAT) across three site-years in MiSSOUri. ..ccccesecseeacenss 34
Influence of herbicide treatments on forage yields and forage yield components
12 months after treatment (MAT) across three site-years in MiSSOU. ...cceereeense 35
Chapter III:
Herbicide treatments and rates evaluated for both years of the study. .....cccceeeeeees 57
Calibration statistics for near-infrared spectroscopic determination of CP,
ADF, and NDF for tall fescue for both years of the Study. .....ccccceeceeceecaecceccencnnee 58
Dates of application and tall fescue (Lolium arundinacea Shreb.) height at
the time of herbicide applications in the 2009 and 2010 field experiments. ........ 59
Influence of spring applications of metsulfuron-containing herbicides on

tall fescue (Lolium arundinacea Shreb.) height at the early summer
harvest COMDINEd OVEr tWO YEAIS. ..cceverurssrcsrssessessessassasssnsasssnsssssessessessassasssssnssssones 60

Influence of spring applications of metsulfuron-containing herbicides on
tall fescue (Lolium arundinacea Shreb.) seedhead density at the early
summer harvest COmbIiNed OVEr tWO YEAIS. cccccciecsecresasssasssnssasssassssssasssasssasssssasse 61

Influence of spring applications of metsulfuron-containing herbicides on
tall fescue (Lolium arundinacea Shreb.) yield at the early summer harvest
COMDINEU OVEI TWO YEAIS. ceerereraesssesascsassssssasosasssassassssssssssasssasssassssssssssassssssasssasses 62

Influence of application timing on tall fescue (Lolium arundinacea Shreb.)
yield at the fall and year after treatment (YAT) harvest combined over two
VEAIS. tereesserecssssssescssssssessssssssesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss 63

Influence of spring vegetative and boot stage applications of metsulfuron-
containing herbicides on tall fescue (Lolium arundinacea Shreb.) forage
nutritive values at the early summer harvest combined over two years. ......ccce.. 64



3.9

4.1

4.2

4.3

4.4

Influence of application timings on tall fescue (Lolium arundinacea
Shreb.) forage nutritive values at the fall forage harvest combined over

WO YBAI'S. cueuerereeeresessssssaseresensssssssessssssssssesesessssssassssssssssssssssessssssssssessssssssssasesenss

Chapter IV:

Initial weed species and densities at the Albany, Galena, and Shelbina

FESEAICH |OCATIONS. .eeeeerrrereeeseesessnssereeccsssesssssssseescsssssssssssssssesssssssssssssssssssssssses

Forage grass and legume groundcover in treated and non-treated portions
of pastures at the Albany, Galena, and Shelbina research locations at one

month before and three or four months after herbicide treatment. .......ceeeeeeeeee.

Average monthly air temperature (Temp.) and total monthly precipitation

(Precip.) data for Albany and Galena in 2009 and Shelbina in 2010. ..............

Total forage yield and forage mass components of treated and non-treated
portions of pastures at the Albany, Galena, and Shelbina research locations

at monthly intervals after treatMmENt. ...ccccccccceccerssncsenssnssanssasssasssnssnssssssssasssasses

.87

...88



LIST OF FIGURES
Figure Page
Chapter IV:
4.1.  Change in cattle distribution on herbicide-treated and untreated portions of
a pasture for three of four months after treatment (MAT) at the Albany

(A), Galena (B), and Shelbina (C) research locations. Means within a
research location followed by the same letter are not different, P<0.05. .............. 90

vi



Influence of Herbicide Applications on Weed and Tall Fescue Management and
Grazing Distribution in Missouri Pastures

Introduction

An estimated 180 million acres, or 26%, of the land area in the United States is
used for grazing purposes (Plain and Grimes 2009). Missouri contains about 4.15 million
head of cattle, placing it 6™ in the United States in total number of cattle as of January
2010 (NASS 2010). In Missouri, tall fescue is the predominant forage species utilized in
pastures and hay fields. Tall fescue (Lolium arundinacea Shreb.) is a cool season grass
that is the dominant forage in the Midwest (Glenn et al. 1981). Tall fescue seedheads
often contain a fungus known as ergovaline which, when consumed by grazing cattle can
decrease animal gains, reproductive performance, and cause other detrimental problems

such as “fescue foot.”

Tall fescue pastures can be very productive but their productivity can be
significantly reduced if the proper management practices are not considered.
Overgrazing, inadequate soil fertility, or inadequate soil pH are all factors that can
promote the growth of weeds while hindering the growth of the desirable forage (Green
and Martin, 1998, DiTomaso 2000). Weeds are considered to be one of the most
significant pests in pastures and affect the production of livestock and forage by
approximately 2 billion dollars annually in the United States through reductions in forage
yield, injured animals, and increased costs in managing these lands (Ferrell and Sellers
2009; DiTomaso 2000). Therefore control measures such as herbicide applications are
often taken to eliminate these types of weed infestations while also maximizing pasture
utilization for efficient production of cattle. Some weeds are more prone to injuring
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animals than others. An example of such a weed is Northern dewberry (Rubus flagellaris
Willd.). This is a thicket-forming weed that has thorns that can cause lesions in animals
that can become infected and reduce the productivity of grazing animals (Ferrell and
Sellers 2009). Many weeds that are related to Northern dewberry have been studied in
previous research. However, there is a lack of information within the literature on

options for the control of this particular species.

Weeds are not the only problems that can arise in tall fescue pastures and reduce
productivity. Tall fescue seedheads often contain a fungus known as ergovaline which,
when consumed by grazing cattle can decrease animal gains, reproduction performance,
and cause other detrimental problems such as “fescue foot.”  The systemic endophytic
fungus grows into the seedheads and produces alkaloids that can cause harm to animals
that consume them (Gadberry and Beck 2005). Often some other action must be taken to
prevent tall fescue seedhead production, such as mowing or spraying before it enters into
the reproductive stages of its life cycle (Hixson et al. 2007). For these reasons, herbicide
treatments that provide broadleaf weed control and offer suppression of tall fescue

seedheads could benefit livestock producers greatly.

Grazing animals can also be affected by the types and density of weeds in a
pasture environment. Weeds in a pasture will take nutrients away from the desired
forage, often decreasing yields and producing areas in the pasture that will not be grazed
(Watson 1976; Bovey 1987). Some weed species may be consumed when the weed is
still in the early vegetative stages, however as it matures the weed will become less
desirable for the grazing animal (Marten and Andersen 1975). There is little research on

the effects of weed infestations on the grazing distribution of cattle. The use of Global
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Positioning System (GPS) collars may be useful in determining how weed densities affect

grazing patterns throughout the growing season.

Research on each of these topics will be conducted throughout the Missouri to
determine how certain herbicide applications might affect weed densities and tall fescue
seedhead reduction. Weed infestations also influence how animals graze and how tall
fescue pastures are being utilized. Overall, this research will be conducted to evaluate the
potential benefits of herbicide applications in tall fescue pastures as a method of

maximizing pasture use efficiency.

Northern Dewberry

In Missouri pastures there are many weeds that can be difficult to control with
either herbicides or cultural control methods. One of these weeds is Northern dewberry
(Rubus flagellaris Willd.). Northern dewberry is a trailing blackberry in the Rosaceae
family that will grow laterally to approximately 4.5 m in length and rarely reaches a
height above 60 cm (Ferrell and Sellers 2009; Uva et al. 1997). The Rubus genus
contains many of the plants that are sometimes referred to as brambles which include
dewberry, raspberry, and blackberry species (Uva et al. 1997). These brambles spread
and reproduce by root sprouts, rhizomes, and seeds (Sandler 2001). The stems of
Northern dewberry plants have spines which are similar to blackberry plants, however
they are green or red in color and have reddish hairs on them unlike blackberry plants
(Ferrell and Sellers 2009). Northern dewberry is self-pollinating and will flower from
June through September (Sandler 2001). The dewberries are perennial plants that

produce biennial canes which are called primocanes and remain vegetative during the



first year of growth and then flower during their second year of growth. These second
year canes are referred to as floricanes (Pritts and Handley 1989). The leaves are
hairless, have serrated margins, and are arranged in a trifoliate pattern (Uva et al. 1997).
Northern dewberry can occur as a common weed of pastures, forests, fence rows, and
other areas that are not managed well in the eastern half of the United States (Ferrell and
Sellers 2009). Once Northern dewberry becomes established it is very difficult to

control.

Northern dewberry can cause a negative impact on pasture and hay quality. Since
it has hooked spines, it can decrease the amount of grazing that is done in an infested
pasture and can also prevent the livestock from eating contaminated hay (Marten et al.
1987). In addition, the hooked spines can cause injury to grazing animals such as
lacerations to reproductive organs which may lead to infection, reductions in reproductive

performance, and/or reduced milk production (Ferrell and Sellers 2009).

Limited research has been conducted on the control of Northern dewberry in a
pasture or hay field environment. However, some research has been conducted on the
control of blackberry, raspberry, and Southern dewberry (Rubus trivialis Michx.), which
are closely related species. Rubus species are difficult to control due to the large and
extensive underground root systems that may produce new sprouts (Ferrell and Sellers
2009; Sandler 2001). McCarty et al. (1996) found that an application of triclopyr at rates
of 0.42 and 0.84 kg/ha provided 68 and 73% control, respectively, at 52 weeks after
treatment (WAT). The addition of glyphosate (0.34 kg/ha) and 2,4-D (0.53 kg/ha) to
triclopyr (0.63 kg/ha) did not increase control. Dicamba alone at a rate of 0.56 kg/ha

resulted in 40% control at 50 WAT. Triclopyr (0.56 kg/ha) plus dicamba (0.56 kg/ha)
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resulted in 71% control at 50 WAT. Triclopyr (0.84 kg/ha) plus hexazinone (0.28 kg/ha)
was the only treatment that provided greater than 79% control on blackberry at 52 WAT
(McCarty et al. 1996). Ferrell et al. (2009) evaluated metsulfuron, triclopyr, picloram,
and fluroxypyr herbicide combinations in spring and fall applications for control of
“bush-type” blackberry species. Metsulfuron alone at a rate of 0.02 kg/ha provided 82%
control 24 MAT (months after treatment) for both spring and fall applications. Spring
applications of fluroxypyr plus picloram (0.52 + 0.65 kg/ha), triclopyr plus fluroxypyr
(0.82 + 0.27 kg/ha), and triclopyr (1.1 kg/ha) alone resulted in less than 45% control 24
MAT, however, fall applications resulted in 65 to 75% control 24 MAT (Ferrell et al.
2009). Meyer and Bovey (1990) evaluated percent groundcover remaining for Southern
dewberry (Rubus trivialis Michx.) after herbicide appliations and found that metsulfuron
(0.07, 0.14, 0.28, 0.56 kg/ha) alone or with 2,4-D (0.56 kg/ha) decreased groundcover by

87%.

Impact of Tall Fescue Seedheads in Pasture Systems

Tall fescue (Lolium arundinacea Schreb.) is a perennial cool season grass that

was brought to the United States in the late 1800’s from Europe where it was used as a
forage grass (Cherney et al. 1993, Gibson and Newman 2001). Tall fescue can be
distinguished from other grasses by its long leaves with rough edges and distinct venation
that runs the length of the leaf (Jennings et al. 2008). Tall fescue can maintain itself very
well even under high traffic areas due to its deep roots, cluster-forming growth habit, and
drought tolerant nature (Hall 1994). These qualities make tall fescue an optimal grass for
pastures, lawns, and right-of-ways. In a pasture setting, tall fescue is beneficial since it is

relatively nutritious in the spring and fall when it is in its vegetative growth stages and
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most palatable to ruminant animals such as cattle (Gadberry and Beck 2005). Fescue
also has the capacity to produce a large quantity of forage. In areas of the Midwest it can
produce about two to four tons of forage per acre on a dry matter basis, which makes it

ideal for use as hay in the winter months (Jennings et al. 2008).

