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AN ABSTRACT OF THE THESIS OF

Mark A. Waddington, for the Master of Science degrePlant, Soil and Agricultural
Systems, presented on October 24, 2011 at Southeois University - Carbondale.

TITLE: EFFICACY OF TEMBOTRIONE ON GRASS SPECIES ASFLUENCED
BY HERBICIDES AND ADJUVANTS

Field and greenhouse experiments were conductgdwhern lllinois University-
Carbondale in 2006 and 2007 to evaluate the heldieimbotrione for postemergence
grass control. Tembotrione inhibits the p-hydrdxgpylpyruvate dioxygenase (HPPD)
enzyme, which aids in the formation of essentiahptonstituents for photosynthesis.
Tembotrione efficacy was examined in the greenhouadarge crabgrass, giant foxtail,
shattercane, and fall panicum. Significant actithitat could translate to commercial
levels of weed control in the field was found ohsglecies except fall panicum.
Greenhouse studies also compared the efficacyndid&ione, mesotrione, and
topramezone which represent the three HPPD-inhibtierbicides commercially
available in U.S. corn production. Tembotrione &oatamezone have more activity on
these grasses than mesotrione. Tembotrione wasaalk-mixed with either
nicosulfuron or foramsulfuron to evaluate fall panmn response. Activity on fall
panicum was similar weather nicosulfuron or foralfusan was applied alone or with
tembotrione. In the field, it was also determitieak nicosulfuron or foramsulfuron
could be added to tembotrione to control fall pamc The addition of atrazine to
nicosulfuron and tembotrione did not negativelyeefffall panicum control. It was also
observed in both the field and greenhouse thariuig methylated seed oil provided
more activity than crop oil concentrate.

MAJOR PROFESSOR: Dr. Bryan G. Young
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CHAPTER 1
LITERATURE REVIEW

Many factors bring about the need for a comparng\vest resources into new
herbicides including: potential market share, madoenpetition strength, commodity
shifts, and weeds resistant to herbicides (Tranal. 2002). With over 97% of the corn
(Zea mays) hectares in the United States receiving at leastherbicide application per
growing season (USDA 2005), the need for new hatbiactive ingredients and modes
of action are evident as herbicide-resistant weediss become more prominent. New
modes-of-action for herbicides are desired to @nteeds that have developed
resistance to older and more widely used chemacallies (Heap 1997). In corn
production, new herbicide active ingredients argrefit importance because of the wide
use of atrazine, a photosystem Il inhibitor, areliésistance many weed species have
shown to photosystem Il inhibitors. Resistancerte mode of action is troublesome, but
continued use of certain herbicides can resulteeds becoming resistant to two or even
three herbicide modes-of-action (Legleiter 200Bhroughout the world the majority of
weed biotypes showing resistance to three herbroioges of action are grasses. This is
interesting since often times the most troublesar@ed species for corn producers are

grasses (Patzoldt et al. 2005).

HPPD-Inhibiting Herbicides
The most recent herbicide chemical families beiegetbped inhibit the-
hydroxyphenylpyruvate dioxygenase (HPPD) enzyme (teal. 1997). The HPPD

enzyme aids in the formation of plastoquinone (B@a-tocopherol. The PQ is a



necessary cofactor for phytoene desaturase, amenaged further in the production of
carotenoids. Without carotenoids, chlorophyll ¢ protected from radicals created by
ultraviolet light. Thus, inhibition of the HPPD zme will indirectly cause bleaching
symptoms of leaf tissue from the degradation cbiphyll (Lee et al. 1997). HPPD-
inhibiting herbicides recently commercialized irady isoxaflutole (Pallett 1998),
mesotrione (Mitchell 2001), topramezone (Porteale2005), and tembotrione (Hinz et
al. 2005).

Applications of isoxaflutole to sensitive plant sjgs will show bleaching of new
leaves followed by growth suppression and necresiglting in plant death in species
that are susceptible (Viviani et al. 1998). Thigedence in tolerant and susceptible plant
species is the ability of tolerant plants to cohtiee active diketonitrile into the inactive
benzoic acid (Pallett et al. 1998). The rate attisoxaflutole is converted to benzoic
acid is how corn can tolerate isoxaflutole appiaat whereas slower conversion in
susceptible weeds results in plant death. Isot@#us a member of the isoxazole family
and is used preemergence or early preplant at 78a@ ai/ha (Senseman 2007).
Isoxaflutole controls a variety of grass and breatliveeds including; barnyardgrass,
large crabgrass, velvetleaf, yellow foxtail, andnooon lambsquarters (Bhowmik et al.
1999).

Topramezone has more recently received registré&bionse in corn and is used
for postemergence applications at rates of 12 8ngldi/ha (Porter et al. 2005). Previous
research with topramezone has shown effective aboftimajor broadleaf weeds as well

as several grass species (Porter et al. 2005).



Mesotrione is another widely used HPPD inhibitod aan be used preemergence
or postemergence in corn (Anonymous 2005). Disgowtthis compound came from
observations from th€allistemon citrinus or the California bottlebrush plant. It was
noted that few other plant species grew near thigeboush plant and extractions from
the soil near bottlebrush revealed the herbicidedpound leptospermone, an
allelochemical, was being excreted from @eitrinus (Mitchell et al. 2001).
Postemergence control of primarily broadleaf spgecan be achieved with mesotrione at
a common rate of 105 g ai/ha (Bollman 2006). Mesioé has been shown to control
Xanthium strumarium (common cocklebur)Abutilon theophrasti (velvetleaf) Ambrosia
trifida (giant ragweed)as well asChenopodium, Amaranthus, andPolygonum species.
Mesotrione has exhibited good crop tolerance witltorn injury being observed
preemergence in some research, and less than @Bg iajcornin postemergence
applications (Mitchell et al. 2001). The reasontfus lack of injury in corn and control
of weed species is rate of metabolism as cornajaidly metabolize mesotrione
(Mitchell et al. 2001).

The newest HPPD-inhibiting herbicide is tembotriavtech has activity similar
to topramezone in that postemergence applicatibtentbotrione at 92 g ai/ha has
activity on a variety of broadleaf and grass wasetges (Hinz et al. 2005).

Tembotrione was first commercialized in the U.$.vieed management in corn in 2008.
In contrast to other HPPD-inhibiting herbicidedestvity in corn requires the use of a
chemical safener that promotes faster metabolistarobotrione in corn. The safener,
isoxadifen, is formulated in the same product wattmbotrione in a 2:1 ratio of

tembotrione:isoxadifen. Tembotrione applicationthwsoxadifen have resulted in



excellent crop safety showing minimal crop injutylaee-times the proposed use rate
(Hinz et al. 2005). Even though postemergenceegdmns of tembotrione can control a
wide spectrum of grass and broadleaf weeds, sayndisant differences in weed
species sensitivity to tembotrione are evidentpdrticular, some grass weed species
which are problematic for corn producers have lenrolled to varying degrees with
tembotrione with one of the least sensitive graesies being fall panicum (Hinz et al.
2005).

Fall panicum is a native warm season summer argraas species with usually
no hairs on the leaf surface or leaf sheaths, rg hgule, and a prominent midrib,
noticeably white in color (Stubbendieck et al. 1p9Ball panicum can be found in full or
partial sunlight, prefers moist, fertile loam spdsd has been collected in most counties

in lllinois, as well as 95% of the United StatesSDA 2007).

Factorsthat Influence Foliar Herbicide Efficacy

Herbicide combinations. Applicators will frequently combine two herbicgla a single
application to reduce labor and other costs astwatiaith separate applications. This
practice is known as tank-mixing since the herlasidre added together in the spray tank
solution. Often mesotrione has been tank-mixed wétbicides for improved control of
grass species (Armel et al. 2003a). Nicosulfummh faramsulfuron are two sulfonylurea
herbicides that have shown excellent grass coatrdlmay prove beneficial in tank-
mixtures with new HPPD-inhibiting herbicides. Mé&smne does not control giant foxtail
or fall panicum (Anonymous 2005), however, forarfisan can control both of these

species (Anonymous 2005a). Foramsulfuron in coatlmn with mesotrione has shown



similar response in giant foxtail and fall panicaontrol, and increased broadleaf control
compared with foramsulfuron alone (Bunting et &102). Antagonism is when two
herbicides are tank-mixed and the resulting effraadess than the control obtained from
one of the herbicides applied alone. Combiningatreme to foramsulfuron or
nicosulfuron on some grass species have been agéigeompared with foramsulfuron
or nicosulfuron applied alone (Schuster et al. 2004is antagonism was directly related
to the rate of mesotrione; meaning lower rates @otrione resulted in less antagonism
(Schuster et al. 2004). Dobbles and Kapusta (1882¢ shown significant reductions in
giant foxtail control when atrazine was added tmwsaulfuron. Reductions in giant foxtail
and fall panicum control have also been observeshvdtrazine was added to
foramsulfuron, depending on the adjuvant used (Bgret al. 2005).

Atrazine is a widely used herbicide in field colbSDA 2005) for control of
many weeds and has been used in tank-mix combisatioincrease weed control
(Johnson 2002). Synergism is the exact opposiéataigonism, in that when two or
more herbicides are tank-mixed the resulting effyaga greater than the control obtained
from the herbicides applied alone. Synergistierattions have been observed when
atrazine was combined with HPPD-inhibitors (Abenidret al. 2006). Atrazine inhibits
the D1, quinone-binding protein blocking electroamsport in photosystem |l of
photosynthesis (Duke 1990). Topramezone is suggéstbe used with atrazine to
optimize weed control in folair applications. Relaly lower rates of atrazine can be
applied with topramezone for control of weeds pnés¢ application, and higher rates are
suggested for added residual control of weedsniagtemerge (Anonymous 2005).

Creech et al. (2004) demonstrated mesotrione appbstemergence has little effect on



green foxtail, but the combination with atrazinsuléed in effective control. The authors
concluded that mesotrione and atrazine work togdthattack the plants carotenoid
biosynthesis and photosystem Il pathways (Creeeh 004).

