
THE ROLE OF ANNUAL FORAGES EN 
NI'EGRATED WEED MANAGEMENT 

of the rcquinments for the degree 

of 

MASTER OF SCIENCE 

Department of Plant Saence 
University of Manitoba 

Winnipeg, MB 



National Library Bibliothèque nationale 
du Canada 

Acquisitions and Acquisitions et 
Bibliographk Services sewkes bibliographiques 

The author has granted a non- 
exclusive licence allowing the 
National L i i  of Canada to 
reproduce, Ioan, distniute or seli 
copies of this thesis in microfonn, 
paper or electconic formats. 

The author retains ownership of the 
copyright in this thesis. Neither the 
thesis nor substantial extracts &om it 
may be printed or otherwise 
reproduced without the author's 
permission. 

L'auteur a accordé une licence non 
excI&e pezmettant à la 
Bibliothècpe nationale du Canada de 
reproduire7 prêter' distn'buer ou 
vendre des copies de cette thèse sous 
la forme de microfiche/nlm, de 
reproduction sur papier ou sur format 
électronicpe. 

L'auteur conserve la propriété du 
droit d'auteur qui protège cette thèse. 
Ni la thése ni des extraits substantiels 
de cene-ci ne doivent être imprimés 
ou autrement reproduits sans son 
autorisation. 



COPYRIGHT PERMfSSION 

A Thesis sabmitted to the Faeuky of Cradurte Stadies of the University of Manitoba 
in pa- fulliUmeat of the ttqahments of the dcgnc o f  

Permission bas been graated to the LIBRARY OF THE ULYIYERSITY OF MANITOBA 
to fend o r  wO copies of this thais, ta tôe NATIONAL LIBRARY OF CANADA to mictolilm thïs 
thesis and to kad or seU copia of the Blm, and to MICROFïLM!5 to pubüsh an 
abstract of this thesis. 

This repmxiuctioa or copy of this thesis bas M n  made avsilrbk by authority of the copyright 
owner sokly for the purpose of private study and mtrrch, and may only bc rcptoduccd and 
copiai as petmitted by copyright hws or orith express writtea rathorizatfoa fiom the copyright 
omet.  



The mie of annuai fo- ia integmteâ weed -t. 

Annual forages miy scm as an aitanative wetd cona01 masure thaî am be 

Picorporated mto an intcgratcd rvetd managanent systca A fkst apaimait 

(expainwt 1) kvcstigatad the d k t  of cmpping systarrs invoIvbg annual fbrages on the 

daisity of weed seeds m the sadbank, density of wcui seedllligs in a subquent pea crop. 

and spccks composition of wad communitics. The 1 I ûeatmcnts for expaimnt 1 wae 

as follows: whcat (Tnticum aGStivwn L. cv. Katcpwa) sprayad widi gras and koadleaf 

herbicide, harvcsied for grain; wheat sprayad with broadkaf herbi ie  o n l .  harvcsted for 

grain; whcat, unspraycd. h d  for graUi; *ta aiticak (7'riticosecde m. Pika). 

simulation grazed; spring tntiale (cv. Ban@), ait for silage; winter Pnd s p ~ g  triticale 

intacrop, cut for siiage then simuIation grazcd; sorghum sudangras (Surghum bicolur 

&J Moench X S o t g h  sudaneme [Piper] Stapf.? cornmon), cut for hay; non-dofl~~iint 

alfalfa (Medimgo sotiva L cv. Nitro). cut for hay; weed fallow, cut for silagc, sweet 

clova (MeLilotas ofici~les L cv. Norgoki)/triticaIe doubieaop, cut for hay t h  

simulation grazed; and fan ryc, harvestcd for grain. 

Two field triais wcrc conducted in expcrimait 1 at Carman h m  1994 to 19%. 

Based on the rsuïts of the ~Xpaiment, it can bt concluded that m u a l  forages 

consistendy suppresrcd wild oat in the seedbaak, but did not wnsistaitly suppnss 0 t h  

wctd species* h m a l  forages supprcsscd wccd seedhg rccfwtment in a pea crop better 

than annual grain crops because thae Û some regrowth of foragc in some of the systems 

(eg. winter triticale), or an allelopaihic effect of residue (eg. sorghumsudangrass), or a 

suppressive effect of residue due to shading (eg. fall rye). Despite the variabIe weed 



control a6odd by the annuai forage systairs, in mst cases, *Id of a pea crap following 

forages was significPnty hi* than pea yiJd foliowing cvfieat -out habiide, and d i '  

not di&r h m  pa yickl folbwing the conventionaI habicide treatmcnt, 

AnnW forages hd a smiüir &ct on die weed commnity composition in the 

seedbuilrancithewetd~gsrscniitcdmthcperaopmbothtriais. Annuaiforages 

a&ctai the conposition of the weed comaunity miich b a convcntionai haacide 

trcatmtnt w h  wœd pressure was modcratt (aial 1). but whai weed pressure was high 

(tria! 2) mst a ~ u d  fôrages did not a&ct the weed comninity any dinaatiy dw a 

wbedy grain crop. in ths apaimuit. annuai forages w a e  more saongly associateci with 

boadleaf weed spccks, and the mual grain crops wae more strongly associated with 

grass wecd spccies. 

A second expaknait (arperDncnt 2) invcstigated the e&ct of sekcted forage 

systens on w d  darsity uncicr con~t~ltional and zero tülagc The hypothcsis was that 

annual forages wûl &kt weed popdations differcntiy unda tao tiliage than unda 

conventionai tillage, in utperiment 2, thae was a signifïcant Litcraction b e n  previous 

crop type and tillage for green foxtaii suggesting ihat annual forages such as sweet clover, 

fàii rye and alfàifâ control gr&n foxtail bata whcn zero tülage is used than when 

conventional tillage is used. TritEalt did not control gr- foxtaii buter than wheat for 

eitha tiüage systan Thac was no sign5cant intexaction for pmrious crop type and 

tiilage for wüd oat suggesting the forage supprrssor crops controllod wiki oat better than 

wheat in a herbicide-ikc cnvironmnt regardles of tüiage system used. 

The resuits of these utpaLnents indicate that annual forages rnay be a viabk weed 

control option when uscd in the context of an W M  system 
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Rior to the advent of synthetk herbicides in the 1950s weed control was achkved 

predorninantly by cuhural control methods which inciuded a o p  rotation, tillage and 

periods of tallow (Walkcr and Buchanan, 1982). Since the introduction of chemlcaIs for 

weed control and synthetk soutfes of fertihr nitmgen to nphce legumes, dependence 

on and use of culturai control mthods such as crop rotahn has decreased ( W d k  and 

Buchanan, 1982; Gressei, 1989). Today, the Guide to Chernical Weed Control published 

by Manitoba Agriculture iists 80 herbicides and makes recorrunendation on their use for 

the control of niany diffèrent agronomie weeds (Manitoba Agriculture, 1995). 

Cumnt weed control strategies ofien involve m m  combïïtion of herbicide and 

mge,  however, zero tillage production systems are Licreasing in populanty. In a 

conventional tïiiage system weed control strategies focus on the use of broad specmim 

herbicides that kiU as many weeds as possible at a wide range of Ieaf stages (Derksen, 

1995). W d  control is camed out via tilhge operations in the autunn and s p ~ g  

foiiowed by pre- or post- ernergence herbicides for any funher "in crop" weed control 

needed (Derksen, 1995). Conservation uIlage, including minimum and zero tillage, has 

reduced or eliminatcd the option of tilkge for weed controi, while maintainhg the use of 

chemical control in addition, consemation tiiiage operations piace a greater emp hasis on 

pre-seeding herbicide application, thus, inaeasing the overali dependence on herbicides 

for w d  control when comparecl to a conventional tiiiage system (Derksen, 1995). 

Today there is renewed enphasis on ushg cuittuai methods for weed control 

because of inaeashg probiems associated with heavy use of synthetk herbicides. Studies 

have shown that the recment use of herbicides with the same mode of action on wild oat 

populations has selected for resistance to those herbicides (Jana and Naylor, 1982; Heap 

et al, 1993). The pro blem has develo ped at a rapid Pace due to the heavy nliance of 

these groups of herbicides for wild oat controL Modern weed control practices that rely 
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heaviiy upon habacs  are also Med a> non-point source poiiution (HatoJd 1996). 

Fuialy, Gbaso a al. (1996) satcd that, in Argentina. the most inportant weed spccks 

continue to incmsc despite the efforts to conml than via herbicides because babicides 

onLy affect abundance of wccds at a patch scaic for a short paiod of tim 

Long-mm weed control ~ttattgies bsscd on an undastandhg of  bïoiogicai, 

ecologicai and econoaocsl pro cesse^ that drm the cropping systcm are n&Qd (Navos, 

1991). ïntcgrated wctd mamganen 0 hrs beai defintd as the application of 

numaous ahmative w d  conirol masures, WW Liclude cuitural, gaieoc, mechanid, 

biological, and chaiiical maas of w d  control (Edwards and Regnier, 1989; Swanton 

and Weise, 1991). 

An IWM systcm shovld include the following charaneristics: 1) shat wnrmunity 

dominana away fiom weeds and toward the aop. 2) minniize negative impacts of 

secondary succasion due to disturbanct, 3) undetstand and exploit population bioiogy of 

m g w e e d  interactions, and 4) manage seleaion pressure in a mariner that adverse shifts 

in the weed specmun arc avoided. In doing this, an IWM system wüi break the Iife cycle 

of the wead at some point in time and prevent the increase of the weed scedbank (Kropff 

et aL, 1996)- 

The IWM production system encompasses the enhancement of aop 

conpetitiventss, aitemative mthods of weed controi, the knowladge of the critical period 

of w d  interferencc for the optimization of herbicide use, tiliage system, crop rotation 

and its e&ct on seed bar& dynamks (S wanton and W e k ,  199 1; Cussans, 1996). 

Annual forages for feed production may savt as an alternative weed wntrol 

measure that can be incorporateci into an IWM system in Manitoba, annual forages are 

grown on 68.20 ha and gcnerate $13,090,000 a year (Anoh. 1987). b n u a l  forages can 

be rnanaged in such a way that they have a cornpetitive advantage over weeds. and they 

can be used with dinerent tillage system. When used in an IWM system, annual forages 

may help to shifi cornmunity dominance away fiom the weeds, mhhbe the negative 
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impacts of sccondary sirassion, expIoit population biobgy, and manage seknion 

pressure. Annual fbrage systens rmy pment w u d  setdlings fiom devdoping and 

producing sœd, or they may pevar  weed sœds fiom rc&uming to the sccdbanlr, Coble 

(1996) suggcsted that mowing of paauill forage a o p s  is an c&tbt w&d control 

option- 

Bascd on thi9. the objcaivcs of the presait m h  pro- wcrc: 

1) To daaarimc how muai forage cmpping systans without herbicides compare with a 

conventionai wœd managtmcnt matnitnt (le. wheat spraycd with herbicides) in tcms of 

wccd nianag-t; 

2) To detamine how muati forage systarr~ a&% thc daisity and spccies wmmunity 

composition of weeds in a subsequerrt crop; 

3) To detumine how annual forage systems affect the grain yieId of a suôsequent pea 

aop; 

4) To detanuie how conventional tükge affects the weed suppression abiiity of annual 

forages when compared with zero tiilage. 



2.0 Literature Review 

2.1 Weed Management 

2.1.1 What is a weed? 

Tradihonally, the definaion of a weed is very broad because it is based on the 

objectives and requatnitnts of the indMdupl that is niaLlig the evaliiatian (Navas, 199 1). 

Definnions often aicompass the unàesirpality of the phuit in question (Holzner. 1982). 

Weeds are ofvn described sinp1y as a plnnr growing in thc wroag phcc (Bunàng9 1960). 

Because the decision to detm a plant a wced or not is based on subjective criteria, any 

plant in any ecosystcm could potentialiy be a weed Baker (1965) and Grkm (1977) 

proposed that the ddkïtion of a wced involve plants found predonnnaritiy Ïn habitats 

disturbcd by huntans. Navas (199 1) proposcd that a wecd is: "a plant that f o m  

popuiations that are able to enter cultivated habitats, markedly disturbed by man and 

potentïaiiy depress or dispkce the residem plant populations whrh are deliberately 

cuitivated or are of ecological and/or aesthetic interest". 

2.1.2 History of Weed Control on the Canadian Prairies 

Prior to the advent of synthetic herbicides in the 1950s weed control was 

accomplished predomïnantly by cuiturai control mtthods which included crop rotation9 

tillage and periods of fàiiow (Waikcr and Buchanan, 1982). û o p  rotation was the 

predominant weed control tool avaiïable to a producu, Since the introduction of 

chernicals for weed conml and synthetic sources of fatüizer nitrogen to replace legumes, 

dependence on, and use of, culturai control methods such as crop rotation has decreased 

(Waiker and Buchanan, 1982; Gressel, 1989). 
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By 193 1. les than 30 p r s  a&r its introduction to the Qnadian pnirk,  wüd oat 

(Avemz fm L) occqoccapied 858 of crop lands in diic region @an- 1973). In tanis of 

croplosses.wildootistbemanpOrwt~eed~uic~laodonthe 

Canadian pnaies (JIM and Na*r, 1982). In a contïnuous gnLi rnd W w  rotation, 

wiid oat has bœn docpmnied as the most *problanaticn weed (Siemens. 1%3). Long 

iam aop rotation riesesrch at the Brandon Elrpaimntal F m  betm+o 19 1 1 and 1958, 

showed that rotations tht kiuded a short tcrm (1 to 2 year) forage stand had less wüd 

oat by wcight m tlireshed grain t h  rotations which did not contain a forage (S. m. 

1963). A niUow-whcat-whet rotation had 15% wild oat by weight in the tlncshed wheat 

(Triticum ~ * v m  L). whaais a hayoat rotation had 0.5% wild oat by wcight in the 

thrcshcd oat (Avena sotivu L) aop. and a hay-hay-wheat rotation had 0.2% wiid oat by 

weight in the threshcd wheat crop. 

By 1969. thac w a e  approxhatcly lu) herbicides avaüabk to producen in the 

United States and Canada (Tinimons, 1970). In Alberta, Saskatchewan and Manitoba, 

use of phenoxy herbicides incnased nearLy three-foici fkom 1954 to 1968. and the use of 

other herbicides increased more than efeven-foiâ between 1963 and 1968 ( T i i n s ,  

1970). The importance of wîid oat increased the emphasis on the developmnt of 

sekctive herbicides for this weed ( T i ï n s ,  1970). and betwecn 1960 and 1963, three 

new herbicides wae hwduced to control wild oat in whcat, barley (Hordeum vulgwe 

L.) and fiax (Linwn ~~~i&tiSsnUUn L.) (Banting. 1973). In 19n and 1982, two mre  

herbicides with inproved e&acy on wiki oat and action on otha ccanomrally important 

weeds wae introducccl (Hcap et ai., 1993). The use of thcse hab'iides incnascd rapidly. 

in 1977 mare than 5.2 müüon hectares of crop land in Western Cuiada w c n  treated with 

herbicides for the control of wild oat (Jana and Naylor, 1982). Today. the Guide to 

Chernid Weed Control published by Manitoba Agriculture lists 80 herbicides and makes 

recommendation on their use for the control of many dinerent agronomk weeds 

(Manitoba Agriculture, 1 997). 
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Roducas in western Canada use tilLge inteasities mging fiomconvaitiod 

tibge to consavPtion tillagc and zao tihge, Tbe type of tillage s y s t a  chosen wiii 

influacc the mtthods of weed control used, 

In a conventionai tiUage systan wetd control sategjcs focvs on the use of broad 

spatnun herbicides that LüI as inrny weeds as possible at a Mde range of k a f  stages 

(Derkscn, 1995). Weed contml is camed out via tihge operations in die autumn and 

spring foUowed by pre- or posi- uncrgcl~ct Wicides for any funha "in crop" weed 

control nccded @erksen, 1995). 

Conservation tillage, uicluding minimum and m o  tiliage, has reduced or 

eiiminattd the option of tiliagt fot weed controi, whüe maintahhg the use of chemcal 

controL In addaion, consemation tillage opaations place a grtater emphasis on pre- 

seeding herbicide apphtion, thus, inCrtashg the overali dependence on herbicides for 

wecd control when compareci to a convcntional tillage system (Derksen, 1995). 

2-1.4 Concems with Herbicides 

Today, thae is nnewed anphasis on using culturai methods for weed control 

because of imcasing probkm associated with heavy use of synthetic herbicides. Studies 

have shown that the recmnt  use of hcrb'icides with the s a m  mode of action on wikl oat 

populations has sclcaed for resistance to those herbi ïes  (Jana and Naylor, 1982; Heap 

et aL. 1993). CurrentIy in Wtstcrn Canada thcn are ovcr LOO populations of wüd oat that 

have been identified with herbicide raisaince to group 1 herbiiides (Morrison and 

Devine, 1994). The probkm has developed at a rapid rate due to the heavy reliance on 

herbicides for wild oat control 
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hb&fn w c d  oontml praaias that niy hcaviiy upon herbicides arc linlrcd to non- 

point soiira poliution (.tlld, 1996). In the Unitad States, at kast 28 habicides are 

proposai fbr inciusion in a dridtmg wata sumy.  and 32 of these have bœn poposcd for 

inclusion in a wdl sumy ( S d i b ,  1988). AtrsLm [6-chiof0-~ethyi-W(l- 

mcthylethyl)- 1,3,5-aiazine-2, 4 d h Û n c J  is a herbicide thaî is used arteapnely in tk con 

growuig regions of Canada and the United States. Atnzine is one of the wst c o m n l y  

deteaed pesticides m groundwatcr in these ngions, and bsses of a- due to soil 

erosion can be signincpnt, partMarly during the paiod immdiattly afta appücotion 

(Pantone a PL, 1992). Howevcr, due to the d y  nature of soJs and heavy pcsticidc use, 

the thrcat for groundwata pollution by pearidcs in the Assiniboine Ddta Aquik, 

Manitoba is relatively high @FRA. L992). 

