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INTRODUCTION

This thesis is a manuscript to be submitted for publication in Weed Technalogy

Weed Science Society of America publication.



WINTER CROP ROTATION WITH HERBICIDES TO
CONTROL FERAL RYE $ECALE CEREALE)
AND ITALIAN RYEGRASS (LOLIUM

PERENNE SSP MULTIFLORUM)



Winter Crop Rotation and Herbicidesto Control Feral Rye (Secale cereale) and

Italian Ryegrass (Lolium perenne ssp. multiflorum).

Joshua A. Bushorfg

Limited control options and herbicide resistance have increased ferald yialaan
ryegrass infestations in winter wheat in Oklahoma. A rotation with wiatesla would
increase control options. Field experiments were established in the fall cht2foQir
sites in Oklahoma to evaluate herbicide programs for controlling these asgegrin
continuous winter wheat and in a winter wheat—winter canola rotationorsaatiude
the herbicide treatment applied to wheat in year one (untreated, imazamoRA;, KIC
pinoxaden) and the crop-herbicide combination the second year. Crop-herbicide
combinations in year two included a second year of wheat with the same herbicide
treatments as the first year or winter canola with eight herbicideneeés. All
herbicides were applied at labelled rates with appropriate additivesd tiéasities were
determined prior to planting a crop the third year. Pinoxaden reduced Italipasye

seed in harvested wheat 88 to 100% and reduced harvested feral rye seed only 18% at
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two sites with no reduction at two sites the first crop year. Imazamo&RAteduced
Italian ryegrass seed in harvested wheat 38 to 65% at three ititesweduction at one
site and reduced feral rye seed 96% at two sites and 58% at two sfiest tfear.
Imazamox + MCPA increased wheat yields 21 to 34%. Pinoxaden increas&d whe
yields 14% pooled over three sites but did not affect yield at one site. &ysparse in
all treatments the second year. lItalian ryegrass control in treatmiémtsontinuous
wheat was higher with any pinoxaden treatment applied one or both yearstthanywi
imazamox + MCPA treatment. Italian ryegrass control with imazamdCPA was
inconsistent across locations. All of the herbicide treatments in wimelacaxcept
trifluralin PPI without a sequential POST treatment controlled Italiagrass
comparable to pinoxaden applied to wheat. Italian ryegrass densitiesvaftgops with
herbicide applied were greatly reduced but the weed was not completehaédidn
Nomenclature: Clethodim; glyphosate; imazamox; MCPA; pinoxaden; quizalofop;
trifluralin; feral rye,Secale cereale L. #* SECCE; ltalian ryegraskplium perenne L. ssp.
multiflorum (Lam.) Husnot # LOLMU; canold@rassica napus L. ‘DKW 41-10’; wheat,
Triticum aestivum L., ‘Centerfield’.

Key words: winter wheat, winter canola, wheat-canola rotation, SECCE, LOLMU.

3Letters following this symbol are WSSA-approved computer codes from Composite

List of Weeds, Revised 2010. Available from WSSA.



I ntroduction

Winter wheat production in the southern Great Plains has become increasingly
difficult due to infestations of winter annual grasses (Barnes, et al. 20019ufzalyi
Italian ryegrass and feral rye. Italian ryegrass has become anamipeeged in winter
wheat throughout several regions of the United States (Appleby et al. 1976r €twadle
2007). In Oklahoma much of the winter wheat production is managed within a
continuous wheat system with no crop rotation. Herbicides applied to continuous wheat
are inconsistent in their effects on Italian ryegrass densities in tbeifay wheat crop
(Trusler et al. 2007); thus, annual herbicide applications are often required tgentiaisa
weed. Wheat fields severely infested with Italian ryegrassfeae abandoned from
small grain production (Ritter and Menbere 2002).

Italian ryegrass is very competitive with wheat and late matuongpered to
wheat (Appleby et al. 1976; Liebl and Worsham 1987). Effective Italiagraige control
is critical for wheat production because of its strong ability to convaitbewheat
(Hoskins et al. 2005). In Oklahoma, ltalian ryegrass at 30 and 158 plaresimed
wheat yield by 16 and 20% indicating that yield loss increased at a sldeat ra
densities greater than 30 plantéfiman densities increasing from 0 to 30 plant§fast
et al. 2009). Italian ryegrass also causes wheat lodging and congplitetat harvesting
by maturing latter than wheat (Ritter and Menbere 2002).

In the Pacific Northwest Italian ryegrass densities of 29 to 118 plargdinced
wheat yield 7 to 50% (Appleby et al. 1976). In North Carolina, Italian ryegrdgsee
wheat yields 4.2% for every 10 Italian ryegrass plants/m (Liebel and Work9a7).

Herbicides registered or in development for selective Italian ryegosssol in wheat



failed to provide consistent control which limited control options for wheatenow
(Barnes et al. 2001).

Conventional methods for Italian ryegrass suppression include tillage before
seeding wheat and application of various herbicides (Justice et al. 1994; Knife pad Pee
1991). Efforts to control Italian ryegrass in Oklahoma wheat have faile@vergrthe
continuing spread of this species. Such efforts may have been limiteel teyatively
high cost of herbicide application relative to the value of the wheat crguabing
restrictions on herbicide labels, by wheat growers deciding to use infestsddie
grazing rather than for grain production, and by inconsistent control with ltEdici
(Trusler et al. 2001).

Feral rye has remained a difficult weed to control in winter wheat in Oklaho
Its growth habit is very similar to winter wheat. Rye can be defisedaop or a weed.

