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Primary Pest Problem Perceptions
of Indiana Farmers

Percent of farmers who considered each
pest to be the primary pest in corn and

soybean
Weeds 78 (1.6)
Insects 8 (1.0)
Disease 8 (1.4)

Nematodes 6 (0.9)

N = 612 responses Gibson, Johnson, Hilger. 2005. Weed Technol. 1065-1070



Level of Concern About Glyphosate
Resistance Among Indiana Farmers

Total number Usable
of Indiana responses
farms in from this
Low or not Usable this size size
Farm size High Moderate concerned responses category category
Hectares % no. no. %
199 or less 34 46 19 249 51,985 0.5
200 to 399 32 47 20 81 4,949 1.6
400 to 799 35 46 18 65 2,827 2.2
800 or more 40 44 16 25 990 2.5
Mean (SD) 36 (3) 46 (1) 19 (2) -

Johnson and Gibson. Weed Technol. In press



Factors that Contribute to Weeds Developing
Resistance to Glyphosate According to Indiana
Farmers

Repeated use of
same mode of

Poor application

technique or

Unique weed
characteristics

Changes in
tillage

Farm Size action timing practices  Usable responses
Hectares % no.

199 or less 59 31 8 2 217

200 to 399 62 36 9 3 94

400 to 799 60 36 3 0 71

800 or more 51 37 11 0 36
Mean (SD) 58 (5) 33 (5) 8 (4) 1(2)

Johnson and Gibson. Weed Technol. In press
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When did glyphosate stewardship and
resistance management become a regional
effort?

Several industry meetings between 2001
and 2005

— At length discussions of glyphosate use,
abuse and control of problem weeds

— In 2005 we established an informal
“Glyphosate Stewardship Working Group”

e 12 day meeting in Indianapolis in March 2005
» 15 day meeting in Des Moines in September 2005



Glyphosate Stewardship Working
Group

 Printed educational materials

— Glyphosate stewardship
* Herbicide management to avoid resistance
« Economic implications of stewardship

— Biology and management of specific weeds
 Horseweed
* Wild buckwheat

Common lambsquarter

Giant ragweed

Common ragweed

Waterhemp

— 300,000 copies at $0.27/copy = $81,000



Glyphosate Stewardship
Publications

e Challenges
— Time
— Money
« BASF
« Bayer
DowAgroSciences
Dupont
Monsanto
Syngenta
Valent
$48,000 promised — $31,000 delivered so far
NCIPM Competitive Grants Program — $35,000
Total = $83,000



Glyphosate Stewardship Working
Group

 Printed educational materials

— Glyphosate stewardship
* Herbicide management to avoid resistance (2005 or 2006)
« Economic implications of stewardship (2006)
— Biology and management of specific weeds
» Horseweed (2005, revised in 2006)
* Wild buckwheat (2006)
o« Common lambsquarter (2006)
« Giant ragweed (2007)
« Common ragweed (2007)
 Waterhemp (2007)
— Others
» Value of soil-applied herbicides (2006)
» Glyphosate application methods (2006)
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Giyphosote, Weeds, oad Crops

flewars (1716 o 116 inchas Long) and 20 to £0 yellow disk flowers [sea
Figure 1]. The seeds are small achenes |1/26 to 174 irches Long), with a
pappus of tan to white bistles, &
pappus is 3 structure that allows
the seed to be dispersed by the
wind, similar to t1at of common
dandelion.

Horseweed [(5ee Figune
2} is often missdmbifad
a5 wiitlowgrass, mouseesr
chickweed. carn or Persian
spradwall, shophard's-pu-sa, or
seral of the fleshane species,
aspecially anmal Aeabane
(58 Figure 3}, The two most .
eonmien misidentilicatians Figure 2 Tz phae shovs a horarweed
are whitlowgrass ind flazbane seedling mmzete tage, jast Bagianing
species, Whitlowgrass haw shorket 1o Bl

Fignre 2, The photos above show
wRAAE commany axmfined wath
harsowend: whifowgrans (fop Jaft],
wouseer chichvesd (maddle Lfl),
anmuad Teabane fbodon il coen
#r Forzion spoedwall fiop righil,
snal shaherd Spurse (batiem ghi).