Tall fescue seedheads can cause problems for livestock if they are infected with
an endophytic fungus which can produce the ergot alkaloid ergovaline, leading to a
condition known as fescue toxicosis (Gadberry and Beck 2005). This fungus increases
the growth and persistence of the plant itself but will greatly decrease the performance of
animals infected (Bouton et al. 1993; Drewnoski et al. 2009). Fescue toxicosis can
reduce the weight gain of animals even though they may graze constantly. Paterson et al.
(1995) found that the average daily gain (ADG) of calves fed endophyte-infected tall
fescue decreased anywhere from 30 to 100% when compared to calves fed low
endophyte tall fescue. The loss of weight gain may also correlate with a reduction in
reproduction performance. It is believed that ergovaline and other ergot alkaloids have a
direct effect on reproductive tissues such as the ovary and embryo, however the exact
mode of action of these ergot alkaloids is unknown (Strickland et al. 2011). Schmidt et
al. (1986) found that pregnancy rates of cows grazing tall fescue with low levels of
endophyte was 98% while pregnancy rates of cows grazing tall fescue with high levels of
endophyte was reduced to 55%. Additional symptoms of fescue toxicosis include
increased body temperatures and a reduction in blood flow to the animals’ extremities,
leading to other problems such as “fescue foot” (Paterson et al. 1995). For these reasons
many producers will mow or renovate their pastures with a non-endophytic variety of tall

fescue in an attempt to reduce or eliminate these problems.



Because renovated tall fescue pastures can be re-infected with endophyte through
the spread of seeds, mowing may only suppress the problem. Spraying herbicides on
pastures may be a more effective means of controlling seedheads (Barker et al. 2005;
Hancock and Andrae 2009). Previous research has shown that spraying pastures with
herbicides such as sethoxydim, fluazifop, glyphosate, haloxyflop methyl, mefluidide, and
amidochlor can suppress tall fescue seedhead production (Reynolds et al. 1993).
Sethoxydim (0.045 kg/ ha) and mefluidide (0.28 kg/ha) were the most effective at
reducing seedheads when applied in the spring compared to the fall application. The fall
application of sethoxydim reduced seedhead density by 99% and the spring application
had a 100% reduction in seedhead density. Mefluidide applications in the fall reduced
seedhead density by 95% where as the spring application showed a 99% reduction in
seedhead density (Reynolds et al. 1993). However, none of these herbicides except
glyphosate are currently labeled for over-the-top application in a tall fescue pasture or
hay field and glyphosate is only labeled for spot treatments since it will kill or injure any
forage or legumes it contacts (Anonymous, 2009b) . Herbicides in other families can
also reduce tall fescue seedheads, provide broadleaf weed control, and still be safe to
spray on tall fescue pastures and hay fields, however very little research has been
conducted in this area. Metsulfuron-methyl is a sulfonylurea herbicide that is labeled for
control of broadleaf weeds in pastures and hayfields but when sprayed on tall fescue it
can cause stunting and seedhead suppression (Anonymous, 2009a). With a reduction in
tall fescue seedheads there is also likely to be a reduction in the endophytic fungus levels
in tall fescue pastures that have been sprayed with this herbicide, or with products that

contain this herbicide.



Influence of Weeds on Tall Fescue Pastures and Cattle Grazing Distribution

Approximately three quarters of all domestic livestock depend on pastures and
grazing lands for survival (DiTomaso 2000). Most of these pastures contain some
species of weeds or brush that interfere with grazing and/or haying. These weeds not
only affect the pastures, but they can also affect the animals and humans that utilize these
pastures (DiTomaso 2000). Troublesome weeds can cause harm or reduce pasture
utilization in many ways. Competition for nutrients, water, light, and space are the
primary methods by which weeds reduce pasture quality. With the removal of certain
weed species, some studies suggest that desirable forage levels can increase up to 400%
due to the fact that weeds can also restrict the growth and establishment of new forage
seedlings (Watson 1976; Bovey 1987). As one example, Thompson et al. (1987) found
that musk thistle (Carduus nutans L.) reduced forage production by as much as 8%

during the growing season.

Some weeds can produce toxins that render the weed unpalatable or in some cases
even poisonous (Siegmund 1979). For example, nitrates can accumulate in certain weeds
such as smartweed species and common lambsquarters at certain times of the year
(Allison 2010). There are also other organic substances that can cause poisoning in
grazing animals such as phenolics and alkaloids (Molyneux and Ralphs 1992).
Jimsonweed (Datura stramonium L.) contains many different solanaceous alkaloids that
are present throughout the entire plant, most notably the seeds. Poison hemlock (Conium
maculatum L.) is another common pasture weed that contains eight poisonous alkaloids
(Pokorny & Sheley 2000). It was estimated in 1988 that direct losses from sheep and

cattle grazing poisonous weeds in pastures cost approximately $169 million along with
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another $65 million that was attributed to indirect losses due to lower wool and milk
production, reduction in reproductive performance, and decreased growth rates (Frandsen
and Boe 1991). Even with the detrimental qualities of weeds known, it is estimated that
only 25% of pastures get treated with herbicides to reduce the weed population (Bussan

and Dyer 1999).

Research has shown that grazing of animals is not done on a random basis,
grazing is done on a preference basis (Lyons and Machen 2001). Ideally, a uniform
grazing distribution would be the ideal situation for producers; however this is rarely the
case due to individual animal grazing preference (Owens et al. 1991). Grazing animals
will use memory to establish where they grazed desirable forage before and go back to
that same location even if the forage has been grazed off (Lyons and Machen 2001).
Uneven grazing can complicate management decisions and also lead to other factors that
may promote weed growth such as soil erosion (Blackburn 1984). The grazing pattern of
animals often relates to the palatability of the plants being consumed. Palatability is a
complex concept however it has collectively been defined as the characteristics the plants
possess that cause the herbivore to eat or avoid the plant (Marten 1978, Olsen 1999).
These characteristics can vary by plant, animal and environment. Plant palatability can
be affected by texture, inability to tear and be eaten, moisture content, smell, and taste to
name a few (Olsen 1999). Another factor that may influence grazing distribution is plant
availability. Cattle prefer to eat a grass-based diet; however, as this feed runs low they
will consume other plants that are not as preferred such as weeds (Olsen 1999, Marten
1978). Additionally, selection of food is not only based on preference but also on the

costs of grazing a given plant (Distel et al. 1995). Animals will usually graze in such a



way that maximizes intake while also providing them with the greatest amount of

positive feedback (Distel et al 1995, Provenza 1995).

Grazing animals will either eat undesirable plants or not based on the maturity of
the plants and/or their previous experiences with this plant. When grazing animals are
first introduced to a plant they are unfamiliar with, the likelihood of grazing this
particular plant may be relatively high because they animals have no previous memory of
the effects of this plant and have a high level of curiosity (Olsen 1999). Previous
research shows that many weeds can be just as nutritious as the desired crop (Marten and
Andersen 1975). This does not mean that these weeds will be consumed, just that they
can be eaten and are nutritious when they are early in their vegetative stages of growth
(Marten and Andersen 1975). However, certain areas may not be grazed by cattle at all
based on weed growth stage and density. Cattle will usually avoid grazing in areas of

high weed density (Olsen 1999).

The grazing distribution of cattle with the use of global positioning system (GPS)
collars that utilize geographic information systems (GIS) for analysis of data is an area
that has not been studied in great detail. GPS collars have been utilized to track the
location of grazing animals, but most of these studies have been related to understanding
animal distribution and movement in response to topography, and location of salt and
water sources (Ungar et al. 2005, Ganskopp 2001, Lyons and Machen 1999). With the
use of GIS technology, these collars can also be used to determine where an animal has
been grazing and for how long they were at that location (Ungar et al. 2005). For
example, research conducted by Ungar et al (2005) showed that the animals grazed for

45% of their time but that drinking and eating of minerals accounted for less than 1% of
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their time. Few, if any, studies have been conducted that utilized GPS collars and GIS
technology to understand the grazing distribution of cattle based on weed density in

pastures.

Conclusions and Objectives

Tall fescue pastures in Missouri are a very important component of the
agricultural base in the state due to the high numbers of grazing animals, most notably
beef and dairy cattle. These pastures must be managed in a way that will help producers
maximize yield as much as possible and also be safe for the animals and humans caring

for these animals.

In order to achieve optimum yields, detrimental weeds must be controlled. One
common weed found in some Missouri pastures and hay fields that is detrimental to
grazing animals and forage production is Northern dewberry. Currently there are
recommendations for related species, such as upright blackberry and raspberry species,
but not for Northern dewberry. Therefore, one objective of this research project is to find

herbicides that will control this weed in tall fescue pastures.

Tall fescue is the most widely grown forage grass in the state of Missouri. It is
known that certain herbicides can be applied to reduce tall fescue seedheads production
and therefore reduce the likelihood of fescue toxicosis; however none of these herbicides
are labeled for broad-spectrum use in Missouri pastures. A variety of metsulfuron-
containing herbicides are currently labeled for selective broadleaf weed control in tall
fescue pastures, however the specific effects of these herbicides on tall fescue seedhead

production has not been thoroughly investigated. For these reasons, the second objective
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of this research project is to evaluate the effects of several metsulfuron-containing
herbicides and application timings on tall fescue yield, seedhead production, and

ergovaline content.

Weed infestations in tall fescue pastures will not only affect forage productivity,
but can also influence cattle grazing preference and carrying capacity. The use of GPS
tracking collars and GIS technology provides a new method of understanding these
relationships. Therefore, the third objective of this research project is to investigate the
effects of herbicide application and subsequent weed removal on the grazing distribution

of beef cattle in mixed tall fescue and legume pastures.
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Influence of Fall Herbicide Treatments on Northern Dewberry (Rubus flagellaris)

Control and Spring Forage Yields In Tall Fescue Pastures and Haylands

Bryan C. Sather and Kevin W. Bradley”

Abstract. Field experiments were conducted from 2008 - 2011 to evaluate the effects of
various fall herbicide treatments on Northern dewberry (Rubus flagellaris Willd.) control
and spring forage yields in tall fescue [Lolium arundinacea (Schreb.) S.J. Darbyshire]
pastures and haylands. When applied in the fall, all herbicide treatments evaluated in
this research except aminopyralid plus 2,4-D ester (0.12 + 1.0 kg/ha) and triclopyr plus
2,4-D ester (0.56 + 1.1 kg/ha), reduced Northern dewberry stem density the season
following treatment by 50 to 66%. Treatments that contained metsulfuron tended to
provide some of the greatest levels of visual control and stem reduction. At the time of
the spring forage harvest there were few differences in total forage yields, however there
were differences in the botanical composition of the forage harvested. Herbicide
treatment did not influence forage grass yields compared to the non-treated control
however herbicide treatment reduced Northern dewberry and other weed components of
total forage yield compared to the non-treated control by the spring following treatment.

These experiments indicate fall applications of treatments containing metsulfuron will

*First author: Graduate Research Assistant, Division of Plant Sciences, 205 Waters Hall, University of
Missouri, Columbia, MO 65202; second author: Associate Professor, Division of Plant Sciences, 201
Waters Hall, University of Missouri, Columbia, MO 65202. Corresponding author’s E-mail:
bradleyke@missouri.edu.
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reduce Northern dewberry density by at least 50%, but that follow-up treatments will be

necessary where severe infestations exist.

Nomenclature: Northern dewberry, (Rubus flagellaris Willd.), RUFL; tall fescue,
Lolium arundinacea (Schreb.) S.J. Darbyshire, FESAR; triclopyr; 2,4-D ester;

metsulfuron; dicamba; fluroxypyr; aminopyralid.

Key words: Northern dewberry, tall fescue, pastures, biomass yield, herbicide

applications.
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Weeds are considered one of the most significant pests in pastures and affect the
production of livestock and forage by approximately 2 billion dollars annually in the
United States. This could be through reductions in forage yield, injured animals, and
increased management costs (Ferrell and Sellers 2009; DiTomaso 2000). Overgrazing,
inadequate soil fertility, inadequate soil pH, or a combination of these factors, are all
issues that can promote the growth of weeds while hindering the growth of the desirable
forage (Green and Martin 1998, DiTomaso 2000). Many pasture weeds are rejected by
grazing animals due to plant flavor, which is a combination of taste and odor, or the
presence of defensive structures like spines, awns, and leaf position (Mayland and
Shewmaker 1999; Heady 1964). Forage harvests are also unlike other crop harvests in
that the weeds are harvested with the desired crop. Therefore, if weeds that have spines
on them are harvested with the forage, the quality and quantity of hay that these animals

eat can be reduced (Curran and Lingenfelter 2001, Marten et al. 1987).