Faaly, Ghersa et I (19%) statcd that the most important weed spccics continue 

to inaease in Argentina dcspite efforts to control than via herbicides, thus, herbicides 

aione wiU not eradicate weed problem 

2.2 Weed Ecologg 

The study of the interaction betwun plants and the enviro~ntnt that they are in is 

known as plPm ecdogy. Weed ecaIogy is the study of the interaction beniveen wccd 

plants and the environment that they are in. Wecd ea>Iogy d s  to be considercd whcn 

devdoping weed managemnt systems. 

A plant comnunity is a coiiection of plant species that co-exist in a given 

environment. Plant comniunitits arc often charactakd by a dominant spccies 

(Radosevich Md Holt, 1984). Succession is the prooess of a plant c o d t y  changing 

over timt (Ghersa et ai., 1996). if the microenvironment renïiins reIativeLy constant over 

time, the changes in species composition are very slow or non-existent Secondary 
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s u ~ o n  is the prootss by which the plant c o ~ c ~ g c s  afta a redical 

dis~banct  so t h  a new niche ip avsilnblt in the environment for coionLation by plants. 

In apricpiturt, highly dishnbad systam are cornnon, and wecds arc those plants that 

bccupy the eadiwt stages of saoonbryovcassioa Annuai w d s  are r-strategists or 

ruderais. niese are plants adapted to fkqutntiy disurbed habitats which have a shon-life 

span and high reproductive capPcity (Grimt, 1977). 

G a d s  conp#irive exclusion pncipk statcs that two specks cannot cotxist 

pempnaitly in the same niche (Radosmich and Holt. 1984). Thus, in a disnrrbed crop 

community, some degrcc of Ncbe sepadon m m  occur in order for wecd species to cxist 

in conjunction wibi crop plants. If a aop  p h t  wae to oonipy the entire niche, would 

this man compktc weed suppression? Whough somt crop plants are superior 

cornpetitors to w d s .  cornpetition abne wiii not lead to weed extinction. 

With these pnnciples of plant ecology in minci. the ob-c of weed nianagement 

shouid be to shift community dominance toward the crop species and away h m  the weed 

species (RIadosevkh and Holt, 1984). 

2.2.1 Population Biology 

A pIant population is a group of MMduak, u s d y  wiihin a species, that occupies 

an environment or habitat s d l  enough to permît mtcdxecdjng within the group. 

Population biology, one kPnch of the scbcc of ccology. looks at understanding the 

cause-effict reiatïonships regulating the nurnber of individuals in populations (Numata, 

1982). 

Weed species do not occur in monospeciac stands. in fact, populations are 

composed of genotypidiy difficrent, plastic udMduals that are heterogenousIy disaibuted 

in space and tirne (van Groenendai, 1988; Navas, 199 1; Jordan and Jannink, 1996). 

Individual plant populations within a field wiü have di&rent susceptibilities to the weed 
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control masures inposeci upon thcm The variabiiity of wecd populations will a&a their 

evolutionary xcqmnscs to ~~e pressure (Le w e d  conaoi). This must be 

considerai, thuiefi,rt, when devebpïng a w d  managanent program (Navas, 1991). 

'Ibere are four phases in the iik cyck of a p h t  populatioti: seccihg ncniitmeat 

in which w#d sads h m  die sdbmic gerniinatc anci ~l~l~ge, the production of dty 

maaa, s d  production, Md sœd rain (Medd and Pandey, 1993; KropfFa PL, 19%). 

Consdering these phases, thae is one phase in which cxpansbn of the popihtion m y  

occur, the seed min phase, and four phases where thae is patenthi for 10s (Sagar. 1982). 

Control ta:hnQucs thot break the iifé cyck ofwecds at some point in time wiU be vaiuabk 

in devdophg stratcgies for weed nianaganmt (Kropff a PL, 19%). Weed control via 

herbicides focuses on rducïng weed populations by incrcpsng w d  seediing mortality 

(Medd and Pandey, 1993). 

2.2.2 The Weed Seedbank 

The wetd seedbanic rriay bc a critical kanue in deteminhg whetha a popuiation 

increases or declines (Harpcr, 1977). The flux of seed hto and out of a unit of the 

seedbanlc detemines the potericial population of that unit (Nor&, 1996). The nu* of 

individuah pfcstnt as dormant propagulcs vastiy txcccds the numba of indMduais 

present as growùig plants- The weed seedbanic may increase ùi sizc duc to invading 

species, or via estabIished and stabiüzed populations dtaining thcmseIvcs (Hsrper, 

1977). In theory, to reduce or exhaust the SOCdbank one must simply stop sced 

production (Forceb et al, 1996; Norris, 19%). However, in reality this is not b i b l e  

because no control masure wiiL prevent ai i  seed production. Som sckntists suggcst that 

even d o  wing a single weed to set seed is "detrimentai to long-tam fhn economics" 

(Forcella et ai., 1996). 



The fonis of wecd control strate* shoiild be on weed rnanagemcnt as  opposed 

to weed eradicstio~ FOrccïia et al. (19%) s u g g d  that the tmiing and manipulation of 

cornmon soïi and aop nianagamnt practbs can regdate the weed SCCdbank. Weed 

infestations a r k  h n t h c  w&d s d b a n k  and changes m managanent praaices shouki 

resuit in a change in observai wwd fkra (Ba& 1992). Hownnr, b u s e  of the ki&ring 

e f f i  of the weed .errRbgnlr the changes m managanent mist be signiacont in orda to 

obsave a change in wecd flon (Robats, 1963 : Harper* lm Darmcncy and A u .  

1987). 

The genetic structure of plant populations wïthin cuhivated fields is a funaion of 

the managemnt practices Ïmposed on those populations @dl, 1992; Darrnency and 

Aujas, 1987; Dcrkscn, 1995). Management practks such as tiüage, crop rotation and 

herbicide application inpose a sekcthe pressure on weed populations within a field. This 

selection pressure wül influence the composition and arnount of weed s d s  in the weed 

seedbank, Jordan and Jannink (1996) statcd that there is abundant evidence that weeds 

are capable of adapting to all types of weed control masures. 

The fouowing examples iiiustrate how crop production systems apply selection 

pressure to d populations. The approach to wced management in a zero-tülage 

system involves a pn-seeding herbicide appiication, as weii as an early b o p  herbicide 

application. Unda this system, wecd control takcs place within a four to six week period 

early in the growing season. This approach to w d  management has selected for weeds 

that emage afta the in-crop herbicide neatmnt (Dcrkscn, 1995). When inversion tiîlage 

is used in a conventional tülage system, weed secds are buried deeper in the seedbank than 

when non-inversion tillage is used (Ba& 1992). Seeds buried in the soi1 have a pater  



iongevity than sads near the sinfoce and can probng weed W o n s  over severai 

growing scasons QaU, 1992 Roberts. 1%3; R o b  and Dawkins, 1%7). 

b p p h g  sequacc has the rnost dominant effea on the siEe anci composition of 

the weed d b a n û  Ïn the hg-tam because it & k t s  the timÏng and typc of tiiiage and 

the herbicides u d  (Bal, 1992). Sevarl worlrm have reportcd wœd Jpecies scICcb'on 

due to cmp rotation (Johnson and Co& 1986; Hume et ai., 199 1). D ~ n a i c y  and Aujas 

(1986) rtpdrted a shüt toward vesnalization requiring wïki oat m populstions growing 

under continwus winter aops in Europe. In motha example of a o p  rotation applying 

s e l d o n  pressme, Schaner et aL (1978) hund prostrate forms of yeiiow fonaü (Scrmu 

glouça (L*) Beaux) in alfalni (Medimggo sdva L) Oelds in rnlifa& The prosoate 

growth habit was selected for by the frequent cutting fcgimcs practiad in the alfiilta 

production system 

Herb'rcidt use also a&cts the sizt and composition of the weed seedbanlc Roberts 

and Neilson (198 1) reporteci that herùicides uscd in nisize (=a nurys L.) arui carrots 

(Daucus cmota L-) had Littic effkct on species composition within the seedbank, but mat 

weed populations in the seedbank when herbicides had k«i usai w a e  snisllcr than 

where no herbicides were used. However. where herbicides are useû contnuaiiy, weed 

seIection wiii be in fâvour of species that are less susceptible to appiicd herbiies ( h a  

and Naylor, 1982; Bali, 1992; Heap et aL, 1993). 

A pmentative approach to weed control would be to design agricuiturai systcms 

that impade weed adaptation to weed management via mcreased cüversity anci varying 

selection pressures in the systcm (Jordan and Jannink, 1996; Swanton and Miirphy, 1996). 



Long-<am wœd conPol stratepies brsd on an und-g o f  biobgicai, 

ecobgral and ccononncal proassts tbat drive the cmpping systcm are neaimi (Navas, 

1991). Intcgratcd weed rrianagamnt O has ben detlied as the application of 

numaous alternative weed conÛol masures, whkh uiclude cuiturai, genaic, mechanical, 

biobgic91 and cheniicpl IIICUU of d control (EdwacdS Md Regnier, 1989; Swanton 

and Weise, 1991). 

Based on the information m the pmious section on weed ecology, an W M  
* .  

systan should iaclndc the foilowïng chanrcternirs: 1) shin community domliance away 

fiom weeds and toward the aop, 2) nrnmiPze negatEvt impacts of secondary succession 

due to disturbance, 3) understand and exploit population biology of cropweai 

ïntcractions, and 4) manage selcaion pressure in a nianner thar adverse shats in the weed 

specuum are avoided. In doing this, an W M  system wiU break the life cycle of the weed 

at some point in tnic and prevent the incrase of the weed seedbank (Kropff et ai., 1996). 

The IWM production system encompasses the enhancement of crop 

competitiveness, aitemative rncthods of weed controt, howledge of the criticai period of 

weed interference for the opamization of herbicide use. W g e  system, crop rotation and 

its e f f ~  on secd bank dynamics (Swanton and Wtisc, 199 1; Cussans, 1996). 

2.3.1 Enbancement of Crop Competitiveness 

An IWM system should enhance the cornpetitive ability of the aop to suppress 

weed growth (Swanton and WC&, 199 1). Improved crop competitiveness may have its 

greatest a&a on sealling recniitment and will shift comrnunity dominance toward the 

crop (Kropff et aL, 1996). 



Ch00Sing nops thet are i&rcntly more cornpetitive is one approach for 

improving a o p  conpetirivaiess (W* and Buch- 1982). Van Heenist (1985) 

ranked 25 diffrrtnt crops for rheaconpaitivetiess with annuai weuis. For Listsnce, van 

Heaiist (1989 ranlred barky a bara competitor than wheat, wfkh was ranlred a bctta 

compaitor than flox. Pavlychtnko and Hanington (1934) aiso raalced wheat a bata 

compaitorwithwecdsthanfLx. 

Cropping pnctices w k h  pmote  npid and unibnncrop cstablishmeat wîiL also 

enhana its compaitiVe ability against weeds (Swantoa and Weise, 1991). In an 

errpaimcnt by OpOnovan et aL (1985). the percent *Id l o s  in berley and wheaî was 

greatcr when wild oat aiiaged eariicr than the crop, as opposed to whai wild oat 

ernerged iata than the m p .  Setding the crop so that it emcrges ahead of the wœds will 

enhance its compcative abiiity. Altemativdy, research has shown that iate seading of 

crops k e e  ytars out of six redud wiki oat populations by 86.7% (University of 

Manitoba, 1968). 

Crops grown in m o w a  rows corrpae baia with weeds due to a more rapid 

canopy closure and better root distribudon (Legere and Scheiber, 1989). Thurston 

(1962) nported that the eff~tive~css of wùiter rye (Secak cerealc L) and winta wheat 

(T'ticum arîivtwn L.) in ducing wüd oat populations depended on the crop demity at 

the time of wiid oat g emiinatàon in spring. Thc more densc crop canopy, the betta diese 

cereal aops compcted with emcrging wccds 

Because crops and weeds compete for sail nutmits, fkdizcr placement to 

optiniize nutriait sopply to the nop. and minimh nutrient supply to weeds will enhance 

the cornpetitive ability of the aop (Swanton and Weise, 1991). Hume (1982) found an 

increase in grm fox@ (Sema vindis (L.) Beauv.) density and dry weight when grown 

in plots that had been fatilUed as opposed to plots that nceived no firtiiizer. Siniihrly, 

Dhaiiwal and F r o u d - W m  (1993) found that barley graÏn yieki was r e d u d  to a 

greater extent when fertilued with 120 kg Nha than at O kg Nha and wild 0at.s produced 
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2.33 Altemative Mdhoâs of Weed Management 

than herbicides in this document. Cova crops and bïological conuol arc two examples of 

aiternative weai control methods to herbicides. Altcrnativt methods of wccd 

managemtnt can shift comrruanity doniinance to the crop, d u c e  niche availab'i to the 

weeds, manage sehion pressure and exploit population biology of weeds. 

Ckops sown into another standing crop, or into stubk afm pnvious crop hamst 

are known as cova crops or üWig mulchcs (Edwanis and Regnier, 1989; Swanton and 

Weise, 199 1). Cover crops compae with weeds and prevent sc4dluig rccruitment, and if 

the cover crop is Licorporated hto the soil it may prevent viable weed s a d s  fkom 

returning to the seedbanlt In a zero-tiUage production system, where rye (Secale cereale 

L.) and hairy vetch (Vicia villosa Roth) cover crop residue bioniass exceeded 3 0  g/m2 

and covered more than 90% of the soii, total weed density was reductd an average of 

78% compared to the trtatmtrit wahout w v a  crop (Teasdale et ai., 199 1). Teasdale et 

aL (1991) aiso suggested that PUelopathy niay have contributed to the weed suppression 

e k t s  of the cover crop residue. Putnam et aL (1983) reported up to 95% control of 

"important agroccosystcm weeds' for 30 to 60 days following desiccation of rye, wheat, 

sorghum (Sorghwn bicolor (L.) Moench), or barky cover crops. The use of cover crops 

in dry regions m y  be linnted due to Iimited availab'i of moisnite. Rice et al. (1993) 

reported that when alfalfa and Tangier fiatpea (Lathym tingitonur L.) were incorporateci 

into the sol iate in the growing suison there w a  2-3 cm less water in the soil profde than 

when foliowing summerfdow or eariy-incorporated lentil ( L m  c u l i ~ r i s  Medikus) and 
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Tangia &pca ReduCCd w d  growth, thenfom nray be partly attributcd to les s d  

watcr. 

Biobgical conml of wt+ds incorporates the use of naturaï aiainff mgbCtS or 

fungi, to d u c e  weed popuhtions or suppress theu growth (wittmn, 1989). QsssicPl 

biologial conmi, o h  mvohg naaS, papauues irself in the awironmnt for 

contmuous wntroL The release of the Lises Coctoblartrrr cactortun on @kiy pwr 

(OpwyUr opcurlio) m Australia is an a ~ p l e  o f  cLssical biologicsl control (Edwards and 

Regnicr, 1989). hundative appmacfics to bimlogical control uscd prafoniinantly on 

a ~ i i a l  n o p s  Fun@ for biobgical wntrol a n  be appW in O sïmüar nianna as 

herbicides, and are o h  r e f d  to as mycoherbmdcs- BiomaP for the wntrol of 

round-hved d o w  (Mdva pz&& Sm) is an example of a mycohabicylt. 

2.33 Opümïzation of Herbiade Use 

Herbicides an used on seedling weeds to prevent growth as well as s&d 

production and sced raul The kngth of time that weed control must be niaintaincd ta 

prevcnt yieid Ioss, and the h g t h  of time that weeds can rctnain in the crop ôefore they 

interfat with gtowth and ultirnateLy d u c c  *Id arc compomts of the cnticsl paiod of 

weed intafu«ioe (Weavcr, 1984). Knowkdge o f  the aiticai paiod of wced inta5crence 

with the crop wül aüow a producer to optirnue herbicide use and incorporate alternative 

methods of weed control hto the production system (Swanton and Weise, 1991). The 

kngth of these pcriods will vary dcpending on the nop type (Bumsidc and Wicks, 1969). 