#iclogy and Managzment of Horseweed — GIWC-9

anc marrower leaves than horseveed, and a smzoth to very stightly motched
margin. Arcund the Leaf narging anmual fleabase tend: o have purple spots
at the tip of each teoth while horsewasd doasnot have these spots. Also,
the distanze between nodes on all fieakane species afer bolting are greater
than the intermods distaace on homewesed. Flasbanas will produce mane
branches than hosewead 3t the base of the plint. Mouseear chickesed, and
cory and Fersian (peedwell have cppesibe leaves at all parly stage nedes,
ant can e:sily baseparaled from hersewead, which has alternating leaves
at all podes, The Brst node of shephends-purse tends 1o have opposite
lezrees whie subsequent sodes bave altarnate leaves, although leaves at

all nodes may ba alternating. The haits on shaphend's-purse leaves an
sherter and tend 1o stay on the upper leaf surface compared to horseweed
lear hairs, which i largar and wually wesent on leaf mangirs, In later
deselapment stages, shepherd’s-purse leaves will be deeply lobed compared
to the tooched or shghtly lobad leaves of horsewend.

G o iy
L istribution ane Enzer ence

=
Forsewend sewd germinates madily as soen &5 it falk off a matee plant,
Hoseweed plants usually garminate in the fall or spring, but they alsa can
geminate in midsummer if growing conditions are adequate. In nodhenn
ragiens of Indiani, Ilinvis, and Ohie mest hemaweed emarges in the
fall, overwintars as a rosstte, and begins to beit in the spring. Typically,
up to 91 percent of fall-emenging plants sunve until spring. This braad
sursival mage can be attibuted te weathar conditions and tha size of the
burseweed rasebte. The larger the rasetie is prior bo winter, the greaber
tha chance of survival = the spang (Bubler and Dwen 1997). Horssweed
emerges predominately in the sgring in the southern mgions of Indiena,
Hlnais, ard Ohio, In sodtheast [ndiaraand southwes: Ohin, spring
geminatirg horseweed s ane of the mast problematic summer annual
weeds. Spiing horeweed generally remaing a resette Far a relatively shert
penod prior to bolbing. kerseweads germinzting in Juy and August fend to
remain as rosettes until the follawing spring, with anly a Few plants holting
ane praducing flowers in the fal.
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followirg rosetle formation, borseweed planis begin bolting in mids
Apeil and start flowering at the end of July. Haseweed 15 salf-compatible
ant releases pollen before the captela ire Tully opened, supporling e
ides that horsewsad is primarily salf-pellinatirg; however, outcrossirg
witnin @ papulztian has been etserved bo range from 1.2 to 16.5 pement.
Hoseweeds wind dissemination and rehitively abundant seed pradudion
suggests tak the dispersal of resistant horsewsed plants across an
agncultur:l landscape could be wery rapid. Reashe and Baceas (1979)]
reparted that honewsed seed mavement in 3 corn field mnged From 12,500
sepls par wquane yard ab B0 fest from the seed source, to mare than 125
seals per iguane ‘llar\d at &0 feet from the seed sowrce. Taller plants
praduce more sead than shorker plants, suggesting thet seed height on
plasts might influsnee babh the distance wind can trasport seed and Lhe
total number of seeds that are tanspored,
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Figure 4. This graph shows the relative life cyeles of horseweed throughout the yvear for pdants that emerge in the spring and foll




Blolagy and Mamagement of Horsewesd — GRC-D
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In snutheast- irl:liaru. and sockhwesi Ohio, jorsewsed offen behaves libe

a summer annual. In these siuations, horseweed begins & emerga from
late March into late June. Saut+east Indiana soils charactenistically hive
a shallow layer of silt oeer a thick day layer, These soils have relstively
poor intersal drainage and water holding capacity and regeire Frequent

light rzins to maittain ootimal crep growth. dorseweed tolerates drought
corditicns well and continues o grow and poduce bomas and sed

under corditions stressful for cop growth. Harsewead camproduc: up to
200,000 seeds per plant. and approxirately 8] perent of the sead will
germinate right off the plant. Because of the unique soils ‘n this =gion
and widespread aloptian of ne-till practices, horseweed has emerged as the
number ons weed problem in this area,