Northern dewberry (Rubus flagellaris Willd.) is a member of the Rosaceae and is
one of several members of this family that are collectively referred to as “dewberries” in
comparison to other more upright, cane-type Rubus species referred to as either
“blackberries” or “raspberries” (Uva et al. 1997). Members of this genus can become
troublesome weeds in pasture and hay field environments and can spread quickly through
root sprouts, rhizomes, and seed (Sandler 2001). Northern dewberry has a trailing growth
habit with stems that can grow laterally to 4.5 m in length but rarely reach a height above
60 cm (Ferrell and Sellers 2009; Uva et al. 1997). The stems of Northern dewberry are
generally green, but can develop a reddish tint with reddish hairs and this trait helps to

distinguish them from other Rubus species (Ferrell and Sellers 2009; Widrlechner and
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Wagner, 1998). The trailing stems of Northern dewberry are also covered with spines,
which can cause injuries to the breeding organs of grazing animals leading to a reduction
in milk production and overall productivity of the injured animal (Ferrell et al. 2009).
Northern dewberry is a self-pollinating plant and can flower from June through
September (Sandler 2001). The dewberries as a group are perennial plants that produce
biennial canes which are called primocanes that remain vegetative during the first year of
growth and then flower during their second year of growth forming floricanes (Pritts and
Handley 1989). The leaves of Northern dewberry are hairless, have serrated margins, and
are arranged in a trifoliate pattern (Uva et al. 1997). Once Northern dewberry becomes
established it is very difficult to control and often requires multiple herbicide

applications.

Little research has been conducted on the control of Northern dewberry in
pastures or hay fields. Some research has been conducted on the control of other Rubus
species, such as highbush blackberry (Rubus argutus Link), raspberry (Rubus spp.), and
Southern dewberry (Rubus trivialis Michx.). McCarty et al. (1996) found that an
application of triclopyr at rates of 0.42 and 0.84 kg/ha provided 68 and 73% control of
highbush blackberry, respectively, at 1 year after treatment (YAT). The addition of
glyphosate (0.34 kg/ha) and 2,4-D (0.53 kg/ha) to triclopyr (0.63 kg/ha) did not increase
highbush blackberry control. Dicamba alone at a rate of 0.56 kg/ha resulted in 40%
control at 50 weeks after treatment (WAT) while triclopyr (0.56 kg/ha) plus dicamba
(0.56 kg/ha) resulted in 71% control at 50 WAT. Triclopyr (0.84 kg/ha) plus hexazinone
(0.28 kg/ha) was the only treatment that provided greater than 79% control on highbush

blackberry at 52 WAT (McCarty et al. 1996). Ferrell et al. (2009) also found that

22



metsulfuron at 0.02 kg/ha provided 82% control of upright cane-type blackberry (Rubus
spp.) species 24 months after treatment (MAT) with either a spring or fall application
timing. Spring applications of fluroxypyr plus picloram (0.52 + 0.65 kg/ha), triclopyr
plus fluroxypyr (0.82 + 0.27 kg/ha), and triclopyr (1.1 kg/ha) alone resulted in less than
45% control 24 MAT; however, fall applications resulted in 65 to 75% control 24 MAT
(Ferrell et al. 2009). Similarly, Meyer and Bovey (1990) found that metsulfuron alone or
with 2,4-D (0.56 kg/ha) provided good control of Southern dewberry (Rubus trivialis
Michx.). Although some research has been conducted on related species, currently little
to no research has been conducted on the control of Northern dewberry in a tall fescue
pasture or hay field setting. Previous research conducted by Ferrell et al. (2009) revealed
that there were no differences in spring and fall herbicide applications by 12 MAT.
However, it was noted that there was less variability and more consistent control of
blackberry species (Rubus spp.) with fall compared to spring herbicide applications. For
this reason, the objectives of this research were to evaluate Northern dewberry control
with a variety of pre-packaged herbicide combinations as well as the new growth

regulator herbicide aminocyclopyrachlor when applied in fall.

Materials and Methods

Site Description. Three field experiments were conducted in separate areas of a 17-ha
tall fescue (Lolium arundinacea Shreb.) hay field located near Salem, Missouri (N 37°
35.219, W 91° 42.952) in 2008, 2009, and 2010. Experimental areas at this site were

selected each year due to a natural dense Northern dewberry infestations (17 to 24 plants

23



per m?) The soil type at this location was a Westerville silt loam (fine-silty, mixed,
superactive, acid, mesic Aeric Fluvaquents) with a soil pH of 5.3. All experiments were
arranged in a randomized complete block design with 14 treatments and five replications.

Individual plots were 3 x 9 m.

Herbicide Applications. Experimental herbicide treatments evaluated are listed in Table
2.1. Each herbicide treatment was applied in combination with a non-ionic surfactant at
0.25% v/v. All herbicide applications were made in the early fall; on September 30,
2008, October 5, 2009 and September 29, 2010. At herbicide application the Northern
dewberry height was 13-to 15-cm while tall fescue ranged in height from 15-to 23-cm.
The entire experimental area was harvested each year for hay in mid- to late-July. After
hay harvest the forage and Northern dewberry were allowed to grow until the herbicide
treatments were applied. Herbicide applications were made with a CO,-powered

backpack sprayer set to deliver 140 L per ha with XR8002 flat fan nozzles.

Evaluation of Tall Fescue Injury and Northern Dewberry Control. Treatments were
visually evaluated for tall fescue injury and control of Northern dewberry at the time of
the spring forage harvest (8 MAT). Visual ratings were taken on a scale of 0 to 100
percent with 0 being equivalent to the ground cover and vigor in the non-treated control,
and 100 percent being equivalent to complete tall fescue death and complete Northern
dewberry control. Also at 10 MAT, Northern dewberry stems remaining in each plot

(27.9 m?) were determined.
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Forage Harvests. Total forage biomass yields were determined by harvesting 2, 1 x 8 m
strips within each plot using a Carter? forage harvester. Forage harvests occurred on May
29, 2009, May 24, 2010, and May 18, 2011. At each harvest, one 300-g subsample of
the total harvested biomass was collected from each plot. Subsamples were placed in a
forced-air oven for 48 hours at a temperature of 37" C in order to determine dry matter
content and percent composition of each species component. After dry matter
determination, subsamples were hand-separated into three different sub-categories:
forage grasses, other weed species, and Northern dewberry. The percent composition of

each fraction was then applied to the overall total biomass yield for each plot.

Statistical Analysis. Visual control, percent groundcover, total biomass yields, forage
yield component, and stem count data were subject to analysis of variance using the
PROC Mixed procedure in SAS®. Means were separated using Fisher’s projected least
significance difference (LSD) test at P < 0.05. Sites were combined across years and
each year-location combination was considered an environment sampled at random as
suggested by Carmer et al. (1989). Fixed model effects included herbicide treatments
while random effects included environment, replications (nested within environments),
and all interactions with environment and replications. Considering environments as
random enables inferences about the treatments to be made over a range of environments

(Carmer et al. 1989).
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Results and Discussion

Tall Fescue Injury. There were no noticeable differences in tall fescue injury by the
time of the spring harvest between any of the herbicide-treated or non-treated plots (data
not shown). This is probably due to the amount of time the tall fescue had to recover
from any injury that may have occurred between the time of application and the time of

the spring harvest.

Northern Dewberry Control. Herbicide treatments provided 71 to 91% visual control
of Northern dewberry 8 MAT (Table 2.2). Aminopyralid plus 2,4-D ester (0.12+1.0
kg/ha) and triclopyr plus 2.4-D ester (0.56+1.1 kg/ha) resulted in the lowest levels of
visual Northern dewberry control 8 MAT, while metsulfuron plus 2,4-D plus dicamba
(0.02+0.8+0.28 kg/ha) and aminopyralid plus metsulfuron plus 2,4-D ester (0.09 + 0.01 +
1.1 kg/ha) provided highest visual control 8 MAT. For the most part, visual control

evaluations 8 MAT coincided with percent stem density reduction 10 MAT.

Northern dewberry stem densities were reduced by 23 to 66% when compared to
the untreated control 10 MAT (Table 2.2). Aminopyralid plus 2,4-D ester and triclopyr
plus 2,4-D ester resulted in 23 and 31% Northern dewberry stem reduction, respectively,
which was the lowest level of Northern dewberry stem reduction observed. Northern
dewberry stem reduction was not different at P = 0.05 with all remaining herbicide
treatments evaluated and ranged from 50 to 66% 10 MAT. McCarty et al. (1996)
reported triclopyr applications alone at rates from 0.42 to 1.1 kg/ha provided from 48 to
83% visual control of highbush blackberry (Rubus argutus Link) 10 to 12 MAT. Ferrell

et al. (2009) also found triclopyr (1.1 kg/ha), triclopyr + fluroxypyr (0.82 + 0.27 kg/ha),
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and picloram plus fluroxypyr (0.65 + 0.52 kg/ha) provided approximately 65 to 80%
visual control of upright, cane-type blackberry (Rubus spp.) while metsulfuron (0.02
kg/ha) provided approximately 90% control of this species 12 MAT. In this research,
metsulfuron plus 2,4-D amine plus dicamba (0.02+0.8+0.28) and metsulfuron alone
(0.017) provided the greatest Northern dewberry stem reduction 10 MAT at 66 and 61%,
respectively. As discussed by Ferrell et al. (2009), the metsulfuron-containing treatments
generally result in less leaf desiccation compared with other treatments that contained
triclopyr or 2,4-D ester, for example. This may allow for greater metsulfuron uptake and

translocation when compared to other treatments.

Forage Yield and Forage Yield Components. Several herbicide treatments reduced
total forage yields compared to the non-treated control 8 MAT, but no clear trends among
herbicide treatments and total forage yield reductions were observed in these experiments
probably due to the time tall fescue had to recover between the harvest and the
application timing (Table 2.3). When averaged across all herbicide treatments, total
forage yields were 2708 kg/ha among herbicide-treated plots, while total forage yields in
the non-treated plots averaged 2878 kg/ha. Other authors have reported total forage yield
reductions as a common response to herbicide treatment and weed removal in grass

pastures and hay field settings (Payne and Bradley 2010; Payne et al. 2010).

No herbicide treatment increased or decreased forage yields compared to the non-
treated control by 8 MAT (Table 2.3). However, all treatments significantly reduced the
yields of the other weed and Northern dewberry fractions of the total forage yield when
compared to the non-treated control. The other weeds present at the 8 MAT harvest

included: red sorrel (Rumex acetosella L.), annual fleabane (Erigeron annuus (L.) Pers.),

27



common lespedeza (Kummerowia striata (Thunb.) Schindl.) and horsenettle (Solanum
carolinense L.). There were no differences at P = 0.05 between herbicide treatments in
the yields of the other weed component, however highest yields of the other weed
fraction occurred in response to triclopyr plus fluroxypyr (0.825+0.275 kg/ha) while
lowest yields of the other weed fraction was in the aminopyralid plus 2,4-D ester
(0.12+1.0 kg/ha) treatment. All herbicide treatments reduced the yield of Northern
dewberry in comparison to the non-treated control. Northern dewberry yields were
reduced the least by triclopyr plus 2,4-D ester (0.56+1.1 kg/ha) and aminopyralid plus
metsulfuron (0.13+0.02 kg/ha) and were reduced the most by both application rates of
metsulfuron plus 2,4-D plus dicamba. In many, but not all instances, the response of the
Northern dewberry fraction of the total forage yields to each herbicide treatment
corresponded to the effects of these treatments on Northern dewberry stem density (Table
2.2). It is important to note different herbicide treatments could reduce Northern
dewberry stems more than another. However, compensatory vegetative growth of the
remaining stems could still occur and result in similar biomass yields of Northern

dewberry between treatments.

