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Boulder County Parks and Open Space Small Grants
Report for 2005 Research Project

Koehia Control to Aid in the Establishment of Perennial Grasses and Forbs
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.Jim Seb:,sli:.tn, H.csearch Associate and Ceorge Beck. Professor of\Vccd Science,
Bioagricultural Sciences and Pesl Management, CoJonllJo ShiU' Uninrsit)', Ft. Collins, CO

80523-1177

Section I: Abstract

Kochia i:lo a common. ~prillg annual \\ced that infests dl') land crops. degraded pastures and rangelands.

road~idl·.). and abandoned arcas. Kochia can be a signific3m obstacle 10 reclaiming abandoned rannland

or degraded pa:,.lurcs b) competing \\ illl seeded species for limited rc.)ourcc.). A field experiment \\3.)

conducted during the :W05 field season to idenlif) an herbicide or herbicide mixture thai \\ ill selccti\ el)

COlllr01 kochia \\ ilhoul injuring desirable seeded perennial grassc.. or forb~. The e\.pcrimclltal design \\as

a randomi/ed complete blocl- and treatments \\cre replicated si~ limes. 1 he c~pcrimcnt \\as conducted in

a rcclaimed field \\ here Boulder Count> Parks and Open Space personnel prc\ iousl) seeded a mixture of

perennial grasses and forbs. but kochia competition interfered \\ ith establishment. Herbicide treatments

inc ludc Ihrec niles each llf d icamba pillS di nu fenzopyr (Overdrivc). d icamba (Van'lu ish). nuro.xypyr

(Vi<;ta). carfcnlra/olle (Aim). and sLllfcntra/one (Authority). We also \\ill include si.\ lank mixes of

cal'fcntra/one plus Sult'clllrazonc as \\cll as a non-treated control. A non-herbicide treatment \\·as added to

the slud) to alter CN inlhe ~oil b) appl> ing sugar in six equal applications over the course of the

gro\\ ing season. Shrub baseline \\a::; lal-en in each pial before trealmenb arc applied and ill\ entoried

again al the end of the grO\\ ing. season.
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Section 2: Introduction

Object!' cs:

Objectivc 1: Idcnlir~ herbicide application options that \\ ill cITccli\cl) I..ill kochia \\ ilhollt

injuring seeded desirable perennial grasses and shrubs tim.). aiding their establishment

H\ pOlhcses:

Resf!tlrc:1t "-"pm/,,!s;s flu: Specific ht.'rbic ide trcatmcrus \\ ill selecti, cl) conlrol l...ochia \\ ithout

injuring seeded desirable perennial grasses and shrubs.

NIIII "YP(Jtlu!s;_," Ho: i\o herbicide trealmenl \\ ill select j, cl) COIUro] !..ochia \\ ithout injuring

seeded dcsimblc perennial grasses and forb:..

Anlici >"led , .. llIe oCthe m sed research:

Koehia is a \ cl') COlllmOIl. spring annual \\ ccd Ihal infests dl) l:lIld crop:>. degraded dl) land

pastures and rangeland. roadside:>. and abandoned areas. Koehi:! clin be a significant obstacle to

reclaiming abandoned fannland or degraded pastures by competing \\ ilh seeded species for limited

resources. primllril) soil moi:.ture. espcciall) during the establishment period. T)picall) for reclamation

projects. seeded species are so\\ n as a ml.'\turc ofdifTerenl perennial grasses and forbs \\ ith the goal of

cr~aljng a diverse and stable plant commUnil) in Ihe shortest p~l'iOtt of lime possible. Usually.

competition from \\ceds that \\cr~ in the soil seed reserve inlerfer \\ ith optimal establishment ofille

desired plant COlllllHln it). Man) c:\arnples e:\ist in the Iitcrature concern ing thc importance of suppressing

or controlling \\ceds bdorc secding desirable species. particular I) \\ hen addressing invasive perennial

\\eeds. but man) times anllual \\ceds <Ippear subsequent to the initial suppression/control etTon and

during the cstablishment period for the desirablc secded species. The lalter e\ ent orten precludes

successful c<;tabli::,hment of~eeded ~pecics Ihus. negating one of the most e:\pcnsi\e portions of Ihe

reclamation proce~::,.