For e-k, W ~ e r n  (1984) found that cabbage (Bmrsca oleracea L.) quircd a 3 

week weed-free after tmsplanting. Aiso. yieids w a e  rduced if wccds that 

emrgcd with the crop w a e  allowed to temain for 4 to 5 wceks. In the seme snidy, 

cucumkr (CucWItiS S ~ V L L T  L.) yields were reduccd if plots were not kept weed fice for 

up to 4 weeks afier seeding, or if plou remained weed infested longer than 3 to 4 weeks 
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(weaver, 1984)- Chandior and Petas (1974) found that thae w a e  signincant 

reductions in wheat and k k y  grain yield only when wüd oat popuiatïons were pater 

reduction in yidd conpaition h m  the wiki oat did not begin untü the 4 leaf stage whidi 

suggesttd that conpetitive daniage by wild oat may prccak aop cmc~getlce. Further 

expcrimGntatbn by Chanceilor and Petus (1974) Pdraowbdged that at high wecd 

ïnfbrmation of the ÛirÉal paiod of weed intdkmcc can potcntialïy rduœ the 

need for CO~MUOUS control with herbicides, ond optimizc the dose and timchcss of 

herbicide application (Swanton and Weise, 199 1). Medd anci Pandey (1993) rcportcd that 

conventional hcrbicLk appbtion for vned çcedl9ig control tesuitcd in a two to six foid 

inaease in wild oat population, but that when repeated h o p  appikations w u e  used to 

obtain seed Idl, the exkithg wild oat popdation was contained. O'Donovan (1988) 

suggestcd that modeIs may aki in the efforts to reduce herbicide use, but that omission of 

herbicides in somc years wiU increase dependence on herbicides in subsequent years. in 

continuous barlcy, wild oat herbicide apphtion mry 0 t h  year provided the best 

economic ntums, whcreas in wheat, wiki oat herbicide application was necdcd every year 

to provkte the best economk returns (O'Donovan, 1988). 

T i g e  system may d u c e  weed problens by affiecting secondary succession, and 

managing se ldon pressure. In conservation tiiiage systems then may be an inacased 

reiiance on herbicides for weed controi, however. Swanton and Weise (199 1) 

hypo thesized that there is po tentiai for a greater reduction in herbicide use under no- tiJi 
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systems if an IWM syslnn js 4ipkmcntai. The potcntial for a grcatcr reduction in 

herbicide use under no-tiU systcm can be attributcd to changes m the popuktion 

dynamks of sccdbanks under IWM 

Sesds of many weed s p i c s  can remain viabk în the w d  sealbank Por bng 

periods of rime when Ieft uadirturkd (Rabats, L%4). S a d  buricd Ui the soi1 can nmaui 

viabk longer than sed sibiued aear the soii surface (Robeas. 1964; Roberts and 

Dawkhs, 1%7). Pasiaence of wecd Jeeds in the sdbank will influence the poterttial of 

a weed to cause ùifestaaons and economk los  in the long-tam (Ba& 1992). 

Biackshaw et aL (1994) reportcd rhat unda various crop rotPtions zero-tillage 

plots had mort weeds and a dafaeDt spccies composition than mLwnum or c o n v ~ n a l  

tibge plots Dandefion (Tarrmum oficinole Weba in Wggers), paennial sow thistie 

(Sonclurr memik L), redroot pi- (Amaranthrrs retrofrizus L) and Russian thistk 

(S&ola ikrica Swnen & Pau) increased d e r  minimum and zao-tiliage, whilt 

flixweed (Desciwainia suphta (L.) Webô. ex Prand), field pennycress (Thlaspi awewe 

L.), wild buckwheat (Polygonum convolvulur L.) and connnon IiunbsquafterS 

(Chenopodm a&m L.) decreascd under minimum and zero-tillage (Biackshaw et aL. 

1994). H u m  et aL (1991), on the other hand, fouad that red root pigweed was at the 

highest densities under convuitionai tillage. They reported that in southwestern 

Saskatchewan foxtail barky (Hor&um jubatum L.) can not be cffective1y controUed in a 

zero tiU systtm due to a lack of e&ctive herbicides 

The tillage systun chosen wiii &cct the weed comnunity and the iWM system 

needed for wecd conml D c r b  (1995) suggestcd that reduccd herbicide usage in n o -  

f i g e  systems can be achieved by sckctively using pre-seeding bumsff, in-crop, pre- 

harvest, and post--est herbicide options in conjunction with other components of an 

[WM system In doing this, a producer wül avoid the slection of weeds with particular 

emergence habits. 



2.3s Cmp Rotation 

The composition and d e  of weed seeds m the weed sccdbank arc a rc&ction 

of the long-tenn a o p  rotation and management systaiis hnpscd upon thcm (Swanton 

and Weist, 1991). Bail (1992) and DaLsai et aL (19%a) ststad that cropping sequaice 

is the most dominant factor infiucncing spcats conposition in the seedbank. Baii 

attributed t k  to the influence of aopping sequtl~t on the tillage systcm and herbicide 

chosen (Baii, 1992). Derksen a aL (1996a) stated that crop rotation had a greater e&ct 

on weed comwnitics than did tikge system. Cmp rotation has the potential to a f k t  

any one of the four phases in the wtai  Iift cyck and haice wiU have its uitimate effkct on 

the wccd seedbank 

Previous nsuuch has shown that weeds present a major problem unda 

continuous croppïng systems, and that crop rotations can redua the w d  population 

considerably (Bali, 1992; Bkkshaw a ai., 1994; Hume et aL, 1991: R o h  and Neilson, 

198 1). Blackshaw et al (1994) reported fiwer weeds in winter wheat-fsiuow than in 

continuous winter wheat rotation. SunnicrailIow for weed contrai is  not a viable option 

due to negatm e f f i  on soi1 quality. Roberts and N e w  (198 1) reported that in the 

absence of herbicides, continuous cropping of maize or canots incraseci the viable weed 

secdbank. Gnai  foxtaii, thym-kaved spurge (Euphrbia seipyliJ01iu Pers.). vetch 

(Vicia spp.) and Canada tbtk (Cirsium mvenrc (L.) Sap.) wae found to be more 

abundant in continuous whcat cornparcd to whcat-Wow (Hum, 1982). Derksen et aï. 

(19%) suggestcd that weed comunit#s can be "ma~gd"  by vaqïng the sektion 

pressure through the use of crop rotation. 

Crops with an aiielopathsc efféct may be usad in rotation to enhance weed 

suppression. Living cmps or cova crop resklues can be used to interfere with the g o w t h  

of surroundhg weeds (Weston, 1996). Som crops that have been shown to have 

ailelopathic effms on weeds are rye, wheat, buckwheat (Fagopynun esculenfwn 
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Moench), b k k  mustard (Bmcsca mgru &) Koch). and sorghumsudangrass ('orgluun 

bicoîor &) Manch x S. sucLPnese (Pipa) Stapr) (Wkston, 19%). 

A considcraMe amant of r*iauch has ken condud on the rok of f'orages in 

weed management, 

Thurston (1966) proposcd that cutting or gmhg a ley hquently during the 

growing Jtason wiii prevcnt Jeed production by wild oat so that the popdation wouid be 

depleted by theu gcrcnïnatian or deMh In two field cxprhmts, whae the sPMval of 

wiid oat seeds unda a 5 yepr ky was tcsttd, the namba of wild oat seeds duxcascd by 

41% and 86% in onc year, rcspcctiveIy. There was ütde subsequcnt deaease in wild oat 

seed in either apaimnt o v a  the nact four years suggesting that a one year ley was as 

e & a m  at rcducing the n u e  of wiid oat seeds as a fie year ky. Howevcr, otha 

weed spccies did not respond to the ky as favourably as w M  oat For exampie, 

germination of charlock (Sinapsi3 menris L.) unda the ley systcm fluctuatcd emiticaily 

between ycars (Thunton, 1966). Wilson and Phipps (1985) reportad Wings sùiiüar to 

Thumon (1966) in an experiment where wiid oats were seeded at a rate of 373/m2. Afttr 

threz ymrs of a gras ky, they found an average of 2 wild oat seedlings ln?, and an 

average of 22 seed1ings/& in the subsequent wheat crop afta six years of gras ky. 

Wilson and Phipps (1985) considercd the e&ct of bariey siiage on populations of 

wild oat. They found that with no new seaduig of wiid oat, tbne ycars of barky cut for 

siiage exhausted the weed sccdbank by preventhg return of new seeds to the seedbank. 

They aiso found that where herb'iide or tilkge was used in winta wheat and s p ~ g  barley 

for wiid oat controi, the wild oat population shed enough seed to maintain itself. 

Therefore, annuai forage production provided pater  wild oat control than either fa 

so wn crops or tiüage. As mentioned earlier, in long term crop rotation research at the 
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Braadon Expcrhcntai Farm baweai 191 1 and 1958, rotations that inctudcd a short temi 

(1 to 2 year) forage stand had less wild oat by weight in uireshed'gnin than those without 

a fixage a o p  (Siemns. 1%3). In the spm -y, a hilbw-wheat-whcat rotation had 

15% wiki oat by wcight in the ttnesbrd whert. w- a hay~ats rotation had 0.5% wüd 

oat by weight in the tlaesbed oats, and a hYhay-wheat rotation had 0.2% wüd oat by 

weight m tbc thrcshed wheot 

in her study, Thurston (1962) also considaed the cfhcts of wima wheat, wuim 

rye, and wuiter barky (Hordeum vtdgare L)on thc g amiiiption and growth of wild oat 

She found drat wiki oat population duisity was supprcsscd, and plant s b  rcduced by 

winta cereals, provided that crop d d t y  was adquate (mt bdow 243 planWm2) whcn 

wiid oat gcrmhattd in spring. Howevcr, evai tht best wiki oat suppression by *ta 

whcat and wintcr ryc crops rcsdted in uiough wikl oat seed production to maintain the 

wild oat population (Thuston, 1%2). Cousens a ai. (1991) stuclied the effeas of 

competiaon on wild oat, wbter wheat and winter barky when grown in a mixture. niey 

found that prior to anthesis the most abundant species in the mixture were the grain crops, 

however, at and beyond anthesis the mst abundant spccks in the mixture was wiid oat. 

Although wiid oat seedluig mass was initiaüy smakr than crop scedling mass, they have a 

higher net assimüation rate which enables thcm to grow fasta than either winter barley or 

wmta wheat (Thmon. 1962; Cousuis a PL, 1991). Fbr t b  reaSOn Thunton (1962) 

attributcd the success of winter cereals at controiüng wild oat to their density in s p ~ g  

when wild oat was gcrminating. 

In an expainennt in Beiarus, Tertshchuk (19%) showcd that wecd density in 

barley was geaiest afccr flax. followed by a ~ u a i  grasses for forage. p r e n d  grasses for 

forage and winter areais. 



2.4.1 Roie of A n n d  F a y s  in Canadian Prairie Cmpping Systens 

b u a i  forages for tced production may save as an aikautive weed control 

measme that can be i n c o r p o ~  into an IWM sptun It h esiimated that m Manitoba, 

annual firages arc grown on 68300 ha and genaace $13,090,000 a )tsr (Anon.. 1987). 

A M ~  fixages O* f icdihy to a produœr as they oniy occiipy the iand for one 

ymrandprovidearemmh theprofestaMishment. Thaeisduccdrislcof 

estabIishmtnt fpim cornparcd wïth pacnniai forages such as a i h k  Aiso. diae is 

Bexibility in decision making. A producer rnay decide to gaze eariy growth and aitow the 

crop to rcavcr to harvcst grain growth, or the decipion whaha to harvest for hay or 

grain may be dclaycd depending on grain rriarket conditions and féeci requinmen& 

(Anderson, 1994). Ensiltd caeal crops of f i  a high yielding, nliabk soura of forage for 

ovemintering cattk in Westan CPnada (McCartney and Vaage, 1994). Grazïng an 

annuai forage can aiiow a produca CO get more use out of a piece of land (Baron et al, 

1992). Thae are many alternatives available. A producer can choose a legumt-cereal 

mixture, a s p ~ g  planted winter caeal. a spMg cered, or a mixture of both (Berkenkamp 

and Mccres, 1987; Baron et aL, 1992; Jedel and Heh,  1993). 

Annual forage systcms involve two components, the forage crop itscIf, and forage 

crop managemm (egs. Sctding, harvest). Two mechanisns that liniit weeds in an 

ecosystem are competition with othcr plants for nutrienu, water, etc, or dishirùance that 

populations using both mchanisms. For exampie, annual forages apply a wmpetitive 

stress on weeds thaeby liniiting weed growth. Annual forages, because of the whole 

plant harvest wiU partially or totally destro y weed biomass. thereby preventing direct 
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retun of weed seds to the soil Jones a aL (1996) hmd cattng annuai grass anci 

broadlcaf weeds in the vegctative stage at the soil siirfoce was an cfht ïve   man^ to 

control than F h r t ,  they faund a reductian in w e d  biomass of46 to 82% whai 

weeds were cut 1 cm above the sol snrfaot. Powles Md Matthcws (19%) faund that 

catchhg weed seeds at hamst m wnjmiction with otha control masures was an 

effkctivt mtans to rmnage herbicide resiscant m u a i  rycgrass (LaEunt rigidum Gaud.). 

Annual forage aops may bc an aiternatk weed contml masure to herbicicics and 

may be used in conjunctïon with other IWM took A M U ~  forages can bc a part of a 

produca's aop rotation, they an be msnagad in mch a way that they have a cornpetitive 

advantage o v a  w d s ,  and they can be uscd with d i t  tiiiage systeriisriis Whui used in 

an IWM system, annual forages may help to shat the comnunity dominance away fiom 

the weeds, niuiiniizt the negative impacts of semndary succession, exploit population 

biology, and manage seItCtion pressure. Annual fixage systcms may prevent weed 

seedlings from devdoping and producing seed, or they may prevent weed seed r e m  to 

the s e c d u  CobIe (1996) suggested that mowing o f  perennial forage crops could be an 

e f f i e  weed control option. 

2.4.2.1 Alfal fa 

Non-winter hardy varietics of aMàk (Medicago sativa L.), known as m u a l  

varieties of silfalfa, have bcen developed for the purpose of a one year hay source, and as a 

fall plough-dom gran manun a o p  (Barnes a ai., 1988). Annual alfalfa varïeties can be 

secdeci alone or with a cornpanion crop. When sceded alone without the use of herbicide, 

the alfiilfa forage yields are les (Moyer, 1989, but total forage yie1cf (alfalFd + w d s )  and 

retums over corn are greater whai seeded alone without the use of hetbicides (S hea&r 

et aL, 1989). Alfiilfa forage quality is superior when alfalfa is established with the use of 

herbicides (Terrime et ai., 1979). Beii (1 993) reported that alfalfa yield, where &alfa was 
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estaùliskd without the pst ofhabicides, consisted of 75% wceds at the 6rst harvest, 

15% at the second hanest, and 0% rt the third hannsr Totai ilrage yicki at fitst harvest 

was~kTor~espblishdwrthout~ethanfwPlnilbicstablishedwah 

habiçlle duc to the prcscnœ of w w c k  A l W t  yitIds and "werdnicss" were the same for 

both trtatamts at fourth and subscqucnt harvests. 

nit mon ccononiial harvcst system for the muai alfolfP wiery "Nitro" consists 

of fkequent hsmst durhg the s~mncr of the seoding year and agah in the autumn at 

approximately die tnoe of the fkst lolüng &ost (Shcaffér et ai., 1989). The mots and 

crowns are then to be incorporated into the so l  

A single year alfPIni crop may be a vaiuabk t o d  for wecd controi because w d s  

wüi be removed prior to seed shcd thcrtby preventing weed sced raiL A wnsidcrabk 

amount of rese~rch has shown rhat paennial alfalfi stands can e&xtiveLycontrol weals 

Hodgson (1958) reportcd that rlnilfa. whai mowed twae a year, can e&ctheLy clirriùiate 

Canada Ihistle. Aifàifà emcrges earIier than Canada thistle in the spring, fommig a 

cornpetitive cover, and recovas nister afier mowing than Canada thistle (Hodgson, 1958). 

Harvey and McNevin (1990) nporied that wiîd-pros0 miliet (Panicum miiiaecum L.) 

seedling populations wae reduced, and corn yields increascd w k n  corn followed 1 to 4 

years of abIfa. They fiirchet reportai that the effectiveness of herbicides in com 

increascd a&2 aopping with alhilni b u s e  of nduced nurnbers of viable mükt seed in 

the soiL 

Sorghum-sudangrass (Sorghum bicolor (L.) Moench x S. sudanese (Pipier) Stapf), 

a C4 cereal crop, is used as a source of summer feed and can fit weii into tivestock forage 

prograrns (Fomey et aL, 1985). Sorghumsudangrass can snpplement cool season forages 

that decrease in productivity in the hotter parts of surrnier (George et aL, 197 1). 
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Sorghum-sudangrass can bc h a r v d  for hay or grazed. However, Ciapp and 

Chambk (1970) nported that rcductions ùi s~rghum-sudangrass regrowth yiekis wac 

observai when the pïants w a e  ddbliated to 8 cm as  compareci with 25 cm Edwards a 

aL (1971) reporteci that dry matter digcsribiliLy of sorghuntsudangrass plants daxcascd 

nom 9û% when plants wert hPrvesird at 30 an, to 6û% whui piants were harvested at 

250 cm taL Cunningham and Ragiand (1971) conparcd a sorghumsudangrass hybrid 

wàh sudarigrass and found t h  altbough cows had no pnferaice betw&n the 

two forages. diey did prefkr sorghum-sudangrass whea it was shoner, and aanipling 

damage was more were  in the sorghwksudangrass due to the baialenes of its thicka 

stems- They aiso found that whik use of the two forages multcd in sirriikr mik 

production, cow weight gain was pater for sudangrass resulting in more consistent mük 

production. It wouki appear that sorghumsudangrass is more amenable to being cut for 

hay as opposed to grazhg, and that care in management m s t  be taken to maintain 

quaiity. 