Conclusions

When applied in the fall, all herbicide treatments evaluated except aminopyralid
plus 2,4-D ester (0.12 + 1.0 kg/ha) and triclopyr plus 2,4-D ester (0.56 + 1.1 kg/ha)
reduced Northern dewberry stem density the season following treatment by 50 to 66%.

Metsulfuron containing treatments provided some of the highest levels of visual control
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at 84 to 91% and 50 to 66% stem reduction. Additionally, none of the herbicide
treatments impacted forage yields compared to the non-treated control in the spring
following treatment. Overall, the results indicate no herbicide treatment is likely to
provide complete control of Northern dewberry the season following treatment; follow-

up treatments will be required.

Sources of Materials
! Teejet Spraying Systems Co, P.O. Box 7900, Wheaton, IL 60189
2 Carter MFG CO., INC. 896 E. Carter Court, Brookston, IN 47923

¥ SAS Institute, Inc., SAS Campus Drive, Cary, NC 27513
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Table 2.1. Herbicide treatments evaluated.

Treatment Rate
------- kg/ha-------
Triclopyr + fluroxypyr 0.825 + 0.275
Picloram+ fluroxypyr 0.66 + 0.53
Triclopyr 1.1

Picloram + 2,4-D ester +triclopyr
Metsulfuron

Metsulfuron + 2,4-D amine +dicamba
Metsulfuron + 2,4-D amine + dicamba
Aminopyralid + metsulfuron
Aminopyralid + metsulfuron
Aminopyralid + metsulfuron + 2,4-D ester
Aminopyralid + 2,4-D ester

Triclopyr + 2,4-D ester
Aminocyclopyrachlor + metsulfuron

Untreated

0.15 + 0.55 +0.56

0.017

0.01+0.40 + 0.14

0.02+0.8+0.28

0.09 +0.01

0.13+0.02

0.09+0.01+1.1

0.12+1.0

056+1.1

0.035 + 0.0075

% All treatments applied with a non-ionic surfactant at 0.25% v/v.
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Influence of Metsulfuron-containing Herbicides and Application Timings on Tall
Fescue (Lolium arundinacea Shreb.) Seedhead Production and Forage Yield

Bryan C. Sather, Craig A. Roberts, and Kevin W. Bradley”

Abstract. Field trials were conducted in 2009 and 2010 to investigate metsulfuron-
containing herbicides effect on tall fescue [Lolium arundinacea (Schreb.) S.J.
Darbyshire] growth, seedhead production, yield, and forage nutritive values. Each year
several rates of metsulfuron-containing products and picloram plus 2,4-D where applied
to a weed-free tall fescue hay field in the early spring vegetative state, late spring boot
stage, and at the late summer dormancy stage of growth. Greater reductions in tall fescue
height and seedhead density were observed with metsulfuron-containing herbicides
applied at boot stage compared to vegetative stages at the first summer harvest.
Compared to the untreated control, applying metsulfuron-containing herbicides to
vegetative tall fescue reduced plant height by 13 to 40%; applications at the boot stage
reduced height by 28 to 45%. Metsulfuron-containing herbicides reduced tall fescue
seedhead density from 14 to 61% at the vegetative application, and from 53 to 88% at the
boot stage application. Metsulfuron plus 2,4-D plus dicamba (0.01+0.40+0.14 kg/ha)
was the only metsulfuron-containing herbicide treatment applied at the vegetative
application timing that did not reduce tall fescue seedheads or yield when compared to
the untreated control. Vegetative stage applications of metsulfuron-containing herbicides

reduced tall fescue yields by 33 to 63%, while boot stage applications reduced yields by

* First author: Graduate Research Assistant, Division of Plant Sciences, 205 Waters Hall, University of
Missouri, Columbia, MO 65211; second author: Professor, Division of Plant Sciences, 210 Waters Hall,
University of Missouri, Columbia, MO 65211; Third author: Associate Professor, Division of Plant
Sciences, 201 Waters Hall, University of Missouri, Columbia, MO 65211. Corresponding author’s E-mail:
bradleyke@missouri.edu.
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15 to 35%. Picloram plus 2,4-D did not reduce tall fescue height, seedhead density, or
yield when applied at either the vegetative or boot stage. Harvested forage crude protein
(CP) concentration was greater in response to the vegetative compared to boot stage
herbicide applications, and vegetative stage applications of metsulfuron-containing
herbicides increased harvested forage CP concentration of the by 1.5 to 3.4% compared
to the untreated control. The summer herbicide application resulted in tall fescue yield
reductions at the time of the fall harvest but by the 1 year after treatment (YAT) harvest,
tall fescue yields were slightly higher with summer compared to vegetative or boot stage
herbicide applications. By 1 YAT, there were no differences in forage nutritive value of
the harvested forage between any of the herbicide treatments or application timings.
Spring applications of metsulfuron-containing herbicides can be utilized to reduce tall
fescue seedhead production and increase CP content of tall fescue pastures and hay fields,
but summer applications of these same herbicide treatments will have only limited effects
on yield, nutritive values, or seedhead density of tall fescue harvested in the fall or the

spring following treatment

Nomenclature: Tall fescue, Lolium arundinacea (Schreb.) S.J. Darbyshire, FESAR;

metsulfuron, aminopyralid, 2, 4-D, dicamba, chlorsulfuron, picloram.

Keywords: Tall fescue, metsulfuron, seedhead reduction, forage yield, forage quality.
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Tall fescue (Lolium arundinacea Shreb.) is the predominant forage utilized in
pastures and hay fields in the temperate-humid zone of the eastern United States (Glenn
et al. 1981; Moore 2003). However, cattle grazing tall fescue can develop a problem
known as fescue toxicosis (Stuedemann and Hoveland, 1988). Fescue toxicosis is the
result of livestock consuming the ergot-like alkaloids produced by the endophytic fungus
Neotyphodium coenophialum (Hill et al. 1994; Glenn et al. 1996; Roberts and Andrae
2004) that infects tall fescue plants nationwide. One estimate by Bacon and Siegel (1988)

suggested that 90% of tall fescue pastures in the U.S. are infected with this fungus.

The fungus and the plant have a symbiotic relationship whereby the plant
provides the fungus with protection, nutrients, and a means of dissemination while the
fungus provides the plant with defensive compounds allowing the plant to persist better
than endophyte-free varieties when under stress from drought or plant pathogens such as
nematodes (Bacon 1995; EImi et al. 2000; Roberts and Andrae 2004). The fungus is only
transmitted maternally through seed (Defelice and Henning 1990); therefore the greatest
concentrations of this fungus are in the seeds themselves with lesser concentrations in the
leaf sheaths (Bacon and Siegel 1988; Rottinghaus et al. 1991). These ergot alkaloids
occur in tall fescue pastures in their greatest concentrations in the late spring once tall

fescue seedheads have emerged (Roberts and Andrae 2004).

While the symbiotic relationship between the endophyte and the plant benefits its
ecological fitness, the ergot-like alkaloids produced by infected tall fescue plants may
reduce the performance of grazing animals. One of the most common problems
associated with fescue toxicosis is a reduction in weight gain even if the animal is

exhibiting normal grazing behavior. Paterson et al. (1995) found that the average daily
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gain (ADG) of calves fed endophyte-infected tall fescue decreased anywhere from 30 to
100% when compared to calves fed low endophyte tall fescue. Reproductive
performance may also suffer as a result of grazing endophyte-infected tall fescue
pastures. Schmidt et al. (1986) found that the pregnancy rate of cattle grazing endophyte-
infected tall fescue pastures was as low as 55% while cattle grazing tall fescue pastures
with low endophyte had a pregnancy rate as high as 98%. There are other effects of these
alkaloids on animal performance such as an increase in labored breathing, failure to shed
the winter coat during summer, reductions in blood flow leading to a condition known as
fescue foot, high blood pressure, and a low heart rate (Roberts and Andrae 2004,

Gadberry and Beck 2005, Paterson et al. 1995).

One way of moderating fescue toxicosis is to reduce the number of tall fescue
seedheads occurring in the pasture. Mowing is one of the most common ways to reduce
seedheads. Alternatively, some producers may choose to renovate their pastures with a
non endophyte-infected variety of tall fescue. However, renovated tall fescue pastures
are often re-infected through the spread of endophyte-infected tall fescue seeds or from
seed remaining in the soil seed bank. Herbicide applications represent another option for
the reduction of tall fescue seedheads in tall fescue pastures (Barker et al. 2005; Hancock
and Andrae 2009). Previous research has shown herbicide applications of sethoxydim,
fluazifop, glyphosate, haloxyfop-methyl, mefluidide, and amidochlor can suppress tall
fescue seedhead production (Reynolds et al. 1993). Spring or fall applications of
sethoxydim (0.045 kg/ ha) and mefluidide (0.28 kg/ha) reduced tall fescue seedhead
density by 95 to 100% compared to fluazifop, glyphosate, haloxyflop-methyl, and

amidochlor, which provided less than 88% tall fescue seedhead reduction (Reynolds et al.
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1993). However glyphosate is the only herbicide currently labeled for spot treatments
since it will kill or injure any forage or legume it contacts (Anonymous, 2009b). Though
largely un-researched, there are herbicides currently labeled for use in pastures that might
reduce tall fescue seedhead expression. Metsulfuron-methyl is a sulfonylurea herbicide
that is labeled for control of a variety of broadleaf weeds in pastures and hayfields but
when sprayed on tall fescue it can cause stunting and seedhead suppression (Anonymous,
2009a). Pre-packaged herbicide mixtures have recently been added to the pasture
herbicide market, and several of these new products contain metsulfuron-methyl as one
of the active ingredients. However, the effects of these metsulfuron-containing herbicides
on tall fescue seedhead reduction are unknown. Therefore, the objectives of this study
were to determine the effects of metsulfuron-containing herbicides and several
application timings of these herbicides on tall fescue yield, seedhead production,

ergovaline concentration, and forage nutritive value.

Materials and Methods

Site Description. Field experiments were conducted in separate locations at the
University of Missouri Rocheford Turkey Research Farm near Columbia, Missouri in
2009 and 2010 (38°58°32.48” N; 92°11°09.48” W). Research sites were selected based
on the presence of pure stands of tall fescue (Lolium arundinacea Shreb.) without other
weed or legume species present. The soil type at both locations was a Leonard silt loam
(fine, smectitic, mesic Vertic Epiaqualfs) with 2.6% organic matter and a pH of 5.2.

Nitrogen was applied September 2 for both trials before each trial was started at a rate of
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33.6 kg ha%. Individual plots were 1.5 x 9 m and arranged in a randomized complete

block design with six replications. Plots were kept free of weeds during the experiment.

Herbicide Applications. Herbicide treatments evaluated are listed in Table 3.1. Each
experiment had three application timings based on the growth stage of tall fescue (Table
3.2). The first application timing occurred at a spring vegetative stage, the second
occurred at the tall fescue boot stage, and the third at a late-summer vegetative stage.
These herbicide application timings were evaluated as these are the most common
timings recommended for the control of weeds commonly encountered in tall fescue
pastures and hay fields (Bradley and Kendig 2004). For example, the spring vegetative
and boot stage application timings coincided with the typical timing of herbicide
applications recommended for the control of biennial thistles such as musk (Carduus
nutans L.) and bull thistle (Cirsium vulgare (Savi) Ten.) while the late-summer vegetative
stage application timing coincided with the typical timing of herbicide applications
recommended for common summer annual weeds like common ragweed (Ambrosia
artemisiifolia L.) and common cocklebur (Xanthium strumarium L.), and perennial weeds
like tall ironweed (Vernonia gigantean (Walt.) Trel.), horsenettle (Solanum carolinense
L.), and others. Herbicide mixtures contained a nonionic surfactant at 0.25% v/v, and
applications made using a backpack sprayer set to deliver 140 liter per hectare using 8002

flat fan' nozzles.