Bruce ard Kells (19901 showed in menagement studies conducted
in ¥ichigan that soybest yields could be redscad up to 83 percent by
horieweed in unteated theck freatments. Inqenenl, we frel horewesd
is much less competitive than most of the oter sunmer annual weads,
However, no braditional ;umplﬂilinn sudies have been published that
have evaliated tre effact of density o emercence t'me on its capability
b educe seybaan and corn yidde, We do knaw thal horseweed cin affect
crop production in ways besides direct competition for Light, water, and
nut-iants, Harseweed can be a qost for the tirnished plant bug, an alfalk
pest. It can also be a hest for aster yellows, 2 viral disease transmitted by
aster leafhoppers to a wide varety of plants.
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Tires faztors are commonty nentioned 35 the causes of moreassd
horewesd prevalence: lack of fivessily in crop rotanion, reduced tllage,
and herbidde reststance
Crep Rotation

Crop rotabion agpears to hawve a minimal impact on horsesesd
prevalence, In fied survays corducted in aress wheie horseweed was most
proalematic in Infiana, yorsewsed was founc in 63 percen; of doible crop
soysean fizlds, compared to 51 percent in continuous seybean fields, and
&7 pereent in Rields in a corm-sivbean rotation.

Tillage
[v the same surcey menbioned abowe, increases in billage intensity
reduced horseweed previlence w 50 percent or mor. Horseweed vas found

in £1 parcant of the no=3ll falds comzared ta 24 percent i reduced tillage
and & percent in conventional tillage Jelds,

Herbicide Resistance
Japaness reseaichers reported the frst case of hosewaed harbicde

resEbance in 1980, descibing biotypes resistant to Gramozone® [paraguat).

Mam Gramoxone®-resistant blomypes have since heet found in Mizsissipp.
The secord case of resisance was reported in 1989 by researches: in
Balgium, who found biatypes resistant to atrazine in corn, rurseras, and
roadsides. Additicnal atrazine-resiskant bistyses have since been fownd N
Micvigan. ALS-rasistant norseweed bivtypes wane fist found in tha United

Glyphesate, Weeds, and Crops

States in ndiana and Ohie during Lhe 1999 zrowing seasen, and Leday ane
beheved to be present i all Orio cownties west of [nterstate 71 and U5,
Route 23,

Biotype: resistant to glyphozate (which is cold uder the trade names
Rourdup®, Touckdown®, and cthers) mera st reparted ir Dalaware 0
2000, Since 2000, glyphosate-egistast biatypes hawe heay founc in
several acditional skates. In Irdiana, glyphosate-resistant bictypes hawe
teen fourd Tn 29 countes, mastly in the southeast Howeser, glyphosate-
resistant horsewsed has been found = far north as Kosciusko County in
maithem Jndiana and Mantgomery County in the west-cenral area. In Oio,
glyphosate-resisiant bictypes have been found in 20 counbies, mostly ir
sauthwestem Ohie but row stetching to nothwesl and cantral Ohio.

(lyphesate-resistant horsewsed populaticas in Ohio ane Indiara wers

first repared in arsas whera tha following produckion pracices sa
common: sovbeats grown in the same field for consecutive years (up to 14
yazrs in seme fidlds), use of only glyphesate for wead control, ard little or
notillage.

In horsewead, resistance to more than one herbinda has bean reported
in [srael with a Bobype resistant Lo abazice and Glean® (1n ALS inhibitor);
in Michigzn with a biotype resistant %o atrazine, simazine, and diuron;
ard in Oh'o with a biotype resistant to glyphosate and FintRate® (an ALS
inkibitar) an 2003, The glyphosate ard FrctRate® eostant bobyse in
Oho has been cenfirmed in at least twa Relds (one each in Manlgemeny
amd ham counties) and appears to be sprezding. We assume that these
bictypes zre also esistant o other ALS inhibiters, such as chlonnuron
[Clazzie®, Canaps®, Synchroem®).