Dry mater yields of sorghum-sudangrass can reach 12 t o ~ e ~ / h a  or more (George 

et al, 197 1). The requirement of N and P for an intensively nianaged crop is high, and 

there is a risk of nitrate and cyanide toxicity probiems associated with feeding sorghum 

sudangrass (Gillingham et aL, 1969; George et al., 197 1). Enviromntal conditions that 

decrase dry matter production wiii aüow nitrate accurrmiation (George et ai., 197 1). 

McCreefy et aL (1966) suggcsted split applîatiom of N wili give optimum yiekis and 

prevent nitrate toxicity. 

The rob of alieiopathy for wecd control in agriculture has raceiveif greater 

attention in ment yuin. Forncy and Foy (1985) tested sorghumsudangrass for its 

phytotoxic activity. They found that in a nIter-paper-disk bioassay, &hg root length 

of alfalra, jo hnsongrass (Sorghum hafepense (L) Pers.) , and c o m n  larnbsquarters was 

inhibited 67%. 4096, and 37% rcspectively by sorghumsudangrass. 



There are a nwnber of inmmccs where rcscarchers have identiéad weed conaol 

benefits of sorgh~~~tsudangrass. Ln Viirginia, sorghumsudangrass has kcn uscd in 

rotation with mm to rcduœphnsongriss iriftsritions (Fbrney a ai., 1989. BUZIISjdt and 

WîLs (1%9) rtported that w h  sorghwn was gram at a 50 cm row Spocng, as 

comppndto a 100anrowspoçing,groLiMd~tov~yieldswatinxwsaduwi~dry 

matter yiekis w a e  dccLcaSed. In thea u<pam#it,. the most s e v a  wkd conpnition 

o c c d  up to 30 days afra phnting, and afta this any weeds that -gai had Intrle 

e f f m  on yield (Buniside and Wsks, 1%7). Bebawi and Mutsvaiï (1991) obsaved that 

srnail s&ded sorghutmsudangrass hybrids couki control the pansitic witchwœd (Striga 

hemwntlu'ca @eL) Bwb) providcd that plants wat hemsied at the boot stage for the 

£irst harvest and at matwky for iatcc harvests. When nivestigating the potential for use of 

sorghum-sudangrass as a cova crop in tne nunaits. Genm and Wesion (1988) found 

that growth of Eastern redbud (Cerek c d n s i s  L) seedüngs was signincantiy duccd 

whcn co-cuitivated *th Inring sorghumsudangass or wben sorghumsudangniss leaf 

material was incorporateci into the growing medium These observations suggest a 

cornpetitive as weli as allelopathiç efkt of sorghumsudangrass on wceds. 

On the Canîdian prairies, sorghumsudangrass is seeded k m  than most of the 

cool-seaso n nops typicaüy grown because it is a wançeason rop.  Therefore, prior to 

later seeding. weed control via herbicide or tiüage shoukl take phce for good 

establishment of the crop. Because of this kte weed oontrol, thc initiai flush of  many 

weeds is removed. If the sosghumsudangrass crop cstabIishes weii, its dense canopy wiü 

compete with any late emcrging wecds Md prcvent thcrn fiom produchg sccds. Fbmey 

et al (1985) evaluated a sorghumsudangrass hybid for its weed suppression effkcts 

when goum as annual forage prior to no-tiii scaduig of alfalfa They found that the 

sorghum-sudangras hybrid outyielded existing weeds in the plots and enhanced the 

subsequent establishment of aif'alfa. 



TnticOit ~riticoseCOCt) is a & grain œrcai onglpBydmbped for human 

consuiiption bycrossiag what (Tnfccion spp.) with rye (&c& spp.) (Brown and 

Ahdans, 197a Goonc- a aL, 1994). The cross was made to obtain the quaüry 

and prodadniity of whcat and the vigour and bmliDess ofqe. Thae an both spring ond 

wuinter types of tntnle, Triticale is uscd aaeaJivdy fbr whok plant shge and gnenféed 

on the Canadian prairies ( B o n  et aL, 1992), and has btai fcd sPcasshiny to cattle as 

grain (ZoBeil et ai., 1992). To aisüt these piants, diey arc gaiapny hamsted b m  the 

late miJk to &y dough stages. Tbae is aiso potentiai to gnze m g  planted wintcr 

types of tnticaEe (Baron a ai., 1992). 

Spring pknted wintcr c e d  crops eitha p w n  alone or intacroppcd wnh a 

spring cereal have the potential to gnatiy unend the gcazing serson (Baron et al, 1994). 

W m m  tritrole wiü continue to grow in the faU months when orha pasture grasses have 

ceascd growing, and niay o&r four to fie harvests in one growing season (Baron a al, 

1990). Intacroppîng of s p ~ g  and winter types of triticaie can be used to take advantage 

of the di&riag peaL production t i m s  of each crop to provide even availab'ility of grazing 

throughout the season (Agricuituft Canada, 1992). 

Triticale can be manageci in di&rent ways BerkenLPnp and Meacs  (1987) found 

that spring triticaie yickled highest whm harvestai as siiagc, yielded bwest when 

harvested as pasturc, and yieMad in betwccn whcn harvcstcû as hay. Wh«l a spMg cereal 

mnocrop, s p ~ g  plantcd winter cereal monocrop and a spMg and wintcr cerea.1 

htacrop wae compared it was found that yield was grcatest for the Uitercrop, foiiowed 

by the wintcr monocrop and then the s p ~ g  mnacrap (Baron a aL, 1993a). Forage 

quality was greatest for the winter monocrop. foliowed by the intemop and then the 

s p ~ g  monocrop (Baron a al. 1992), and seasonal yield distribution was superior for the 

intercrop when compared to both the winter and spring monocrops (Baron et al., 1993b). 
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Quality of aiticrrb, has kui evaiuated for growing sicas ami lactatïng cows. 

ZoBeii a aL (1992) found tht steas ad a mixture of barky grain and anicPle süage M 

sùililar average daily weight gain, dry niatta intalre a d  feed dlkitricy as stccrs that wert 

fedaniixaneofbarkygraindbprlcysiiegc. Tbeycoadudedthattirralesiiagecanb 

used to rcpIact batkydagt at modcriut hrJs Li growing stcarations that contain 

barley grah. Howevcr, when Fikh (1972) comparai tnticPle silage with corn siingt for 

iaclating Hoistcii cows, m e  dry matter intalre, nillr yieki and protein content, ami 

digestib0%ty of dry matter was greattr for corn siiage. Brown and Ahnodares (1976) 

reponed that yitkl and quaiity of triàcale hay is comparable to oats and wheat, and thsr 

while rye produced mre forage than aiticaie, it was of ~OWU quaiity later in the growing 

season. 

Recd that W h n  a d  Phipps (1985) found that with no new seeding of wild oat, 

three years of barky cut for silngc exhausteci the weed secdbank of wild oat by prevcnting 

return of ncw sec& to the seedbuil. Thcy also found that whcre h e r b i i  or tüiage w a e  

used in winter wheat and sprhg barley for wild oat controi, the wild oat popuiation 

produccd mough seed to maintain itscff. Thenfore, annual forage production provided 

greater wild oat conaol than wliter crops or tülage. Triticaie forage could po tentially 

reduœ weed populations in the samt mamer as barley forage. 

2.4.2.4 Fait Rye 

FA rye (Secde cerede L.) is a versatile forage as it can be seeded in spMg or fall 

and used for paswe or harvcsted as a forage grain or sïiage (McLclland. 1988). SpMg 

planted fidi rye plants will not produce a spike and can be grazed. and wiii extend the 

grazing season because they will continue to grow when perennial forages have stopped 

(Baron et aL, 1994). Rye is the most cold hardy of the m a i l  cereal grains, and it can 

provide Pasture as early in the season as crested wheatgrass (Agropyron cristatwn (L.) 
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Gaata). Howevcr, unliLe aesial whcatgrass, rye continues to produce throughout the 

s u n m a  and ïnto the fdi (Baron, 1995). 

Fallrytcanbenianagedindinirrntways F~SCtdedni1lryecanbeusedforfM 

or s p ~ g  m g  Pnd stiU produot a grain crop (Agrkuiturc Canada, 1992). Grazing fàii 

ryc Wiurcducesu~uent gnünyidd howcvcf, tbc bcnenrs 0fianePsed pasture niay 

outweigh this gnin yicki bss (Kilcha, 1982). S p ~ g  saded fâli rye can bc grazed whcn 

it miches 15 cm, and cattk shouid be ranoved at 7.5 cm (Agricuke Canada. 1992). In 

an experirrient by Berkenkamp and Mœrcs (1987), H g  sccded fkii rye yiekied highcst 

whai talra, for hay, foibwed by pasturc and thtD silagc Whui cut at the propcr stages, 

the quality of fall rye for hay and sJage are similnr to otha caeals (Agiculaire Canada, 

1992). Faii rye shouid be cut at the headlig to early dough stage for süage, and at the 

b o t  to hcaduig stage for bay. When aliowcd to maturc, tbue is the potentiai for agot 

bodies to forrn in the rye heds  and these can be toxic to cattie. 

FaU rye ex- excelient weed cornpetition on sphg annual weeds such as wild oat 

and green foxtail and can reduce herbicide use (Agriculture Canada, 1992). In h a  study, 

Thurston (1 962) considered che eEccts of wliter wheat, fall rye, and winter bariey on the 

germination and growth of wild oat She found that wiid oat population daisity was 

suppressed, and plant s k  reduccd by winter ccfeals, provided that crop density was 

adequate (not bdow 243 pïants/m2) whea wiLi oat genninated in sprhg. Faü rye also 

provides weed suppression tlirough alltlopathic mchanisms. It has been shown that fall 

rye residues are particuiarly phytotoxic to annuai broadkaf wceds (Weston, 1996). 

2.4.2.5 S weet Clover 

Sweet clover (Melifom sp.) is a bienniai forage legume crop that can be used as 

hay, pasture, siiage or for soii improvemnt (Waister, 1924; chcisensen and Hopper, 

1938). Walster (1 924) stated that sweet clover is most useful for soii improvement where 
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it can be uscd as a su-w spbstnutc, COVQ crop or green manme pIough dom 

(Fosta and Auacmon, 1990). Swœtcbver is aiso usenil as apssipn crop for cPale. 

horses aad sheep, but is vay IinDted in its potentiai for use as a hay crop ( W ' ,  1924). 

AItcniatnrtly, Fb~ower and Austemion (1990) statd that Jw&t cbwr csn be Paai for high 

qualny forage and secd production providad mat moïsturc is not Iimied. It is inta;csting 

to note that swœt cbva was IcgUated against as a noxious w#d m the Uciired States 

prior to its adoption as an agwfniral crop (Walstcr, 1924). 

Qiristuison and Hopper (1938) reportcd that swcct ckver siiage (bud to fbii 

bloom stage) a d  hay crops (carly bbom) w a e  c o q m d k  with alklfa hay in pcroentage 

ofdigestibility, digestible nutrients, and pndhaôk cllc~gy. Sweet clova sïiage. 

howmr. had highcr digestible mde protein content 

ui the Northcn Great Plains, a famia will seed sweet clover in AprJ or May 

typ idy  wnh a cornpanion crop (Wdster, 1924). OrdinariIy, in this region it is not 

possible to take a hay crop fkom sweet dover untiï the second year (Waister, 1924). 

Graber (1927) statcd that sweet clover aui be grazed lightiy in the year of establishrrient 

providecl that it is not overgrazed because this can result in high mortaiïty of plants and 

weakened growth of sunnving plants in the next year. Garbm a ai. (1934) reportai that 

sweet clover cut the sam year as it is sccded rcduces the yicki of hay in the second year, 

although the total yieki fiom both years is higher than if it w a e  only cut in the second 

year. Le- crops such as sweet clover can use 10-2546 more seasonal watcr than 

wheat which may re9dt in depressed @Us for subsequent crops in drier growing regions 

(Foster and Austcnson, 1990). E a r k  incorporation of swet clova, when used as a 

green m u r e  plough dom, can lessen drought c&cts of swet clover (Foster and 

Austenson, 1990). 

Graber (1927) noted the potential for use of sweet clover Pasture to txttnd the 

grazing season. Graba (1927) stateû that sweet clover, W<e fhii rye, can produce early 



spring pa~mre whkh will nnLe possible the avoylana of heavy m g  of pcmamnt 

pasnin grPsses at prtmiturc stages of dedoptnt~lt  

niecompaitioncxaad bysw&tcbvamtheesPbliPhmnt year, and itseariy 

s p ~ g  growth m the second yesr may makc swcct cher a MhiPble w&d suppression 

tooL Howcver, ma~ganwt of the sweet c b v a  stand will d5xt iU raloty to supprcss 

WttdS- Oarbtr et ai. (1934) statcd that aretds arc most aiIely m be rroubksonr: in sweet 

ciover if the stand is nit in the sune season it is sded Mapt plantain ( P W g o  

ncgeür), sheep soml (Runccx OCC~OSCI~Z L), and white top (Cwd;oricl spp-) wcic pracnt 

in sweet clova plots cut in the year of emhbhmnt, but wae mbly  absent in plats that 

w a e  not nit the fint year (Gorba a PL, 1934). Foster and Austemon (1990) a h  

suggested that the inclusion of the bieaigal swea clova in a whcat rotation will ailow 

more opportunity for cultural weed control eithcr More sccding, during forage harvcsthg 

or after harvcst, 

2.4.2.6 Weed Fallow 

A producer may a h w  weeds to emrge and thcn remove than via habicide, 

tiiiage, or rnowing to prevent weed seeds from rcturning to the seedbank. This is h o w n  

Thae is potential to f&d the hamesteci niaterial fiom a weed fallow to Iivestock. 

Research has been conducted to dctcrniine the nutritive quality of several annual weed 

spccies, and thtir e&ct on the qwdity of forages. Vcngris et aL (1953) considaed the 

chernical conposition of 9 diffttcnt annuai weeds including red root pigweed, 

larnbsquarters, ~ m a ~ w c c d  (Polygonum pensyivanicum L-) and hyardgrass 

(Echirwchloa ctwgalli 6) Beauv.). They conclucicd that thcse weeds harvested at 

difFerent developrnent stages (ranging from vegetahe ta bud stage) had a high content of 

minerais and protein, and as long as they are palatabie, should not be overloo ked as a 
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potential fixage, Manen and Amiason (1975) a h  studsbd the forage nutritive v h  of 

12 cornrion annuai weeds u early stages of dmlopniwt and then palatabiüty to shaep. 

They fowd that mimot pigmed, comiwi lambsqua~tc~s, a d  conmon rPgwad 

(Ambrosia ammM@oiia L) bd nutrïmt conposition and digestiaiioty lmls comparable 

to alfaltii, and thc gUnt fbxtail ( S e m  fabcn' H m )  a d  sminwerd w a  less 

digestible than alfiln. The grsss cv&ds tested had h i g k  Pcid detagrnt fibre oad bwa 

mde protein lmls thon alnilhr Tm of tbe weed Speaes were xmrt digestibie than oats, 

9 containcd more cndc protein than oats, and PU of the w d  speEies containcd adquate 

mine& to meet thereguiremcritsofrumümts. Ifbrodlerfmais wenftd as the sole 

ration, potcntïai heahh problcrip could arise due to an undesPabk Ca/P ratio, howcvec, aii 

species were vimially aCe of aikaioyis and nitrate-N hnis wert bdow toxic Lmls 

(Marten and Anderson, 1975). Yeiiow foxtaii, barnyardgras, green foxtail, ndroot 

pigwced, Pennsyivania s~~iartwœd, and c o m n  lambsqua~cr~ w a e  as palatabie to shaep 

as was oats. Giant fextaü, WÜd rrm~tlcd (Sinqps& mensi3 L), giant ngwccd, and 

conanon cocklckir (Xanthium pensyIvmicm Wallr.) were unpalatabk to sheep, and 

c o m n  ragwed anci velvetleaf (Abutibn rheophrasti Medic.) w a e  palatable to som 

sheep, but not to others (Marten and Anderson, 1975). 