Man) land 0\\ ners and land managers contend \\ jlh annual \\eeds b) 1110\\ ing simpl) to keep the

canol') open so seeded species ha\ can imprO\ cd opportunit) to germinate and establish. \\hile other land
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managers choose to usc an herbicide for the :.arne purpose. Using a herbicide to control or suppress

annual \\eeds during the cSlabli~hlllent period becomes increasingl) difficult \\hell forbs arc part of tile

seed mix because man) annual \\ccds lhal arc problems during reclamation are (orbs themselves and il is

difficult to find herbicides Ih31 \\ ill selecli\ cl~ cOll1rollhc \\ecd~ forbs) et nOi i'UUfC the seeded. desirable

forbs. Our propo:.cd research \\ill idenlif~ an herbicide or herbicides that can be used to selecti\cl)

control kochia during the c<;wblishlllent period \\ ilhollt excessi\ el) injuring seeded grasses. forbs. or

shrubs. The ncquisilion of stlch knO\\ ledge by persollilel of the Boulder COLIllt) Pnrks ;md Open Space

Program \\ ill be a signilicanl aid \\ hen reclaiming abandoned farmland or degraded pastures,

Litemture rel'iew:

Kochia (Kocltia \('Opt/ria (L.) Schrader) is an annual \\ccd in the Chcnopodiaceae. II is an

herbaceous. dicm) ledonOlh plant that is a common \\ecd in d~ land and irrigatcd agriculture of the

nonh\\esl regions ofNonh Amcrica \\ here it causes) icld losses in a number of crops (iliac" ct al. 1969:

lJuhlerct al. 1985: De,tcr 198~: Durgan el al. 1990). ncontrolled "ochia gro\\lh l1la) sc\erel) interfere

\\ ith crop gro\\ th :lnd cau:,C ~ icld losses of marc than 95% (Wcatherspoclll and Sch\\ci/cr 1971).

Kochia is thoughllo be l1111i\c to sollthern and eastern Russia and \\as introduced inlO Nonh

America from Europe as an ornamental because of its conical shapc. dense gro\\th. and \aricgaled red

pigmcntation 011 sOl11e shoots (I 101m el al. 1979). Koehia is a vcr) serious problem in <!ryland wheal

production in Colorado (P.Wc~tra. personal cOllllllunication) and infested fjcld~ orten sene as sources for

neighboring land:> becau~e "ochia has a tumblc\\eed habit that helps to di:>pcrsc its seeds (Bccker 1978).

Kochia a\ crage~ 12.000 :>ccds per plant under \ariOU5 compelili\ e relationships (Thompson et al.

199~) and ma~ produce as lllllCh as 23.000 seeds under optimulll gro\\lh conditions (Nussbaum et al.

1983). Kochia seeds e'pre'>:> \ e~ limited dOnnmlC) and do not require light to genninale (E\ eritt ct al.

1983) and germination c"n occur \\ itll onl~ one accull1ul:lIed degree da) abO\" 10 C. "hich "IIO\\s il 10

germinate \e~ carl) in the spring (Alan and Wise 1985). This earl~ germillalion habit gi\es "ochia a

competiti\ e ad\llmagc 0\ cr neighboring dormant perennial species because gro\\ ing "ochia "ill LIse soil

moisture that otherwise could have been llsed by the perennial plants. This often cquates to stand failures
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of seeded species. but if I..ochia is sliccessfull) controlled. tile probability of stand establishment of seeded

species \\ollld be imprO\cd.
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Section 3: Methods

A field experiment \\3S conducted in 2005 to lest the CmeaC) ofsc\cral registered herbicides to

seleCli\cl) conlroll..ochia \\ ilhollt injuring seeded desirable grasses and forbs. The experiment \' ill be

established in the field \\here Boulder Coun!) 1)3rl..5 and Open Space personnel pre\ iousl) so\\cd

desirable perennial grassc~ and forb~. but full stand establishment has been precluded b) I..ochia

competition. Ilcrbicides 10 be tested include dicamba. fluro'\) p) r. carfcnlra7onc. and sulfcntrazone. The

1\\0 fomlcr herbicides arc classified as g.rO\\ th regulators \\ hcrc3S Ihe laller 1\\0 disrupt membranes b)

inhibiting prOioporph) rinogcn oxidase in chloroph) II bios) nthesis and lead to the buildup of ph) tatoxic

intermediates (1lat.lios et al. 1998). Also of interest and \\ ill be included as a treatment. \\ ill be to simpl)

ll1odif~ the carbon to nitrogen ratio in the soil b~ appl~ ing sugar to plots. Soil ...amples \\ill be taken at

the end of the gro\\ ing season from each plot and anal) 7ed for C:N.