In Indiana, hoseweed popuations resistant to gyphes:te and FirstRzte®
hase been Tound in Basholomew, JeFersan, Scetl, and Washingtan
coanties; sepulaions resistand to glyshosate and OQassic® have bean found
in Sartholomew, Scakt, snd Wells counties; and pagulations registant to
glyphozate, Firstiate®, and Classic® bave been found in Bartholomew and
Scolt couties.

i’ ¥

Frrure 5. Ghphosera-rerizrent farsewaad has been idanSed
i ar Toard sne fidd m e sapmeer maveed vwery zaled arange. 4
Jiw fields connmir hovsewaed populations restitant to ghphosate

and airkar chiorituren or Iovsuilam — these cannies o
wndicated wirk the croschanch pattarn




Ehelagy and Minzgement of Homeweed — GWE-0
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auplemrate hmbdcidar fep rowy, ank
e e fiore tapl, m“u;rsin—&m by i e fires g
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Tem prmers qusl of 8 horsevesd marsgeren. sregran in ne-all
soybane shasld be eFeckre mnbrol of emesped horsewees slarts orioe
tir pleting. Srshaans planted Bafom sy bo pid-May dae will ssquie ¢
meximal aerbivde e @rfirel ldar smeging plas, This shrbemy will redes
the reed far mstemenerce Ferzode imatments, whick can be limitad
in eflactivemess and eart furtwr saledion for terbicide resistarce i tha
popuation, Tre fllouing prinses ses inpurled in bersemead conloul
PrOqrImE:
1,4-[ramber shialdd ke included in seplant bebizide brastmeals wesn
messible
*  Hurbicides should be applial heforekarsewoed plants ame 4
& inchas bl
Herbicidas apotied in the Al will comtrol emarged horsemead hut ray
il sdusualely corbml sprisg-emerging slarls
Spring apeicalioes orivs Lo early Mey should incluse a msidual berbxice
o centrol loter omerg'rg pams
Conirol of Emoarged Plants Bafora Planting

Trawmants containig famer than thee hehicides may ko les offecthe
o1 ar BLS, gliptesale-, or mallipge-resdant mpulstion, Chlee muren u e
sempenznt of CznopyEX*, Carapy®, avd Synehrony 8P*; and chranzulan
& mrpnneat of FirdRateT, Lnplify?, and Gangster®. The nod effectee
tragtnents for zomtreling horsamead pants upte aboor & rche Bl ar
roughly @ = oeder o elletivenes:

s Ararsivalion of chipheoalke and 240 ee plus ef srimiren o
deranzulan

= Aromziration of chphomlke and 240 ez

o Boorirelion of Snn®, Gameane®, ax 760 sler

= Aorsirdion of chiphoale plus cderinumn or deeesslar
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SEEa nthed rsatments can be e vhee plarks ard s Ean ten
inzhes 22l incuding: Senoer® plos 2,40 eglar; Senecr® plos Cemosors™;
and 2,4-1 estar abna. & cembination of 2440 ester pas chlorimaron o
tlormesuben can dso be ussd o srall panks bl ellclimnems w'l b=
reduced ‘0 ALS-resistart pepulztions. The mimimun ghshosate rebe shoold
pr Ll U agfn B al bieypes, Diamka is sctber subed fo southemn amas
of the cauntry baauss warrar wasther will ipesd ta degradation of the
harbicde spoil s ks lkels to injure soybears, T is npecbant b remenker
that wion dicanbs is spabed a2 056 Lh, 23/ gomen must waik 1L dag
allar application e recsine al l=el e inth of e bslon pleling
soybzame

Residual Horseweed Contrel [Spring Application)

In falis whera inmewart may be BL5-rasiikant, the mict sFactve
tersicdes include GangsieT, nelrivae [al beast 0.4 Ib /A,
suFentrazone, anw Walor®, [oeapy %, Fisttate® SAmpoify® orCangsme®,
i Pthai™ caant biv osel Fai veaddial aiatrel B Flalidi whiers thi biisameni
is not AlS-resistait,

Sprimg Herbicide Recoemmendations
Based sn Horseweed Size
Flafds Traofad Witk Rarbide Ohe Aaanous fall

Fizlds should 2¢ free of evensinboring horsmeed inthe sprirg, o5 long
% 2 4-Dvastar war a campenest af $e foll teatment, but addisiseal
horsmeed emesgence i3 Lkely IL is possible thet cesilual hetb cides
applied i the fall such as Canopy £0%, Valo®, and Sinear®, an contnl
norsowped Enougn eary Jane. This fc most Uely to cocur o soareer
pepilatinn that we set AlS-mesisknt, Begadless af ha herziddala)
spplied i f2l, fiekds shauld bz scocted cefow plankirg. Apply herbicide
2 raeded prior ke soghean planting te corernl arangpd horsesaes, and
inzlude resicusl bersicdes if the ied & planbesd beloe oid-Ma,
Harmauany in the Sasdliag &7 Reca'ts Staga (Aant)