Seedling forage crops usuaiLy contain a mixture of bioadlaf and grass weeds 

(Mo- 1985). Tanne et al (1979) found that whcn conmon iambsquartcrs, shephcrds 

and c o m n  ragwcd comprised 50% of the forage yield in an alnlfa stand, aninial intake 

and digestion was bwer than for wccd b e  alallfa, but higha than oat hay. Moycr (1985) 

found that when herbicides w a t  not used in alEalfa and sainfoin (Ombrychis viciacfooliu 

Scop.) estabiishmtnt, weeds comprised 88 and 98% of total y&ld for the first cut, 

respectively. This kvd is well above the suggested acceptable kvel of 25% weed for 

Livestock feed (Moline and Robinson, 1971). Moyer (1985) suggested that forages with 

high weed contents rnay have acceptable nutrient composition but may not be saleable as 
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hay or dagt. Moycr Md Hàonalra (1993) araniined the 4estibk ~ ~ # f g y  and proteki 

content of s c v d  annual weedP such as s t inkwd (TMupi OllrelLSe L), flinivccd, kochia 

( K o c k  scopario L. Schnder), lnmbsqu~v~~s, iodmot pjgwd, wiki oat and geea 

foxtail. as well as dhh, hrmgrass (Bmmu qp.) .  and tame oat forages. niey foui  

thatPU~hsdSiniüaror~cndepmumMd~estjMf~gythpnthoaeof 

bmmgrass or tune oat, and that broacibaf d s  had siniilsr cndt protein beIs to 

a i f i a b  DigtStibk enttgy levtis for wiki oat w a e  sigiiificruitlyhigk than alfalfa. and 

digestible cmrgy leveis for redroor pigwced, kochia and stïnkwd w a e  significantly 

Lower than for otfalfa Moyer anci Hiromka (1993) suggested that a ~~ of w&ds a d  

alfalfà or komgrass would supply high quaîity fad for niriiinants. Howmr, Marten and 

Anderson (1975) have shown that s h e q  do not always accqt weeds dcspite high 

nutritional value. 

2.43 Considerations When Feeding Weedy Forages 

Livestock may ingest weed seeds w h  grazing p m e s  a d  consuming hay. 

shge or grain (Dore and Raymond, 1942). Weed d s  that retain their viability after 

passlig through the mmn can enhance the sprcad of weeds, henx there is a risk 

associatecl with fccding wccds or w d y  forage. in an cxprhmt by Harmon and KeM 

(1934). an average of 14.2% uninjureci wced seeds uicluding &Id bindweed (ConvolvUlrrr 

anensis L.), white sweet clover (Melifotrcs aibd Dem.), smooth Ica€ dock (Runier 

acemcefla L.) and smartwccd, were rrcovcrcd nom caives, horse, shccp. hogs and 

chickem. They aiso found that Born each 1,000 seeds fed an avaage of 6.7% of 

recovered seeds were still viable. Afta being buried one month in cow and horse manme, 

ody velvetweed, bindweed, sweet clover and peppergrass (Lepidiwn &&a L.) seeds 

were viable, while ail other weed seeds were dead (Hamm and Keim, 1934). Bhckshaw 

and Rode (199 1) found that do wny brome (Bromur tectonun L.), foxtail barley, and 
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barnyardgrass w e n  nonviabk afier ensiüog for 8 werks or rumen digestion for 24 hours. 

They aiso found that 17% of green foxtail and 0-88s o f  wiki oat seeds s&ed digestion 

in the rumen, but ail  w a c  Lilltd by the ensüing process Funhamore, Bhckshaw and 

Rode (199 1) sta& "vprying pactntages of sceds of kochia, d r o o t  pigwred 

lambquarttrs, wüd bucloivhtat, round-kvcd milbw and *ki pauiyass nmalied 

viable a&r ensiliig (3 to 30%). mmn digestion (15 to 98%), and cmiling phis ~ m n  

digestion (2 to L9%)." 

Annual brage aops may be harvestcd Ïn numrous ways (BakenLamp and 

Meer- 1987) and the mcthod of harvest *ui a&a wecd populations Realüng that 

Thurston (1966), and W h n  and Phipps (1985) both obscrvcd a nduction in the wiLl oat 

population over timc due to the prcvention of weeû seed return to the Jcedbank via secd 

raih This rtmovaI of weed seeds nom the cropping system niay be accomplished via 

animals, or mcchanîally via forage harvesting equipmnt. Thmon (1%6) used live 

aninrais to bpltmtnt forage rcmovai, whereas Wüson and Phipps (1985) used ~lb~hanical 

means* Harper (1977) stved that the presenœ of m g  anmials wül ïncrease numbas 

of seeds in the weed scedbanlc for the following rtasons: 1) secds eaten by animais are 

forced into domiancy L the faeccs 2) tranphg of land creates conditions in which seeds 

retain grcatcr v i a b i i  in the soiï, ami 3) grazùig opuis up habitats that aiiow a ~ u a i  

weeds with rapid seed proâuction to conaibute to the seedbank. In addition, grazing 

anmials may eat only portions of a wœù plant stiii aliowuig t to set seed, or they may 

only remove whet was already doomd to die fiom other subsequent "densitydependent" 

processes (Harper, 19î7). Howevcr, removal of ieaves or roou from weeds in an 

agroecosystem may darnage thcir position in a competitive hierarchy and reduce their 

reproductive output (Harper, 1977). Popay and Feid (1996) suggested that adjusting 

grazing timing or intensity could prevent the se1ection of weed problems when grazing 
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2.5 Interadion of TiiRage and Forpbcs 

Much reseacch has been condocted on the enat of tükge on wecd populations 

BIackshaw et aL (1994) fcportd  that unda various crop rotations, zero-tibge plots had 

a grtater abundancc of w d s  ancl a dafenat weed spaks  composition cor r ipd  ta 

nnnimum or conventionai tiüage plots. niey npoaed rhu danciciion, paauEal sow 

thistk. ndroat pigwccd and Russian <hi& ncreased unda mlinuun and mo-tiliage, 

and flixwCCC1, &Id pennyicrcss, wild buckwheat ancl cornmon iambsquarters de& 

undcr niinimum and zero-tïiiagt. AIteniativtIy, Hum et aL (199 1) found highcr daisities 

of nd root pigwcbd under conventional tiiiage Buhkr (1992) reportcd that 

larnbsquartcrs and red root p i g w d  densitics w a e  grcatcr under a zero-tiIlagc systcm 

when comparai to a convunional tükge system In a four year expaiment, Teasdale et 

aL (1991) rrponed that total weed density uicraised afta one year of zero m g c  and 

after two ycars of conventional tihge, however, fambsquartcrs dcnsity was greatest under 

conventional tüiage in the fourth ywr of the experiinent. 

When annuaï forages an grown unda zero tüIage they may not have the same 

a f f i i  on weed populations as when they are grown under conventional tillage. Thurston 

(1966). and Wüson and Phipps (1985) uscd tillage for seed bed prcparation in their 

expamCnts. W b n  and Phipps (1985) partially attribue the eiimination of wild oats in 

the seedbank unda thrœ years of barky cut for silagc to the associated cultivation. 

Thurston (1966) ais0 noted that longer suvival of wüd oat steds was found in 

undisnirbed soi1 unda kys, thus annual systems in which thae is greater soü disturbance 

wiii select for, and ranove, udd oats that are kss persistent in the seedbank. 



&cPuse of problairp aisochW with sole depadence on one d o c i  of w d  

control tbae is a nœd s mcamh, dcvebp and inplcmeat wecd contm1 pro&ranis ihat 

integratc di&rent meppines of wœd contrai. An mtegratcd wcrd minageamnt systun is 

one that incorporates acumbnPtion of any numba of chanid ,  cuiturai, mch- 

genctic and biobgcal w d  control mcstsures in a single weai oontrol stratcgy. The 

managaimt ~ ~ r a t ~ g k s  imposai upon any cropping systcm wiü influaice the uristing 

weed popuhtions that arc a part of that syaem Heavy TCW on one mthod of wccd 

control may sekt for a partjcular wced spccks to be mort abundant and diffjicdt to 

control in the long-tan Use of an integrated weed management system can serve to 

avoid the sektion for particuiarly probkIIllltiC w&d speMs whüe stiii affording the 

famia dequate wœd controL Annuai forage system may be one tool avaiIabk to 

produccrs wishkig to inplemcnt an intcgrated weed nianagcmcnt systern Annuai forages 

may serve to reduœ weed populvions by wmpeting with wccds and prevcnting weed 

seeds nom reniming to the seedbank while providing a k t  economic retum to the 

producer. 



3.0 Methods and Materials 

k k i  apaimDts wac conducted to Ünestigùnnstigate the e&ds of muai forage 

systais on d popuiations. JQxshmts wcm conducted at the UnnraJay of Manitoba 

%Id rtseatch station at Carnian, M8. h m  1994 to 1996, 

udigenous summcr ainuai weed popdations at Carnian w a e  comprised 

predominantly of grsen fbxtail(&&iz vindis F] h v . ) ,  red mot pigweed 

( A m a r a h  retro- LJ, cocomn lambsquaft~s ( C k p o d u u n  album L). wüd 

buckwheat (Polygonrun convoMus L.), wüd mustard (Sinqpsils memis L.) and green 

smartweed (Po iygom~l~  spp. L-). 

The arpaimental arca at Camian was Setded to wild oat (Avenn fan<a L.), 

popuiation UM5, a hakkfe susccptibk population on May 12,1994. nie wild oats 

were broadcast with a cornmrcial granular fatüiza and h c r b ï ï e  appücator (Vahirar 

MO, mode1 122û) at a ratt of 32 k m  (200 secdi&). In ordcr to prevmt bridging in 

the Vaimar Airflo, the wild oats were blendeci with granuiar fèrtilizer and appticd in three 

separate appücations. S . r  rates used wae accordhg to Manitoba Soil Test 

Laboratory rccomnudations. The fjrst application consisted of 10.7 kgnia wiM oat and 

15 1 kg/ha 360-0 (5 1 km actuai N) applied in a north-south direction. The second 

application consisteci of 10-7 kglha wik! oat and 59 kg/ha 12-514 (30 kg/ha actual P205) 

appücd in an cm-west direction. The third application consisted of 10.7 kg/ha wüd oat 

and 147 kg/ha 0-0-SO(17) (25 kgha actual S) applied in a north-south direction. The wild 

oats and fértiüzcr w a e  i n c o r p o d  into the soi1 with three passes of a cultivator to a 

depth of 5 cm on May 16, 1994. The soü bed was then smoothed out with two passes of 

a harrow. The total area seeded with wiid oat was 1.65 ha. 

In 1 994, two experiments were establishcd at Canrian on the expaimentai area 

seeded to wiid oat. In the %st triai of experinent 1 annual forages were estabkhed. In 

the second triai of experUnent I flax (Linwn usitarissirnum L., cv. Norh) was established 
36 



with some p b a  under .ecrAad to swcct clova (Meliiwacs q@cimi& W. Norgokl) and 

s o m  plots unkr d e d  to fàiI rye (Sec& cerede cv. Rima). In errpertaent 2 Oax was 

estabiishcd with s o m  pbts uader sc&d to sweet ciovcr, fhii rye, and Pnd ((Mcdcago 

sativa L. CV. OAC mm). For a s~mriiry of field operations for apaimcats 1 and 2 

see appendix Tabks A l  and M. 

Two 2 )rear fieid triais were conducted over the course of this study (1994/95 and 

1995/96). In the fast ycar, annual forage " w d  suppressor" crops w a e  seeded and 

grown in a herbicide-f?œ environmcnt, In year two. a &Id pca test a o p  was grown both 

with and without herbicides, In thïs way, the aconomic wecd control of the "suppfe~sor'~ 

ueatmcnts could be detemiuied. For a sumniary of treatments conducted in experirrient 1 

see Table 1 and Figure 1. 

3.2.1 Year 1: Experimental TrePtments 

The trial was arranged as a randomized compktt block design with four 

replications. The plot sizes wae 4 m (twice the width of the secda) by 8 rn & nine 

treatments for experiment 1 were: wheat (Tnticum a e s t r h  L. cv. Katepwa) spraycd 

with grass and broadleaf herb0icYk (sprayed wheat), harvested for grain; wheat sprayed 

with broadleaf herbicide only (partiaily sprayed wheat). harvested for grain; wheat, 

unsprayed (unsprayed wheat), harvested for grain; winter triticale (Triiicosecale cv. Pika), 
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shubtion grazed; spring trïucale (cv. Banjo), cut for silage; wlnter a d  spMg triacale 

intercrop, nit for sikge thui simulation gmzak sorghum sudangrass (Sorghum bicuïor 

[LJ Moench X Sorghzm sudaneme [Piper] Stapfl, commn), cut for hay. non-donnant 

a W a  (Medicago s&a L. W. Nitro). cut for ha5 and weed -W. cut for silagc o a b k  

1)- 

HetbWe Harvest 
W+GB Wheat Grass and Bmadeaf W m *  (1 ) 

ûan (1)- 
Grain (1) 
Gmze ( 4 ~ s )  
Sihgfirate (3 or 5) - 
Siiage (2) 
Hay (Ior 2) 
Hay (4 ~ 5 )  
Sifage (2) 

TUtoni 
DC Sweet ClovecMlinter T M  û o u b m  Norie HayfGraze (3) 

The experiment was Sttded using a d plot double disc drill (Fabro W.). AU 

the trcatmemts in aial 1 of u<paiment 1 were sown on May 18,1994, with the exception 

of the sorghumsudangrass which was sown on Junc 14,1994. Row spaclig for aii 

treatmcnts was 15 cm No additional firtilizer was addcd with the seed, and no additionai 

cdtivation was p c r f o d  at seeding. Wheat was sown at 130 kgha at a depth of 5 cm 

Wmter triticaie was sown in the s p ~ g  avoiding vcmalïzation and allowing plants to 

remain vegetative throughout the growing season (Baron a ai., 1992). Wmter triticale 

was sown at a rate of 84 kg/ha to a depth of 5 c m  Spring triticale was sown at a rate of 

94 kgha to a depth of 5 an When plantcd as an intercrop, winter triticale was sown at a 

rate of 42 kg/ha and s p ~ g  triticale was sown at a rate of 47 kg/ha. In the intercrop plots, 

each cultivar of mticale was planted at a row spacing of 30Lcm so that there were 
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al-g rows of spring and winm tritic&* AlWb was sown at a rate of 126 kgha to 

a depth of 2.5 cm. Alfalhi wss inoailat#l with Rhhbium mefiloti prior to setding. For 

the wecd fUow trcaûmnt, no aop was sown, a d  no habkide appW so that w d s  

were allowui to grow. For w&d conml  pbts sseded with sorghumsudangress wert 

sprayed with 5 L&t giyphosatc on June 13, 1994, the day k h r e  seeding. Sorghum 

sudangrass was sown at a rate of30 kg/ha to a depth of 2.S c m  

On Junc 10,1994. chaRcaI d conml was ~ l c m c n t e d  on the whcat in 

expcraiient 1. in one trtaantllt, whcat was spraycd wnh 0.99 kg/ha traîkoxydim and 1.0 

Uha bromoxyaii Md M B A  ester for control of pas aad broadkaf wecds. In a second 

treatmtnt, wheat was sprayed with 1.0 Uha of komoxynii and MCPA ester only for 

control of broadleaf weeds, and in a thnd treatment wheat was left unsprayed. 

Each trcatmmt was harvesttd at diffierent dates throughout the growing suisor 

Wheat was harvestcd on Aug. 26,1994 with a small plot combine (Hege, mode1 lm) 

and grain ykld was dtterniined. Wheat was harvcsted at a cuaing height of 25 cm. Each 

1500). Wmt- tritaPle was harvcstcd when the aiticale plants reached an average height 

of 40 cm resultlig in harvests (June 20, July 8, Aug. 2, Sept 23, Oct. 23). Spring 

triticale was cut o n a  for siiage on Juiy 26 at soft dough stage, Md subsequent growth of 

weeds was mowed on Sept 7. The spMg and wintcr triticale intcrcrop was first cut for 

silage on July 20 at the ooft dough stage, and subsquent regrowth of the *ter triticale 

was grazcd on Sept 23 whcn it reached an average height of 40 c m  Sorghum 

sudangras was cut for hay on Aug. 3 1 when the panicles were halfemrged fiom the 

boot A second cut was taken on Sept. 23 w k n  the sorghumsudangrass regrowth had 

reached 55 cm in height. Alfalfa was cut for hay at 10% Moom resdting in four harvests 

(June 20, July 25, Sept 23, and On. 23). The weed fâilow treatment was cut for silage 

on July 20, and subsequent growth of wetds was mowed on Sept 7. Each forage was 

hanesteci at a cutthg height of 5 c m  
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Figure 1. Tiimeline of field opcrations for trials 1 and 2 of experiment 1. 

An initial weed count was perfiormd on May 3 1. 1994. pnor to herbicide 

appiication in whcat AU w d  spccics w a e  counted on this date. Wdd oat secdihg 

populations in the &id w a e  counted within four 25- by 25-cm quadrats for cach plot at 

each harvest date. Wced seedlings wpe identifhi, counted and k i r  hcight was 

measured. 

At each hamst date, foragc wheat and weed samples were remvcd from each 

25- by 25- quadrat at a hàght of 5 cm, scparatad, dried at 55 C for 72 houn and 

weighed to demniim dry mtta yield for crop and for weeds. There were two categories 

once separated. "crop" and "weeds". Four quadrars pcr plot were sampkd. 