As a crop, cereal rye can be used for grain, forage, hay, green manure, Overscaop

(Sattell et al. 1998). Rye typically isn’'t seeded in many areas whezatus grown due

to its aggressiveness and ability to out compete other small grains (Leonararind M

1963; White et al. 2006). When rye becomes undomesticated or able to reproduce on its
own without dependence on managed cultivation it becomes known as feral rye (Gressel
2005; White et al. 2006). Feral rye can decrease the value of a wheat crop threctgh dir
competition with wheat and by decreasing wheat quality. Since rye has vigorlgus ea
growth it limits early growth of wheat and ultimately thins the whesatds

Rye seed contamination in harvested wheat is considered foreign matecial whi
results in greater price reductions than dockage in wheat because fifeult th

remove from the wheat (White et al. 2006). When feral rye seed content exceeds 5% the



wheat grain grade is reduced to mixed grain, which can decrease graingmsiderably
(USDA, GIPSA 2006). Feral rye seed content in harvested wheat limeaepased price
discounts 9 to 368 c/hl as feral rye density increased from 0 to 80 plants/m (FFast et a
2009). Thus, interference from rye in wheat can be very detrimental to whett profi

There are multiple cultural methods one can use to suppress feral rye. These
include decreased wheat row spacing, increased crop plant density (Roakr2@lt),
delayed crop planting, and banding nitrogen fertilizer in the crop row (MesbaWikerd
1999). Decreased row spacing to at least 20 cm and increased seeding hatat abw
reduce interference from rye and increase wheat yield (Roberts et al. 2et@ver,
none of these cultural control methods reportedly provided adequate feral mg. cont
Variation in spike height, seed shatter, lodging, and seed weight incrieasggportunity
for rye populations to evade most cultural control practices (Peeper @08h)2

Glyphosate at a 33% solution concentration can be applied with a ropewick
applicator once rye becomes 25 to 30 cm taller than the wheat canopy (Lyon and Klein
2007). However, it can be difficult to avoid wheat injury and this system does not
provide early-season control, which is typically essential to avoid yielddoss

Mesbah and Miller (1999) reported that because competition among weeds and
crops is not independent of competition for other resources, the ability of wintdrtavhea
accumulate and utilize available nutrients better than rye can also paovatk/antage in
competition for water and light than rye.

The only selective herbicide for feral rye control in wheat requires the ase of
Clearfield® production system. This program combines the use of imazaithox w

winter wheat cultivar containing a gene that confers tolerance, but reitnes, to this



herbicide (Lyon and Klein 2007). Imazamox is an ALS-inhibiting herbicide thahfge

to the imidazolinone chemical family and can persist in the soil with an aveedigife

of 20 to 30 days (Anonymous 2007). Imazamox controls several winter annual grass
species (Ball et al. 1999). In Colorado, imazamox treatments applied irfatiatbte

fall, and spring controlled feral rye 96, 57, and 45% (Pester et al. 2001). Widewuaria
in feral rye response to imazamox indicate that wheat producers should not expect
complete control of feral rye with this herbicide (Peeper et al. 2008b).

Monoculture intensifies a weed flora dominated by one or more adapted species
(Liebman and Dyck 1993). Repeated use of sulfonylurea and ACCase inhibitor herbicide
groups has led to widespread resistance in Italian ryegrass (Andeds8iteaka 1994;
Peeper et al. 2008). In order to delay the onset of herbicide resistancdrdetield with
imazamox should not be treated during the same season with another ALSxinhibit
herbicide (Lyon and Klein 2007).

Herbicide resistant Italian ryegrass is common in wheat fields iasT étkansas,
and Oklahoma (Peeper et al. 2008a). Some ALS-inhibiting herbicides can be used as
alternatives to ACCase inhibiting herbicides, but are less consistertan rgegrass
control (Hoskins et al. 2005). Diclofop, an ACCase inhibitor, is one of several herbicides
used to control Italian ryegrass in winter wheat in the Southern Great Hlaiske( et al.
2007). Diclofop has been used continuously in many parts of southeastern United States
since commercialization in the early 1980’s (Clemmer et al. 2004). Butnltgkgrass
has become resistant to diclofop and certain other ACCase inhibitors in ra@sy st

throughout the U.S. (Heap 2010).



Cross-resistance refers to the resistance of an individual or a population to
multiple herbicides because of a single resistance mechanism, whetggkem
resistance involves at least two resistance mechanisms (Kuk et al. 20083. Cr
resistance is typically within herbicide families and multiple restgtdetween herbicide
families. In France, a diclofop-resistant Italian ryegrass pefyom a field treated with
diclofop for several years could still be controlled at regular use ratelsesfACCase-
inhibiting herbicides, including quizalofop (Prado et al. 2000). But, in Arkansas, cross
resistance to diclofop and pinoxaden has been reported but not cross resistance to
diclofop and clethodim or sethoxydim (Kuk et al. 2008).

Since pinoxaden is a relatively new ACCase-inhibiting herbicide, thelactua
binding site has yet to be identified which may be different than other AGQlabéing
herbicides like diclofop (AOPPSs) or clethodim (CHDs) (Kuk et al. 2008). Thus, itéshoul
not be heavily relied upon because resistance may soon follow.

Italian ryegrass has been reported to have multiple resistance to AGhiager
and ALS inhibitor herbicide classes in Arkansas and Idaho (Heap 2010). Lack of
herbicide rotation has accelerated Italian ryegrass resistance itheeréliance on one
class of herbicides. Once the option to use ACCase herbicides for Italimasyeontrol
in wheat is removed, resistance pressure is added to the only other option, ASIn@mhibit
herbicides. Developing additional control options will be essential foridglay
resistance or multiple resistance.

A cultural control practice that could be utilized to help manage winter annual
weeds and herbicide resistance would be a crop rotation that would permit tdie use

additional herbicide modes-of-action instead of monoculture continuous wheat.



Including a summer annual crop into a rotation can be a successful strategyge mana
winter annual grass weeds (Lyon and Baltensperger 1995). A 3-year rotatibaatf w
every third year with either fallow or a summer crop in between allowedgh time
between wheat crops to control feral rye and other winter annual grasses (Bawgovi
al. 1999).

A winter crop rotation with canola and wheat has the potential to be more
profitable than continuous wheat in Oklahoma. A rotation of winter canola followed by
two years of dual-purpose wheat generates more expected net returns thgedised
continuous dual purpose wheat. (DeVuyst et al. 2009).

Careful herbicide and crop selection can be major factors that influercessf
a crop rotation. Imazamox + MCPAas an 18 month plant-back restriction for non-
Clearfield® canola cultivars in the eastern U.S. (including the majoii©klahoma) and
a 26 month restriction in the western U.S. (Anonymous, 2006). Although this experiment
includes a rotation to winter canola 6 months following an imazamox+MGCda#ient,
this rotation is not in accordance with the product label.