Injury Evaluations. Visual ratings of tall fescue injury were taken at 15 and 30 days
after each herbicide application timing. Visual ratings were based on a scale of 0 to 100,
with zero representing no visible tall fescue damage and 100 being equivalent to

complete tall fescue death. Tall fescue plant height was determined at the time of each
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application and also prior to each summer harvest by randomly measuring three plants in
each plot from the base of the ground to the top of the newest fully expanded leaf or
seedhead, depending on the application timing. Tall fescue seedhead production was

determined by counting all seedheads within a representative 1/3 m? quadrat in each plot.

Tall Fescue Harvests. Tall fescue forage yields were determined by harvestinga 1 x 9 m
strip from the center of each plot using a Carter forage harvester’. There were three
forage harvests that took place in each experiment based on the typical timing of tall
fescue hay harvests in Missouri. The first harvest took place in early summer of each
year; June 1 in 2009 and June 4 in 2010. Immediately following this initial harvest, the
entire trial area was mowed with a sickle-bar mower to the same height as the 1 x 9 m
strips cut by the Carter forage harvester and all forage was removed from the area, as
would occur with a typical hay harvest. A second tall fescue forage harvest took place in
the early fall of each year (September 14, 2009 and September 15, 2010). Following this
harvest, all remaining forage in the trial area was mowed and removed in the same
manner as described previously. A final harvest of each experiment was also conducted
approximately 1 year after the initial herbicide treatment (YAT). These harvests
occurred on June 1 in 2010 and May 31 in 2011 for the 2009 and 2010 experiments,
respectively. At each harvest, two 300-g subsamples of forage were collected from each
plot. One subsample was placed in a forced-air oven for 48 hours at 37" C to determine
dry matter content. The second subsample was dried in a freeze-dryer for 14 days at -10°
C. Freeze-dried subsamples were then ground using an Udy mill* to pass through a 1-

mm screen for subsequent analysis of forage nutritive value.

42



Forage Nutritive Value Analysis. Ground samples were analyzed by near-infrared
(NIR) analysis for NDF, ADF, CP, and ergovaline according to the procedures of Roberts
et al. (1997), Duckworth (1998), and Shenk and Westerhaus (1991). Samples were
scanned from 1100 to 2500 nm and log 1/reflectance was recorded. The
spectrophotometer was a Foss NIRSystems 5000° scanning monochromator that used
WINISI* software version 1.02. Spectra were pretreated to correct for light scattering,
and pretreatments included standard normal variance to address light scatter that can
result from factors such as particle size, and detrending to address baseline shifts (Barnes
et al. 1989; Duckworth 1998). Prediction equations were developed by regressing
spectral against chemical data using modified partial least squares regression with every
fourth sample reserved for cross-validation (Duckworth 1998; Shenk and Westerhaus
1991). Calibrations were based on first and second derivative spectra to increase
resolution and remove baseline effects; calibrations also employed mathematical
smoothing to reduce noise in the spectra (Heise and Winzen, 2002). Optimum calibration
equations were selected on the basis of high coefficients of determination and low

standard errors of calibration and validation (Table 3.2).

Statistical Analysis. Total biomass yields, seedhead count data, and fescue height data
were subject to analysis of variance (ANOVA) using the PROC GLM procedure in SAS®.
A different plot area at the same experimental location was used in each of two years.
Data from these two year-location combinations was considered an environment sampled
at random according to Carmer et al. (1989). Means were separated using Fisher’s
Protected Least Significant Difference test at P < 0.05. Each of the fixed effects included

herbicide treatments and application timings while random effects include environment,
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replications within environments, and interactions associated with the environment and

replications.

Results and Discussion

Tall Fescue Height. At the time of the first summer harvest, tall fescue was shorter
when herbicides were applied at the boot (55 cm) compared to the vegetative stage (62
cm) (Table 3.3). There were also significant differences (P < 0.05) between herbicide
treatments (Table 3.4). Compared to the untreated control, picloram plus 2,4-D ester did
not reduce tall fescue height at either application timing. However, the other metsulfuron-
containing herbicide treatments reduced tall fescue height by 13 to 40% when applied at
the vegetative stage, and by 28 to 45% when applied at the boot stage. Applied at either
the vegetative or boot stage, metsulfuron plus 2, 4-D plus dicamba (0.01+0.40+0.14
kg/ha) reduced tall fescue height the least compared to other metsulfuron-containing
treatments. Metsulfuron plus aminopyralid (0.14+0.021 kg/ha) applied at the vegetative
stage and metsulfuron (0.021 kg/ha) applied at the boot stage reduced tall fescue height
by 40 and 45%, respectively; these were the greatest levels of tall fescue height reduction
observed. Across both application timings, increasing the rate of metsulfuron resulted in
shorter tall fescue plants. Metsulfuron herbicide applications in tall fescue pastures and
hayfields have reduced tall fescue height (Bradley and Kendig 2004; James et al. 1999;

Moyer and Kelley 1995).
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By 1 YAT there were no differences in tall fescue height reduction between the
vegetative, boot, or summer application timings, or herbicide treatments and the untreated
control (data not shown). Although other authors have reported injury to tall fescue with
in-season applications of metsulfuron-containing herbicides, there has been little to no
information published about ability of tall fescue to recover by the season following
treatment (Bradley and Kendig 2004; James et al. 1999; Moyer and Kelley 1995). The
results from these experiments indicate that tall fescue will be able to recover by the
following spring, even with applications of metsulfuron-containing herbicides made in
mid-August. Potentially due to the moderate residual properties of metsulfuron which

typically has a half-life of 30 days (Senseman 2007).

Tall Fescue Seedhead Reduction. Application timing and herbicide treatment
influenced tall fescue seedhead density by the summer forage harvest (Table 3.5). With
few exceptions, herbicide treatments applied to tall fescue in the boot stage reduced tall
fescue seedheads more than the same herbicide treatment applied to tall fescue in the
vegetative stage of growth. Picloram plus 2, 4-D (0.15+0.6 kg/ha) applied at any of the
application timing and metsulfuron plus 2, 4-D plus dicamba (0.01+0.40+0.14 kg/ha)
applied at the vegetative stage were the only treatments that had the same number of tall
fescue seedheads as did the untreated control. All other metsulfuron-containing
treatments reduced tall fescue seedhead densities by 40 to 61% when applied at the
vegetative stage, and by 53 to 88% when applied at the boot stage. Moyer and Kelley
(1995) also reported a 45% reduction in tall fescue seedheads with applications of
metsulfuron (0.006 and .008 kg/ha) alone at the vegetative stage. Similar to tall fescue

height, as the metsulfuron rate increased, the density of tall fescue seedheads decreased.
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By 1 YAT harvest, there were no significant differences (P < 0.05) in tall fescue
seedhead density in response to any of the herbicide treatments or application timings

(data not shown).

Tall Fescue Yield. Tall fescue yields were reduced more from vegetative stage herbicide
applications than boot stage applications by the time of the first summer forage harvest
(Table 3.6). Within application timings, herbicide treatments also resulted in significant
differences (P < 0.05) in tall fescue yield. Tall fescue yield was not significantly reduced
with picloram plus 2, 4-D at either application timing when compared to the untreated
control. At the vegetative stage application timing, metsulfuron plus 2, 4-D plus dicamba
(0.01+0.40+0.14 kg/ha) was the only other herbicide treatment where tall fescue yields
were similar to the untreated control. All other metsulfuron-containing herbicides
reduced tall fescue yields by 40 to 63%. Moyer and Kelley (1995) reported tall fescue
yield reductions ranging from 31 to 60% with vegetative stage applications of
metsulfuron alone. James et al. (1999) also reported 20 to 45% vyield reduction of
perennial ryegrass (Lolium perenne) as a result of vegetative stage applications of
metsulfuron. When applied at the boot stage, only metsulfuron plus aminopyralid
(0.14+0.021 kg/ha) and metsulfuron plus chlorsulfuron (0.013+0.004) reduced tall fescue
yields compared to the untreated control. It is thought that when 2,4-D is applied with
metsulfuron there is a safening effect and less injury and yield loss will occur. Brown et
al. (2004) observed this effect on grain sorghum (Sorghum bicolor (L.)). Injury on grain
sorghum was approximately 3 times less with metsulfuron plus 2,4-D (0.021+0.021

kg/ha) then when metsulfuron (0.021 kg/ha) was applied alone at 2 and 8 WAT. Also,
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yield loss was reduced when 2,4-D was added to the metsulfuron applications compared

to metsulfuron alone.

The fall tall fescue harvest was conducted approximately 16 weeks after the
vegetative stage application, 14 weeks after the boot stage application, and 4 weeks after
the summer application. By the fall tall fescue harvest, there were no differences
between herbicide treatments applied at any timing. However, when averaged across
herbicide treatments, tall fescue yields were reduced by 15 and 13% with summer
herbicide applications compared to vegetative and boot stage applications, respectively
(Table 3.7). This yield reduction is probably due to the herbicide applications being
made only 4 weeks prior to the fall harvest. By fall harvest, tall fescue had recovered
from yield loss occurring at the summer harvest as a result of the spring vegetative and
boot stage herbicide applications. James et al. (1999) observed the same response in their
study; at the first harvest there were yield reductions as a result of metsulfuron treatments
but by the second fall harvest the forage had recovered and there was no significant yield

reduction.

By the 1 YAT harvest, there were no yield differences as a result of any of the
herbicide treatments but there were differences observed between application timings
(Table 3.7). The summer application timing resulted in greater tall fescue yields than
either the vegetative or boot stage herbicide applications. The reason for this response is
not entirely known. One possibility is greater root carbohydrate partitioning occurred in
response to tall fescue treated with the summer, compared to the spring vegetative or boot

stage metsulfuron herbicide applications. Brown and Blaser (1965) showed that
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carbohydrate accumulation in tall fescue may occur due to low temperatures, moisture, or
nitrogen availability even with a low leaf area index. This might lead to more growth of

tall fescue the following spring.

Forage Nutritive Values. At the summer tall fescue harvest, herbicide treatments and
application timing affected forage nutritive values (Table 3.8). When averaged across
herbicide application timings, tall fescue crude protein (CP) concentrations averaged
8.6% for vegetative stage applications and 6.8% for boot stage applications. This may be
related to the greater reductions in tall fescue seedhead density with boot, compared to
vegetative stage herbicide applications (Table 3.5). As tall fescue plants mature and
produce seedheads, their fiber concentration increases and therefore crude protein
concentration decreases (Cherney et al. 1993). Forage from all metsulfuron-containing
herbicide treatments had greater CP than the untreated control or picloram plus 2, 4-D
treatment applied at the vegetative stage. This response is similar to that reported by
Moyer and Kelley (1995) who also found that metsulfuron applications increased the
amount of crude protein by as much as 15 g/kg. CP concentration was not different
between tall fescue treated with metsulfuron-containing herbicides and the untreated

control at the boot stage application timing.

There were no differences in NDF for tall fescue when herbicide was applied at
the vegetative stage (Table 3.7). When applied at the boot stage, there were no
differences in NDF concentration for tall fescue treated with picloram plus 2,4-D or left

untreated (control). However, boot stage applications of all metsulfuron-containing
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herbicide treatments resulted in NDF concentrations that were less than the untreated

control.

As with NDF content, the most significant response to ADF content of the tall
fescue forage occurred with boot, compared to vegetative stage applications (Table 3.8).
Several of the metsulfuron-containing treatments provided a similar ADF content of the
tall fescue forage as the untreated control when applied at the vegetative stage, but all of
the metsulfuron-containing herbicide treatments reduced the ADF content of tall fescue
when applied at the boot stage. At both application timings, ADF content of the tall
fescue forage was not different between the picloram plus 2, 4-D treatment and the
untreated control. Neutral detergent fiber and ADF are important variables that help to
explain forage quality. These are frequently used standard forage fiber testing
procedures. Acid detergent fiber estimates digestibility where as NDF estimates the cell
wall components which are non-digestible therefore NDF also estimates potential intake
for ruminant animals (Ball et al. 2001). Generally, as these values increase, forage
quality declines for ruminant digestion. For both of these measurements, the boot stage
applications of metsulfuron-containing herbicides reduced fiber concentrations more than

when the same herbicides were applied to vegetative tall fescue.