3.2.3 Year 2: Seedbank Eaumeration and Rodudion of Pea Test Cmp 

The w d  scdhsrnlr ares assessed in year two of the study. Soi1 snmpk wae 

extracfed ~mtheficldusingasaatiatdrrndomsamplingmchodherrpamnit 1 on 

Aprii 25,1995 prbr to the sedding of a pea test a o p  (Krebs. 1989). in this mthod each 

plot was sutxüvided iro four stratp fiam which soi1 ams wae randody extracted 

Fifteen soil cors wae takcn h m  each plot, faur in each of the northeut, southcast and 

north-west strata, and thtee in the south-west stratum Each soil cort was 6.5 cm in 

diameta, and 8 cm m depth. Each soi1 core was spMd into a 1 2  by IO-cm ceii of a tray 

hed with papa toweL 

The aay mcthod was used for enumtrating the seedbaolr (Cardina and S p m w ,  

19%). Forcek (199 1) suggcsted that this methoci provides a ben= assessrnent of field 

weed stedlùig dc~lsities than seed extraction. Cardina and Sparrow (1996), howevu, 

state that the tray methoci is a better inclkator of total, mndomt ,  viabIe seeds than a 

r e M o n  of field emgence. The trays containing soil sanpks were placed in a 

greenhouse maintained at daylnight temperature of approximately 30R2 C Daüy surface 

irrigation maintaincd even son moisnirc content for aiI sampks. Weed seedhgs were 

identifid, counted and nmoved. A f k  approxirriatcly one month germination aased, the 

soil was aïiowed to dry. and the trays w e n  placed in a dark fi- (-8 C) for one month. 

Gross (1990) founi that more weed species were d e t d  when coici-stratification was 

used than whcn ody direct germination was used. When the trays were remved €tom the 

freezer the soi1 was thoroughly mixeci and repIaced in the trays, and the trays were piaced 

back in the greenhouse to permit M e r  germination. This proce~s was repeated three 

tLnes fiom Apnl to October, at which time no more seedüngs emrged. 

The cufIwlative seedling emergence data cokcted f?om seed bank enurneration 

were recordeci on a m2 soi1 swfbce bais. 



A nop of StIfli-ieaikss peas (Pkm sdvm cv. Danto) was secdeci in ail plots in 

codounding e&as of ddkig nitmgen aatüna due to N-fixation by the pmrious crop of 

alnilbL Peas ïnoaihted with Rhiiobiwn brctaia wcrt sown on May 9,1995 ot a rate of 

170 k W  at a dwth of 5 cm. T- k@ha P205 was plaoai with the s d .  Glyphosate 

at a rate of 5 Uha was sprayad on this urpainicatai ana on May IO. 1995. howmr. haif 

of the plots (2- by 8-m) conuniig winter aiticrlc were kft unsprayed in orda to obtab a 

grain yickl nom the trioiule which had sucœssfUy sunnvcd o v a  winier. 

Wecd seedlings w a t  identifiai and counted in the field on Iune 5 wahin two 25- 

by 25- quadrats per plot for cach of the previous year's trcacmtnts. 

Haif of the peas w a e  sprayad with herbrcide for grass and koadkaf wced contml 

to determine the econornic bmefit of ushg annuai forages. The other haK was kft 

unsprayed to assay thc &ka  that annuai forages had on weed populations. On June 8, 

1995 half of cach pea plot was sprayed with huethapyr at a rate of 0.21 i&. Due to 

spray misses sethoxydM was sprayed on the peas at a rate of 2.5 Uha on June 23, 1995. 

Furtha hand w d g  was nwessq to keep pbts weed fmz. The mtrale plots that had 

not ken spraycd off with glyphosate wae not sprayed with any herbicide in 1995. 

On Aug. 2, 1995 the wintcr triticale planteci in the previous spring that had 

sUnnved the winter was harvestcd Md grain yield was mtasured. On Aug. 17, 1995 the 

peas w a c  harvesttd and grah yiciâ for sprayad and unsprayd pcas was obtalicd by 

harvesthg a 1 rn2 area in each subplot. 



3.3 Trial 2 

33.1 Wblisbment Year 

Triai 2 of arpaioient 1 wrs arranged as a ranciomi& compkte bbck design with 

fourrepikations n i tpbt~keswen4mby8m IntriaI2,flax(tiluunt(ritatrssimwn 

cv. Norh) was cstabiishcü on May 18,1994 on the arpaniental a m  that had been sown 

to wild oat @@rc 1)- Flax was sown at a rate of 45 km to a depth of 3 cm No 

additional fertiüm was addeci, and no additsonal CUIfiVation was pafomd. On May 25, 

1994 the swect c h e r  ae~mient was sown at a rate of 10 kg/ha to a depth of 2.5 cm 

usjng a disc driil. Broadleaf w d s  wae m v e d  fkom aial 2 using 1.0 bromoxynil 

and MCPA ester on junc 10,1994. Broadicaf weeds w a  rcmovcd fiom the swcct 

clova plots by band at the sarnc timc the otha pbts w a e  sprayd nit grass weeds, 

predorriinantly wild oat, wcrc ailowed to d i k h  and shed seed throughout the growing 

suwn The fiax was swathed on Aug. 30,1994 and the piant niateriai was baicd off the 

plot ara. On Aug. 3 1, 1994, aial 2 was cuitbatcd with the exception of the swcct clover 

plots. On Sept. 1, 1994, the fdl rye aamient was sown with 30 kgha P205 at a rate of 

95 kg/ha nt a depth of 5 cm AU plots with the exception of sweet clover and fâii rye plots 

were cuitivated to a dcpth of 5 an in the n1l of 1994. 

33.2 Year 1: Expeimental Treatmenfs 

The treatmtnts for triai 2 were the samt as for aial 1 with the addition of sweet 

clover and fdi rye. Sweet clover was cut for hay and then seeded to winta triticale which 

was grazed, while the fdl rye was harvested for grain- 

The wheat and forage suppressor crops were direct seeded into trial 2 on May 10, 

1995 using a s& plot double d i x  driU (Fabro Ltd.). The same seeding rates were used 
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as in aial 1. NÏtrogai anilizet at a ratc of 70 kgha anmonhm nitnte was W e d  into 

aU phts exapt the sw&t c h e r  pbts on May 10.1995 ushg the srriall plot doubie disc 

drilL krtiihr N was plaœd at a depth of 5 cm, whüe 45 kg/ha P205 was plaobd with 

the seed. Twmty kglhn P205 was brodaut by hand in the swcet clora and the weed 

fallow p b u  The sorghumsudangrsss was seedrd on lune 16,1995. Md the w d s  in 

thest pbts mre spraycd with 5 Uh. glyphosate on June 19,1995. On Iune 21.1995, 

afkr the harvest of swlect cher,  wintcr triticale (cv. Pika) was ditact seeded Uito the 

swœt clover at a nue of 105 k m  at a depth of  5 cm No sddaiod P205 was added to 

these plots at the tim of seeding- 

Wheat plots designated h r  hulkidc trcatmnt wen sprayad on June 8. 1995. 

The herbicides used and rates were the sam as in trial 1. Spray misses occurrcd in the 

wheat sprayad with gras and broadkaf herbicide due to the spray boom king too bw, 

thefcforc this trcatmnt was spnyed again on Iune 21, 1995 with 5 L4ha of Bamprop 

rnethyl for grass weed controL 

Each trcatmcnt in triai 2 was harvcsted ai diffkrcnt dates throughout the growing 

s u w n .  Wheat was harvested on Aug. 15, 1995 ushg sinrüar methods as in aial L. 

Forage trcatmnts wcn again harvcsted using a small plot forage harvester. A grazing 

treatmmt was simulated on the w h t a  triticale 4 tancs during the growing season (June 

26, Iuiy 19, Aug. 16, Oct. 3) with the forage harvester whui the triticale plants rcached an 

average hcight of 40 cm S p ~ g  trcticalc was cut once for süage on July 6,1995 at soft 

dough stage, and again on Aug, 9,1995. The spring and winter triticale imemop was 

kst cut for silage on Juiy 6, 1995 at the soft dough stage, and subsequent regrowth of the 

winter trkide was "grami" on Aug. 16 and Oct 3, 1995. Sorghum-sudangrass was cut 

for hay on Aug. 16,1995 whm the panicles were haifemcrged nom the boot. Only one 

cut of sorghumsudangrass was taken in this triai. Alfalfa was cut for hay at 10% bloom 

on June 26, Iuly 19, Aug. 16, and Oct. 3,1995- The weed fallow treatment was cut for 



siiage on Iuly 6,1995, and again on h g .  9,1995. AU fbrage Ûcatmcnts wae cut at a 

height of 5 cm. 

Dueto thefaathatthere wasiEnifiantlym>rtWCtdsintriaI2thanthae had 

k e n  in aial 1 the n u e  of sampks, and sampk sim was dcaerised for enutneration of 

field s&dlnig populations. Weed s&dling populations in the field were coonted within 

two 125- by lfS-cm quadrats pa plot Wecd species. height, and developmnt stage 

were assessed f'or each trcatmmt at each harvtst, An initiai wced count was donc on May 

30, 1995, prior to herbicide appbtion in wheat. Development stage of the crop was also 

assessed at cach harvest using the Zadoks d e  (Zedoks a aL, 1974). 

At cach hantest, forage, wheat and w&d sampks w a e  m v e d  fiom two 25- by 

25-cm quadrats at a height of 5 cm, separated, dried at 55 C for 72 hours and weighed to 

detemine dry niana yieki for crop and for weeds Weeds w e n  separated fkom the crop. 

so that thae was a to tai of twa categories: 'trop". and "weeds". 

3.3.4 Year 2: Seedbank Enurnedon and Pducüon of Pen Test Cmp 

Soii samples w a e  taken kom aial 2 on May 1, 1996 prior to the seeding of a pea 

test crop. The mil sampks w a e  wrtracted fkom he neld and enumrated using die same 

methods outiined in triai 1. 

A pea test crop was once again secded in plots in year two of the study. Once 

again, aU plots were sprayed prior to seeding with 5 Uha glyphosate except for the half of 

the plots that containeci winter triticale. The peas were d e d  on May 13, 1996 at a rate 

of 200 kgha. 



W d  seedling popdations in the field w a e  coanted on Jane 3, 1996 within four 

12.5- by 125an quadzats pa plot for aich of the trtatmtnts. 

On June 7, 19%. half of cach pea plot was sprayed with uirazethspyr (0.21 Uha) 

and sethoxyth (1.3 m). Due to poor wild oat conmi, p a s  anrc sprayad with 

sethoxydni again on June 24. 19% at a nate of 2.7 Uha. On Aug. 519%. the winter 

niticalepianteci in thepreviousspriagthathad suwhed thewùimwrs harvestcd and 

grain yield was masund Pcas wae harvcstcd on Aug. L7,19% in both spraycd and 

unspraycd subplots. 

Most data sets for apaimmt 1 6rom Carman were analyzbd as randoniaed 

cornpiete biock design (RCBD) eqximcnts, using analysis of variance (ANOVA) 

procedures on the Statistical Analysis System (SAS) software package (SAS Institute, 

1986). Pea grain yieid data was analyzed as a spiit plot design with h e r b ' ï t  treatment as 

niainplot and suppressor crop as subpIot ushg ANOVA procedures. Means were 

u>mpSUtd using Fishds Least Signincant Différence (LSD) test at the p < 0.05 kveL 

Rincipai componait analysis-(PCA) and canonical discriniinam analysis (CDA) w e n  

performed on the seedbank data to dctemrine if thae w a e  any di&rrnces in weed 

comunity berneen the trcaantnts (Manley. 1994). CDA was perfomied ushg the objaa 

scores obtained ~ o m  the PCA. The association of weed species with forage systan could 

be deteniiined for erd, triai by cornparing spacies vector kngth and direction. 

Hornogeneity of veriances was tested using Bartiett's test and log Wormation of data 

was perfomied in accordancc with the results of the Bartlett's test. Data is presented as 

actual values in the Results and Discussion section. It has been indicated where log 

transformation of data was performed. Log transformed data including least significant 

difference (LSD) and Coefficient of Variation (C-V.) values is presented in the Appendk. 
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35.1 Estabiishment Year 

This atpaimnt was desiigned to shdy the e&eçt of~ekaed forage system on 

weeds unda two tiJiage systens The eXpannent was arrangecl as a 4 repliCate split pbt 

design with tillage as the mainplot -or (mo tiüage, conventionai tiüage), and crop type 

as the subpkt faaor (swœt clova, fdi ryc, s p ~ g  triticale. s p ~ g  wheat, alfalfa)). The 

plot sPes wcrc 4 m by 6 m For a surmiary of the tïmIine used in this study sec Figure 2. 

Flax ( L i .  tCSitQtiSsiinum L, cv. Norh) was estabIished on May 18, 1994 on the 

experimcntal area that had becn sown to wild oat and fertilized in s p ~ g  of 1994. Flax 

was sown at a rate of 45 k m  to a dcpth of 3 cm No additional fertilizer was added, and 

no additional cultivation was @ o r d  (sec seaion 3.0 1). On May 25, 1994 plots w a e  

under-SCtded to swœt clover cv. Norgold at a rate of 10 k@ha and alfalfa cv. OAC Minto 

at a rate of 12.6 kgha- Both sweet clover and alfalfa were sown at a depth of 2.5 cm 

The weeds, prcdominantly wüd oat, were aliowed to establish and shed seed throughout 

the f h t  growing season. On Aug. 30, 1994 the tlax was swathed and baled. On Sept. 1. 

1994 fall rye was sown with 30 k&ha P205 at a rate of 95 kg/ha to a depth of 5 cm into 

sektcd plots. The fkii rye pIots unda the conventional tiuage treatment were cultivateci 

before sccding, and fall r y e  was sown directiy into the zero tillage plots with no herbride 

appM before seeding. On Sept 7, 1994 the plots where no sweet ciover or al- had 

k e n  Setded &O w a c  cuitivated in rhe conventional tüiage treatments. Nothing was done 

to the remaining zero-tülage plots at this point. 



Fgure 2. Tlllltline of k i d  operations for apaimmt 2 

35.2 Year 1: Expen'mental Traitments 

C0nvuitiona.l tiiiage plou w a e  cul- and packed, and zero tillage plots were 

sprayed with 5 L& giyphosate on May 10, 1995. Spring wheat (W. ffitepwa) and sprLig 

aitica(e (cv. Banjo) were sown on May 11,1995 at a rate of 135 k g b  and 115 kgBia. 

respectively, to a depth of 2.5 cm Fatiluer N (anunonhm ninate) was banded at a rate 

of 60 kg N/ha into fâli rye. wheat and mticale plots just prior to seadmg of wheat and 

triticde. Phosphate was piaceci with the se& at a rate of 30 kgha P209 and 30 kgba 

P205 was broadcast by hand on the forages, On June 6. 1995 broadkaf weeds were 

sprayed in aii plots with 1 ma bromoxynil and MCPA ester. Because of poor controI, 

broadieaf weeds were sprayed again on h e  23, 1995 using Refine Extra (thifensuifuron 

methyi plus tribtnuron methyl) at a rate of 19.8 @lui. 

Each trcatment was harvested at diffirciit dates throughout the growing season 

Wheat was tiarvtsted on Aug. 16, 1995 with a s d  plot combine and grain yicld was 

detcrrriined. Whtat was harvcsttd at a height of 25 cm Each forage treatmcnt was 

harvested using a srnaii plot forage harvesterC Swcct clover was harvestcd on June 19, 

1995 and subsequent regrowth was rnowed on July 11 and Aug. 4, 1995. Alf ia  was 

hmested on Jum 19, Idy 18, and Aug. 10, 1995 at 10% bloom Triticale was harvested 

on July 12, 1995 at the sofi dough stage, and subsequent regrowth was cut on July 19 and 

Aug. 8, 1995. Fall rye was hamesteci for grain on July 3 1, 1995. 
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The entire test was sccded to a spring wheat test crop in the spring of 1996. 

Wheat was sown on May 15,1996 at a rate of 1-35 kg/ha and to a depth of 5 cm Onoe 

again, no grass herbicides w a e  appkd to the plot ana. Broadleaf w d s  wen  controiied 

with Rcûne Extra (ihifensrilhnon methyl plus aibenuron m) at a rate of 19.8 g/ha. 

An uIltial wted wunt was done on June 5 and 6,1996 in the seedling whtat crop. 

Weed secdlngs w a c  identiki and enumcrated within two roumi quadrats 0.1 m in 

diametre for each plot 

On Aug. 12,1995 aWilfa. tritrale and swat  c h  plots w a c  cuitivated in the 

conventional tilioge plots, and spraycd with 5 4ha glyphosatc, and 1 Uhp 2-4, D in the 

zero tillage plots 

Only wüd oat and green foxtail ppuiations w a e  assessed in thïs wtpaimnt. 

W d  secdlings wae idmtioed and enumcratcd within four 25- by 21cm quadrats for 

each plot at cach hanieJt date. An Liiaal wccd count was done on May 30, 1995. At 

each harvest, hrage and wœd sampks w a e  nmoved fiom the same four 25- by 25cm 

quadrats at a height of 5 cm, separated, drvd at 55 C for 72 hours and weighed to 

determine dry matter *Id for crop and for weeds at each hamst niere was a total of 

two categories once separated, "crop" and weeds". 

3.5.4 Year 2: Produdion of Wheat Test Crop 



This expcrimcnt was analyzed as a spüt plot design. using andysis of variance 

procedures and Fiher's LSD ta ofmans aRa ANOVA indicated signifîcant (p c 0.09 

~ n c c s -  Homogencity ofvariances was tested using Bartktt's test and Iog 

nansformaiion of data was perfbrmci in accordance with the resuits of the Bartkt's test. 