In some instances, applicators may combine thrasdiges to achieve broad-
spectrum weed control such as the tank-mixing aRBHhhibitor, a photosystem Il
inhibitor, and a herbicide from the sulfonylureawtical family. Herbicide antagonism
resulting in insufficient grass control has beerestzed with the combination of
mesotrione, atrazine, and the sulfonylurea herbgitbramsulfuron or nicosulfuron
(Schuster et al. 2004). These antagonistic intira can provide significant challenges
to weed management practitioners who desire tgiate new herbicides while
controlling weeds with some predictability.

Adjuvants. Adjuvants are used to enhance the activity ofegemicals (Hazen 2000).

In addition to tank-mixing herbicides choosing peopdjuvants will aid in herbicide
efficacy. The optimal adjuvant used in conjunctath certain herbicides can have great
benefits for weed control (Underwood 2000). Twoeyal categories of adjuvants are 1)
adjuvants that modify the physical characterisbicte spray solution and 2) adjuvants
that increase the efficacy of the chemical usesbintion (Hazen 2000). Increasing the
efficacy of the foliar-applied herbicide is critidar weed management and commercial
success.

Either surfactants or penetrating agents are corhmused with herbicides to
enhance herbicide efficacy. A surfactant is a pobdised to modify a solution so that it
may be taken into the plant more efficiently, bglueing surface tension on the plant

(Hazen 2000). A nonionic surfactant (NIS) is djugant with no ionizable groups but



contain both hydrophilic and lipophilic regions @#¢& 2000). Penetrating agents include
crop oil concentrate (COC) and methylated see(MHO). These penetrating agents are
used to promote the movement of the herbicide tiirabe major hydrophobic barriers
for leaf uptake such as the epicuticular wax antigges the cellular membrane. Some
herbicide recommendations discourage the use of B&Ause they may provide too
much damage to crop leaf tissue allowing excedsivbicide uptake and potential crop
injury compared with crop oil concentrate. Howeverbicides applied with MSO can
result in weed control that is similar or greatert the same herbicide applied with crop
oil concentrate (Dahl et al. 2005). A general raglof these three types of activator
adjuvants for the greatest herbicide efficacy wdagdMSO>COC>NIS (Young and Hart
1998).

Tembotrione, being the newest HPPD-inhibitor idtreed, still has a lot of
guestions regarding activity. Research needs tmbhducted on what species
tembotrione controls and what sizes are propetefmbotrione applications. Adjuvant
considerations also need to be examined with temoloet If there are any species that
tembotrione does not control, research needs tmbeucted with tank-mix partners and
adjuvants to help improve weed control, but alsoae safe to the crop and

environment.



CHAPTER 2

EFFICACY OF TEMBOTRIONE ON GRASS SPECIESASINFLUENCED BY

HERBICIDE TANK-MIXTURES, ADJUVANT, AND WEED GROWTH STAGE

Abstract. Greenhouse studies were conducted to determireffdwt of adjuvant and
weed growth stage on the efficacy of tembotriomagared with mesotrione,
topramezone, foramsulfuron, and nicosulfuron. # tdaration of each herbicide (1/32 to
2X normal use rate) were applied in combinatiorhwibnionic surfactant (NIS), crop oll
concentrate (COC), or methylated seed oil (MSyvatgrowth stages, 2- to 3-leaf and
4- to 6-leaf large crabgrass, giant foxtail, shrattee, and fall panicum. In some
instances, growth reduction of over 50% was obskewen at the lowest rate tested.
This occurred; on 2- to 3- leaf large crabgrass w@mbotrione, on 2- to 3- leaf
shattercane with the both foramsulfuron and nidasoth, and on 4- to 6- leaf giant
foxtail with foramsulfuron or nicosulfuron when gesherbicides were applied with NIS
or MSO. In some instances, growth reduction of %86 not observed even at the
highest rate tested. This occurred with mesotrmmé- to 3- leaf giant foxtail and 4- to
6- leaf fall panicum. In no instance did eithejuadnt or grass growth stage influence
efficacy when applied with the ALS-inhibiting heclides. Tembotrione, topramezone,
and mesotrione all had the same level of activityloto 6- leaf shattercane regardless of
adjuvant. No differences in 2- to 3- leaf fall pamm activity were observed when

tembotrione was added to the seven rates of theiAhiBiting herbicides.



Nomenclature: Foramsulfuron, mesotrione, nicosulfuron, temloote, topramezone;
large crabgras®)igitaria sanguinalis (L.) DIGSA,; fall panicumPanicum
dichotomiflorum PANDI; giant foxtail, Setaria faberi SETFA; shattercan&orghum
bicolor (L.) SORVU.

Key words: Crop oil concentrate, herbicide interactions, migtieg seed oil, nonionic

surfactant,p-hydroxyphenylpyruvate dioxygenase (HPPD), sulforgéuherbicides.

INTRODUCTION

Mesotrione, topramezone, (Senseman 2007) and teotm® (Hinz et al. 2005) have
all been commercialized in the past decade forgmostgence weed control in corn and
share the-hydroxyphenylpyruvate dioxygenase (HPPD) enzyme site of action. The
HPPD enzyme aids in the formation of plastoquinanea-tocopherol. Plastoquinone is
a necessary cofactor for phytoene desaturase,zymerused further in the production of
carotenoids (Lee et al. 1997). Mesotrione havigton a variety of broadleaf weeds
such as common cocklebur, velvetleaf, and gianweagl as well as certain grass species
(Mitchell et al. 2001). Topramezone controls aikinspectrum of broadleaf weeds as
mesotrione, but has activity on more grass spé¢las mesotrione (Kaastra et al. 2008).
Tembotrione was the most recent HPPD-inhibitindluédle commercialized in corn and
controls several broadleaf weed species similangsotrione and topramezone (Boliman
et al. 2008; Hinz et al. 2005).

Management of grass weeds in corn can be chatigngith Setaria species, fall
panicum, large crabgrass, and shattercane being sbthe most problematic (Loux and

Berry 1991) and widely distributed grass specieSd 2007). Postemergence (POST)



control of these grass species in conventional bamtypically been accomplished with
the use of ALS-inhibiting herbicides (USDA 200%)owever, the use of mesotrione,
topramezone, and tembotrione for control of graegies has been of interest to growers
who may be using these herbicides for the broaslead management in the same
application. Applications of these herbicides rayfocused more on the control of
broadleaf species, thus the growth stage or sigeeofrass species may not always be
optimal for herbicide activity. The herbicide l#bsuggest control of these grass species
with mesotrione, topramezone, and tembotrione nearebtricted to relatively small
grass growth stages (Anonymous 2005; Anonymous)2086wever, there has been
very little research conducted that specificallyestigates the growth stage limitations of
these three herbicides for POST grass controliin.co

The combination of two herbicides for broad spgotweed control in a single
application is a common practice. In some instanttee addition of another herbicide
with mesotrione, topramezone, and tembotrione negytified to improve control of
grass species. The ALS-inhibiting herbicides fagaliuron and nicosulfuron are the
most common herbicides used for postemergenceataitgrass species in non-
transgenic corn (USDA 2005) making these herbicgigsble for combining with
mesotrione, topramezone, or tembotrione. TankimgiXLS-inhibitors with mesotrione
may not always result in complementary weed contikdiking some HPPD-inhibiting
herbicides with ALS-inhibiting compounds has resdlin antagonistic herbicide
interactions (Kaastra et al. 2008) and can beeélat the application rate of the
herbicides used in the mixture (Schuster et al4206or example, reducing the rate of

mestotrione mixed with foramsulfuron resulted i@2@reater control of green foxtail

10



compared with higher rates of mesotrione (Schuér’). In this instance the
antagonistic effect was overcome by reducing thewarhof mesotrione in the mixture.

Another consideration when applying herbicidesfédiar activity is the activator
adjuvant used to enhance foliar uptake and oveffatlacy of the herbicide (Underwood
2000). Nonionic surfactants (NIS), crop oil comitates (COC) and methylated seed
oils (MSO) are common adjuvants added to spraytisolsi for foliar applications of
herbicides (Young and Hart 1998). All three adpveategories will alter the physical
properties of the spray solution and improve drogigead on the target leaf. In
addition, moving from NIS to COC to MSO can incredise propensity of the herbicide
to penetrate the epicuticular wax of target leafeze for even greater herbicide activity
(Dahl et al. 2005; Young and Hart 1998).

Weed resistance has garnered national news attantthe last few years (Osunsami
2009). University researchers and agriculturafgssionals have long warned about the
effects of overusing one pesticide because ofrteeitability of herbicide resistance
(Gressel 1978). In Georgia cotton production eicample, overuse of glyphosate has
caused weed shifts and decreased the effectivehgbgphoaste (Webster et al. 2010).
For producers, rotating chemicals and tank-mixiatpltides with differing modes of
action will delay further selection of herbicidesisgtant weeds (Boerboom 1999).

Efficient and successful POST weed managemerdrimrelies on having a
foundation of knowledge of individual and colleaikerbicide contributions on target
weed species. The POST grass efficacy of the HiRRID#ing herbicides may be an
important component of weed management strategistiaus, additional research is

necessary to more completely characterize theaeffiof these herbicides. The
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objectives of this research were to: 1) compardtégnone with the other HPPD-
inhibiting herbicides mesotrione and topramezometbivity on four grass species, 2)
compare tembotrione with the ALS-inhibiting herbies foramsulfuorn and nicosulfuron
on four grass species, 3) determine the utilitfoedmsulfuron and nicosulfuron
combinations with tembotrione for activity on grassd 4) determine the effect of

adjuvant and the role of weed size on tembotriatieigy.

MATERIALSAND METHODS

Greenhouse studies were conducted to determirgffibacy of tembotrione
compared with mesotrione, topramezone, foramsutfurad nicosulfuron on large
crabgrass, giant foxtail, shattercane, and fallqan. Seeds of giant foxtail, large
crabgrass, shattercdrand fall panicurhwere planted in soil-less potting metiia tubes
and grown in the greenhouse under supplementdltigbrovide a 16-h day. The tubes
were watered and fertiliz&é@s necessary and the seedlings were thinned tpesrtabe
shortly after emergence.