Herbicides 311d mtes \\cre as follo\\s: dicamba + dinufen/op)r (O\crdri\c) 0.125. 0.188. and

0.25 Ib ai of diearnba/A: dicamba (Vanquish) 0.25. 0.5. and 0.75 Ib ai/A: nuro.\) p) r (Vista) O. [25. O. [88.

and 0.25 Ib ai/A: carfcl1trtlL.onc (Aim) 0.016. 0.024. 0.031 Ib ai/A: and sulfelllrll/OnC (Atllhorit)) 3.0. 3.49.

and 3.98 lb ai/A: no hcrbicides: and sugar al 3.600 Ib/A. Wc also included sc\cral tank mixes of

carfcnlra/one plu~ ~ulfentral.Olle<lI 0.016 + 3.0 oz ai/A: 0.024 + 3.0 ozai/A: 0.016 + 3.-19 oz ai/A; 0.024

+ 3.49 01 ai/A: 0.016 + 3.98 01' 'lilA: and 0.024 + 3.98 OL. ai/A. J lcrbicidcs \\'cre applied \\ilh a C01

backpad. sprayer llsing \\ah.:r as II carrier al 21 gallons per acre. Sugar \\as applied in six equal

applications (appro.\illmtcl) I month intcn als) 0\ cr the cour:.c of the gro\\ ing season of 600 Ib each using

a centrifugal fcnili/cr spreader. The experimcntal design \\a!> a randomi/ed complete bloc~ and

treatl1lenb \\ere rcplicated :.i.\ times. PIOI size \\as 10 b) 30 reet. We dctermined baseline populations or

seeded and desimble forbs b) counling each plant b) species in each plot and in\ ell10ried silllilarl~ again

in Septcmber.
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Application Timing ([Juf Growth Stages

Sugar treatments \\cre applied al bi\\cckl) inlcf\a[s frolll April 13.2005 through June 27. 2005

\\ ilh a broadcast spreader nl 600 IbslA aI each of6limings. T\\o passes \\ere taken through each plot 10

pro\ ide a uniform applictnion of sugar.

Herbicides \\ere applied on June 9. 2005 \'hen "'ochia (KocMa \co!'ur;o L.. KCIISC) \\as 0.2510

0.5 inches lall. prid.l) lettuce (/.aclllca serriu/a L.. LACS E) \\as boiling and 4 to 18 inches lalL and field

bind\\ccd (ColI\"011"II11/\ arn'm";'" L.. CONAR) Iwd 3 10 14 im.:hc:::.long runners. Seeded cool season grass

species '\ere green nccdlcgrass (S'ipal'iridllia Trill .. STIVI) 241030 inches tall. WeSlem \\heatgrass

(AwopyrO/l \/IIit!lii. AGRSM) late boot and 14 to 17 inches lall. Indian riccgrass «()ry=up';\ hyme"oides.

ORYIIY) pOSI ~ccd~el ilnd 1210 16 inchc~ lall. Seeded "arlll ~asol1 grass species \'ere big blucstem

(Andropogon gcrardii. ANDGE) and blue grallla (B()II'elollll1-!.rat'iIi~. OOUGR) \'ere bolh donnant. and

sidcoals gral1la (Boutcloua cunipendula. BaUCU) \\1IS 3 leaf and 4 10 5 inches tall. Drilled shrub species

presenl \\ere fringed ..age (Artelll;sioji'igit/a. ARTFR) "getati" and 3 10 8 inches tall. rubber

rahhitbrush (ChI) ..olh3Illtl;; nauscosu;;. CI-IRNA) \ egelati\e :lnd 3 to 5 inches lall. foum ing saltbush

(Alriplcx cancscetl::. A rRCA). 1-3 inches tall. \egelativc. "inlerfal (Ccratoides lanata. CERLA).

\egelative and 5 to 8 inchl.'~ tall. and Louisiana s<lgc vcgcl<lti\c.1Io <I inche:.tall.