Data is pmsatcd as actual values in the Rcsults and Discussion Jectioa It has ban 

indicatcd whae log aansformtion of data was pediormed. Log transfomeci data 

including kast sïgnificant dinacnoe (LSD) and Coefficient of Variation (C.V.) values are 

presented in the Appendk 



4.0 Resutts and Discussion 

- 

In 1994-1996, man air tenperaturr was cka to the long-tcrm avaage flabk 2). 

Recipitation in 1994 was bdow the bng-tam average, and precipitation in 1995 d 

1996 was dose to the long-tam average. Mean air tcmperaturt h m  May to Septcmber 

was siniilar in di thrœ pus- Total precipitation. howevcr, was highest in 19% foiiowed 

by 1995 and 1994. 

4.1.1 Forage Year 

4.1.1.1 Weed Popuiation Density 

Weed population deasïty was m c a s d  in tht year of forage to better understand 

the process by which forages interfercd with waeds and to aid in interprttation of results 

found in the test crop ycar. uIltial early in-crop gras weed population density in aial 2 

was higha than in aial 1 because gras wceds w e n  dowed to shed seed prior to the trial 

2 forage year VabIes 3 and 4). In triai 1. the eariy inuop WU oat population density 

was signilicantiy highcr for sorghumsudangrass and wacd Mow than for ali other 

treatmtnts (Table 3). This obsavation was attributcd to the fact that no crop was 

growing in the sorghumsudangrass and weed Mow plots when w d s  were counted on 

May 3 1, 1994. whik, ail oiha  treatmtnts had bem sown two weeks prior to counting, 

and the seedling crops w a t  competing with the wiM oat seedlings. No signifiant 

treatrnent dif&nces were O bserved for early in-crop green foxtail, red roo t pigweed, 
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Table 3. lnllal early season in-crop weed density (seedlingsfmetre squared) for trial 1 at Carman, 1994. Means wHh the same lettei are no! 
significantly different LSD (~8.05) .  

Treatment Wild Oat 
Wheat-tGrass and Broadleaf Herbicide 80 b 
Wheat+Broadleaf Herbicide 
W heat-HerbicMe 
Winter Tritkale 
Winter and Sprlng Triticale 
Spring TrHlcale 
Sorghum-Sudangrass 
Alfalfa 

- - - -  - 

Green Red Rcmt Lambs- WHd Wikl Q m n  

112 a 
97 a 
Il? a 
122 a 
99 a 

139 a 
136 a 

Weed Fallow 147 a 203 a 108 a 94 a 4 a 6 a 10 a 
L.S.D. 37 188 63 56 6 10 12 
C.V. 27 57 38 42 86 86 81 

fable 4. Initial early season In-crop weed population density (seedlin~s per rnetre squared) for trial 2 at Carmari, 1996, Means with the same le!ters 
are not slgnlficantly dtfferent LSD (pq0.05). 

Treatrnent 
WheattGrass and Broadleaf Herblclde 
W heatt0roadieaf Herblclde 
Wheat-Herbicide 
Wlnter Triticale 
Wlnter and Sprlng Triticale lntercrop 
Sprlng Triticale 
Sotghum.Sudangrass 
Altalfa 
Sweet CloverKritIcale Doublecrop 
F dl Rye 

Wild Oat 
2188 ab 
1744 ab 
2096 ab 
2284 a 
1844 ab 
2084 ab 
isoa ab 
1852 ab 
424 c 
652 c 

Green 
Fox tail 

3876 ab 
2980 ab 
3588 ab 
2900 ab 
4078 a 
3248 ab 
2732 b 
2892 ab 
1124 c 
184 C 

Red float 
Plaweed 

131 bcd 
200 ab 
60 de 

261 a 
127 bcd 
178 abc 
237 ab 
132 bcd 

4 8 
i e 

Wild 
Buâcwheat 

3 b 
6 ab 
2 b 
3 ab 
6 ab 
7 ab 
6 ab 
3 ab 

14 a 
8 ab 

Weed- Fallow 1592 b 3624 ab 8 a 70 cd@ IO ab O a 
L.S.D. 620 1310 14 114 11 8 



kmbsquafttr, and wild bucbheat d a s i t k  in triai 1. 

in aial 2, aLy h u o p  wüd oat, gr&n foxrail and r d  mot pigweed densitics were 

signitïcantiy 10- for sueet cbvc~/tnticaIt doublecrop and fkû rye than f9r most otha 

trcatmtrits rabk  4). Wüd oat, green foxtail, and rd root pigweed densities were 

varia& for the ranainhg -ts, In tnp12, fPIl rye a d  swcct cbva w a e  sadecf in 

1994 (Le. the previous yxar). niese aops initïatd growth e a r k  in 1995 than the spring- 

secded forages, thereby pmviding supaior wced comperition Thurston (1%2) found 

that wild oat was contcoUed by autwnn-sown areals reg- of crop type, provided 

s p ~ g  crop plant population densïty was s u f k h t .  No signinauit trcamiuit di&r#ices 

were obaervcd for early incrop iambsqu~~tcf density in the prcsent smdy. Population 

density of these weeds was low rektive to the other weed species in this experiment. 

In trial 1, only wüd oat phnts were countcd at each harvest flable 5, and 

Appenda Table A3). No signincant changes in wiid oat densîty fkom the carly in-crop 

weed count to last harvest wunt were obsaved for the wheat sprayed with broadleaf 

herbicide only, wheat with no herbicide, spring triticaie, and the weed fdow ueatments. 

Thus, these trcatments were not effkctive in reducing the wild oat population For the 

-ter triticale and alfatfa treatmtnts, wild oat density was greatest at the fkst harvest 

(June 20), and these two treatmcnts had higher eady wiLl oat populations than the other 

treatmcnts. This may be due to the fbct that these forage crops had a more prostrate 

growth habï than the o t k  forages and did not provide the same degree of cornpetition 

with weeds for light. WJd oat dcnsities in the winta triticaie, alfalfa, triticale intercrop 

and sorghumsudangrass treatments were significantiy less at iast harvest than at the early 

in-crop weed count Thus these treatments were e m e  in reducing the wüd oat 

population. 

in triai 2, gras and broadleaf weeds were counted at each harvest (Table 6,  and 

Appendix Table A4). Weed density for each weed type was significantly lower for the 



Date Treatment 

W i e a t + G r a s s a n d B ~ % a f H e ~  
May 31 m a  
August 26 O b  

May 31 
-a= 

May 31 
August 26 

May 31 
Juiy 20 
September 23 

May 31 
July 26 

May 31 
August 31 
September 23 

May 31 
June 20 
July 25 
Septernber 23 

May 31 



TaMe 6- Weed density (piants per metre squared) in treatments for tn'ai 2 at Carnian, 1995. Statistical 
anatysis was pmfomied wiîhin cmp type on bg aarisfmed data. Means with the same letter are not 
signifitiy different (p<O.OS). 

--- - -- 

RedFbot CMibS- Wild 
Date wolt ~miiw ~ u c h b a t  

May 31 
August 16 
Oaober 3 

May 31 
August 16 
Odober 3 

May 31 
August 16 
Odober 3 



Table 6 (umfiwed), Weed de- @lants p vamû) in treatments for Ga12 at Carnian. 1995- 
StaiScai analysis was pdbmed wahin type on kg &nned dak Meam with the same letter are rot 
s i g d k d y  auont  @8.05)- 

May 31 
hne 26 
Jury 20 
Auaost 16 
Odaùer 3 

May 31 
W6 
August 16 
Odober3 

May 31 
Juw 
August 9 
Odober 3 

May 31 
Auswt 16 
Odober3 

May 31 
June 26 
Juty 20 
August 16 
Odober3 

May 31 
Jw 
Ausu!529 
Octobw 3 

May 31 
June 20 
Jufy 20 - 28 
Odo ber 3 

May 31 
Juiy 26 
O d o k 3  

FM Rye 
1 a 
1 a 
O a 

When wiïd oat density mis compared at the Iast harvest of each treatment in trial 

1, the treamnts that did not differ significantiy fiom sprayed wheat were winter triticale, 



~esetreomiaia:ho~~it~bd~~~dyfewetwildoltthuidiepucUUy 

sprayad Md unsprayad w b t ,  and weed fbbw trieatments. Thus. .Il pnnuaï f m e  

systems d u œ d  die wiid oat popdation WhQl cotnparcd to the d y  check tceatmmts h 

trial 1. 

TaMe 7. Wild oat density at hst hillvest of each treafment fortna1 1 (1994) at Carman, MB. 
Means wah the same letter are not significantIy LSD Q~û.05). 

Tteatment and Hmest Date 
Wheat + Grass and Broadleaf Herbicide (August 26) 
Wheat + Broadleaf He- (August 26) 
Wheat - Hehicide (August 26) 
Winter Triticale (September 23) 
Tnticae lntercrop (September 23) 
Spring Tr i t ' ï  (July 26) 
Soi~hum-Südangras~ (August 31) 
Aifalfa (September 23) 
Weed f%lf& (Jub 20) 228 a 
LSD (p < 0.05) 46.87 

In &id 2, the annual forage -ts had sigdïcantly fewcr wild oat ai  the last 

harvcst dian al1 of  the whcat aeamients and the weed mow (Table 8. and Appendix 

Table AS). n i d o r e  in dus trial1 a n n d  forages wae more cffcctive than herbicide in 

rcducing the wild oat population. Only wiid oat daisity in spring triticale did not dBer 

signincantly from that in panially spraycd whcac a similar observation was made in nial 1, 

suggesting that this treatment is less effeave in reducing wild oat populations than the 

otha forages. Wlnter triticale and the triticale intenxop w a e  the most effective 

treatments in reducing wild oat density. 



Green foxtaïi d«isay u tht )ast West was sïgniocantly less for wintcr triticale, 

the tritîcak intercmp and a h h  than for ail otha ûcatmtnts (Table 8)- Tfitse trtatmtnts 

wcre harvested iast on ûctober 3, 1995. At this point only wiki oat plants w a e  M g  

becauscmiperptureswattoo coidforgnuifoxtaii, thusthisnitasurt~~ltntmaynotbea 

good indicuion o f  the d h t h m s  of the these trcatmcnts in cunoolling green foxtail, 

Green foxtaü dcnsity m thest tmtmcnts was relatkty high at the second Jast hantest 

(Tabie 6). It b htcresting to note that ihen was si-tly more green fbxtaii in 

sprayxi wheat than in u~pmycd wheat (Tabk 8). Wild oat density in these trcatmtnts 

was siniilar, thadore, this cannot account for the dincrellce in green foxtaiL Green 

foxtail dcmïty in the raneniing muai forage treatmcnts did not dafer signifkantiy h m  

that in sprayed whcat, and in some cases was greater than in unsprayed wheat Thus, 

annuai forages in trial 2 did not suppress green foxtaiL 

Although the density of broadlcaf weeds was reiatively iow in triai 2, somc 

treatments may d o w  for broadleaf weeds to b m m e  a problan For instance, the s p ~ g  

triticale and weed W o w  trcatcnents consistcntiy had significantly higher leveis of 

broadleaf weeds dian unsprayed wheat in anodier example, the sorghumsudangrass and 

swea clover triticale doublmop trcatmcnts had signincantly more red root pigweed at 

the last h e s t  of each trcatmnt. 





4.1.1.2 Development Stage 

Wecd devdopment stage is an idication of the seed production poteotiai of diat 

weed at the tmie of mcaamment, S d  production pottntiai of the w& was variabk 

betwcen tfeatmtnts because each trcatmtnt was harvtsted a dïfkrmt numbtr of tirtits. 

Dmiopmnt sage for aops anci wecds (wild o u  and green foxtail ody) were masurcd 

at cach hawest in nial 2 ody. 

In generai, weeds wcrc less deveioped at tim of hamst in trcatments with a 

fiequent harvest scheduit and mre ampetitive crop piants. in the three whcat 

treatments, wild oat anci green foxtaii phnts wae  mature (ZadoLs 90) at tLnc of grain 

harvest (Table 9). Fall rye was also hamested for grain, however, it was hamsted on Iuly 

26, 1995, when wild oat and green foxtaii plants were at Zadoks 21 and had not yet 

produced seed. Because fidi rye had bcen seeded the previous Mi, and had initiated 

growth carlier in sprlig than whcat, it provided mon competition with the gras wecds. 

Even though the spring triticaie and weed Wow aeatrnents were tiarvested earlier, and 

more fkquently than fall rye, wild oat and green foxtail piants in these treatments were 

more developed and ükcly shed more s d  than under fan rye- Less competition in these 

treatments emphasizes the importance of the fâü growth habit of fall rye. In the swœt 

cIover/triticale doubkrop weed plants wcre stiü in the vegetativt stage at the kst  two 

harvests (one sweet clover; and one triticaie); however, at the fnial bat, some weed 

plants had produced seed. W ~ c r  triticale. d the triticak intercrop were hamested on 

August 16, 1995, but wüd oat and green foxtail had not yet produced mature seed 

b u s e  they had been harvested on previous occasions (Table 9). Sorghumsudangrass 

was also harvested on August 16, 1995, but because it was kte seeded the wild oat and 

gram foxtaii plants in this treatment had not produced mature seed. 

Based on observations of wild oat and green foxtail developmnt stage at the 

various harvests, the effkctiveness of  the treatrnents to reduce weed development ranked 
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fall rye > wintet t r i h i c  > the aiticae intefctop = sorghum-sudangrass = alfalCa > sphg 

triticaie = w d  W o w  = swœt cbvtf/triticalc doublccrop > wfieat (aii 3 herbicide 

r e m ) .  

TaMe 9. Development stage raqp foi-crop and grass weeds at eadi hanrest in trial 2 ( C a m .  1995). 

DevebPmentSfaae(Ladoks) 
Treatment Date C m  Wild Oat Green Foxtail 
Wheai+Grass and Broadleaf Habkide Aua.15 90 90 90 
Wheat&taad(eaf Herbicide Odv Au9.15 90 96 90 
Wheat-Herbkide Aw3.15 90 90 90 
Winter Tritikale June26 14-21 14-49 11-15 

Od- 3 29 1 2-45 O 
Sprïng and Winter TMile July 6 14-59' 45-69 11-16 

h g .  16 29" 56-85 0-59 
Ott- 3 29" 047 O 

SpnngTritïcale July 6 49-69 45-69 1 3-22 
Aua. 9 5940 47-73 90 

Sorsrhum-Sudarigrass Aua.16 16-22 54-85 1 2-59 
Alfaffa .lune26 2-9" 45-49 12-1 6 

July20 5-1 t" 1 2-69 12-59 
Aug- 16 4-8" 69-85 59 
Ott. 3 windly 1 3-2û O 

Weed Fallow Juiy6 - -  - 42d69 1 2-21 
AW. 9 - 45-73 90 

Sweet Cbver/Winter TrÏticafe .lune20 mbloorn 1345 11-13 
July 20 13-15 47-69 1347 



hy nirimtr productÏoa is a mume of growth. Eorage and w k d  dry mama 

matm production. Total dry matla prodaaion offorage and weed for each trcatment as 

welî as the cmp:wd biomas mtio was 10- in trial 2 dian in aial I fiables 10 and 1 1. 

and Appuidor Tables A6 and A7). Grass weed PI;~SSUC(= was more intense in triaï 2 

Table 10. Tata1 seasonai forage and weed dry matterpcockldion (kgha) for trial 1 ( C a m .  1994). 
Statistical analysis was perlamied on log trarisfomied data- Means with the same letter are not 
s i g n i f i l y  different LSD (pO.05)- 

Treatrnent Forage Weeâ Tata1 x 100 (%) 
Winter T M Ï l e  3971 b 1871 c 5879 b 32 
Sphg  and Winter Triticale lntermp 4070 b 3303 b 7377 a 45 
Sphg Triticale 4462 b 3082b 7544 a 41 
Sorghum-Sudangrass 7838 a 1322 d 9158 a 14 
Aifalfa 1840 c 5971 a 7760 a 76 
Weed Falbw O d 8270 a 8270 a 100 

Table II ,  Total seasonal forage and weed dry matter production (kgrha) for trial 2 ( C m ,  1995). 
Statistical anafysk was Qerformed on kg transfomed data- Means with the same letter are net 
signifÎÎntly diiffefent LSD (p4.05). 

Treatrnent Focage Weed Total x 100 (%) 
Winter Triticale 1212 c 3708 abc 4920 b 75 
Spring and Wnter Triticale lntercrop 1343 c 4126 ab 5487 b 75 
Spring Triticale 482 de 4858 a 5341 b 91 
Sorghum-Sudangrass 360 e 3138 bc 3497 c 90 
Alfalfa 692 d 4465 a 5166 b 87 
Sweet ClaverKriticaIe Ooublecrop 31 36 b 2817 c 5953 ab 47 
Fall Rye 7492 a 62 d 7554 a 1 



in Tabk 10. Basai on produaion ofwœd dry natter, the sorghum-sudangrass Ûtatmcnt 

production > swœt cbver/t&idc doubbaop and sorghumsudangrass > w h t a  triticak. 

the tri&& mtaaop, alfalfa. spring tritralc and w d  faoow (T'able 11). 

Table 1 2  Forage iind wead diy matter production (kgiha) at each harvest date (or trial 1 
at C a m ,  1994. 