Herbicide treatments included eight rates of daabicide (0, 0.03125, 0.0625,
0.125, 0.25, 0.5, 1, and 2 times the typical figde rate) applied in a factorial with NIS
(0.25%v/v), COE (1% v/v), and MSO(1% v/v). The registered use rates (1X) for the
herbicides were tembotrione at 92 g ai/ha, mesutrat 104 g ai/ha, topramezone at 18.4

g ai/ha, foramsulfuron at 36.8 g ai/ha, and nidosah at 35 g ai’/lha. The commercial

!Large crabgrass, giant foxtail, and shattercane, s&#lin Seed Service, 112 Lilac Dr., Leland, MS738.
%Fall panicum seed, V & J Seed Farms, PO Box 82,d&muk, IL 60098.

3Conrad Fafard Inc., PO Box 790, 770 Silver St., Waa, MA 01001.

“Scott’s fertilizer, 14111 Scottslawn Rd., MaryssjlOH 43041.

®Activator 90, Loveland Products, 7251 W' &t., Greeley, CO 80634.

°Prime Oil, Winfield Solutions, PO Box 6421, St. PRIN, 55164.

"Destiny, Winfield Solutions, PO Box 6421, St. PEIN, 55164.

12



herbicide products for tembotrione and foramsuliune@re formulated with the safener
isoxadifen. The ratio of herbicide and safen&:isfor tembotrione:isoxadifen and 1:1
for foramsulfuron:isoxadifen. The herbicide treatits were applied to grass plants that
were at the 2- to 3-leaf and 4- to 6-leaf growtygst Applications were performed with
a single nozzle spray booth at 187 L/ha spray velusing an 8002 spray noZzlé=our
replications were utilized with pots arranged iraadomized complete block and the
experiment was conducted twice.

A second greenhouse study investigated the irtteracf tembotrione applied in
combination with foramsulfuron and nicosulfuron ajuvants. The eight rates of
foramsulfuron and nicosulfuron applied in the poex experiment were applied with
two rates of tembotrione (0.25 and 1X) and the\athits COC and MSO. The 1X field
rate was used for determining commercial activitgl the 0.25X rate was used to allow
for sub-lethal activity and greater separationhef treatments. Herbicide treatments were
applied to fall panicum at the 2- to 3-leaf and4hé¢o 6-leaf growth stage.

Visual estimates of control were taken on a scal&to 100% (0 being no control
and 100 being complete control) at 7 and 14 dags akatment (DAT). In addition,
grass shoot material was harvested at 14 DAT axkglin an oven at 70 C for 48 h for
determination of dry weights.

Dry weight data were then subjected to a fouapeater log-logistic, dose-response
regression model using the R softwapeogram with the drc package (Ritz and Streibig
2005):

y=C+ D-C

8Even Flat Fan 8002, TeeJet Technologies, 3062 $94 Urbandale, IA 50322.
°R software, Version 2.6.1, The R Foundation fotiSiaal Computing, Vienna
University of Technology, Karlsplatz 13, 1040 Vieniustria.

13



1 + extpf’ In(X/EDso)]

wherey represents dry weight (as a percentage of theemtetl), C is the lower limit, D
is the upper limitb is the slope of the line, EBis the herbicide dose that gives 50%
response, andis herbicide dose. Epvalues are represented as a percentage of the
recommended rate (1X) for each respective herbfoidease of making relative
comparisons across herbicides. Regression moaegtsneduced, if appropriate, to have
common upper and lower limits of activity and sl@oeoss each of the herbicide
treatments being compared to improve estimationseEDR values. The EE) values
were then compared using an F-test(0.05) and the selective index, this produced a
ratio of the E[Qy values. By convention the herbicide with the tge&D; value (lower
efficacy) is the numerator and the herbicide with bbwer ERQo value (greater efficacy)
is the denominator. This results in all selectnaices being greater than 1 and is

representative of the magnitude of difference edfficacy between the herbicides.

RESULTSAND DISCUSSION

In some instances herbicide activity up to the a did not achieve 50% growth
reduction, and was not sufficient to adequatelyligtean ERo value using the log-
logistic regression analysis. Conversely, the lo@ibirate structure was not low enough
to properly estimate Egvalues on certain weed species in some instantémsn
regression analysis could not predict the;galues due to these circumstances thegED
value was estimated as being either greater trehitihest rate tested (2X) or less than
the lowest rate tested (0.03125X) for the herbicide

Large Crabgrass
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The EDRy values for tembotrione on large crabgrass weretleen 4% of the 1X rate
regardless of weed growth stage or adjuvant (T2ldle In comparison, the EPvalues
for foramsulfuron and nicosulfuron ranged from @18% and 10 to 82% of the 1X rate
on 2- to 3-leaf and 4- to 6-leaf large crabgrasspectively, when applied with either NIS
or COC. The use of MSO with foramsulfuron and sidéuron resulted in E§ values
of 5% or less of the 1X rate regardless of weedavtjistage. Selective indices (ratios of
EDsp values) demonstrate that tembotrione had grefiteaey than the sulfonylurea
herbicides regardless of weed growth stage or adjfuvThe only exception was the
EDsp values for tembotrione and nicosulfuron when agapWith NIS on 4- to 6- leaf
large crabgrass. In this instance, tembotrioneracmsulfuron had the same level of
activity.

Convergence of the regression curves for tembwneith mesotrione and
topramezone did not allow for an accurate estimaticthe ERy values for tembotrione
on 2- to 3- leaf large crabgrass due to a highl leivgrowth reduction even at low doses.
However, based on the regression analysis useshvecgence with foramsulfuron and
nicosulfuron the EB values on 2- to 3-leaf large crabgrass were liketg than 2% of
the 1X rate of tembotrione. The Ef¥alues for topramezone and mesotrione on 2- to 3-
leaf large crabgrass were also relatively low amjed from 0.2 to 10% of the 1X rate
for each respective herbicide. The efficacy ofampezone was greater than mesotrione
on 2- to 3-leaf large crabgrass for all adjuvants wp to 46 times greater efficacy when
applied with NIS. Tembotrione had up to 10 timesager efficacy on 4- to 6-leaf large

crabgrass than both mesotrione (all adjuvants)em@dmezone (NIS and COC). The
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efficacy of topramezone on 4- to 6-leaf large crabg was improved with the use of
MSO to the extent that no difference in fgWalues were detected with tembotrione.

Previous research has shown that large crabgraensitive to various rates of the
ALS-inhibiting herbicides foramsulfuron and nicdsmbn (Baghestani et al. 2007). This
supports the results from this test. Also, tembo#& alone may control large crabgrass
regardless of adjuvant, but mesotrione proves ve hess activity. The option then exists
to tank-mix mesotrione with ALS-inhibiting herbi@s. In some instances increased
activity has been observed on some species wheotnoe® has been tank-mixed with
foramsulfuron (Bunting et al. 2005).
Fall Panicum

The EDy values for tembotrione on fall panicum were 12@8 of the 1X rate
when applied with NIS or COC regardless of weedwncstage (Table 2.2). However,
the EDy values for tembotrione on fall panicum were 7%ess of the 1X rate when
applied with MSO. The E#3 values for foramsulfuron and nicosulfuron on fahicum
were less than 7% of the 1X for all parameterse @fficacy of tembotrione and
foramsulfuron on fall panicum across both growtdgss and all adjuvants were not
different based on comparison of thedzalues and selective indices. Conversely, the
efficacy of nicosulfuron was 2.7 to 6.7 times geedhan tembotrione. The only instance
in which the efficacy of tembotrione was not diffat from nicosulfuron was on 4- to 6-
leaf fall panicum applied with MSO. The efficaciytbe sulfonylurea herbicides on fall
panicum were not different based on a comparisdaheotDy, values.

The EDy values for HPPD-inhibiting herbicides on fall paumn were relatively

greater than for large crabgrass indicating lessiseity of fall panicum to these
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herbicides. Tembotrione efficacy on 2- to 3-lesdf panicum was similar to mesotrione
based on the Efgvalues and selective indices when applied with &i8 COC.

Applying tembotrione with MSO resulted in nearlyid¢e the efficacy of mesotrione on 2-
to 3-leaf fall panicum. Topramezone had at leaste the efficacy of tembotrione at
either growth stage applied with NIS or MSO and wassdifferent from tembotrione
when applied with COC. However, topramezone detnatesl greater efficacy on 2- to
3-leaf fall panicum than mesotrione regardlessdpivaant. Minimal efficacy from
mesotrione on 4- to 6- leaf fall panicum, regarslleadjuvant, prevented the estimation
of accurate ERyvalues and convergence with the tembotrione anctopzone
regression curves (data not presented).

In a study with topramezone it was found that bwgtbicide and grass species
contributed to differences in antagonism in bothfield and greenhouse. Topramezone
antagonized nicosulfuron activity on large crabgrasd barnyardgrass, but activity on
yellow and green foxtail was not influenced. e #ame study, topramezone did not
antagonize foramsulfuron on any of the speciegsdied€aastra et al. 2008).

Many herbicide labels stress proper applicationrig for control of different weed
species. Experiments evaluating herbicide timiagehshown significant value in weed
control when applied early as opposed to laterr(doh et al. 2002). For fall panicum
activity this appears essential when applying HRftbitors and tank-mixtures.
Giant Foxtail

Tembotrione applied with NIS and COC exhibitea Bttimes less efficacy on 2- to

3-leaf giant foxtail compared with foramsulfurondamcosulfuron (Table 2.3).

However, the efficacy of tembotrione was not défgrfrom foramsulfuron and
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nicosulfuron applied to 4- to 6-leaf giant foxtath COC. Convergence of the
regression lines and estimation of thesgalues for tembotrione, foramsulfuron, and
nicosulfuron on giant foxtail were not possible fioe herbicides applied with NIS (4- to
6-leaf stage) or MSO (both growth stages) due edigh level of efficacy achieved. No
difference was observed in the efficacy of forarfisoh and nicosulfuron on giant
foxtail regardless of growth stage or adjuvant.