Winter canola varieties include conventional and herbicide resistant csiltivar
Selective herbicides for winter annual grass control in conventional canaldencl
trifluralin® incorporated before planting or clethodjmethoxydim, and quizalofop
applied postemergence (Grey et al. 2006). Another option for broad-spectrdm wee
control in winter canola in the Southern Great Plains is glypHosatembination with a
glyphosate-resistant canola variety. This herbicide can be used to catimal fgyegrass
and many other weed species, which offers tremendous advantages compared to other

herbicides used in canola production (Grey et al. 2006).
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Trifluralin is a dinitroaniline herbicide and its mechanism of action is inbibuf
the microtubule protein tubulin (Anonymous 2007). Since this herbicide belongs to a
different herbicide family than herbicides commonly used in wheatntakes it a good
option for rotating herbicide modes of action. Trifluralin application rateswhysoil
texture, soil organic matter, and by crop (Kirkland 1996). Trifluralin must be
incorporated in order to prevent lose due to exposure of UV light and vaporizatisn. |
relatively immobile in the soil and remained in the top 20 cm of the soil for up to 5
months in two soils in Tennessee (Dueseja and Holmes 1978).

The objective of this research was to determine whether a winter craprrotat
including winter wheat and winter canola with herbicide treatments regyidiar rye
and/or Italian ryegrass control was more effective in reducing thassygweeds than

repeated use of herbicides in continuous winter wheat.

Materials and Methods

In mid-November 2007 an experiment was initiated to evaluate a crop rotation
with registered herbicides for managing Italian ryegrass andrierah fields
traditionally seeded to winter wheat. Four experiments were establisB&thhoma
State University’s North Central (Site 1), Stillwater (Site 2in&ron Valley (Site 3),
and South Central (Site 4) Research Stations. Soil information for eachisite i
Appendix A.

The experimental design was a randomized complete block with a factoria
arrangement of treatments with an added check. Factors consisted of thel@erbici

treatment applied to winter wheat the first growing season and the hettricmle
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combination used the second growing season. The added check was seeded to wheat
each year with no herbicide applied.

All sites had been previously managed as conventionally tilled continuous wheat.
Sites 2 and 3 had natural infestations of ryegrass, but all four sites were a&@ce
mixture of rye (variety not stated), Italian ryegrass cv ‘Marshal’, antewwheat cv
‘Centerfield’ on November 10 £ 3 days, 2007 at 17, 11, and 67 kg/ha respectively. A
preplant fertilizer was applied and incorporated prior to planting. The seedaméedpl
into well tilled soil using a conventional grain drill with 18 cm row spacing. Rignt
dates and dates for all other field activities are in Appendix B.

In early February 2008 rye, Italian ryegrass, and volunteer wheat swareed in
10 randomly selected rows 1 m long at sites 1 and 2 to determine establishmeieisdensit
At Site 1 rye, Italian ryegrass, and wheat averaged 19, 34, and 114 pkmdsBie 2
averaged 17, 34, 119 plants/m, respectively.

Treatments applied in late March, 2008 to wheat with 3- to 4-tillers per plant
(Table 1) were imazamox + MCP#at 35 g ai/ha + 70 g ae/ha with nonionic surfactant at
0.25 %v/v and spray grade ammonium sulfate at 18 g/L of spray solution, pinéeden
60 g ai/ha, and an untreated check (Table 2). In all tables containing imazai@RA
treatments, MCPA rates are actually in g ae/ha not g ai/ha. All lierbiwere applied at
rates recommended for use on wheat (Anonymous 2010). Herbicide treatments wer
applied to the wheat with a GOpressurized backpack sprayer delivering 140 L/ha at
235 kPa. Rye and Italian ryegrass growth stages at the time of herbiciidatagn are

in Table 1.
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In mid-May 2008, rye heads were counted in one m of row from two rows of all
plots. All plots were harvested in late June 2008 using a small plot combine with a 1.5-m
wide header. The combine was adjusted to collect the majority of the ryeegnassy
with the wheat. The remaining grain was then harvested from each plot using a
conventional combine with a 2.1 m wide header which was driven down the center of
each plot to minimize contamination between plots. The second combine was also
adjusted to maximize collection of rye and ryegrass seed with the whelab dblected
the straw discharged from the plot combine and redistributed it evenly acrosstshe pl

Seed volume weight and moisture content were determined on each harvested
sample using standard procedures. Rye and Italian ryegrass seed contestimated
by hand removing that seed from a 25g subsample of harvested grain from each plot.
Wheat yields were then corrected for rye and ryegrass seed content aretladjag
percent seed moisture content.

Rye head density in May 2008, wheat yield in June 2008, and weed seed content
of the harvested wheat data were analyzed as a randomized complete idk wit
subsamples of each treatment from each replication.

In late July 2008, glyphosate at 3.1 kg/ha with spray grade ammonium sulfate
(NH4SOy) at 20.4 g/L of spray solution was applied to the wheat stubble using a tractor
mounted sprayer with a PTO driven pump that delivered 187 L/ha spray solution. In late
August, 2008, a heavy tandem disc was used to till the soil. Each plot was disced twice
in opposite directions within the width of each plot to minimize soil movement between

plots.
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All plots were fertilized preplant with a 14-11-11-3 (N-P-K-S) fertilindnich
supplied one third of the total N required for a 2800 kg/ha canola yield goalg@hdn
Raun 2004) and total recommended P, K, and S as per soil test recommendations. The
wheat and canola were topdressed on January 9 £ 3 days, 2009 with urea fertilizer to
supply the other two thirds of the recommended total N.

Year two treatments included winter canola as the crop with eight herbicide
treatments or winter wheat with two herbicide treatments (Table 7). Gropnaentrate
at 1 %v/v was added to clethodim and quizalofop treatments.

On September 26 + 5 days, 2008, PPI treatments were applied to appropriate
canola plots and incorporated within 30 min with one pass of an s-tine field cultivator
operated 3- to 5-cm deep. All plots were tilled with this cultivator as agneplant
tilage. The PPI treatments were not applied at site 2.

Winter canola cv. ‘DKW 41-10’ and wheat cv. ‘Centerfield’ were seededmithi
day after application of PPI treatments with a small grain drill at 67 and /é. kg

The fall POST herbicide treatments were applied on November 18 £ 6 days, 2008
using methods previously described except that carrier volume was 187 L/hamentsa
were applied to 5- to 9-tiller wheat, 5- to 7-leaf canola, and 2- to 3-yigrass.

Italian ryegrass, rye, and volunteer wheat densities were determined3G8aysl
after seeding in each of the four checks in the second year to evaluatedtseoéfjear
one treatments on weed density in the succeeding crop (Table 6).

The spring POST herbicide treatments were applied to canola ifellateary,

2009 using methods previously described. Ryegrass control was visually estimate

mid January and late May, 2009.
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The canola and wheat were harvested with small plot combines in mid-June,
2009. The combines were set to collect Italian ryegrass seed with taeavitanola
seed. The harvested samples were weighed, scalped using a smalldahsaed
cleaner, and reweighed. The seed cleaner removed wheat straw, chedfialadood
fragments. Data from the harvested samples were collected using neaatdods
equipment previously described, except that the canola yields were adjusted to 10%
moisture. The crop plants remaining along plot edges were removed usigera la
combine in the same manner as used the previous year.