Growing Conditions

Cool and \\ ct "cather OCCllITl.'d from Aprillhrough laic JUlie 2005. Although kochia dcn:.il) "as

e:\tremcl) high in 1004 at Ihi:, site. "ochia did not emerge until late :,pring 1005 and grc\\ H'r) little alicr

elllcrgence. The cool. \\1.'1 conditions and high dcnsit~ and canop~ ofpric"l) lelluce that had alread~

emerged in thc fall 01"200-1 cOllllX'ted \\ ith "ochia and "cpt it "'llppres~cd. Pric"l) lettuce C3nop) became

fairl~ den:.e :lnd "och ia did not compete \ el) \\ ell. In Ju I) 1005. Ihe dai I) lemperalures \\ ere abO' c 90

dcgree~ Fahrenheil "ith no pn:cipilalioll and most of Ihe "ochia and pric"l~ lelluce dried out and died

\\ ilhout sclling ~"ed. Ficld bind\\ced abo dried OUI but re-gre" \\ ith fallmoi:.lurc.
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Nati,c shrub and gras~ species in this c,,"pcrimen! '\Cf\..' drilled ;nl:1112003. A portion ofthesc

shrubs and grasses emerged and c:stablishcd roOI S)~ICTl1S in 2004 \\hilc others emerged in 2005. Cool

and \\Cl \\c3thcrduring spring :!O05 fa\ored establishment orpcrcnnial cool season seeded grass and

shrub species at this ::.ilc.

Section 4: Results

Ilcrbicidc Ircallnenls did not interfere \\ ilh the establishment of drilled nati\c shrub species in this

c:\pcrimcllI and in man) cases there \\3::. an increase in shrub dcn:.itie:. \\ ilh herbicide treatments

compared to untreated control plOh (Table I).

Shrllb SllIflll COLlIIIS

Baseline shrub stand CQunts \\cre conducted in April 2005 \\ hen shrubs \\erc just coming Ollt of

donnanc) and again in September :W05. approximatel> 4 month.. after herbicide treatments \\ere applied,

Shrub species densities \\ere \cl) 10\\ and scattered Ihrough the ~llId) sile \\hen baseline data \\as

collected. Shrub sp{.'Cie~ \\ere idenlified and counled in each lOx 30 n plot (300 n~ area. Table I).

Baseline shrub stand counls rangcd from a 10\\ of zero rabbilbrush plallls 10 a high of Ihree fringed sage

plants/300 ft:.

Almost alllHltive shrub species doubled in densily in urllreatcd conlrol plols by September 2005

compared to baseline stand dCllsit) counls that \\ere taken in April 2005, rhis \\as 1110St likely in

response 10 fa\ orable ~hrub gl'l:m ing conditions and relati\ el) 10\\ \\ eed dcn.. ities, Saltbush "as the ani)

shrub in this study Ihat declinl'd in densit) in untrealed plots compared to b..1,)elinc stand counts. Thb

rna) have been due to sallbu"h', inabilit~ to compete \\ilh seeded species, particularl) grasses. or site

conditions \\erc nOI fa\orable for saltbush establishment.

Fringed ~1ge densil) increased 1\\0 to rour·rold in all herbicide treated 1'1015 except Vista or

Authoril) applied at 0.~5 or O.~~ Ib ai'A in 2005 compared to untreated comrol plots: ho\\c\er.thesc

"cre not ah\a) s slalisticall) different. The herbicide trcatmelll \\ ilh Ihe broade~1 increase in species

eSlablishmenl compared 10 Ihe lllllreated control plots \\as Aim + 1.4-D amine (0.014 + I Ib ai/a).
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Saltbush. rabbilbrllsh. and Louisiana sage increased 1\'0. thrc(' and four-fold with Aim + 2,4-D amine.

respeclively. Fringed sage increased alrnosll\\o-fold with this same treatment: however.lhis was not

statistically differellt than the untreated plots.

fringed sage \\as the casiest and rabbilbrush tended to be the toughest shrub species to

establish fit this study sileo Fringed sage densities varied from 11 to 37 plants/plol while rahbitbrush

densities varied from one to three plants/riO! \\ ilh diflcrcnllreatrncnts. Saltbush was the only shrub

species 10 decrease in lliltfeatcd control plols \\here no herbicides Wl.:re sprayed. This may indicate

that saltbush docs not compete \\ell \\ ilh other \'ceds or did not establish \\ell under these particular

soil. moisture. and \\emher conditions.

Shrub establishment \\ould have lih.el~ dccreased in untreated plots \\ ith greater differences

for establishment between sprayed and unsprayed plots if there would have been more broadleaf\\eed

compelition.

Shrub Illjury (l/Ill Weed COlltrol Ratillgs

It was ver) difficult to monitor shrub herbicide injul) in 2005 due to the hal. dl)' condilions.

Most shrubs dried out ill JlIl~ 2005 due 10 the droughty conditions and slarted 10 recover in October.

2005 with fall precipitation and cooler tcmperatures. No shrub injul) ratings \\erc conducted in 2005.

Shrub stand counls \\ill be conducted in 200610 dClcnnine ifthcre \\crc an~ shrub stand losses caused

by herbicides.