The efficacy of tembotrione was 1.5 to 4.2 timesslon 2- to 3-leaf giant foxtail
than topramezone; whereas the efficacy of tembwriwas 2.1 to 5.5 times greater than
topramezone on 4- to 6-leaf giant foxtail acro$sadjuvants. Mesotrione did not provide
sufficient efficacy on 2- to 3-leaf giant foxtaihweh precluded the convergence with the
other regression lines and estimates offRlues. When tembotrione was applied to
giant foxtail in the 4- to 6-leaf stage herbicidBoacy was 6 to 8 times greater than with
mesotrione. Thus, tembotrione had greater actonty- to 6-leaf giant foxtail than

either mesotrione or topramezone.

Field studies support this level of giant foxt@htrol from these HPPD-inhibitors.
Both tembotrione and topramezone provide greatetraloof giant foxtail than
mesotrione (Bollman et al. 2008). In addition,ajeg levels of HPPD-inhibitor activity
tended to be observed when applied with MSO as aoedpto COC or NIS. This
supports Young and Hart’s findings from 1998, wielamining similar circumstances.
Shattercane

Tembotrione exhibited less efficacy on 2- to FEaattercane than foramsulfuron

(NIS) and nicosulfuron (NIS and COC) (Table 2.2he EDy values for tembotrione,
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foramsulfuron, and nicosulfuron applied with MSO2to 3-leaf shattercane were not
obtained due to the high level of efficacy achiewgithin the herbicide dose range. Even
though the estimated Epvalues for 4- to 6-leaf shattercane varied withtawp 7X
difference in the values for tembotrione and nitiosan the F-test did not reveal any
statistical differences in herbicide efficacy basedhe E[Q values. The EE values
for nicosulfuron and foramsulfuron were never deieed different regardless of
shattercane growth stage at application or adjuvant

Among the HPPD-inhibitors tembotrione always Haal lbwest Ely value on 2- to
3-leaf shattercane regardless of adjuvant. MoeeiBpally, the ERQ, values for
tembotrione were less than 4% of the 1X field we which was 6 to 10 times less than
mesotrione or topramezone and was not influenceathwant. No differences in the
efficacy of the HPPD-inhibiting herbicides were eb&d on 4- to 6-leaf shattercane

regardless of adjuvant.

When looking at shattercane, we again see thetdifeing has on shattercane’s
sensitivity to these herbicides. While the HPPbBitors show varying degrees of
activity at the smaller grass stage, there areffierences in activity on 4- to 6- leaf
shattercane.

Tank-Mixtures

The sensitivity of fall panicum to foramsulfuronmcosulfuron was similar for the
ALS-inhibiting herbicides alone or in combinationtlwtembotrione (Table 2.5). Thus,
the mixture of these herbicides was neither sysaognor antagonistic, regardless of

adjuvant. As was observed in other trials (Bunghgl. 2005) tank-mixing HPPD- and
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ALS-inhibiting herbicides is a viable option forlifar applications. There was no
decrease in control of fall panicum when tembo®iand the ALS-inhibiting herbicides
were tank-mixed. Interestingly, when MSO was agplvith either ALS-inhibiting
herbicide the EE) was achieved with approximately 1% of the nornabicide rate.
However, the necessary rate of these herbicidebtin the Elg, when applied with
COC was at least twice that of MSO. As demongdrbteothers, the choice of adjuvant
and herbicide timing is essential when optimizirgpd control (Dahl et al. 2005; Young
and Hart 1998; Johnson et al. 2002).

Dose response experiments can contribute to tsie kaowledge of foliar herbicide
efficacy and weed species sensitivity (Sikkemd.et399). The goals of these
experiments were to characterize the foliar gréfgsaey of tembotrione compared with
other POST herbicides and application parameteesnbotrione demonstrated greater
efficacy on large crabgrass than foramsulfuronpsutfuron, mesotrione and
topramezone with no influence from weed growth stagadjuvant. The least sensitive
grass species to tembotrione relative to the dibdricides evaluated was fall panicum.
If fall panicum is a target weed in field applicats our research demonstrated that the
combination of foramsulfuron or nicosulfuron wigmbotrione may not result in any
antagonistic response. The efficacy of tembotri@h&tive to the other herbicides
evaluated was variable on giant foxtail and shedtee with activity dependent on weed
growth stage and adjuvant in some instances. Tfegahces in tembotrione efficacy in
this research could at least partially explain olketgons of inconsistent POST grass
control under challenging field conditions and a&mdion parameters. The use of MSO

improved the efficacy of tembotrione with some sgesuch as large crabgrass, however
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fall panicum showed less selectivity to tembotrioegardless of adjuvant. Therefore,
grower practices and industry recommendations shioelldiscouraged from promoting

NIS and support the use of a more aggressive adjlika MSO.
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Table 2.1. Efficacy of tembotrione on large crabgrass at tlifferent growth stages compared with
mesotrione, topramezone, foramsulfuron, and niéosart based on plant dry weight reductions at 14
DAT.

Growth stage

2-to 3-Leaf 4- to 6-Leaf

Herbicide8 NIS cocC MSO NIS cocC MSO
Temb vs. ALS Herbs.  —emememmeee- Efvalue (% of labeled ratd)--------------
Temb 1.8 1.3 0.1 3.1 0.5 0.8
Fora 19 12.1 4 29 82 5
Nico 15 11.4 4 9.7 41 2.8

Selective Indek
Temb:Fora 11%  9.3* 40% 9.3* 164* 6.3*
Temb:Nico 8.1* 8.8* 40% 3.1 82* 3.5*
Fora:Nico 1.3 1.1 1 3 2 1.8
Temb vs. HPPD Herbs. e Ebvalue (% of labeled rate) ---------------
Temb g - - 2.1 1 1.2
Meso 9.2 10 7.1 21 9.5 10
Topr 0.2 4.6 2.4 5.6 5.1 1.7

Selective Index
Temb:Meso - - - 9.9* 9.5* 8.4*
Temb:Topr - - - 2.7* 5.1* 1.4
Meso:Topr 46* 2.3* 3* 3.7* 1.9* 5.9*%

4The rate structure for these herbicides was 0,129530.0625, 0.125, 0.25, 0.5, 1, and 2 times the
registered use rate.

® This represents an Epvalue as a percentage of the labeled rate foethemicides.

° The selective index is the ratio of Ealues for two herbicides being compared. By emtion the
herbicide with the greater Epvalue (lower efficacy) is the numerator and thebloéde with the lower
EDs, value (greater efficacy) is the denominator. Th®ults in all selective indices being greatentha
and is representative of the magnitude of diffeeeincdhe efficacy between the herbicides. The (*)
represents significance and a p-vadu@.05. This significance is valid within adjuvant®t across
adjuvants or sizes.

4The (-) represents data that is not presentechdrione was highly active on 2- to 3- leaf largahgrass,

even at the lowest tested rates.
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Table 2.2. Efficacy of tembotrione on fall panicum at twofdifent growth stages compared with
mesotrione, topramezone, foramsulfuron, and niéosart based on plant dry weight reductions at 14
DAT.

Growth stage

2- to 3- Leaf 4- to 6- Leaf
Herbicided NIS cocC MSO NIS cocC MSO
Temb Vs. ALS Herbs. % of Labeled rafe
Temb 20 12 6.1 15 13 7
Fora 4 2.7 1.2 6.9 4.7 15
Nico 3.6 2.2 0.9 4.2 4.6 0.8
Selective Indek
Temb:Fora 4.9 4.5 51 2.1 2.7 4.7
Temb:Nico 5.4* 55% 6.7* 3.5% 2.7 8.8
Fora:Nico 1.1 1.2 1.3 1.6 1 1.9
Temb Vs. Other HPPD Herbs. % of labeled rate
Temb 61 14 8.8 23 9.3 6.1
Meso 55 15 16 4 - -
Topr 17 5.8 1.6 8 9.3 3
Selective Index
Temb:Meso 1.1 1.1 1.8* - - -
Temb:Topr 3.5% 2.4 5.5*% 2.9*% 1 2%
Meso:Topr 3.2 2.6* 9.8* - - -

4The rate structure for these herbicides was 0,129530.0625, 0.125, 0.25, 0.5, 1, and 2 times the
registered use rate.

® This represents an Egvalue as a percentage of the labeled rate foethesbicides.

¢ The selective index is the ratio of Ef¥alues for two herbicides being compared. By emtion the
herbicide with the greater Epvalue (lower efficacy) is the numerator and thebleéde with the lower
EDs value (greater efficacy) is the denominator. Thmults in all selective indices being greatentha
and is representative of the magnitude of diffeeeincthe efficacy between the herbicides. The (*)
represents significance and a p-vatu@.05. This significance is valid within adjuvantet across
adjuvants or sizes.

4The (-) represents data that is not presentedpmalrefficacy from mesotrione resulted in lack of

convergence for 4- to 6- leaf fall panicum.
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Table 2.3. Efficacy of tembotrione on giant foxtail at twdférent growth stages compared with
mesotrione, topramezone, foramsulfuron, and niéosut based on plant dry weight reductions at 14
DAT.

Growth stage

2-to 3- Leaf 4-to 6- Leaf
Herbicide8 NIS cocC MSO NIS cocC MSO
Temb Vs. ALS Herbs. % of labeled rafe
Temb 21 12 d - 9.2 -
Fora 5 4.8 - - 5.1 -
Nico 3.2 5 - - 2.1 -
Selective Indek
Temb:Fora 4.2 2.6* - - 1.8 -
Temb:Nico 6.5* 2.5*% - - 4.4 -
Fora:Nico 1.6 1 - - 2.4 -
Temb Vs. Other HPPD Herbs. % of labeled rate
Temb 23 12 11 13 8.8 3.6
Meso - - - 76 66 29
Topr 6.3 7.5 2.7 26 49 14
Selective Index
Meso:Temb - - - 6.1* 7.5*% 8*
Temb:Topr 3.7 1.5* 4.2% 2.1* 5.6% 3.9*%
Meso:Topr - - - 2.9 1.4 2.1

4The rate structure for these herbicides was 0,129530.0625, 0.125, 0.25, 0.5, 1, and 2 times the
registered use rate.

® This represents an Epvalue as a percentage of the labeled rate foethemicides.