Wheat seed volume weight, moisture content, and yield data collected in June
2009 from plots seeded to wheat both years were analyzed as a 3 (herbicientseat
the first year) by 2 (herbicide treatment the second year) falctath an added check.
Canola seed volume weight, moisture content, and yield data collected in June 2009 from
plots seeded to wheat the first year and canola the second were analy&:dya8
factorial, where the factors were herbicide treatments applied is gaa and two.

The plots were tilled twice in opposite directions using a tandem disc in early Jul
2009. In early August 2009, glyphosate at 0.8 kg ai’/ha was applied to control summer
weeds using the same methods as the glyphosate application the previodshggalots
were tilled twice again with the same disc in mid-August. 2009. Italiegrags plants
were counted in 0.5 frof each plot in late September, 2009.

Visual estimates of Italian ryegrass control (Table 7), harvestéahltglegrass
seed (Table 10), and late September 2009 Italian ryegrass density (Tablellgreéa
analyzed as a 3 by 10 factorial with the continuous wheat check removed. Faaitors ag

were herbicide treatment applied the first year and herbicide-crop cdiabgsthe
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second year. Visual estimates of Italian ryegrass data wene sgosre root
transformed prior to analysis. Harvested Italian ryegrass anditgbgrass density data
were square root transformed prior to analysis. Original data are gesatit means
separation from the transformed data.

All data were subjected to ANOVA and means were separated using$ishe
Protected LSD range tests (P = 0.05). Data were pooled (P > 0.05) acsaadite

treatment factors whenever possible. SAS'%as used for data analysis.

Results and Discussion

Effects of first year treatments. Rye heads in mature wheat at site 1 were reduced
(P=0.0043) by pinoxaden 18% and by imazamox + MCPA 98% (Table 2). Pinoxaden is
not registered for rye control (Anonymous 2008). Thus, these results were not
unexpected. Pooled across Sites 2, 3, and 4, imazamox + MCPA reduced (P = 0.0002)
rye heads 59% and pinoxaden did not reduce rye head density.

Pinoxaden and imazamox + MCPA increased (P = 0.0006) wheat grain yield 14%
and 21% pooled across Sites 1, 2, and 3 (P = 0.35) where rye and ryegrass densities wer
18 and 34 plants/m Imazamox + MCPA increased wheat yield 37% at Site 4 (P = 0.02)
whereas pinoxaden did not increase yield at this Site (Table 3).

Pinoxaden did not reduce feral rye seed content in wheat harvested in June 2008
at any Site (Table 4). Imazamox + MCPA reduced (P < 0.0001) feral rye seeat tynte
96% pooled across Sites 1 and 4 and 58% pooled across Sites 2 and 3. Inconsistent rye
control among the four Sites with imazamox + MCPA may have been influenced by

application timing. The imazamox + MCPA label recommends that application should

16



be made prior to first tiller formation for optimum control (Anonymous 2006). Growth
stages of rye were 3 to 6.5 tillers at application (Table 1). Since tred wrio@ was
seeded in November POST application of the treatments was delayed umgivsipen

the plants started to actively grow again.

Pinoxaden reduced Italian ryegrass seed content in harvested wheat 88 (P =
0.0008), 90 (P = 0.0057), 92 (P = 0.0001), and 100% (P = 0.0332) at Sites 1, 2, 3 and 4,
respectively. Imazamox + MCPA reduced Italian ryegrass seed contenvested
wheat 38, 65, and 47% at Sites 1, 2, and 3, but an anticipated reduction in Italian ryegrass
content at Site 4 could not be confirmed because of the large CV in the data (Table 5)
Clemmer et al. (2004) found that imazamox controlled more Italian ryegrass when
applied in the fall or sequentially in the fall and spring than applied only in thgspri
which he achieved highly variable spring Italian ryegrass control of 9, 16, or 58%gam

3 Sites.

In plots that received no herbicide treatment in the preceding wheat crigp, Ital
ryegrass, rye, or volunteer wheat densities at 68 + 13 days after seedilagaramheat
on September 27 = 4 days 2008, were unaffected by which crop had been seeded (Table
6). Pinoxaden and imazamox + MCPA applied to wheat in March 2008 reduced (P <
0.0001) Italian ryegrass densities in canola seeded in September 2008tes.all S
However, pinoxaden reduced Italian ryegrass 87 % and imazamox +MCPAdéduce

only 38%.

Rye densities were too sparse at all Sites to distinguish amongenggtime

second year. Much of the rye was collected by the plot harvester the dirstAlso, rye
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varies considerably in dormancy (Peeper 2008b) and the seed used may have been a
biotype with little dormancy. Volunteer wheat densities in the unsprayed caada

higher in the pinoxaden and imazamox + MCPA treatments than in the continuous wheat
with no herbicide check. This may have been due to the difficulty of distinguishing

between the wheat crop and volunteer wheat.

Effects of two years of treatment. Visual estimates of Italian ryegrass control from May

30 £ 2 days 2009 pooled across Sites 1, 2, and 4 (P = 0.4655). An interaction was found
between first and second year treatments in the Italian ryegrass cotdrat 8étes 1, 2,

and 4 (P < 0.0001) and at Site 3 (P =0.0002) (Table 7). First year pinoxaden treatments
controlled Italian ryegrass 8% more than imazamox + MCPA pooled acrosd S#te

and 4 (P < 0.0001) and 15% more than the untreated Site 3 (P = 0.0046) and pooled
across Sites 1, 2, and 4. All continuous wheat treatments that contained pinoxaden 1 or 2
yrs had higher control than any imaxamox + MCPA treatments that did not contain
pinoxaden either year. Pinoxaden treatments that were applied to continuous wheat
controlled Italian ryegrass at least 90% at Site 3 and 96% across Sitesd 42,

Pinoxaden applied in year one followed by any canola herbicide tneiaitmgear two,

except trifluralin, controlled Italian ryegrass at least 97%.