Although some of tile herbicides appeared to conlrol koch ill. prich.l) IClIllce. and field bind\\eed

in this siudy. weed density was scattered and made weed conlrol visual evaluations inconsislellllhrough

the study sile. Weed conlrol ralings \\cre not laken in 2005 due 10 poor reeruilment and gro\\lh of all

broadleaf\\"ceds ill this site but \\ ill be taken in 2006 iflhcre arc adequale \\ced densities.
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Sugar Treatments

High sugar conccnlraliOl1~have been found to alter eN levels in soils and excessive available

nitrogen is kno\\11 to favor \vecd germination and establishment. Sugar Ireatments did not influence any

of the shrub species densities inlhis experiment.

Key Poi"ls

- Favorable gro\\ ing conditions cxi"lcd in 2005 li)r shrub recruitment and establishment except possibly

for saltbush. Most shrub species sho\\cd an increase in stand counts bet\\cen April and September.

. Herbicide treatments did not interfere \\ jib shrub establishment and in some cases (i.c. 13 of22

treatments with fringed sage) may have aided in the establishment. Shrub densities were variable through

the study site and il is debatable \\ hethcr eSIablish1l1elll was enhanced by herbicide treatments. Stand

counts in 2006 "ill likely providc a better indication of any changes lhat have occurred.

-Shrub establishment differences Illa) bc rcfmcd to site and \\cather conditions rather than response to

herbicides: however. there ,'as no significant decrease in shrub densities with herbicide trealments.

- Herbicides 111a) be a viable lOot for land managers to control broad leaf weeds and to establish native

shrubs and grass species. However. caution should be llsed ,\ lll're desirable shrub or forbs arc present.

Banvel and 2.44D arc I.:no\\n to iFtiurc broad leaf forbs and shrubs. Climatic and other site conditions lllay

have existed in this particular stud) such that there was very tiule evidence of forb and shrub injury.

- Although kochia and other broadleaf\\ecds \\cre not present in high enough populations to

be evaluated in this study. ) ears \\ jlh high densities of broad leaf \\eeds could potcntially cause greater

differences between treated and nOll-treated plots for the establishment of drilled shrubs and

grasses (greater competition).
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Otller COlls;llerlltio/ls

Nati, c shrub and gms" spcl.:ies in Ihis experiment \\ere drilled in r,l11 2003. A JXH1ion of these

shrubs and grasses emerged and e~lablished rool s)ostCnlS in 2004 \\ hill' others emerged in 2005.

Although there didn't appear 10 be all) shrub losses in Ihis c:\pcrimclll caution should be used \\ hen

sprn) ing areas that hn,c I1l'\\ I) emerged nati, c seedling shrubs and forbs. Another stud) \\ ill be

established in an adjacclU site in spring 200610 dctcnninc effects ofthcsc same herbicides on seedling

shnlbs.
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Tahle I. Shrub stand counts

Herbicide I Rate Fringed sagc~ Louisiana sage! WilllCrrat! Rabbitbrush! Saltbush~

(lb ai/a) •.•.••••••••••••••.•---------.--•.••---- --- -(# Plot)------------- ----------------------.-----
September 1005

Overdrive 0.13 21 4 3 I 2
0.19 20 3 3 I 2
0.15 26 8 7 2 2

Vanquish 0.25 19 3 , 3 4
0.5 21 3 3 I 2
0.75 15 3 4 I 2

Vista 0.13 21 2 3 I 3
0.19 37 0 5 2 3
0.25 10 2 6 3

Aim 0.016 25 3 4 3
+ 2.4-D Alllil1l' +1

0.014 18 2 9 3 4
+1

Aim 0.031 33 3 3 2 2
Authorit) 0.19 27 4 6 2 3

0.21 " 2 3 0
0.25 20 4 5 2

Aim 0.016 26 2 6
+ Authority +0.19

0.025 34 5 , 2
+ 0.19
0.16 25 2 5 4

-t- 0.22
0.024 28 2 6 2 5
+0.21
0.016 19 5 6 2
..- 0.25
0.024 26 5 3
+ 0.15

Sugar 600 16 3 5 2 0
Control " 2 , I

LSD (0.05) 10 4 5 2 3

CV 41 107 91 105 129

I Non-ionic surfactant (Activator 90) added to alllTcmmenls at 0.250 0 vI\'.
! Shrub courllS is the number of shrub species counted in each 10' x 30' plol (300 square fOOl area).