¢ The selective index is the ratio of Ef¥alues for two herbicides being compared. By emtion the
herbicide with the greater Epvalue (lower efficacy) is the numerator and thebleéde with the lower
EDs, value (greater efficacy) is the denominator. Thults in all selective indices being greatentha
and is representative of the magnitude of diffeeeincthe efficacy between the herbicides. The (*)
represents significance and a p-vatu@.05. This significance is valid within adjuvantet across
adjuvants or sizes.

4The (-) represents data that is not presented, laigels of activity were observed with tembotripne
foramsulfuron, and nicosulfuron with MSO on bothesgrass. High levels of activity were also obsdrv
with NIS on 4- to 6- leaf giant foxtail. Alternaély, low efficacy was observed with mesotrioneoasrall

adjuvants on 2- to 3- leaf giant foxtail.
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Table 2.4. Efficacy of tembotrione on shattercane at twoedt#ht growth stages compared with
mesotrione, topramezone, foramsulfuron, and niéosart based on plant dry weight reductions at 14
DAT.

Growth stage

2-to 3- Leaf 4-to 6- Leaf
Herbicide8 NIS cocC MSO NIS cocC MSO
Temb Vs. ALS Herbs. %of labeled rat&
Temb 4.3 3.2 d 7.4 10 13
Fora 2.1 2.4 - 7.4 4.8 15
Nico 1.7 1.9 - 7.4 3.9 1.8
Selective Indek
Temb:Fora 2% 1.3 - 1 2.1 1.1
Temb:Nico 25  1.7* - 1 2.6 7.3
Fora:Nico 1.7 1.3 - 1 1.2 8.1
Temb Vs. Other HPPD Herbs. % of labeled rate
Temb 3.7 2.8 2 24 20 11
Meso 39 25 18 30 16 13
Topr 24 27 14 9.6 11 6.4
Selective Index
Temb:Meso 11* 8.9* 9.1* 1.3 1.2 1.2
Temb:Topr 6.4* 9.6* 6.9* 2.5 1.9 1.7
Meso:Topr 1.7 1.1 1.3 3.1 1.5 2

4The rate structure for these herbicides was 0,129530.0625, 0.125, 0.25, 0.5, 1, and 2 times the
registered use rate.

® This represents an Epvalue as a percentage of the labeled rate foethemicides.

° The selective index is the ratio of Ezalues for two herbicides being compared. By emtion the
herbicide with the greater Epvalue (lower efficacy) is the numerator and thebloéde with the lower
EDs, value (greater efficacy) is the denominator. Th®ults in all selective indices being greatentha
and is representative of the magnitude of diffeeeincdhe efficacy between the herbicides. The (*)
represents significance and a p-vadu@.05. This significance is valid within adjuvant®t across
adjuvants or sizes.

9 The (-) represents data that is not presentedi, laigels of activity were observed with tembotripne

foramsulfuron, and nicosulfuron on 2- of 3- leadbrcane when used with MSO.
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Table 2.5. Sensitivity of fall panicum to foramsulfuron antasulfuron applied individually and in mixture
with tembotrione, at two rates, and the adjuvanotsand msd.

cocC M SO
—————————————————— % of labeled rate-----
Tank-mix herbicid® Tembotrione rate (g/ha) - ¢
Fora 0 4.3 1
Fora 23 4.3 1
Fora 92 4.3 1
Selective indek
Fora:Fora+Temb(23g) 1 1
Fora:Fora+Temb(92g) 1 1
Fora+Temb(23g):Fora+Temb(92g) 1 1
—————————————————— % of labeled rate-----
Nico 0 2.6 11
Nico 23 2.6 11
Nico 92 2.6 11
Selective Index
Nico:Nico+Temb(23g) 1 1
Nico:Nico+Temb(92g) 1 1
Nico+Temb(23g):Nico+Temb(92g) 1 1

@ This data originates from dry weights taken 14sdafger treatment

®The rate structure for these herbicides was 0,12530.0625, 0.125, 0.25, 0.5, 1, and 2 times the
registered use rate.

© This represents an Efvalue as a percentage of the labeled rate foethesbicides

4 The selective index is a ratio between each,EBlue representing how much of one herbicideki¢$ao

equal the activity of the other.
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CHAPTER 3

INFLUENCE OF HERBICIDES AND ADJUVANTSWITH TEMBOTRIONE

FOR FALL PANICUM CONTROL

Abstract. Field studies were conducted in 2006 and 2007 diddaale and Belleville
lllinois to examine the effect of postemergenceliappons of tembotrione alone and in
combination with foramsulfuron, nicosulfuron, artchaine on fall panicum when
applied with either crop oil concentrate (COC) athylated seed oil (MSO). To
examine the influence of atrazine with tembotrideebotrione was utilized at two
different rates with either atrazine or nicosulfund atrazine. It was found that
tembotrione alone does not control fall panicunont@ol was observed over 90% when
utilized with a sulfonylurea herbicide. Tank-misgg of tembotrione with a full rate of
nicosulfuron provided 91% control while tank-mix@grwith a full rate of foramsulfuron
provided 86% control. When examining adjuvantinsiese tank-mixtures,
combinations with MSO provided greater control tkambinations with COC. Visual
control differences of up to 30% were observed WSO was used rather than COC.
Rate of the sulfonylurea herbicide also influenfaddpanicum control. When combined
with tembotrione, as sulfonylurea herbicide rat@ased, fall panicum control also
increased. It was also observed that the addii@trazine to a tembotrione and
nicosulfuron combination did not negatively infleencontrol of fall panicum, 85%

control was observed both with and without atrazine



Nomenclature: Atrazine, foramsulfuron, mesotrione, tembotridiad, panicum,
Panicum dichotomiflorum #:° PANDI; corn,zea mays.

Additional index words. Antagonsim, crop oil concentrate, herbicide inteoas,
methylated seed oi-hydroxyphenylpyruvate dioxygenase (HPPD) inhibitssgergy,

tank-mixtures.

INTRODUCTION

Tembotrione is an HPPD-inhibiting herbicide folestive control of grass and
broadleaf weed species in postemergence applisatidield corn (Schulte and Kocher
2009). A commercial formulated product contaimalietrione as the sole herbicide
active ingredient with a common use rate of 92/lgaajHinz et al. 2005). This product is
also formulated with the crop safener isoxadifea R11 ratio of tembotrione:isoxadifen.
Thus, when tembotrione is applied at 92 g ai/hadke of isoxadifen is 46 g ai/ha
(Bollman et al. 2008). Mesotrione is also an HARRbitor and is active on a variety of
broadleaf weeds, but only some grass species (Mitehal. 2001). Many producers mix
herbicides for application at one time, also kn@srtank-mixing. Often mesotrione has
been tank-mixed with herbicides known to contr@sges to improve the control of grass
species (Armel et al. 2003a).

Nicosulfuron and foramsulfuron are two sulfonykuteerbicides that have shown
excellent grass control and may prove beneficighik-mixtures with new HPPD-
inhibiting herbicides such as tembotrione and nreswt. Mesotrione does not control

giant foxtail or fall panicum (Armel et al. 2003)pwever, foramsulfuron has acceptable

19| etters following this symbol are WSSA-approvednpuiter code from Composite List of Weeds,
Revised 1989. Available only on computer disk frdf8SA, 810 East 10Street, Lawrence KS 66044-
8897.



control of both of these species (Bunting et &0%). Foramsulfuron in combination
with mesotrione have shown little differences iargifoxtail and fall panicum control,
and increased broadleaf control compared to fororsa alone (Bunting et al. 2005).
Antagonistic herbicide interactions describe wheleerease in biological activity occurs
for the combined herbicide mixture compared togheh herbicide applied alone. This
antagonism has been observed when adding mesotadaeamsulfuron or nicosulfuron
on some grass species, compared to applicaticiesashsulfuron or nicosulfuron alone
(Schuster et al. 2004). Reducing the rate of niésit@ mixed with foramsulfuron
resulted in 27% greater control of green foxtadh&ster 2007).

Atrazine is another widely used corn herbicidedontrol of many weeds and
may be useful to producers in tank-mix combinati@fSDA 2005). Interestingly,
synergism has been observed when atrazine is ceohlith HPPD-inhibitors
(Abendroth et al. 2006). Atrazine is a photosysteinhibitor, and acts by binding to
the D1, quinone-binding protein blocking electraamsport in the electron transport
chain of photosynthesis (Duke 1990). Atrazineuggested in tank-mixtures with other
HPPD-inhibitors such as mesotrione. Mesotriondiagpostemergence has been shown
to have little effect on green foxtail, but wherpbigd with atrazine plant death occurs.
This suggests that mesotrione and atrazine areimgptéigether attacking the plants
carotenoid biosynthesis and photosystem Il pathW@ysech et al. 2004). However,
atrazine may antagonize some chemistries. Sigmficeductions in giant foxtail control
have been observed when atrazine was added taifficas, (Dobbels and Kapusta

1993) and reductions in control of giant foxtaibleall panicum were also observed



when atrazine was added to foramsulfuron, depenatingdjuvant selection (Bunting et
al. 2005).

Research has been conducted with postemergende-Hititbiting herbicides
and the effects of tank-mixing an HPPD-inhibitotiwa photosystem Il inhibitor and a
sulfonylurea herbicide. Antagonism has been oleskwith the combination of
mesotrione, atrazine, and the sulfonylurea herbgitbramsulfuron or nicosulfuron.
Some grass species were insufficiently controll@d thhis combination of herbicides
(Schuster et al. 2004). This is discouraging witrjeng to incorporate new chemicals
into weed management systems, while still maintgmeeded control of trouble weed
species.

Weed resistance has garnered national news attantthe last few years
(Osunsami 2009). University researchers and dtpi@l professionals have long
warned about the effects of overusing one pesticet@use of the inevitability of
herbicide resistance (Gressel 1978). In Geordi@egroduction, for example, overuse
of glyphosate has caused weed shifts and decrdasedfectiveness of glyphoaste
(Webster et al. 2010). For producers, rotatingnaicals and tank-mixing herbicides
with differing modes of action will delay furtheelection of herbicide resistant weeds
(Boerboom 1999).