Neither 1 or 2 yrs of herbicide treatments affected harvested whesitingoi
content or yield in late June, 2009 (Table 8). Imazamox + MCPA applied to wheat the
second year with no herbicide treatment the previous year decreased (P = €e@tl13)
volume weight at Site 2. There were no herbicide treatment effects oncdeet:

weight at Sites 2 or 3.
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Canola harvest data in June 2009 pooled across the three treatments applied to
wheat in 2008 (Table 9). All herbicide treatments applied to the canola increaded se
volume weight compared to the untreated canola with no differences amorgdeerbi

treatments.

Canola herbicide treatment did not affect canola seed moisture content pooled
across Sites 1 and 4 (P = 0.0771) or at Site 2 (P = 0.1935). All three of thesedbites ha
low seed moisture content at harvest. At Site 3, all herbicide treatmentdappdanola
decreased canola moisture content compared to the untreated canola withreiceitfe
among herbicide treatments. The higher moisture content (P = 0.0127) of the untreated

treatment at Site 3 was attributed to its Italian ryegrass seedtonte

Canola seed yield data pooled across all Sites (P = 0.0652). All canola herbicide
treatments increased (P < 0.0001) canola seed yield compared to the untreated canola.
Trifluralin PP1 alone increased canola yield less than four other caadieide

treatments (Table 9).

Italian ryegrass seed that was removed from harvested wheat aralinahoie
2009 was reduced by all herbicide treatments. Data pooled (P = 0.8777) across Sites 1, 2,
and 4 and had a strong interaction (P < 0.0001) between main effects at all Sites.
Imazamox + MCPA applied without pinoxaden in either year or sequentiataipmhs
of imazamox + MCPA it did not reduce Italian ryegrass as well as mostrahscide
treatments. Trifluralin applied PPI to canola did not reduce lItalian ryeegeasl as well
as the other herbicide treatments. Quizalofop, clethodim, sequential applications of

glyphosate, and trifluralin followed by a POST treatment reduced ltgiemgrass seed as
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much as any continuous wheat treatment that had pinoxaden with the only exception

being quizalofop without a herbicide applied the previous year.

An interaction (P < 0.0001) was found in Italian ryegrass densities in September
2009 (Table 11). Italian ryegrass was reduced at all Sites (P = 0.997 3)enbatide
treatment combinations except imazamox + MCPA without pinoxaden in eitearye

the trifluralin PPI with no previous herbicide treatment.

Glyphosate controlled Italian ryegrass at least 76% in all treatraedtat least
84% in all treatments that had a herbicide the previous year. This is consitieBtey
et al. (2006), who reported that Italian ryegrass control exceeded 83 %lwith al

glyphosate treatments that were applied to 1- to 4- leaf canola.

No herbicide or crop and herbicide treatment reduced Italian ryegrassedens
more than 91% (Table 11). Thus, a third year of herbicide treatment would be

recommended to further suppress Italian ryegrass.
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Sources of Materials
! Clearmax™, BASF Corporation Agricultural Products, 26 Davis Drive, Research
Triangle Park, NC 27709.

2 Axial® XL, Syngenta Crop Protection, Inc.. P.O. Box 18300, Greensboro, NC
27419-8300

® Treflan® HFP, DOW AgroSciences LLC, Indianapolis, IN 46268.

“Select® 2 EC, Valent U.S.A Corporation, P.O. Box 8025, Walnut Creek CA 94596-
8025.

®> Assure® Il, E.I. du Pont de Nemours and Company, Wilmington, DE 19898.

® Roundup PowerMAX®, Monsanto Company, 800 N. Lindbergh Blvd. St. Louis,
MO 63167.

" SAS, version 9.2, SAS Institute Inc., SAS Campus Drive, Cary, NC 27513.
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Table 1. Growth stages when postemergence herbicide treatments were appliesites®

Application Plant species Site 1 Site 2 Site 3 Site 4
Spring 2008  wheat 2} 3T 4T 4T
rye 3T 3T 7T 4T
Italian ryegrass B 3T 3T 3T
Fall 2008 wheat g 5T 9T 6T
canola S 6L 7L 5L
Italian ryegrass I 2T 3T 3T
Spring 2009  canola 10 15D NA 25D

@Abbreviations: L, leaves per plant; T, tillers per plant; D, digmi& cm.
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Table 2. Effect of pinoxaden and imazamox + MCPA applied in late March, 2008 on rye head
density in winter wheat in mid May, 2008 at Site 1 and pooled across Sites 2, 3% and 4.

Treatment Rate Site 1 Sites 2, 3, and 4
g ai’ha no./nf

untreated 8@ 116a

pinoxaden 60 66 130a

imazamox + MCPA 35+70 e 47b

LSD (0.05) 11 15

CV (%) 40 61

#Means within each column followed by the same letter do not differ accdodifigher’s
Protected LSD test (P = 0.05).
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Table 3. Effect of pinoxaden and imazamox + MCPA applied in late March, 2008 on geldn y
of wheat that was infested with rye and Italian ryegrass and hatwestane, 2008, pooled over
Sites 1, 2, and 3 and at Sité 4.

Treatment Rate Sites 1,2, and 3 Site 4
g ai/ha kg/ha

untreated 1276 2010b

pinoxaden 60 1478 22600

imazamox + MCPA 35+ 70 16G0 3210a

LSD (0.05) 150 760

CV (%) 20 10

& Means within each column followed by the same letter do not differ accdadFigher's
Protected LSD test (P = 0.05).
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Table 4. Effect of pinoxaden and imazamox + MCPA applied in late March, 2008 omyeral
seed content vs. winter wheat harvested in June, 2008, pooled atzessSndicated”

Treatment Rate Sites 1 and 4 Sites 2 and 3
g ai/ha —_ % W/W

untreated 28 38a

pinoxaden 60 28 35a

imazamox + MCPA 35+ 70 d 16b

LSD (0.05) 2 7

CV (%) 11 21

& Abbreviations: % W/W, percent feral rye seed weight per harvestéuweight.
® Means within each column followed by the same letter do not differ angaliFisher’s
Protected LSD test (P = 0.05).
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Table 5. Effect of pinoxaden and imazamox + MCPA applied in late March, 2008 amitali
ryegrass seed content vs. winter wheat harvested in June, 2008 3ites®

Treatment Rate Site 1 Site 2 Site 3 Site 4
g ai’ha % W/W

untreated 0.26 0.81a 1.57a 0.05a

pinoxaden 60 0.08 0.08b 0.12c 0.00b

imazamox + MCPA 35+ 70 0.15 0.28b 0.83b 0.02ab

LSD (0.05) 0.08 0.35 0.33 0.04

CV (%) 29 52 22 82

& Abbreviations: % W/W, percent Italian ryegrass seed weight peestad/grain weight.
® Means within each column followed by the same letter do not differ angaliFisher’s
Protected LSD test (P = 0.05).
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Table 6. Mean weed densities 68 + 13 days after the second crop was seedrdtein treatments that did not receive an herbicide the
second crop yedt.