Coetreling horsewaed i tha sescling o resatte ctage can e adeamaly
sective sines sl pank am eerly oonbrdlded ol =sidual berbicide
applied st these dages ar pravidecontrel tirsugh eirly e Emerged
pants sheuld be alequatey canlaled by 2,0-0 esber (1 L, 80087, Whaa
e 2.4-0 rabe 1= imited fo 0.5 Lb. o8, comoime with ghyphosate, Senoc®,

Figure T Fermmweed plinis prestmodig ek 3opdase sasapy s dane sowoe

Ehbgy ard Karagamaw of Harmvezd — GHED

or Senca® |iu| Gramesnrs®, Sancor® fdus l:f:rrmn*l:fittnur E.LI:I] La
effactive’y contral sesdlings o small resatzes.
erewerd Som Mongated e Mot Mere Thow d to & Inches Tail (May)

Mring i atage, Die et dTectoe eatmen: is glyphosate, pls 74—
[ esker, plus chlerinuon or cleansulam. Giyphaate plus 2.6-0 eser =
effertive mhire ghophsaabe rezamneee & nek an itus) aod glyshnees, pls
wilhe chlarimumn orcloenzuln i ellscive where ALS psistbance end ALS
pla glpphiosate rasisknoe is rat o dssse. Usz a ghphesde rote o at oot
1.11b. ac/4, unless ALS ond ghezhasste resistance is presznt, thenuse
= mnimun ate e’ 1.5 i, s, Somechat noe sariable bt ganerally
effertive on bvis zize plant, iz the continzkion of Sevcert plus Greazone®
(ririmum al 1.} ptA) plus 22-0 ester
fiereweed Aore Thee 6 Iechar Tall (85d- te Loie Moy)

Hirserwaed of this dze will lkaty ba cifficuds o conteol Anything less
Lhan a bhreeway mizure of glyphoszbe ple 240 ester, oo chirimuren
or coansukan, s rob ecornended, Use o glyphossie ke of al beasl 15
|bs. azfh. Resistance ta glyphesame zaddor ALS Thikiorscan resut in
sibtiens wheee eFertive sorinl & fel prasibs

. e,
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‘Weed meisiance 5wt new b agioubure; we bave been dealingwita it
far some tme. Awanasass ard wavantin ar tha st staps te deafng with
Lhis probiem Ax with oloer wesd resistaos ssuss, dealing with ssistad
hoesnsd requires acjusling i L wiraleygies. Hawng koosledge of
herkicize groups and szing coniénatiors of soricides wih diffomt made:
of mrtios wil belp derease adbitonsl srmanes peasles fae arslag.
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Wild buckwheat is a summer anmual that grows from a hard, black,
triangular seed about 1/8 inch bong [see Figure 2). The cotyledon
is narrow with a rounded tip and base. The plant has long, slender,
creaplng stems that trall along the ground or climb any plants or objects
they contact (see Figures 1 and 3], The leaves are alternate, heart- or
arrowhesd-shaped, pointed at the tip, and have widely separated lobes
At the base (see Figure 4). Plants bloom throughout the summer and the
Mevwers are small and have nes petals, but lave ve greenish or pinkish
sepals. Flowers are located in short-stemmmed dusters in the axils of the
leaves or at the end of stems (see Figure 5).

irch long,

Figere 1 Wild bradiwiiost can Figure 4. Nate the narrow cotydedons and

P upmﬁkﬂ M wiseat, Node roumded Bare ow this wild buckwheaf mnﬁng.
Forw the weed climbs the crop The weed's laaves are alternmte, eart- or
ani. arvondiead. haped, and pointed af the tps,
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Fignere 5. Wild buckwheat produces flowers in shorf-sdemmed
chusders i the axils of the leaved or al the end of sterns, Flowers are
small and have vo petals, bl have five greewith or pinkish sepals.