In addition to tank-mixing, choosing proper adjotgawill aid in herbicide
efficacy. The correct adjuvant used in conjunctitin certain herbicides can have great
benefits for weed control (Underwood 2000). Indohbpplications of isoxaflutole,
combinations utilizing methylated seed oil (MSOlllggeater efficacy than combinations

with crop oil concentrate (COC) (Young and Hart 8P9Penetrating agents are



commonly used with herbicides to help herbicidecefhcy. These penetrating agents
describe adjuvants used to assist the movemehedfdrbicide for the leaf surface of a
weed through natural barriers into the plant. Qiibgoncentrate is derived from
paraffin crude oil, or petroleum, and contains 280%ess surfactant and a minimum of
80% phytobland oil (Hazen 2000). Another optiomeoaonly used in place of crop oil
concentrate is methylated seed oil. Methylated sd@as a type of oil that has been
extracted from crops and further methylated (H&@00). Research conducted with
isoxaflutole and the grass giant foxtail has sheast improvements in efficacy when an
adjuvant is applied in combination with isoxafl@glyoung and Hart 1998). More
specifically, some herbicide manufacturers discgeithe use of MSO because it may
enhance foliar efficacy to the point where cropiigjmay occur from the herbicide.
However, for herbicide efficacy on weed speciesaesh suggests that herbicides
applied with MSO have performed as well as or bbettan the same herbicide applied
with COC (Dahl et al. 2005).

The objectives of this research were to evaluaigrol of fall panicum with
POST tembotrione applications through: 1) the coafon of different rates of
nicosulfuron and foramsulfuron with tembotrione2 addition of atrazine to
tembotrione applied with and without nicosulfur@pthe role of tembotrione dose in
atrazine tank mixtures, and 4) the utility of difat activator adjuvants with all the

herbicide combinations.



MATERIALSAND METHODS

Two field experiments were conducted in 2006 ab@72at the Agricultural Research
Center in Carbondale and the Belleville Researatitézen Belleville, lllinois. The first
experiment was designed to determine the effetardd-mixing nicosulfuron and
foramsulfuron at different application rates angladnt systems with tembotrione.
Since the efficacy of tembotrione applied alone ma&smal, a second experiment was
designed to determine if the addition of atrazmenixtures with tembotrione and
tembotrione plus nicosulfuron or foramsulfuron @bwhprove herbicide efficacy on fall
panicum. The soil type at both locations was a Wiftitoam with 1.5% organic matter
content and 6.7 pH at Carbondale and a 2.2% orgaaiter content and 6.2 pH at
Belleville. Each plot consisted of four rows in-@@ row spacing for a dimension of 3m
wide by 7.6 to 8.5m long. Hybrid seed cBrwas planted approximately 3cm deep at
61,690 seeds/ha.

In the first experiment a total of 18 herbicideatments were evaluated and included
tembotrione (92 g ai/ha) applied alone, tembotriapglied with four rates each of
foramsulfuron (9.3, 18.5, 27.8, and 37 g ai/ha) miedsulfuron (6.5, 13,19.5, and 26 g
ai/ha) which correspond to 0.25, 0.5, 0.75, andHeXnormal use rate, and all herbicides
combinations applied with the two activator adjugacrop oil concentrate (COC) and
methylated seed oil (MSO) at 1% v/v. The seconzkerent contained 16 herbicide
treatments and was a factorial of tembotrione (@teand 92 g ai/ha), tank-mixture with

tembotrione (none, nicosulfuron (13 g ai/ha), ammdsulfuron plus atrazine (560 g

" pioneer 33K44 and Pioneer 31G96 hybrid corn seeiplanted in Belleville and Carbondale,
respectively. Pioneer Hi-Bred, P.O. Box 1000, &bdm, IA 50131.



ai/ha)), and activator adjuvant (COC and MSO atvl9h All herbicides treatments in
both experiments included 28% urea ammonium nitad#eN) at 2.5% v/v. Herbicides
were applied when fall panicum was 5.5 to 10cmaiglht using a compressed €0
backpack sprayer using a 2.3m hand-held boom.bdben was equipped with Turbo
Teejet 8002 flat fan nozzl¥scalibrated to deliver 187 L/ha at 276 kPa.

Visual estimates of corn injury and weed contrelevtaken at 14 and 28 days after
treatment (DAT). All data were analyzed in PROCNMGhrocedure from [SAS/STAT]
software. The data were subjected to analysisnérce and means were separated
using Fisher’s protected LSD test£ 0.05). The data from the studies with
foramsulfuron and nicosulfuron tank-mixed with testrione were transformed using
arcsine transformation. The transformed means amag/zed, but the original means
are presented since the values have relative impogtpertaining to the level of field

control of the species.

RESULTSAND DISCUSSION
Tembotrione Tank-Mixtures with Foramsulfuron and Nicosulfuron
Corn injury data was taken at 14 days after treatlDAT). However no crop
injury was observed from tembotrione applicationarey point during the experiment.
Additionally, no crop injury was observed in tankxrsombinations with tembotrione
and other herbicides or adjuvants. Therefore, ooy data is not presented.
Additionally, corn injury should not be used to wiecfeasibility of tank-mixtures. Tank-

mix decisions should be made based on herbicidsaeff.

2 Turbo TeeJet nozzle by TeeJet Technologies, 3082 t., Urbandale, IA 50322.



The interaction of tembotrione with tank-mix pamtpand tank-mix partner rate, and
adjuvant was significant for control of fall panmiat 14 days after application (Table
3.1). Control of fall panicum with tembotrione aowas 4% or less at 14 DAT with
either adjuvant. The addition of both foramsulfusnd nicosulfuron increased control
of fall panicum with incremental improvements imtol as the rate of the tank-mix
partner was increased. This supports previousrarpats examining HPPD-inhibiting
herbicides being tank-mixed to help control spewigs marginal sensitivity (Armel et
al. 2003a). Control of fall panicum with combirmats of tembotrione, foramsulfuron,
and COC plateaued at 79% with the 0.75X rate @frfmulfuron. The same herbicide
combination applied with MSO plateaued at 82% \thih lower foramsulfuron rate of
0.5X. Previous work has shown similar results wheeed control in herbicide
combinations with MSO exceeded combinations withtOQDahl et al. 2005, Young and
Hart 1998). Combinations of tembotrione with nigdésron improved control of fall
panicum to a relatively greater extent with MSOntli2OC. More specifically, the 1X
rate of nicosulfuron with tembotrione and COC wasassary to obtain the same level of
fall panicum control as with the 0.5X rate of niatiaron and MSO. This research
demonstrates that the use of MSO can benefit tarkirnes of foramsulfuron and
nicosulfuron to achieve greater control of fall jgaimn with lower tank-mix partner rates.

If COC is being used, higher rates of foramsulfupomicosulfuron are suggested

Tembotrione Tank-Mix Study with Atrazine and/or Nicosulfuron
Control of fall panicum at 14 DAT was not influesttby either the rate of

tembotrione (61 or 92 g/ha) or adjuvant (COC or NISThus, data for fall panicum



control at 14 DAT are presented by the only sigaifit main effect of tank-mix partner
with tembotrione (Table 3.2). The application@ibotrione alone resulted in only 3%
control of fall panicum. The addition of nicosuibm to tembotrione improved control of
fall panicum to 80%. The addition of atrazine pd&d no increase in control of fall
panicum when combined with tembotrione or tembagiplus nicosulfuron. Even
though atrazine did not enhance control of fallipam the absence of grass antagonism
for this weed species may allow for combinationatoézine with tembotrione for more
effective broadleaf weed control without compromgsgrass efficacy on fall panicum.
Through both of these studies it is evident treeafsa tank-mix partner is necessary
for fall panicum control in tembotrione applicatsonGrowers will enhance the control of
certain grasses with combinations of tembotrioreeasulfonylurea herbicide. Usually
methylated seed oil in combination with tembotri@mel nicosulfuron provided greater
activity than other options. This will allow grovgemore consistent control in their
herbicide applications. The second field studystbthe ability of tembotrione to be
tank-mixed with atrazine and nicosulfuron withoatrgromising the fall panicum
control. The use of tank-mixed herbicides is commractice. Rate variations and
choice of partners are often experimented withis $tudy shows that varying
tembotrione rate does not influence control of pahicum when mixed with atrazine and

nicosulfuron.



Table 3.1 Control of fall panicum at 14 days after postemearge treatment as influenced
by tembotrione, tank-mix partner, tank-mix partrege, and adjuvant from field

experiments conducted at Carbondale and BelleVilley 2006 and 2007.

Adjuvant

Herbicide Herbicide rate® cocC MSO

g/ha %P
Tembotrione 92 4 i 2 i
Tembotrione + foramsulfuron 92 + 9.3 40 h 77 cde
Tembotrione + foramsulfuron 92 +18.5 65 ¢ 82 ad
Tembotrione + foramsulfuron 92 + 27.8 79 b-e 85 ab
Tembotrione + foramsulfuron 92 + 37 79 b-e 85 ab
Tembotrione + nicosulfuron 92 +6.5 66 fg 77 cde
Tembotrione + nicosulfuron 92 +13 73 ef 81 a-d
Tembotrione + nicosulfuron 92 +19.5 75 de 85 ab
Tembotrione + nicosulfuron 92 + 26 82 abc 86 a

4Tank-mix partner rate is represented by the perattite labeled rate.
® percent visual control based on a 0 to 100 scdlerav100 = complete death. Values

preceding the same letter are not significantlfed#nt.



Table 3.2 Field Studies Conducted at Carbondale and Bel&einl2006 and 2007
Examining the Influence of Nicosulfuron and/or Aree with Tembotrione on the

Visual Control of Fall Panicum 14 Days After Apgton.

Tembotrione Rate (g/ha)

Tank-Mix Herbicide 61 92
% Control a

None 3 b

Atrazine 2 b

Nicosulfuron 80 a

Atrazine + nicosulfuron 79 a

@Percent visual control based on a 0 to 100 scdlerevi00 = complete death. Values

preceding the same letter are not significantlfed#nt.