There were no differences between herbicide treatments for any of the forage
nutritive values measures at the fall harvest; therefore results were combined across
application timings. At the fall tall fescue harvest, CP content was not different between
vegetative or boot stage applications, but was higher in response to the summer

application timing (Table 3.9). Additionally, ADF and NDF content were lower with

49



summer, compared to boot stage applications, but boot stage applications did not differ

with either of the other application timings.

There were no differences between herbicide treatments or application timings for
any of the measures of forage nutritive value by 1 YAT. Across all herbicide treatments
and application timings, CP content ranged from 7.1 to 7.6%; ADF ranged from 42.5 to
44.2%; and NDF from 64.3 to 66.2% (data not shown). This data is not different from
the forage yield and seedhead data at the 1 YAT harvest in that there were no differences
observed; which is likely an indication that the tall fescue had recovered from any injury

that it had sustained the previous growing season.

Conclusions

Tall fescue height and seedhead density were not reduced at either of the
application timings by picloram plus 2,4-D when compared to the untreated control.
However all metsulfuron-containing treatments did reduce height and seedhead density
more when applied at the boot stage compared to the vegetative stage. Picloram plus 2,4-
D at either application timing and metsulfuron plus 2,4-D plus dicamba (0.01+0.40+0.14
kg/ha) applied at the vegetative stage were the only treatments that did not differ from the
untreated control. Vegetative stage applications caused a greater decrease in tall fescue
yield compared to boot stage applications. Crude protein levels increased when
metsulfuron-containing herbicides were applied at the vegetative stage, but there was no
different when applied at the boot stage. Boot stage applications caused a greater
decrease on the ADF and NDF content of the tall fescue. By 1 YAT there were no

differences in tall fescue height, seedhead counts, forage yield, or nutritive values.
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Overall, metsulfuron-containing herbicides will injury tall fescue when applied, however

by the following year tall fescue will have recovered from any injury sustained.

Sources of Materials

! Teejet Spraying Systems Co, P.O. Box 7900, Wheaton, IL 60189.
2 Carter MFG CO., INC. 896 E. Carter Court, Brookston, IN 47923.
*FOSS NIRSystems, Inc., 7703 Montpelier Road, Suite 1, Laurel, MD 20723.

% Infrasoft International LLC., 1362 South Atherton St. State College, PA 16801.
> Agrinostics Ltd. Co. P.O. Box 882, Watkinsville, GA 30677.

®SAS Institute, Inc., SAS Campus Drive, Cary, NC 27513.
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Table 3.1. Herbicide treatments and rates evaluated for both

years of the study.
Treatments® Rate
----kg/ha----
Untreated e
Picloram + 2,4-D Ester 0.15+0.6
Metsulfuron + Aminopyralid 0.09 + 0.013
Metsulfuron + Aminopyralid 0.11 + 0.016
Metsulfuron + Aminopyralid 0.14 + 0.021
Metsulfuron 0.011
Metsulfuron 0.013
Metsulfuron 0.017
Metsulfuron 0.021

Metsulfuron + 2,4-D + Dicamba 0.01+0.40+0.14

Metsulfuron + 2,4-D + Dicamba 0.02 +0.80 + 0.28

Metsulfuron + Chlorsulfuron 0.008 + 0.003
Metsulfuron + Chlorsulfuron 0.013 + 0.004
Metsulfuron + Chlorsulfuron 0.017 + 0.005

Al treatments applied with a non-ionic surfactant at 0.25% Vi/v.
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Table 3.2. Calibration statistics for near-infrared spectroscopic determination of CP,

ADF, and NDF for tall fescue for both years of the study.

Constituent n R? Mean Sec! SECV? 1-VR*
CP % 70 0.97 7.99 0.42 0.71 0.91
ADF % 70 0.98 41.70 0.43 0.81 0.94
NDF % 68 0.99 63.90 0.37 0.61 0.97

ISEC = standard error of calibration calculated in modified partial least squares regression.

3SECV = standard error of cross-validation calculated in modified partial least squares regression.
*1-VR = 1 minus the variance ratio calculated in cross-validation in modified partial least squares

regression.
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Table 3.3. Dates of application and tall fescue (Lolium arundinacea Shreb.)
height at the time of herbicide applications in the 2009 and 2010 field
experiments.

Year
2009 2010

Application Application Date  Tall Fescue Application Date  Tall Fescue
Timing Height Height

---Cm--- ---Cm---
Spring . ]
Vegetative April 17 15 April 9 15
Boot Stage May 6 30 May 3 56
Late
Summer August 11 30 August 16 36
Vegetative
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Table 3.4. Influence of spring applications of metsulfuron-containing herbicides
on tall fescue (Lolium arundinacea Shreb.) height at the early summer harvest
combined over two years.

Application Timing

Treatments® Rate Vegetative Boot
----kg/ha---- Tall Fescue Height (cm)
Untreated  —eeee 82 78
Picloram + 2,4-D ester 0.15+0.6 86 83
Metsulfuron + aminopyralid 0.09 + 0.013 59 52
Metsulfuron + aminopyralid 0.11 +0.016 56 52
Metsulfuron + aminopyralid 0.14 + 0.021 49 47
Metsulfuron 0.011 64 56
Metsulfuron 0.013 59 49
Metsulfuron 0.017 52 50
Metsulfuron 0.021 56 43
Metsulfuron + 2,4-D + dicamba  0.01 + 0.40 + 0.14 71 59
Metsulfuron + 2,4-D + dicamba  0.02 + 0.80 + 0.28 65 51
Metsulfuron + chlorsulfuron 0.008 + 0.003 51 48
Metsulfuron + chlorsulfuron 0.013 + 0.004 57 50
Metsulfuron + chlorsulfuron 0.017 + 0.005 56 50
LSD (0.05) treatment x timing: 9

& All treatments applied with a non-ionic surfactant at 0.25% vi/v.
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Table 3.5. Influence of spring applications of metsulfuron-containing herbicides on tall
fescue (Lolium arundinacea Shreb.) seedhead density at the early summer harvest
combined over two years.

Application Timing

Treatments® Rate Vegetative Boot
----kg/ha---- Tall Fescue Seedheads (#/m°)
Untreated - 108 94
Picloram + 2,4-D ester 0.15+0.6 116 98
Metsulfuron + aminopyralid 0.09 + 0.013 44 16
Metsulfuron + aminopyralid 0.11 +0.016 42 16
Metsulfuron + aminopyralid 0.14 + 0.021 48 21
Metsulfuron 0.011 51 27
Metsulfuron 0.013 65 23
Metsulfuron 0.017 43 12
Metsulfuron 0.021 61 11
Metsulfuron + 2,4-D + dicamba 0.01 + 0.40 + 0.14 93 44
Metsulfuron + 2,4-D + dicamba 0.02 + 0.80 + 0.28 63 28
Metsulfuron + chlorsulfuron 0.008 + 0.003 53 31
Metsulfuron + chlorsulfuron 0.013 + 0.004 60 25
Metsulfuron + chlorsulfuron 0.017 + 0.005 44 12
LSD (0.05) treatment x timing: 25

2 All treatments applied with a non-ionic surfactant at 0.25% v/v.
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Table 3.6. Influence of spring applications of metsulfuron-containing herbicides on tall
fescue (Lolium arundinacea Shreb.) yield at the early summer harvest combined over
two years.

Application Timing

Treatments® Rate Vegetative Boot
----kg/ha---- - Yield (kg/ha) -------
Untreated e 3768 3429
Picloram + 2,4-D ester 0.15+0.6 3903 3590
Metsulfuron + aminopyralid 0.09 + 0.013 1807 2518
Metsulfuron + aminopyralid 0.11 +0.016 1760 2369
Metsulfuron + aminopyralid 0.14 + 0.021 1388 2248
Metsulfuron 0.011 2142 2481
Metsulfuron 0.013 2151 2325
Metsulfuron 0.017 1659 2341
Metsulfuron 0.021 1623 2336
Metsulfuron + 2,4-D + dicamba  0.01 + 0.40 + 0.14 2904 2917
Metsulfuron + 2,4-D + dicamba  0.02 + 0.80 + 0.28 2245 2829
Metsulfuron + chlorsulfuron 0.008 + 0.003 2053 2637
Metsulfuron + chlorsulfuron 0.013 + 0.004 1472 2233
Metsulfuron + chlorsulfuron 0.017 + 0.005 1707 2590
LSD (0.05) treatment x timing: 1104

2 All treatments applied with a non-ionic surfactant at 0.25% v/v.
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Table 3.7. Influence of application timing on tall fescue (Lolium
arundinacea Shreb.) yield at the fall and year after treatment (YAT)

harvests combined over two years.

Harvest
Application Timing Fall YAT
-------------- Yield® (kg/ha) ---------------
Vegetative 2857 4089
Boot 2800 4171
Summer 2433 4457
LSD (0.05): 185 157

®There was not an effect of herbicide treatment on tall fescue yield,
therefore results are combined across the vegetative, boot, and summer

application timings.
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Table 3.9. Influence of application timings on tall fescue (Lolium
arundinacea Shreb.) forage nutritive values at the fall forage harvest
combined over two years.

Forage Nutritive Value®

Application Timing CP° ADF’ NDF°
___________________ S
Vegetative 10.0 39.3 62.7
Boot 10.2 38.8 62.4
Summer 10.7 38.5 62.0
LSD (0.05): 0.3 0.5 0.4

There was not an effect of herbicide treatment on CP, ADF, or NDF,
therefore results are combined across the vegetative, boot, and summer
application timings.

Abbreviations: CP, crude protein; ADF, acid detergent fiber; NDF,
neutral detergent fiber.
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Evaluation of Cattle Grazing Distribution in Response to Weed and Legume
Removal in Mixed Tall Fescue (Lolium arundinacea Shreb.) and Legume Pastures

Bryan C. Sather, Robert L. Kallenbach, William J. Sexten, and Kevin W. Bradley”

Abstract. Grazing experiments were conducted during 2009 and 2010 to investigate the
effect of herbicide application and subsequent weed removal on cattle grazing
distribution in mixed tall fescue [Lolium arundinacea (Schreb.) S.J. Darbyshire] and
legume pastures. At each location, herbicide applications were made to one-half of the
grazed acreage to remove existing weeds and brush. Weeds and legumes were left
uncontrolled across the remaining half of the grazed acreage at each location. Global
positioning system (GPS) tracking collars were fitted to three beef cows at each site and
coordinates from each collar were recorded at 1 hour intervals for three to four months
after herbicide application. At each location, broadleaf weeds were reduced from 1 to 51
kg/ha and legumes were completely eliminated in herbicide-treated compared to
untreated portions of the pastures. By the end of the season, the forage grass and legume
component of pastures was greater and weed component lower in treated compared to
untreated portions of the pastures. By 3 months after treatment, the cattle distribution
was 1.3 to 5 times greater in herbicide-treated compared to untreated portions of pastures.
Overall, results from these experiments indicate herbicide treatment can increase

desirable forage mass and thus modify cattle grazing distribution in pastures.

* First author: Graduate Research Assistant, Division of Plant Sciences, 205 Waters Hall, University of
Missouri, Columbia, MO 65211; Second author: Professor, Division of Plant Sciences, 208 Waters Hall,
University of Missouri, Columbia, MO 65211; Third author: Assistant Professor, Division of Animal
Sciences, S132a ASRC, University of Missouri, Columbia, MO 65211; Fourth author: Associate Professor,
Division of Plant Sciences, 201 Waters Hall, University of Missouri, Columbia, MO 65211. Corresponding
author’s E-mail: bradleyke@missouri.edu.
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Nomenclature: Tall fescue, Lolium arundinacea (Schreb.) S.J. Darbyshire, FESAR;

Key words: Tall fescue, legumes, grazing distribution, pastures, forage yields.
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Approximately three-quarters of all domestic livestock depend on pastures for
survival (DiTomaso 2000). The plant species in most pastures are not homogenous; the
degree of homogeneity reflects both environmental and managerial dynamics. Certain
management factors, such as overgrazing and inadequate liming or soil fertility often lead
to the proliferation of certain weed species (Green and Martin 1998; DiTomaso 2000).
Estimates suggest weeds cause up to $2 billion in losses each year, making them the

number one pest for United States livestock producers (DiTomaso 2000).