Italian ryegrass Rye Volunteer wheat
Crop rotation First crop treatment Rate Mean Sitel,3,and 4 Site 2 Mean
g ai/ha plants/m

wheat-wheat untreated 29 Oa 3a 20c
wheat-canola untreated 166 Oa 7a 30cb

pinoxaden 60 18 la 7a 78a

imazamox + MCPA 35+70 61b Oa 2a 54ab
ANOVA P value < 0.0001 0.4363 0.4991 0.0002
CV (%) 30 17 44 37

& Means within each column followed by the same letter do not differdingaio Fisher’s Protected LSD test (P = 0.05). Means were square
root transformed prior to analysis with actual data shown.
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Table 7. Visual estimates of Italian ryegrass control in late N9 following 2 yrs of treatment based on zero control in plots seeded to winte
wheat both yrs with no herbicid®®

Treatment applied to first crop

Treatment applied to second crop Sites 1, 2,and 4 Site 3
Crop Treatment Rate untreated pinoxaden imaz+MCPA untreatednoxagien imaz+MCPA
g ai/ha %

Wheat pinoxaden 60 97ab 9% 98a 96a-d 98&ab 97abc
imazamox + MCPA 35+70 72c 96ab 86 69hi 90a-e 56

Canola untreated 8e 70c 26d bk 69ghi 18
glyphosate 770 96ab 9% 96ab 8&-f 99ab 8efg
glyph. fb glyph. 770 fb 770 98a 9% 9% 9% 97abc 9&-d
quizalofop 77 89b 99 9lab 8alef 97abc 89-f
clethodim 105 93ab 9& 98a 87b-f 98ab 9-e
trifluralin 1120 66¢C 9lab 8t 75fgh 90b-f 76fgh
trifl. fb quiz. 1120 fb 77 97a 9% 9% 9% 9% 9%
trifl. fb cleth. 1120 fb 105 99a 9% 9% 96a-d 9% 95a-e

® Pinoxaden and imazamox + MCPA rates were the same each crop year.

® Abbreviations: imax+MCPA, imazamox + MCPA: glyph. fb glyph., glyphosate fatbtwy glyphosate; trifl. fb quiz., trifluralin followed by
quizalofop; trifl. fb cleth., trifluralin followed by clethodim.

¢ Means within each Site or pooled mean of Sites followed by the steredi@ not differ according to Fisher’s Protected LSD test QF05).
Means were arcsin square root transformed prior to analysis Wikl data shown.
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Table 8. Winter wheat seed volume weight, moisture content, and grain yield afwoums wheat plots in June, 2009 after 2 yrs of treatrfiént.

Seed volume weight Moisture content Yield
Crop 1 treatment Rate  Crop 2 treatment Rate Site 2 S#ed 83 Sites2and 3 Site 4 Sites 2 and 4 Site 3
g ai/ha g ai’/ha———— kag/hl % kg/ha———
untreated ---  untreated 45.2 63.0 17.3 8.0 590 1410
pinoxaden 60 68.8 74.0a 14.3a 8.6a 1020a 1890a
imaz+MCPA 35+70 59.b 73.1a 13.8a 8.9a 860a 1890a
pinoxaden 60 pinoxaden 60 7h4 73.3a 14.5a 8.9a 880a 1580a
imaz+MCPA 35+70 67.& 73.8a 13.4a 9.0a 920a 1740a
imaz+MCPA 35+ 70 pinoxaden 60 662D 74.2a 14.1a 8.5a 820a 1700a
imaz+MCPA 35+70 69.4 72.1a 13.8a 9.0a 990a 1740a
ANOVA P values
Crop 1 0.0144 0.6888 0.9455 0.9103 0.6942 0.1980
Crop 2 0.0355 0.4938 0.3766 0.1639 0.7904 0.5688
Crop 1 x Crop 2 0.0113 0.2480 0.4295 0.5235 0.3031 0.6545

#Wheat yield data were adjusted to 12% moisture content.
® Data for continuous untreated wheat were not included in theistdtanalyses.
¢ Abbreviations: imaz+MCPA, imazamox + MCPA

4 Means within each column followed by the same letter do not differ angamiiFisher’s Protected LSD test (P = 0.05).
®Main effects and interaction: Crop 1, treatment applied to thecfiop as main factor; Crop 2, treatment applied to the second cragras m

factor; Crop 1 x Crop 2, interaction.
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Table 9. Effect of herbicide treatment applied to winter canola on winter caeald volume weight, moisture content, and yield in June, 2009,
pooled across the three treatments applied to wheat the previous cramyganoled across Sites as indicated.

Seed volume weight Moisture content

Canola treatment Rate Site 1 Site2  Sites 3 and8ites 1 and 4 Site 2 Site 3 Yield

g ai/ha ka/hl % kg/ha
untreated --- 56.8 58.9b 53.3b 6.0a 4.8a 12.4a 1570c
glyphosate 770 654 63.1a 59.8a 5.6a 4.7a 10.6b 1980a
glyphosate fb glyphosate 770+ 770 64.6 63.0a 60.1a 5.8a 4.6a 10.1b 1910ab
quizalofop 77 65.9 62.8a 60.1a 5.8a 4.6a 10.9b 2000a
clethodim 105 64.4 62.1a 60.4a 5.7a 4.6a 10.2b 1980a
trifluralin 1120 63.4a --- 60.1a 5.7a --- 10.4b 1850b
trifluralin fb quizalofop 1120 + 77 65.2 60.4a 5.7a 10.4b 2010a
trifluralin fb clethodim 1120 + 105 65.2 61l.1a 5.8a 10.5b 1960ab
LSD (0.05) --- 2.9 15 2.1 NSD NSD 1.1 120

& Canola yield data were adjusted to 10% moisture content.
® Means within each column followed by the same letter do not differ angamlFisher’s Protected LSD test (P = 0.05).
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Table 10. Italian ryegrass seed removed from harvested wheat or ¢ardelae, 2009 following two yrs of treatmerfts.
Treatment applied to first crop

Treatment applied to second crop Sites 1, 2, and 4 Site 3
Crop Treatment Rate untreated pinoxaden imaz+MCPA untreated pinoxaden imaz+MCPA
g ai/ha kg/ha