CHAPTER 4

CONCLUSIONS

The EDRy values obtained through greenhouse studies rel/ddferent levels of
activity for each of three HPPD-inhibiting herbiesl Field rate titrations may be
necessary to understand commercial levels of coama activity. However, it appears
tembotrione has very high levels of activity ofgarcrabgrass and shattercane, while
topramezone has high levels of activity of gianttédl. While tembotrione was not the
most effective HPPD-inhibitor on giant foxtail, tlevel of control should be
commercially acceptable in the field. Additionaégnhouse work could be conducted
with topramezone in combination with foramsulfuk@micosulfuron on these species to
discover any effects on control. As for tank-mnetsiwith tembotrione and
foramsulfuron or nicosulfuron, it appears that ntagonism on fall panicum is observed
when compared to nicosulfuron or foramsulfuron eggpalone. Seeing as tembotrione
has very low levels of activity on fall panicumtaamk-mixture with either nicosulfuron or
foramsulfuron would be the solution for gaining toh Also, mesotrione appears to be
the least effective HPPD-inhibitor on grasses. é&ash on tank-mixtures with
mesotrione would help in understanding any effeatgrass control. As for activity in a
three-way mixture, sufficient work needs to be awtdd on all of these grass species
with the HPPD-inhibitors plus an ALS-inhibitor aattazine. This research also supports
the fact that MSO is generally a more aggressiyavadt than COC or NIS. MSO

should be used for maximum herbicide activity, heavecrop safety should be



considered. MSO is a more aggressive adjuvangfibre unacceptable injury may
occur. From the field experiments, it appears t@nmdmne is safe to be used with MSO.
The field experiments confirm tembotrione has Jevy levels of activity on fall
panicum. However adding foramsulfuron or nicosufuto tembotrione, commercially
acceptable levels of control can be obtained. #althlly the three-way mixture of
tembotrione, nicosulfuron, and atrazine appeal®teafe and effective for fall panicum
control in the field. Work needs to be conductethwembotrione alone and in these
tank-mixtures on additional grasses to determieesgfectrum of activity. Field work
could also be conducted with topramezone and mesetto discover if two- or three-

way tank mixtures effect grass control.
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Appendix A

Table A.1

2-t0 3- LEAF LARGE CRABGRASS

Sulfonylurea Herbicides

HERBICIDE ED50 with NIS ED50 with COC ED50 with MSO
Foramsulfuron 0.16228 0.11635 0.032507
Nicosulfuron 0.16228 0.11635 0.032507

SELECTIVE INDEX

SELECTIVE INDEX

SELECTIVE INDEX

(p-value) (p-value) (p-value)
COMPARISON
Foramsulfuron :
Nicosulfuron 1 1 1
HPPD-Inhibiting Herbicides
HERBICIDE ED50 with NIS ED50 with COC ED50 with MSO
Mesotrione 0.092305 0.103561 0.07113
Topramezone 0.002643 0.046036 0.024704
SELECTIVE INDEX SELECTIVE INDEX SELECTIVE INDEX
(p-value) (p-value) (p-value)
COMPARISON
Mesotrione : 34.9277 2.24955 2.87924
Topramezone (<0.00) (<0.00) (<0.00)
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Appendix A

Table A.2

4-to 6- LEAF LARGE CRABGRASS

Sulfonylurea Herbicides

ED50 with MSO

HERBICIDE ED50 with COC
Foramsulfuron 0.19315
Nicosulfuron 0.19315

SELECTIVE INDEX
(p-value)
COMPARISON

0.052037
0.052037

SELECTIVE INDEX

(p-value)

Foramsulfuron :
Nicosulfuron 1

HPPD-Inhibiting Herbicides

HERBICIDE ED50 with NIS ED50 with COC ED50 with MSO
Tembotrione 0.02063 0.010428 0.011885
Mesotrione 0.206521 0.094851 0.101248
Topramezone 0.056212 0.051485 0.016959

SELECTIVE INDEX SELECTIVE INDEX SELECTIVE INDEX

(p-value) (p-value) (p-value)
COMPARISON

Tembotrione : 0.099892 0.109942 0.11738
Mesotrione (<0.00) (<0.00) (<0.00)
Tembotrione : 0.366999 0.202546 0.700779
Topramezone (<0.00) (<0.00) (0.0593)
Mesotrione : 3.673966 1.84229 2.87924
Topramezone (<0.00) (<0.00) (<0.00)

48



Appendix A

ED50 with MSO

Table A.3
2- TO 3- LEAF FALL PANICUM
Sulfonylurea Herbicides
HERBICIDE ED50 with NIS ED50 with COC
Foramsulfuron 0.039246 0.026021
Nicosulfuron 0.039246 0.026021

SELECTIVE INDEX

SELECTIVE INDEX

0.013873
0.037315

SELECTIVE INDEX

(p-value) (p-value) (p-value)
COMPARISON
Foramsulfuron : 0.37179
Nicosulfuron 1 1 (0.9024)
HPPD-Inhibiting Herbicides
HERBICIDE ED50 with NIS ED50 with COC ED50 with MSO
Tembotrione 0.60636 0.137528 0.087931
Mesotrione 0.54658 0.152516 0.157047
Topramezone 0.17187 0.057752 0.015732
SELECTIVE INDEX SELECTIVE INDEX SELECTIVE INDEX
(p-value) (p-value) (p-value)
COMPARISON
Tembotrione : 1.10936 0.137528 0.087931
Mesotrione (0.7293) (0.7593) (0.0014)
Tembotrione : 3.52791 0.152516 0.157047
Topramezone (0.0104) (0.0967) (0.0031)
Mesotrione : 3.18012 0.057752 0.015732
Topramezone (0.0137) (0.0475) (0.0011)
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Appendix A

ED50 with MSO

Table A.4
4-to 6- LEAF FALL PANICUM
Sulfonylurea Herbicides
HERBICIDE ED50 with NIS ED50 with COC
Foramsulfuron 0.055332 0.047164
Nicosulfuron 0.055332 0.047164

SELECTIVE INDEX

SELECTIVE INDEX

0.00526
0.00526

SELECTIVE INDEX

(p-value) (p-value) (p-value)
COMPARISON
Foramsulfuron :
Nicosulfuron 1 1 1
HPPD-Inhibiting Herbicides
HERBICIDE ED50 with NIS ED50 with COC ED50 with MSO
Tembotrione 0.233071 0.093408 0.060826
Topramezone 0.079072 0.093408 0.02976
SELECTIVE INDEX SELECTIVE INDEX SELECTIVE INDEX
(p-value) (p-value) (p-value)
COMPARISON
Tembotrione : 2.94757 2.04389
Topramezone (<0.00) 1 (0.0049)
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Appendix A

ED50 with MSO

Table A.5
2-t03- LEAF GIANT FOXTAIL
Sulfonylurea Herbicides
HERBICIDE ED50 with NIS ED50 with COC
Foramsulfuron 0.046942 0.050127
Nicosulfuron 0.031692 0.050127

SELECTIVE INDEX

SELECTIVE INDEX

0.22273
0.050127

SELECTIVE INDEX

(p-value) (p-value) (p-value)
COMPARISON
Foramsulfuron : 1.4812 1.3137
Nicosulfuron (0.0043) 1 (0.7127)
HPPD-Inhibiting Herbicides
HERBICIDE ED50 with NIS ED50 with COC ED50 with MSO
Tembotrione 0.230589 0.116293 0.113846
Topramezone 0.063216 0.074973 0.026809
SELECTIVE INDEX SELECTIVE INDEX SELECTIVE INDEX
(p-value) (p-value) (p-value)
COMPARISON
Tembotrione : 3.64764 1.55113 4.24647
Topramezone (<0.00) (0.0025) (<0.00)
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ED50 with MSO

Table A.6
4- TO 6- LEAF GIANT FOXTAIL
Sulfonylurea Herbicides
HERBICIDE ED50 with NIS ED50 with COC
Foramsulfuron 0.92478 0.061252
Nicosulfuron 0.92478 0.061252

SELECTIVE INDEX

SELECTIVE INDEX

0.032374
0.003762

SELECTIVE INDEX

(p-value) (p-value) (p-value)
COMPARISON
Foramsulfuron : 8.60475
Nicosulfuron 1 1 (0.8424)
HPPD-Inhibiting Herbicides
HERBICIDE ED50 with NIS ED50 with COC ED50 with MSO
Tembotrione 0.12456 0.087562 0.036174
Mesotrione 0.75907 0.663835 0.287907
Topramezone 0.26436 0.485512 0.139157
SELECTIVE INDEX SELECTIVE INDEX SELECTIVE INDEX
(p-value) (p-value) (p-value)
COMPARISON
Tembotrione : 0.1641 0.131903 0.125646
Mesotrione (<0.00) (<0.00) (<0.00)
Tembotrione : 0.471181 0.180349 0.259954
Topramezone (<0.00) (<0.00) (<0.00)
Mesotrione : 2.871314 1.367289 2.068939
Topramezone (0.1451) (0.4266) (0.0533)
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Table A.7
2-TO 3- LEAF SHATTERCANE
Sulfonylurea Herbicides
HERBICIDE ED50 with NIS ED50 with COC
Foramsulfuron 0.050127 0.028336
Nicosulfuron 0.050127 0.022005

SELECTIVE INDEX SELECTIVE INDEX

(p-value) (p-value)
COMPARISON
Foramsulfuron : 1,28766
Nicosulfuron 1 (0.0214)
HPPD-Inhibiting Herbicides
HERBICIDE ED50 with NIS ED50 with COC ED50 with MSO
Tembotrione 0.036835 0.028332 0.020095
Mesotrione 0.393514 0.247926 0.18061
Topramezone 0.238211 0.269107 0.136707
SELECTIVE INDEX SELECTIVE INDEX SELECTIVE INDEX
(p-value) (p-value) (p-value)
COMPARISON
Tembotrione : 0.093604 0.114275 0.111261
Mesotrione (<0.00) (<0.00) (<0.00)
Tembotrione : 0.15463 0.105281 0.146992
Topramezone (<0.00) (<0.00) (<0.00)
Mesotrione : 1.651953 0.92129 1.321147
Topramezone (0.0356) (0.6335) (0.1404)
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ED50 with MSO

Table A.8
4-TO 6- LEAF SHATTERCANE
Sulfonylurea Herbicides
HERBICIDE ED50 with NIS ED50 with COC
Foramsulfuron 0.059193 0.044556
Nicosulfuron 0.059193 0.044556