Weeds can be detrimental to a pasture ecosystem in a variety of ways. Watson
(1976) reported control of dogfennel (Paspalum notatum L.) and Pennsylvania
smartweed (Polygonum pensylvanicum L.) increased bahiagrass (Paspalum notatum
Flugge) production by as much as 700%. Thompson et al. (1987) reported that musk
thistle (Carduus nutans L.) densities of 0.1 plant per m? can reduce forage productivity
by 8%. However when weeds like common ragweed (Ambrosia artemisiifolia L.), tall
ironweed (Vernonia gigantea (Walter) Trel.), and tall goldenrod (Solidago canadensis
var. scabra) become a dominant part of the flora in a pasture or hay field setting, removal
of these species can often result in total forage yield reductions (Payne and Bradley 2010;
Payne et al. 2010; Rosenbaum et al. 2011). It is important to consider that total forage
yields are comprised of all plants in the pasture that are present at the time of harvest.
However, grazing yields are that component of the pasture that grazing animals will

actually consume.

Weeds that commonly invade pasture settings can sequester mineral nutrients
away from desirable forages, and can poison and/or injure grazing animals (Watson

1976; Bovey 1987). In 1988 direct losses from sheep and cattle grazing poisonous
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pasture weeds cost approximately $169 million along with another $65 million attributed

to indirect losses due to a performance reduction (Frandsen and Boe 1991).

Weeds can also impact a pasture ecosystem through their effects on forage
quality. Forage quality is defined as the sum of the various chemical and physical
constituents of forage that affects animal performance or feeding value (Miller and
Nelson 2003). Marten and Anderson (1975) found that the forage nutritive value of
redroot pigweed (Amaranthus retroflexus L.), common lambsquarters (Chenopodium
album L.), and common ragweed was similar to that of high quality alfalfa (Medicago
sativa L.) when the weeds were harvested at the vegetative stage of growth, however as
weeds matured, forage quality decreased. Similar results were observed with perennial
weed species like dandelion (Taraxacum officinale G. H. Weber in Wiggers) and white
campion (Silene alba (Mill.) E. H. L. Krause) when compared to the forage nutritive
value of alfalfa and forage grasses; with maturity, these perennial weeds also became less
nutritious for grazing animals (Marten et al 1987). Rosenbaum et al. (2011) reported
with each additional common ragweed or common cocklebur plant per m?, total
harvested biomass crude protein concentration decreased by 0.2 to 0.4 g/kg. Even though
in some cases weeds can have the same nutritional value as desirable forage plants,
ultimately the value of any weed in a pasture setting is determined by the animals’
preference to graze or not to graze these plants. Cattle are more adapted to graze grasses
and therefore will most often avoid grazing pastures with significant weed infestations

(Olsen 1999).
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Animal grazing preference within a pasture ecosystem is a complex relationship
and dependent on a number of factors. Preference is what an animal will chose to
consume in the absence of restrictions (Parsons et al. 1994) while selection is the
animal’s preference to eat certain foods modified by physical restrictions to access at
least some of the components that are offered (Hodgson and Brookes 1999). Since
pastures are rarely comprised of homogeneous plant species, animals usually select areas
that benefit them the most, leading to uneven grazing distribution. Animals will typically
graze preferentially, rather than randomly, based on a previous positive grazing
experience and knowledge of forages in that location (Lyons and Machen 2001).
Palatability of the species in question is another factor that contributes to animal grazing
behavior (Marten 1978, Olsen 1999). Palatability is the stimulation of a selective grazing
response in order to consume a certain plant over other plants based on plant
characteristics and other environmental factors (Barnes et al. 2003). New plants grazing
animals are unfamiliar with will often be grazed frequently at first because the animal
does not have any previous memory of this plant (Olsen 1999). The animal will continue
to graze or not based on the response the animal received (Distel et al. 1995). A final
factor that influences animal grazing behavior is plant availability; cattle prefer to eat a
grass-based diet but as grass forages become less available they will consume other

available plants if necessary, including weed species (Olsen 1999, Marten 1978).

Using global positioning system (GPS) tracking collars as a tool to study and
analyze cattle grazing distribution is a relatively new area of research. To date, GPS
tracking collars have been utilized primarily as a tool to quantify the amount of time

spent by cattle near or in water sources or riparian areas (Franklin et al. 2009; Haan et al.
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2010; Pandey et al. 2009), to determine the effects of supplement, feed, or water source
placement on livestock grazing patterns (Bailey and Jensen 2008; Gregorini et al. 2011,
Unger et al. 2005), or to determine the effects of topography on livestock grazing
distribution (Gaskopp 2001;Tomkins and O’Reagain 2007; Unger et al. 2005). Little to
no research has been conducted that utilizes GPS tracking collars to evaluate the effects
of weed infestations on cattle grazing distribution in a pasture ecosystem. The objectives
of this research were to investigate the effects of herbicide application and subsequent
weed removal on cattle distribution and forage grass, legume, and weed response in

mixed tall fescue and legume pastures.

Materials and Methods

Three field research trials were conducted over two years in Missouri. In 2009,
the experiments were conducted near Albany (N 40° 11° 41.24”, W 94° 18’ 28.43) and
Galena (N 36° 49’ 6.01”, 93° 36’ 15.75”) Missouri, while in 2010 one experiment was
conducted near Shelbina, Missouri (N 39° 36° 13.30”, W 91° 59” 46.72”). The size of the
pastures at the Albany, Galena, and Shelbina sites were 36, 14, and 12 hectares,
respectively. The soil type at the Albany site was predominantly a fine-loamy, mixed,
superactive, mesic Typic Argiudolls; at the Galena site the soil was predominantly a fine-
loamy, mixed, superactive, mesic Typic Argiudolls; and at the Shelbina site was
predominantly a fine, smectitic, mesic Aquertic Hapludalfs. Each location was chosen
due to the presence of tall fescue (Lolium arundinacea Shreb.) and mixed legumes such

as white (Trifolium repens) and red clover (Trifolium pratense) as the predominant forage
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species in pastures that were continuously grazed. Additionally, locations were selected
based on the presence of a variety of summer annual, biennial, and perennial weed
species commonly encountered in pastures throughout Missouri and the Midwestern
United States. At the Albany location, the initial weed density was 26 weeds per m”and
the predominant weed species were common ragweed, dandelion, and tall ironweed
(Table 1). The Galena location had an initial weed density of 10 weeds per m? with the
most prominent weeds being woolly croton (Croton capitatus Michx.), blackberry
species (Rubus spp.), and horsenettle (Solanum carolinense L.), while the Shelbina
location had an initial weed density of 9 weeds per m? and the most common weeds were

tall goldenrod, tall ironweed, and common ragweed (Table 1).

At each site, the one-half of total acreage of each pasture was sprayed with an
herbicide while the remaining half of the pasture was not treated. Pastures were split
with a herbicide treatment in such a manner that cattle grazing treated and non-treated
portions of the pastures had equal access to water and shade availability. The treated and
non-treated portions were then subdivided into replications. Herbicide-treated and non-
treated areas were replicated twice at Galena, three times at Albany, and four times at
Shelbina. The specific herbicide treatments applied at each location were selected based
on university recommendations for the control of the weeds and brush present at the time
of the application (Bradley and Kendig 2004). Specifically, at Albany, one half of the
grazing area was treated with 2,4-D at 0.87 kg/ha plus aminopyralid at 0.11 kg/ha on July
29, 2009 while the treated areas at Galena and Shelbina were treated with 0.3 kg/ha

picloram plus 1.10 kg/ha 2,4-D plus 0.56 kg/ha triclopyr on June 15, 2009 and June 11,
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2010, respectively. All herbicide applications were made with a field-scale tractor-

mounted sprayer equipped with 8002 flat fan nozzles at 142 L/ha.

At each location, Lotek Wireless 3300 global positioning system (GPS)? tracking
collars were placed on three crossbred beef cows ranging in weight from approximately
360 kg to 500 kg. Stocking rates were calculated based on animal units (AU) per Hectare
(Ha). The stocking density at the Albany research site was 1.3 AU/Ha, while that at
Galena was 1.7 AU/Ha, and Shelbina had a stocking density of 1.1 AU /Ha. GPS
tracking collars were placed on the cattle at least one month prior to the herbicide
applications in order to determine a baseline pattern of grazing preference within each
pasture. Grazing animals will usually not graze a pasture evenly due to certain areas that
have proven more beneficial than others; a phenomenon known as posinegative feedback.
Animals will go and search for food first in locations where their dietary needs have
previously been met and will generally avoid areas where they did not get their needs met
or did not like what was consumed at that location (Provenza 1995). GPS tracking
collars remained on the animals for the duration of the summer grazing period which
lasted for a 3- to 4-month time period. Collars were set to fix GPS locations on 60
minute intervals. At the end of the grazing period, all GPS locations were downloaded

and plotted.

Monthly forage mass yields were collected using a Carter® forage harvester
beginning 1 month after the initial herbicide treatment (MAT) and continuing through 3
or 4 MAT, depending on location. At each location, 3 to 5, 1 by 9 m strips were
harvested per hectare. At the monthly forage harvest, a 300-g subsample was collected

from each harvested strip were then placed in a forced-air oven for 48 hours at 37° C for
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dry matter determination. Subsamples were then hand separated into three different sub-
categories; forage grass, legumes, and weeds. Each sub-category was then weighed in
order to determine the contribution of each fraction to the overall forage yield. Table
4.2 displays the average monthly temperature (°C) and total monthly precipitation (cm)

that occurred at each research location.

Weed species and density response in treated and non-treated portions of the
pastures were determined in five, 1-m? quadrats per hectare at the time of the initial
herbicide application and throughout the duration of the experiments at each monthly
forage harvest. Visual ratings of percent forage grass and legume groundcover were also
determined in each 1-m? quadrat at the time of each weed species and density count.
Weed species, weed density, and groundcover data was not recorded for the 1 MAT

interval at the Galena location.

Statistical Analysis. Grass and legume groundcover ratings as well as forage
grass legume, weed percent of total forage mass and total forage mass were subject to
analysis of variance (ANOVA) using the PROC GLM procedure in SAS*. Means were
separated using Fisher’s Protected Least Significance Difference (LSD) test at P = 0.05.
Grazing location data was subject to analysis using the PROC MIXED procedure in
SAS®. LS mean values were then adjusted to account for the different number of GPS fix
points of cattle in the treated and untreated portions of pastures at the 1 month before

treatment (MBT) interval as a baseline comparison for the post-treatment values.
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Results and Discussion

Forage Grass and Legume Groundcover. At the Albany and Galena locations, forage
grass groundcover increased by 87 and 37%, respectively, in herbicide-treated portions of
these pastures from 1 MBT to 3 MAT (Table 4.3). At the Shelbina location, however,
forage grass groundcover remained unchanged in the herbicide-treated portions of the
pastures from 1 MBT to 4 MAT. In non-treated portions of these pastures, the forage
grass groundcover remained unchanged from 1 MBT to 3 or 4 MAT at the Albany and

Shelbina locations, but increased from 64 to 88% at the Galena location.

At all three locations, forage legume groundcover was nearly eliminated by 3 and
4 MAT on the herbicide-treated portions of these pastures (Table 4.3). However, at
Shelbina the forage legume groundcover remained unchanged from 1 MBT to 4 MAT
due to the low initial density of forage legumes present at this location. In the non-
treated portions of the pastures at Albany and Shelbina, forage legume groundcover
remained similar from 1 MBT to 3 or 4 MAT. Forage legume groundcover decreased by
10% in the time period from 1 MBT to 3MAT in the non-treated portions of the pastures
at Galena, most likely due to the corresponding increase in forage grass groundcover

observed in these same locations during this time period.