Wheat untreated 183.3 259.2
pinoxaden 60 3.&fg 0.7fg 1.7fg 3.8f-i 1.0hi 0.8hi
imaz. + MCPA 35fbh 70 17.d 3.7¢efg 10.7de 81.6bc 7.7d-i 68.5¢

Canola untreated 28588 48.4c 169.9b 411.3a 98.1b 372.0a
glyphosate 770 1.6fg 2.1efg 2.8efg 18.0de 1.6ghi 9.0d-h
glyph. fb glyph. 770 fb 770 0.7g 0.6fg 0.5fg 1.7ghi 1.1ghi 5.7e-i
quizalofop 77 4.4fg 0.7fg 3.4efg 9.7d-g 2.8f-i 9.2d-i
clethodim 105 3.efg 0.5fg 1.5fg 5.9d-i 3.1f-i 5.5 f-i
trifluralin 1120 12.4 12.5de 7.7def 46.0c 12.2def 24 6f
trifl. fb quiz. 1120 fb 77 1.99 0.4fg 0.3g 1.0hi 0.5i 0.8i
trifl. fb cleth. 1120 fb 105 0.3 0.2g 0.3g 0.9hi 1.1hi 1.2ghi

@ Pinoxaden and imazamox + MCPA rates were the same each crop year.

® Abbreviations: imaz. + MCPA, imazamox + MCPA; glyph. fb glyph., glyphosalevied by glyphosate; trifl. fb quiz., trifluralin followed by
quizalofop; trifl. fb cleth., trifluralin followed by clethodim.

¢ Data for continuous untreated wheat were not included in thdistatanalyses.

4 Means within each Site or pooled mean of Sites followed by the sasvedietiot differ according to Fisher’s Protected LSD test (P = 0.05).

Means were square root transformed prior to analysis with atatashown.
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Table 11. Ryegrass density reduction in late September, 2009 followingd yresatment and
tillage during the summer of 2009, pooled across all four Sites, compalethaviintreated
continuous wheat treatment.

Treatment applied first crop

Treatment applied to second crop Rate unsprayed pinoxaden  imaAPMCP
g ai/ha %

Wheat pinoxaden 60 7" 82a 76ab
imazamox + MCPA 35fb 70 50 77ab 62c

Canola untreated ® 70bc 38d
glyphosate 770 78b 83a 84a
glyph. fb glypht 770 fb 770 84 9la 88a
quizalofop 77 84 88a 88a
clethodim 105 8& 90a 8la
trifluralin 1120 63c 87a 82a
trifl. fb quiz.° 1120 fb 77 8&a 89a 91a
trifl. fb cleth’ 1120 fb 105 8% 84a 87a

% Pinoxaden and imazamox + MCPA rates were the same each crop year.

® Means followed by the same do not differ according to Fisher's ProteS@ test (P = 0.05).
Means were square root transformed prior to analysis with atdt@kshown.

° Abbreviations: glyph. fb glyph., glyphosate followed by glyphosate; trifl. fb.gtrifluralin
followed by quizalofop; trifl. fb cleth., trifluralin followed by clethodim.
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APPENDIX A

SOIL INFORMATION FOR EACH SITE.

Characteristic Site 1 Site 2 Site 3 Site 4
Series Grant Pulaski Teller Dale
Texture Silt loam Sandy loam Sandy loam Silt loam

Classification

Organic Matter %

pH

fine-silty, mixed, coarse-loamy, fine-loamy, fine-silty, mixed,

superactive, mixed, mixed, active, superactive,
thermic Udic superactive, thermic Udic thermic Pachic
Argiustolls thermic Udic Argiustolls Haplustolls
Ustifuvents
1.7 1.4 1.1 1.2
6.4 6.4 6.3 7.9
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APPPENDIX B

SEQUENCE OF ACTIVITIES AT EACH SITE FOR THE FIELD EXPERIMHEN

Activity Site 1 Site 2 Site 3 Site 4
Wheat/rye/ltalian ryegrass mixture seeded 11/13/07  11/09/07  11/074a707/07
Wheat/rye/ltalian ryegrass densities determined 02/09/08  02/09/ NA NA

POST treatments applied to wheat 03/19/08 03/25/08 03/20/08 03/26/08
Applied Harmony Extra to all plots 04/07/08 04/07/08  04/02/08 NA
Rye head densities determined 05/13/08 05/13/08 05/13/08 05/19/08
All plots harvested 06/26/08 06/27/08 06/25/08 06/24/08
Glyphosate applied to fallow plots 07/23/08 07/23/08 07/22/08 07/22/08
Disc tillage twice to all plots 08/28/08 08/27/08 09/02/08  08/29/08
Applied PPI treatments to canola 09/26/08 NA 09/24/08 10/01/08
Applied preplant fertilizer to all plots 09/26/08 NA 09/24/08 10/01/08
Preplant tillage with field cultivator 09/26/08 09/23/08 09/24/08 1081/
Canola seeded 09/26/08 09/23/08 09/24/08  10/01/08
Wheat seeded 09/26/08  09/24/08 09/24/08  10/01/08
POST herbicides applied to wheat & canola 11/19/08 11/12/08 11/17/08 /QBL/24
Densities counted in untreated plots 11/25/08 12/12/08 12/12/08 11/25/08
Topdress fertilizer applied to all plots 01/07/09 01/08/09 01/12/09 @RO8/
Italian ryegrass control visually evaluated 01/22/09 01/22/09 (921 01/20/09
POST herbicides applied to canola 03/06/09  02/23/09 02/24/09 02/24/09
Italian ryegrass control visually evaluated 04/09/09 NA 04/06/09 09029
Italian ryegrass control visually evaluated 06/01/09 05/29/09  05/29/059/30/09

All plots harvested 06/15/09 06/10/09 06/08/09 NA

Disc tillage to all plots 07/02/09 07/06/09 07/06/09 07/02/09
Glyphosate applied to all plots 08/05/09 08/03/09 08/03/09 08/05/09
Disc tillage to all plots 08/14/09 08/17/09 08/13/09 08/13/09
Italian ryegrass densities determined 09/19/09 09/28/09 09/21/09 @®/25/

®PPI herbicide treatments were not applied at site 2.
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APPENDIX C

MONTHLY HIGH AND LOW TEMPERATURE, MEAN TEMPERATURE, AND TOTA PRECIPITATION FOR ALL SITES?