Wild buckwheat is a member of the smartweed family. Like other
smartweeds, wild buckwheat possesses an ocrea (thin membrane) around
the stem at each node. It can be confused with field bindweed becanse
of its vining growth habit and arrowhead-shaped leaves. Field bindweed,
however, s a perennial, hag an extensive underground root system, does
not possess an ocrea, and has large funnel-shaped flowers that are white
or pink. Also, wild buckwheat’s lower leaves are wsually msch wider than
bindweed leaves.

s ).{ur’nﬁ;r_ Liove and. f:_mf:ryfm‘er
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Wild buckwheat i native to Europe and has become widely distributed
in temperate regions via grain transport, Wild buckwheat also is one
of the most common contaminants in all sed stock. Its seed ks similar in
diameter to wheat seed and is often planted with the grain (see Figure &),
Ab harvest, many seeds do not thresh completely trom the seed coat and
are especially difftcult to clean from wheat, Wild budowheat grows

;. = r =
Figure 6. Wild buckwheat reeds ave one af the most conrenon
eortamrinants i ol seed ok This plote shows black, triangular
wild Frackwleat sepds mixed with wheat sepds The two seeds are
simailar i daamcter
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the growth of others. Applying the recommended glyphosate rate of
0.75 B agfA (1 quart of 3 Ibe. ae/gallon or 22 fl. oz of 4.5 b aeigallon
formulation) may result in poor control of small plants and will not
controd karge wild buckwheat plants (Table 1), Wild buckwheat growing
in adverse conditions makes control even more difficult

Fortunately, resistant wild buckwheat biotypes have not been
documented to any previously or currently used herbicide chemistries,
including ghphosate,

Table 1. Wild Buckwheat Control with Ghphosate Alowe or Taskomixed with
Additional Herbicides

Beology and Mansgement of Wild Buckwheat — GWC- 10

Table 2. Wild Buckwheat Control
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Glyphosate

Wild buckwheat and related smartwead species have some natural
tolerance to glyphosate. Wild buckwheat control from glyphosate is
reduced when applications are made at lower than labeled rates, when
only one ghyphosate application is made, when planis are stressed from
adverse envirenmental conditions, or when runners are more than 3 to 4
inches long. Glyphosate has no soll residual activity to conirol later weed
flushes throughowt the growing season.

Other Effective Herbicides

Thie maost efective herbicides on wild buckwheat are atrazine,
bromexynil, clopyralid, dicamba, glufosinate, and some sulfomdurea
products, Using these herbicides or mixtures with these ingredients will
ensure the most effective wild buckwheat control. Atrazine, clopyralid,
dicamba, and some sulfonyiurea herbicides may porsist in the soil
and carry over for more than one growing season, especially in soils
with high pH. The long residual sulforviurea herbicides effective on
wild buckwheat are chlorsulfuron (Finesse®, Glean®) and triasulfuron
{Amber®).

Herbicide Rate (roductd) | ooan | Corn | Sopbeams
Aim® 058 oz 5 5

Allys 0oz c

Ally Exm® 040 0z g

Azber® 0380568z c

pre RSk w c

e — 1-2pn c c

clogyralid (Stinger®) 025067 pta. c c

Callaste® 3E-34 ez sC

Curtail® PRIy C

Curtail M* 175233 pta c

dcamba - premmes TR c c

Drixtamet® 46 ez C

Extoeme” 12%3pts, s
Finszee® 2104100z c

Glean® 106173 ez c

e w— 075175 ba mi = sC ST
Harmany Exira® V10810 0z sc

Harmeony GT® 310810 0z c

Harmeny GT® 112 oz 5
Hemmes® (PFLTRE) Aoz c

Liberty® (Libesty Limk®) | 28348 oz c

Lightming® (Clearbeld®) | 1280z c

Peak® 3oz 5

Puruzit Plag® 13pn c
Spartan® 388 0z B
Vabor® 2dex

Widematch® 1-133ph. c
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New or Unigue Methods

More emphasis on the value of soil-applied herbicides
— Weed control variability

— Late-season weed density and diversity

— Yield variability

Education on the concept of a low level of resistance

Risk of various weed management practices for
developing resistance

N uptake by weeds
Demonstrations
IS repetition unique?



Challenges and Future Educational

Needs

Cause of herbicide resistance and concept of low level of
resistance

— Convince some that it is an issue

— “Not a problem unless it is in my field”

Management tactics for specific troublesome weeds

Provide economical means of implementing resistance
mgt strategies

Weed competition

Proper rate, timing, and herbicide partner data and
demonstrations

Commodity group support and education