SELECTIVE INDEX

SELECTIVE INDEX

0.543118
0.048583

SELECTIVE INDEX

(p-value) (p-value) (p-value)
COMPARISON
Foramsulfuron : 11.17914
Nicosulfuron 1 1 (0.9762)
\ HPPD-Inhibiting Herbicides
HERBICIDE ED50 with NIS ED50 with COC ED50 with MSO
Tembotrione 0.238182 0.1947 0.106304
Mesotrione 0.301356 0.16233 0.125287
Topramezone 0.096297 0.10547 0.064453
SELECTIVE INDEX SELECTIVE INDEX SELECTIVE INDEX
(p-value) (p-value) (p-value)
COMPARISON
Tembotrione : 0.79037 1.19934 0.84849
Mesotrione (0.6633) (0.7755) (0.7661)
Tembotrione : 2.4734 1.84605 1.64933
Topramezone (0.1936) (0.411) (0.4798)
Mesotrione : 3.12943 1.53922 1.94384
Topramezone (0.2676) (0.471) (0.3295)
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TREATMENT

Appendix A

Table A.9
Foramsulfuron alone and in tank-mixtures with tetribae

ED50 with COC

ED50 with MSO

Foramsulfuron

Foramsulfuron +
Tembotrione™

Foramsulfuron +
Tembotrione™

COMPARISON

0.04273

0.04273

0.04273

SELECTIVE INDEX
(p-value)

0.010138

0.010138

0.010138

SELECTIVE INDEX
(p-value)

Foramsulfuron :
Foramsulfuron +
Tembotrione?

Foramsulfuron :
Foramsulfuron +
Tembotrione®

Foramsulfuron +
Tembotrione? :

Foramsulfuron +
Tembotrione®

13 Tembotrione at 23 g ai’ha
4 Tembotrione at 92 g ai’ha
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Table A.10

2-t03- LEAF FALL PANICUM

Nicosulfuron alone and in tank-mixtures with tentbmte

TREATMENT

ED50 with COC

ED50 with MSO

Nicosulfuron

Nicosulfuron +
Tembotrione™

Nicosulfuron +
Tembotrione™®

COMPARISON

0.025639

0.025639

0.025639

SELECTIVE INDEX
(p-value)

0.010995

0.010995

0.010995

SELECTIVE INDEX
(p-value)

Nicosulfuron :
Nicosulfuron +
Tembotrione®

Nicosulfuron :
Nicosulfuron +
Tembotrione®

Nicosulfuron +
Tembotrione® :

Nicosulfuron +
Tembotrione®

15 Tembotrione at 23 g ai’ha
18 Tembotrione at 92 g ai’ha
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Table B.1

Tembotrione Tank-Mixed with Atrazine or Nicosulfurand Atrazine

TREATMENT

Rates

Nontreated

Tembotrione

Crop Oil Concentrate
28% UAN
Tembotrione
Atrazine

Crop Oil Concentrate
28% UAN
Tembotrione
Nicosulfuron

Crop Oil Concentrate
28% UAN
Tembotrione
Nicosulfuron
Atrazine

Crop Oil Concentrate
28% UAN
Tembotrione
Methylated Seed Oil
28% UAN
Tembotrione
Atrazine

Methylated Seed Oil
28% UAN
Tembotrione
Nicosulfuron
Methylated Seed Oil
28% UAN
Tembotrione
Nicosulfuron
Atrazine

Methylated Seed Oil
28% UAN
Tembotrione

Crop Oil Concentrate
28% UAN
Tembotrione
Atrazine

Crop Oil Concentrate
28% UAN
Tembotrione
Nicosulfuron

Crop Oil Concentrate
28% UAN
Tembotrione
Nicosulfuron
Atrazine

Crop Oil Concentrate
28% UAN
Tembotrione
Methylated Seed Oil
28% UAN
Tembotrione
Atrazine

Methylated Seed Oil
28% UAN
Tembotrione
Nicosulfuron
Methylated Seed Oil
28% UAN
Tembotrione
Nicosulfuron
Atrazine

Methylated Seed Oil
28% UAN

92 g ai/ha
1% viv
2.5% viv
92 g ai’/ha
560 g ai’ha
1% viv
2.5% viv
92 g ai/ha
13 g ai’/ha
1% viv
2.5% viv
92 g ai’ha
13 g ai’/ha
560 g ai’ha
1% viv
2.5% viv
92 g ai/ha
1% viv
2.5% viv
92 g ai’/ha
560 g ai’ha
1% viv
2.5% viv
92 g ai’ha
13 g ai’/ha
1% viv
2.5% viv
92 g ai’/ha
13 g ai’/ha
560 g ai’ha
1% viv
2.5% viv
61 g ai’/ha
1% viv
2.5% viv
61 g ai’/ha
560 g ai’ha
1% viv
2.5% viv
61 g ai’/ha
13 g ai’/ha
1% viv
2.5% viv
61 g ai’/ha
13 g ai’lha
560 g ai’ha
1% viv
2.5% viv
61 g ai’/ha
1% viv
2.5% viv
61 g ai’/ha
560 g ai’ha
1% viv
2.5% viv
61 g ai’/ha
13 g ai’lha
1% viv
2.5% viv
61 g ai’/ha
13 g ai’lha
560 g ai’ha
1% viv
2.5% viv
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Appendix B

Table B.2

Tembotrione Tank-Mixed with Sulfonylurea Herbicides

TREATMENT

Rates

Nontreated

Tembotrione

Crop Oil Concentrate
28% UAN
Tembotrione
Nicosulfuron

Crop Oil Concentrate
28% UAN
Tembotrione
Nicosulfuron

Crop Oil Concentrate
28% UAN
Tembotrione
Nicosulfuron

Crop Oil Concentrate
28% UAN
Tembotrione
Nicosulfuron

Crop Oil Concentrate
28% UAN
Tembotrione
Foramsulfuron

Crop Oil Concentrate
28% UAN
Tembotrione
Foramsulfuron

Crop Oil Concentrate
28% UAN
Tembotrione
Foramsulfuron

Crop Oil Concentrate
28% UAN
Tembotrione
Foramsulfuron

Crop Oil Concentrate
28% UAN
Tembotrione
Methylated Seed Oil
28% UAN
Tembotrione
Nicosulfuron
Methylated Seed Oil
28% UAN
Tembotrione
Nicosulfuron
Methylated Seed Oil
28% UAN
Tembotrione
Nicosulfuron
Methylated Seed Oil
28% UAN
Tembotrione
Nicosulfuron
Methylated Seed Oil
28% UAN
Tembotrione
Foramsulfuron
Methylated Seed Oil
28% UAN
Tembotrione
Foramsulfuron
Methylated Seed Oil
28% UAN
Tembotrione
Foramsulfuron
Methylated Seed Oil
28% UAN
Tembotrione
Foramsulfuron
Methylated Seed Oil
28% UAN

92 g ai/ha
1% viv
2.5% viv
92 g ai/ha
6.5 g ai’/ha
1% viv
2.5% viv
92 g ai/ha
13 g ai’/ha
1% viv
2.5% viv
92 g ai/ha
19.5 g aitha
1% viv
2.5% viv
92 g ai’/ha
26 g ai’ha
1% viv
2.5% viv
92 g ai’ha
9.3 g ai’lha
1% viv
2.5% viv
92 g ai’/ha
18.5 g aitha
1% viv
2.5% viv
92 g ai/ha
27.8 g ailha
1% viv
2.5 % viv
92 g ai/ha
37 g ai/ha
1% viv
2.5% viv
92 g ai’/ha
1% viv
2.5% viv
92 g ai’/ha
6.5 g ai’/ha
1% viv
2.5% viv
92 g ai’/ha
13 g ai’/ha
1% viv
2.5% viv
92 g ai’/ha
19.5 g aitha
1% viv
2.5% viv
92 g ai’/ha
26 g ai’ha
1% viv
2.5% viv
92 g ai/ha
9.3 g ai’lha
1% viv
2.5% viv
92 g ai’/ha
18.5 g aitha
1% viv
2.5% viv
92 g ai’/ha
27.8 g ai’lha
1% viv
2.5%viv
92 g ai’/ha
37 g ailha
1% viv
2.5% viv
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Table B.3
Fall Panicum Control 14 Days After Application Examining Adjuvant, Tank-

Mix Partner, and Tank-Mix Partner Ratewith Tembotrione

Adjuvant Tank-Mix Tank-Mix  Mearf  Significance
Partner Partner Rate (%) leveP
MSO Nicosulfuron 1X 86 a
MSO Foramsulfuron 0.75X 85 ab
MSO Nicosulfuron 0.75X 85 ab
MSO Foramsulfuron 1X 85 ab
CocC Nicosulfuron 1X 82 abc
MSO Foramsulfuron 0.5X 82 abcd
MSO Nicosulfuron 0.5X 81 abcd
CocC Foramsulfuron 0.75X 79 bcde
CocC Foramsulfuron 1X 79 bcde
MSO Foramsulfuron 0.25X 77 dce
MSO Nicosulfuron 0.25X 77 dce
CocC Nicosulfuron 0.75X 75 de
CocC Nicosulfuron 0.5X 73 ef
cocC Nicosulfuron 0.25X 66 fg
cocC Foramsulfuron 0.5X 65 g
CocC Foramsulfuron 0.25X 40 h
COocC None N/A 4 [
MSO None N/A 2 i

@Fall Panicum was visually rated for overall injuny a scale of 0 to 100, with 0 being no
control and 100 being complete death.
P Means within a column followed by the same lettemot differ significantly according

to Fisher’s protected LSD,$0.05.
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Table B.4
Fall Panicum Control 14 Days After Treatment Examining the Influence of

Nicosulfuron and/or Atrazinewith Tembotrione

Tank-Mix Mearf  Significance

Partner (%) levef
Nicosulfuron 80 A
Nicosulfuron 79 A

& Atrazine
Tembotrione 3 B
Alone
Atrazine 2 B

&Fall Panicum was visually rated for overall injuny a scale of 0 to 100, with 0 being no
control and 100 being complete death.
P Means within a column followed by the same lettemot differ significantly according

to Fisher’s protected LSD,$0.05.
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