Site 1

Site 2 Site 3 Site 4
Temperature Temperature Temperature Temperature

Year  Month H L ™M PP H L M PPT L M PPT H L M PPT

°C cm °C cm °C cm °C cm
2007  November -8 27 9 03 -8 27 10 21 -8 27 11 16 -9 28 11 1.3
December -16 21 1 46 -9 20 2 56 -8 20 3 29 -12 22 3 2.0
2008  January -13 23 2 0.6 -12 24 3 09 -12 23 3 16 -12 24 4 0.4
February -13 25 3 51 -14 26 4 75 -12 26 4 6.1 -13 27 5 5.8
March -10 25 9 95 -11 26 10 100 -9 26 10 9.7 -9 31 11 6.1
April -1 29 13 51 -2 30 14 15.1 -2 29 14 11.8 -1 33 15 10.8
May 1 33 20 10.5 2 34 20 157 3 33 21 159 1 37 22 11.0
June 13 38 25 29.0 13 34 25 130 14 34 26 13.0 13 35 26 14.2
July 15 40 27 96 14 38 27 15.6 16 39 28 114 16 41 28 24
August 16 41 26 23 14 39 25 57 16 40 26 39 16 40 26 10.8
September 9 34 21 11.3 6 34 20 6.0 8 33 21 6.7 4 33 20 34
October 0 30 15 11.7 -4 31 15 6.2 -3 30 16 54 -3 31 16 3.9
November -7 28 9 1.2 -8 28 9 40 -6 27 9 124 5 28 10 3.3
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December -13 23 2 1.7 -15 25 3 19 -13 25 3 27 -12 24 4 11

2009  January -15 21 1 0.2 -15 24 1 05 -14 25 2 0.7 -13 27 2 1.8
February -9 24 7 0.8 -11 24 8 3.5 -9 24 8 2.6 -8 27 9 1.8
March -9 32 10 3.0 -9 30 11 10.6 -8 30 11 9.2 -7 30 12 3.8
April -6 31 14 9.0 -6 33 15 12.0 -5 33 15 11.7 -7 33 15 14.0
May 6 35 18 3.8 6 34 19 1.7 8 33 19 8.7 7 33 19 16.2
June 11 40 27 5.9 10 39 27 5.2 13 39 27 4.9 12 39 27 5.3
July 16 44 27 65 14 42 27 13.2 16 44 27 13.1 14 41 28 8.5
August 13 39 25 19.2 10 37 25 18.3 12 37 25 13.2 14 40 27 11.3
September 7 36 21 1.3 5 34 20 11.3 7 34 21 8.7 6 35 21 8.3

@ Source: Oklahoma Climatological Survey, Univ. of OK., http://wwvsomet.org.

@ Abbreviations: H, monthly high temperature; L, monthly low temperaturendhthly mean temperature; PPT, total monthly precipitation.

39



VITA
Joshua Aaron Bushong
Candidate for the Degree of
Master of Science

Thesis: WINTER CROP ROTATION WITH HERBICIDES TO CONTROL AL
RYE (SECALE CEREALE) AND ITALIAN RYEGRASS (LOLIUM PERENNE
SSP MULTIFLORUM)

Major Field: Plant and Soil Sciences
Biographical:

Personal Data: Born in Weatherford, Oklahoma, September 11, 1984, the son
of David and Linda Bushong. Married to Annette Kristine Bushong on
August 12, 2007.

Education: Graduated from Weatherford High School, Weatherford, Oklahoma,
in May 2003; received Bachelor of Science degree in Crop Science
from Oklahoma State University, Stillwater, Oklahoma in May 2008;
completed requirements for the Masters of Science degree in Crop
Science at Oklahoma State University, Stillwater, Oklahoma in May,
2010.

Experience: Raised on a family farm near Weatherford, Oklahoma;
Undergraduate research assistant at Oklahoma State University, June
2003 to May 2008; Graduate research assistant at Oklahoma State
University, May 2008 to August 2008; Agriculturalist at Oklahoma
State University, August 2008 to present.

Professional Memberships: Southern Weed Science Society; Western Society
of Weed Science.



Name: Joshua Aaron Bushong Date of Degree: May, 2010
Institution: Oklahoma State University Location: Stillwater, Oklahoma

Title of Study: WINTER CROP ROTATION AND HERBICIDES O CONTROL
FERAL RYE (SECALE CEREALE) AND ITALIAN RYEGRASS (LOLIUM PERENNE
SSP.MULTIFLORUM).

Pages in Study: 39 Candidate for the Degree of Master of Science

Major Field: Plant and Soil Sciences

Scope and Method of Study: Limited control options and herbicide resistance have
increased feral rye and Italian ryegrass infestations in wintertyghaduction in
Oklahoma. A rotation with winter canola would increase control options. Field
experiments were established in the fall of 2007 at four sites in Oklahoma to
evaluate herbicide programs for controlling these two grasses in continuous winter
wheat and in a winter wheat—winter canola rotation. Factors include theidierbic
treatment applied to wheat in year one (untreated, imazamox + MCPA, or
pinoxaden) and the crop-herbicide combination the second year. Crop-herbicide
combinations in year two included a second year of wheat with the same herbicide
treatments as the first year or winter canola with eight herbicideneets. All
herbicides were applied at labelled rates with appropriate additives. Whestlede
were determined prior to planting a crop the third year.

Findings and Conclusions: Pinoxaden reduced ltalian ryegrass seed in harveated whe
88 to 100% and reduced harvested feral rye seed only 18% at two sites with no
reduction at two sites the first crop year. Imazamox + MCPA redtaieshl
ryegrass seed in harvested wheat 38 to 65% at three sites with no reduction at one
site and reduced feral rye seed 96% at two sites and 58% at two sites jleafirst
Imazamox + MCPA increased wheat yields 21 to 34%. Pinoxaden increased wheat
yields 14% pooled over three sites but did not affect yield at one site. &ye w
sparse in all treatments the second year. Italian ryegrass contraltmedngs with
continuous wheat was higher with any pinoxaden treatment applied one or both
years than with any imazamox + MCPA treatment. Italian ryegrassotuiith
iImazamox + MCPA was inconsistent across locations. All of the herbicide
treatments in winter canola except trifluralin PP1 without a sequer@aITP
treatment controlled Italian ryegrass comparable to pinoxaden applied to wheat.
Italian ryegrass densities after two crops with herbicide appliee greatly
reduced but the weed was not completely eliminated.

ADVISER’'S APPROVAL: Dr. Thomas F. Peeper