Forage Yield Components and Total Forage Mass. At Shelbina, the forage grass
component increased on herbicide-treated portions of pastures compared to the non-
treated portions (Table 4.4). The forage grass component did not differ at 1 and 3 MAT
at Albany however at 2 MAT it was significantly higher (P=0.05). At Galena, the forage

grass component increased on the treated portions and decreased on the non-treated
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portions from 1 to 3 MAT. At 2 and 3 MAT, the percent of the forage grass component
was significantly higher (P=0.05) on herbicide-treated portions of the pastures.
However, total forage yields decreased on herbicide-treated and non-treated portions of
the pastures at Galena, most likely due to over-grazing and the drought experienced at
this location in the latter part of the growing season (Table 4.2). There were no
differences in the percentage of the total forage grass component at either monthly
harvest. At Shelbina total forage yields increased on treated and non-treated portions of

the pastures from 1 to 4 MAT.

At all locations, forage legumes comprised a relatively small fraction of the total
forage mass, especially in the treated portions of the pastures following herbicide
treatment (Table 4.4). The only site where differences in the forage lequme component
of the forage mass were observed between herbicide-treated and non-treated portions of

pastures occurred at Galena at 1 and 2 MAT.

The weed component of the total forage mass was lower at 2 MAT but not at 3
MAT on the herbicide treated portions of the pasture. On the non-treated portions of
pastures at Albany, weed mass increased at 2 and 3 MAT. Weed mass percentages were
significantly lower on herbicide-treated portions compared to non-treated portions of
pastures at every monthly interval after treatment except at 1 MAT. At 2 and 3 MAT at
the Galena location, the percentage of weeds in the total forage mass was 13 and 14%
higher, respectively, in non-treated portions compared to the herbicide-treated portions of
pastures. At the Shelbina location there were no differences in weed mass at any monthly
harvest interval after treatment (Table 4.4). Weeds were never completely eliminated

throughout the course of the grazing season at any location, more than likely due to the
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differential emergence patterns of weeds throughout the growing season. Certain
summer annual weeds like common ragweed are more likely to emerge in the spring
(Baskin and Baskin 1985) while other species like common cocklebur (Xanthium
strumarium L.) often emerge later in the season after the tall fescue biomass has been
harvested either through haying, grazing, or mowing (K. Bradley, personal
communication). Additionally, there is often seasonality to the appearance of biennial
and perennial weed species in most mixed tall fescue and legume pastures. For example,
musk (Carduus nutans L.) and bull thistle (Cirsium vulgare (Savi) Ten.) have usually
completed their life cycle and begun the process of natural senescence by mid-summer
throughout most of the “fescue belt”, while perennials like tall ironweed and vervains
(Verbena spp.) usually appear in late summer. Ultimately, many of the most common
weed species found in pasture environment can emerge at various times throughout the
spring or summer, and are subject to several factors that affect emergence including soil
temperature, rainfall, and grazing or mowing height (Baskin and Baskin 1985, Hartzler et
al. 1999). The amount of rainfall at the Albany location between 2 and 3 MAT may have
been the cause of the increase of weed growth on the herbicide-treated portions, but there
was no difference on the non-treated portions at this location. Galena did not have a
difference in weed emergence in herbicide-treated or non-treated pastures possibly due to

the lack of rainfall at this location.

Total forage mass yields increased by 842 kg/ha in herbicide-treated portions of
the pastures at Shelbina from 1 to 4 MAT but not at Albany or Galena (Table 4.4). The
total forage mass increase observed at Shelbina were likely a reflection of the forage

grass yield increases that occurred during this same time period which did not occur at
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either Albany or Galena. Albany total forage mass increased 87 kg/ha where as Galena
had a significant total forage mass yield decrease of 861 kg/ha. Total forage yields
decreased by 1093 and 1184 kg/ha in non-treated portions of pastures at Albany and
Galena, respectively. These total forage mass decreases can be explained primarily by
the reductions in the forage grass component and increase in weed component that
occurred at both locations. In contrast to the non-treated portions of pastures at Albany
and Galena, forage mass increased at the Shelbina location. This may be due to the
abundant rainfall observed at this location in 2010, in combination with the relatively low

stocking rate.

Cattle Distribution in Herbicide-treated and non-treated Portions of Pastures. At all
three locations, by 1 MAT cattle tended to spend more time in non-treated compared to
herbicide-treated portions of pastures when compared to 1 MBT. This may be a response
to the smell of the herbicide on treated compared to non-treated portions of the pastures.
Previous research has shown that the sense of smell reinforces the sense of taste,
therefore if grazing animals experience an undesirable smell at some distance, they would
perceive the forage in that location to taste bad (Bell 1959). By 2 MAT, there was an
increase in cattle distribution in herbicide-treated compared to non-treated portions of
pastures at Albany and Galena, but not Shelbina. By 2 MAT, cattle distribution was 1.5
more on herbicide-treated compared to non-treated portions of the pastures at Galena and
3.75 more at Albany. By 3 MAT, cattle spent 4.9 times more on the herbicide-treated
compared to non-treated portions of the pastures at the Albany location. There was little
change from 2 to 3 MAT at the Galena location, while at the Shelbina location it was the

first month where cattle preferred the herbicide-treated portion more than non-treated
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portions of the pastures. By 4 MAT at the Shelbina location, cattle distribution increased
to its greatest level at any time interval after application in herbicide-treated portions of
pastures. At the Albany location cattle distribution decreased from nearly 5 to 2.5 times
more time spent on herbicide-treated compared to non-treated portions of pastures. The

GPS tracking collars had to be removed prior to the 4 MAT timing at the Galena location.

Altering the grazing preference of cattle can provide benefits for forage and
livestock producers. Uneven grazing distribution or over-grazing areas within pastures
often results in a reduction in the desirable forage which can in turn promote soil erosion
and weed growth (Blackburn 1984; Kauffman et al. 1983). In the past, producers have
attempted to change the distribution of cattle grazing patterns within a pasture through
changes in fencing, fertilizing patterns, or by changing the location of salt and water
sources (Bailey 2004, Bailey and Welling 1999). However, fencing and the installation
of new water sources are large investments and in some cases are impractical or
financially prohibitive (Bailey and Welling 1999). Many producers are reluctant to make
herbicide applications because most pastures contain a mix of forage grasses and legumes
and broadcast applications of herbicides will kill most legume species (Renz and Schmidt
2012). The results from this research indicate that in addition to weed control and
increased forage production, herbicide applications can also be an effective means of
altering the patterns of cattle grazing within a pasture that is infested with a high

population of weeds, even with the removal of desirable legume species.
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Conclusions

At two of the three research locations, forage grass groundcover increased in
herbicide-treated portions of these pastures from 1 MBT to 3 MAT. During this same
time period, total forage mass yields decreased 1093 to 1164 kg/Ha in non-treated
portions of pastures at Albany and Galena, which can be explained primarily by the
reductions in the forage grass yields. The percentage of weeds was less at every time
interval after application in herbicide-treated compared to non-treated portions of
pastures at all three locations. By 3 or 4 MAT, cattle were 1.3 to 4.9 times more likely to
visit the herbicide-treated compared to non-treated portions of the pastures. Overall,
herbicide applications in these pastures increased the amount of desirable forage,
decreased the amount of weeds, and caused cattle to spend most of their time on the

herbicide-treated areas.

Sources of Material

! Teejet Spraying Systems Co, P.O. Box 7900, Wheaton, IL 60189.

2 Lotek Wireless Inc., 115 Pony Drive, Newmarket, Ontario. Canada L3Y
7BS.

% Carter MFG CO., INC. 896 E. Carter Court, Brookston, IN 47923.

* SAS Institute, Inc., SAS Campus Drive, Cary, NC 27513.
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Table 4.1. Initial weed species and densities present at the Albany, Galena, and
Shelbina research locations.

Initial
Location Common Name Scientific Name Density
No./m?
Albany ~ Common Ragweed  Ambrosia artemisiifolia L. 15.76
Dandelion Taraxacum officinale G. H. Webber in
Wiggers 5.2
Tall Ironweed Vernonia gigantea (Walter) Trel. 1.9
Bull Thistle Cirsium vulgare (Savi) Ten. 1.4
Horsenettle Solanum carolinense L. 0.9
Broadleaf Plantain Plantago major L. 0.2
Horseweed Conyza canadensis (L.) Crong. 0.2
Chicory Cichorium intybus L. 0.1
Common Cocklebur  Xanthium strumarium L. 0.04
Musk Thistle Carduus nutans L. 0.01
Galena  Woolly Croton Croton capitatus Michx. 3.4
Blackberry spp. Rubus spp. 1.7
Horsenettle Solanum carolinense L. 1.2
Multiflora Rose Rosa multiflora Thunb. 1.2
Common Ragweed  Ambrosia artemisiifolia L. 1.0
Wild Carrot Daucus carota L. 0.6
White Heath Aster Symphyotricum pilosum (Willd.) 0.4
Coralberry Symphoricarpos orbiculatus Moench 0.1
Shelbina Tall Goldenrod Solidago canadensis L. var. scabra
& Gray 3.7
Tall Ironweed Vernonia gigantea (Walter) Trel. 1.9
Common Ragweed  Ambrosia artemisiifolia L. 1.8
Sericea Lespedeza Lespedeza cuneata (Dumont) G. Don. 0.4
Broadleaf Plantain Plantago major L. 0.4
Buckhorn Plantain Plantago lanceolata L. 0.2
Dandelion Taraxacum officinale G. H. Webber in
Wiggers 0.2
Wild Carrot Daucus carota L. 0.2
Tufted Knotweed Polygonum caespitosum Blume var.
longisetum 0.1
Perilla Mint Perilla frutescens (L.) Britt. 0.1
Common Milkweed  Asclepias syriaca L. 0.1
Annual Fleabane Erigeron annuus (L.) Pers. 0.1
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Table 4.2. Average monthly air temperature and total monthly precipitation at the
Albany and Galena research sites in 2009 and at the Shelbina research site in 2010.

Location  Time Interval Temperature Precipitation
-=-°C--- ---Cm---
Albany 1 MBT 22.2 3.3
1 MAT 22.7 12.6
2 MAT 18.2 3.4
3 MAT 9.0 10.0
4 MAT 8.6 7.5
Galena 1 MBT 19.6 7.9
1 MAT 24.5 6.2
2 MAT 22.3 6.8
3 MAT 20.5 4.2
Shelbina 1 MBT 19.8 19.3
1 MAT 24.3 15.8
2 MAT 25.9 24.7
3 MAT 24.1 7.2
4 MAT 17.4 21.5
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Table 4.3. Forage grass and legume groundcover in treated and non-
treated portions of pastures at the Albany, Galena, and Shelbina
research locations at one month before and three or four months after
herbicide treatment.

Forage Component®

Forage Grass Forage Legumes
Non- Non-
Treated treated Treated treated
---------------- Groundcover (%) ---------------
Albany 1 MBT 8e 14 de 29 a 16 b
1 MAT 42 c 41c Oc 3la
2MAT 81b 80b Oc 18b
SMAT 9% a 20d Oc 21b
Galena 1MBT 61d 64 cd 25a 17a
2 MAT 92a 76 bc Ob 6b
SMAT 98 a 88 ab 0.3b 7b
Shelbina 1 MBT 80 bcd 78 cd 50bc 13ab
1MAT 94a 79 bcd 0lc 8 abc
2 MAT 9 a 73d 00c 16 a
3MAT 89 abc 90 ab 0.0c 9 abc
4 MAT 85abc 72d 0.3c 14 ab

®Means within a forage component category and within a research
location followed by the same letter are not different, P<0.05.
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Figure 4.1. Change in cattle distribution on herbicide-treated and untreated portions of a
pasture for three or four months after treatment (MAT) at the Albany (A), Galena (B),
and Shelbina (C) research locations. Means within a research location followed by the
same letter are not different, P<0.05
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