Weecurotal 
Date Fora@ Weed Total x 100 (%) 

w n r r r i  
June 20 1 070 1281 2350 54 
July 8 910 325 1235 26 
September 23 1295 250 1545 16 
Odober 23 735 15 749 2 

Juiy 20 
September 23 

July 26 

August 31 
Septeniber 23 

June 20 
Juiy 25 
September 23 

in most cases, wccd yicld wu bwest on the last hanest date of the matment 

(T'able 12). in triai 1, yield of winter triticak did not scun to be afiicteû by the weed 

yie1d; the crop yicld was simhr for ai i  four bats, but weed ykld decreases fkom first 

to kt harvcst This suggests that the factor tint was reducing the weed population was 

the repeated harvests. Altematively, aWfk yieid was highest at the last harvest when 

weed yield was the Iowest Weed yield for alma was highest at the second hmest 
64 



Evai though crop #Id at the second harvest for the trithle mtercrop and sorghum- 

sudangrass was buna than rt the fk& weed ykki at the second West was also Iowa 

than at the fïcst, suggesfing that the 6rst h e s t  sufEckntly suppressui w&sS 

ïntML2,weedyiddwasalsobwestatthelastharvest, Y ' i e 3 d o f w i n t a ~  

andalhifswasgreuerthanwecdsatthciasthiimst. Asinainl1,wadyieldforalfalfa 

was high at the second hPrvat suggesting that seccihg aifàifâ nnisins a vay poor 

cornpetitor with wetds for a kng pcriod of time (Table 13). It hss been suggestcd that 

when Plfalai is established w*th a companion crop, the coqanion crop should be 

harvestcd at an eady devdopniait stage (cg. boot stage in small grain crop) to rcdua 

competition-relatai nductiom in sedling growth (Shcafk et ai.. 1989). Spring aiticale 

yieki was Iowa than wads at both hantests suggesting that in a year with very high w&d 

infestations this crop does not eECCtiVeLy rcduoe weed ~ÏOIMSS. It is interesting CO note 

that yicid of  swctt cbva in the swcct cIova/triticak doubkop  trcatrricnt was higha 

than weeds at ihe first harvest, but yieki of the wkitcr niticale componait at the next nvo 

harvests was lowcr than wœd yickl. Because the swect clover compomnt had been 

established in the pmious year f providecl strong cornpetition with weeds. Plant stand 

for the *ter tritkak componcnt was good, but thc winta triticaie remained smaii and 

did not tükr as much as the stand that was established on its own in spring (visuai 

observation). FaU ryt also had a higher dry matter yield when harvcstd because it 

competed weïi with weeds. 

Dry matter production values recordcd in the present study are sirriitar to values 

found in the litcrame. PrtVious rcscarch has shown that wintcr triticaie cut four anics for 

Pasture yielded 1844 kg/ha (Bakenlramp and Mcac, 1987); spring niticale cut once for 

süage yïeided 8069 k@ha (Berkenlranp and M m ,  1987); sorghumsudangrass cut for 

greenfecd yïeided 3706 kg/ha (Manitoba Agriculture, 1992); alfalfa seeûed alone without 

herbicide yieided 5050 kg/ha (9000 kgha ùicludhg weeds) (S hea&r et ai., 1989); and 

sweet clover yielded 4 1 19 kg/ha (Manitoba Agriculture, 1992). 
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weedmbtaf 
Date Weed T'al x 100 {%) 

- 1 3  
Jurie 26 593 20 614 3 
hty 20 i9 1801 1020 99 
Aügust 16 217 1523 174 88 
Od-3 384 359 736 48 

1 ' i h Y w r r q P  
July 6 745 27 771 3 
hgust 16 200 3312 3512 94 
Odober3 415 788 1204 65 

S i I # i i l B T i  
July 6 330 3810 4140 92 
w g 9  153 1049 1201 87 - 
August 16 358 3138 3497 90 

MdEe 
June 26 55 1936 1991 97 
.My 20 15 ' 1819 1834 99 
August 16 24 656 680 96 
0àober3 599 62 661 9 

swm3t-m- 
June 20 30AC+ 172 31 18 6 
Juty 20 151" 1859 2010 92 
August 28 39" 787 825 % 

Juiy 26 7492 62 7554 1 
WaedFsdbw 

July 6 - 3893 3893 100 
Awust 9 - 1352 1352 100 

-snieet~*"willmritieale 

The suggcsted acceptable kvel of wecds in forage for livcstock feed is 25% 

(Moline and Robinson, 1971). Moyer (1989, on the otha had, suggested that forages 

with wced leveIs of 80% or more may have acceptable nutrient compositions. In the 

pnsent snidy, ody sorghumsudangrass (ii triai 1, Tabk 10) and f'aii rye (in trial 2, Table 

1 1) w a e  fond to have weed ykid percentage of less than 25%. in trial 1, the triticale 

treaanents had a weed yieM kss than 50% of total yicld, and alfalfa had a wecd yield less 

than 80% of to ta1 yield (Tabk 10). In trial 2, the sweet clover/trïticaie and faU rye 
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trcatmcnts had a weed yield less than 50% of total (TaMe 11). WLita niticale and the 

triâcaic intcrcrop had werd ykIds less than 80% of the total yidd, but all o t k  trcatmcnts 

had a wetd ykId peatcr than 80% of total yieid. 

Most of the wred p b t s  in tiüs experimnt w a e  no langer vegetativt whcn 

harvestcd, howeva, they wete wUany bsmsied bcfore the seeds w a e  ripe (TaMe 9). 

Maaui aid Andason (1975) stattd that some commn m u a l  weeds do not dcc~e8se the 

nuai tm vaiue of forages if used at "nle<nieIy cariy stages of iriacinity". They testcd 

wceds that had a range ofdcvclopmtnt stages h m  vegetativt to grccn s&d. Moyer and 

Hironaka (1993) concluded tbat whai annual grass and braadkaf weeds wae harvested 

at the sofk to hard dough stage, prote51 digestibiiity of thest w d s  was si& to, or 

better than, that for tame oats. Also, they concludeci that digestibk energy content for 

five of the eight weed specis was sirriikr to, or greater than, that of aifMà or meadow 

bromgrass (Mo- and Hironaka, 1993). Based on the results of this expaiment, and 

the observations made in othcr expcriments, it appears that the annual forage treatmtnts 

in the pnsent study niay be an acceptable source of livestock M. 

4.1-1.4 Grain Yield 

Grain yidd for wheat was h i g k  in uial 1 than in aial 2 beause mmpetition tkom 

weeds was much more intense in trial 2, 

in triai 1. grain yieid for wheat was significantiy di&rent for aii trcatmcnts (Table 

14). in trial 2, grain yicid for wheat sprayed with grass and broadkaf herbicide was 

significantly higha than for the 0 t h  tm wheat treamrnts (T'abc 14). The mtan yield of 

Katepwa wheat for Manitoba o v a  74 site-ycars is 3230 kgnia (Seed Manitoba, 1996). 

Results of the present study indicate that trial 1 was conducud under "typical" weed 

population levels, while nial 2 was conducted under extremely intense weed cornpetition. 



Ta& 14. Grain yield (kglha) kr Katepwa wheat in W s  1 (1994) and 2 (1995) at Carman. 
Means with the ~une letter are not significady LSD @Q.05). 

Treatment Trial 1 Triai 2 
Wheat + Grass and Bmadleaf H- 3215 a 313 a 
Wheat + Broadkaf HerbicSde 2122 b 39 b 
Wheat -Herbicide 1203 c 6 5 b  
LS.0 427 III 



4.12 Test Cmp Yerr 

In the yepr a f k  the annuai forage supprtssar trcatmtnts, the weed sccdbmk was 

assesseci to detairiine the &kt of muai hragt sys~na on weed secd dcnsity and 

comiunity cornposaiw in the sadbank. Soii cons w a t  nmoved h m  aIi pbts, 

aansférrrd tothegreeohouse.andw&dswaefOfCibdtogariiinattPndawmrated. 

Also. a crop of d-kdkss peas was d e d  in ali p h  to daemmie pca seed yitld 

potential fohwing the various annuol fixage systtrris. Wecds anaging in the seedliig 

pea crop w a e  counted priar to herbicide application. Afta wecd sœdiings wcn  counted, 

grass and koedleaf hdic ide  was applied to haif of cach pca plot Pea grain yieki was 

measured at the end of the seasan in sprayed and unsprayed subplots. 

4.1.2.1 Wced Population Dgn~mics in the Seedbank 

To detaniine the impact of annual forage systems on w&d populations the density 

of weed seeds in the d b a n k  was determincd in the year after forages. For al1 

treatments the density of weed seeds in the seedbank was greatcr in aial 2 than in Ml. 

This was because grass weais wae alïowed m produce and shed seed the year bcforc 

forage cstablishmait in triai 2. The seedbanlr in trial 2 was dominattd by gnai f o d  for 

di treatmcnts whüe, no one weed species dominateci over the trtatments in trial 1. 

in trial 1. totai w d  seed density for wintcr triticaie and sorghumsudangrass did 

treamnts had significantly kwer weed seeds than ai i  otha trtauntnts. Thacforc, these 

treatrnents providcd ekt ive  wecd suppression whik reducing or eliminating the use of 

herbicide for one year. Total weed density for thc aiticaie intacrop, sprïng triticale, weed 

fauow and alfalfa treatments, on the other hami, did not di&r significantly fkom 

unsprayed wheat. Therefore, t hese treatments were no t effective in weed suppression 
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Frgure 3. Density of weed seeds of four dominant weed speciecies in the seedbank after treatments 
for a) trial 1 (1995) and b) trial 2 (1996)- Statiçtical analysis was perfomied on log transfomied 
total weed seed density for Mi, anû adual total weed seed density for trial 2 Means wlh 
the same letter are not significantly atfrent LSO (~4.05).  



aione, and may need to be combinai with herbicide to provide e&xtivt weed suppression. 

in triai 2, wced density of sprayed w k t  did not di&r rigiiificYtiy from 

unspraycd wheat in tanrp of total dai9ity of weeds in the serdbank (Figure 3b). T b ,  in 

a y e a r w h a e ~ p ~ k e x t r a n e . e v e n h e r b f i e s s r e a o t . b k m  aüèctwebd sœü 

production. Ohetsa et ai (1996) statc thrt habindes abne wiü not endÉotc weed 

probkns because they oniy a f k t  .brudPnce of weeds at a patch scple fbr a short paiod 

of tirne. The spring tnticalc. weed fMow and hli qe ucatmmts allowed significantiy 

more weed serds to r e m  to the SdCdbdc than the annuai grain crop that had no 

h e r b i t ,  AU orha fixage trtatmcnts did not di&r significantly h m  unsprayod wheat 

Sorghumsudangrass had signibntiy féwer weeds than spraycd wheat, but this trcatment 

did not di&r signüïcantly aom ullspraycû whcat 

The flux of weed sœd into and out of a unit of the scedbank determines the 

potenbial population of thpt unit (Norris, 1996). in theoxy, ta rcducc or wrhaust the 

seedbank one musr stop sead production (Forccüa a aL, 19%; Nomis, 1996). Annual 

forages have the potcatiai to prevcnt established and stabilLed w a d  populations fiom 

mauitaining thuirpelves. Bascd on these results, in a year when weed pressure was 

moderate, wintcr tritiçole and sorghumsudangrass were effective m reducing the amount 

of w d  seed retuniing to the seedbank to the same extent as a conventional herbicide 

murnuit. Howeva, unda extrane wecd pressure, neither the Micida1 or cultural 

weed contra1 stratcgies were efktivc m rducing the amount of weed seeds retunUng to 

the seedbank. 

Annual forages in the prtscnt shdy provideci good control of wild oat. AU forage 

system tested in this expain#it consistently controiied wild oat as weii or bettcr than 

sprayad wheat, and bctter than unspraycd wheat in trial 1, wiùi oat density for di forage 

treatrnents did not di&r signiocantiy fkom sprayed wheat, and was significantly lower 

than in the partially sprayed and unsprayed wheat treatments (Table 15, and Appendk 

Table Ag). 
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In aial 2, the aWià, waad 6i11ow and swœt cbvcr/ÛitiicaEt doubkcrop trcatments 

providecl bater w M  oat wntrol than spraycd wheat (Tabk 16). AIl ou ia  forage 

trtatmerits provided siriiilar wild oat control to sprayed w h a t  AU fbrage trtatmmts 

providcd bata wiid oat conml than the panially s p r a .  rad unspmyed w k t  

tfeatmcnts. A dioniptic reduction in the wüd oat popolation can be a~hkved if input of 

m w s e d s i n t o t k s o ü i s ~ ~  ' I h C ~ o f r b i S ~ t s h o w t b a t a ~ u a i f o r a g e  

syswris can d u c e  input of new wild oat seeds to the sol as w d i  as or beaer than 

herbgicidts. WiLl oat seed persists in the s&dbank and d quantities are capable of 

reinfestu>g the field. This u n d ~ s c o ~ t s  the Recd for continucd good control in subsequent 

ymrs (Banting. 1973). 

Seedbanlr densities for green faxtail wcre greater in triai 2 than in aial I for ail 

treatmnts. In triai L. the aiticale interCrop, spring triticaie, sorghum-sudangrass, and 

w d  faiiow treatmtnts provided simüar control of green foxtaii as sprayed wheat, while 

wintex eitiEale and alfaKa had dgnEcantly more green foxtaîi than sprayed wheat (Table 

15). Wmter triticale and alfalfa had the most fkquent hantest sckdule. The green foxtail 

plants in these trcatments had a more prostrate growth habit Schoner et aL (1978) 

obsmred this phenomenon with ydiow foxtail in alnilfa subpcted to a fiequent cutting 

scheduie. This cnabled the gn«i foxtail under thcse trcatments to shed more seed than Li 

the 0 t h  forage treatrnents because the plants wen niaturing bdow cutthg height at 

subsequent harvests. 

In trial 2, no forage treatmcnt had significantly fkwcr gran foxtail seeds than 

unspraycd wheat (Table 16). The ttcatments that had sigdhntly mon green foxtail 

density than unspraycd wheat werc s p ~ g  tnticalc, fkii rye and weed M o w .  When 

spring triticaie and the weed Wow were harvestcd for the second time on August 



Table 15. Denslty of weed seeds (seeds pet mette squared) In the eeedbank for trlal 1 (Carman, 1995), Statlstloal analyal8 waa perlomed on log 
translormed data, Means w l h  the same letters are not slgnlllcuntly dllferent LSD (p<0.05), 

l 

Qreen Red Root Lambs- WHd Oreen Wlld 
Treatment Wlld Ont FoxtaIl Plnweed auerter Buckwheat Srnattweed ~uf&rd 
Wheat + Brass and Broadleaf Herbicide 36 b 126 cd 236 cd 244 de 33 a 3 8 15 e . - -. 
Wheat + Broadbaf HerblcMe 4 8  a 742 ab 156 d 204 s 40 rr 10 r 73 a 
Wheat - Herblclde 407 a 968 a 568 c 1874 a 23 4 5 a 50 s 
Wlnter Ttlîloale 13 b 511 ab 289 od 204 cd8 23 4 S 4 20 a 
Sprlng and Winter Tfltkak lntercrop 30 b 128 cd 2626 ab 428 bcd 20 s 8 e 28 4 
Sprlng Triticale 28 b 322 abc 1441 b 485 bo 26 a 13 8 40 8 
Sorg hum-Sudangrasa 20 b 249 395 c 508 b 23 8 8 8 20 a 
Alfana 43 b 780 a 1283 b 300 M e  33 8 8 e 18 a 
Weed Fallow 18 b 60 d 4245 a 282 cûe 30 8 8 r 19 a 

Table 16. Density of weed aeeds (seedr pet metn squared) In the saedbank for trial 2 (Carman, 1096). Meanr wkh the same Ietters rre nd  
signillcantly dmerent LSD (pco.05). 

Green Red Root Lambs- Wlld Q t ~ n  Wlld 
Treatrnent Wlld Oat Foxtall Pfaweed suaRer Buckwheat Smartweed Mustard 
Wheat + Grass and Broadleat Hefbidde 664 bc 3252 aie 254 ad 181 ab 28 bc 3 O 30 ab 
Wneat + Broadleaf HerblcMe 
Wheat HemMde 
Wlnter Ttttlcale 
Sprlng and Wlntei Triticale Intercrop 
Sprlng Triticale 
Sorg hum-Sudangrass 
Alfaiîa 
Sweet Clover/ïritkale Ooublecrop 
Fall Rve 

1335 8 
801 b 
387 cde 
350 cde 
638 d e  
425 cûe 
300 de 
307 de 
698 cd 

2271 del 
2160 ef 
2774 del  
2684 câef 
4801 ab 
1305 I 
3712 bcd 
2764 câef 
3059 bû 

319 cd 
342 cd 
583 abc 
357 bcd 
684 ab 
405 aîxd 
613 abcd 
186 d 
551 abc 



9,1995. gnai foxtail had alrePdy p r o d d  viabk s&d (Table 9). The weed fallow 

t r e a m t  in trial 2 had the bighest green foxtail populatinn, thus a i p h a s h g  the vaiue of 

aop oonpetition unda ammie weed presnne nabk 16). Cinai foxtait density for aü 

otha forage trcatments in triai 2 did not d i f k  signïkantly h m  mspmyed whcat (Tabk 

16). R ~ ~ u l t ~ o f t h e p r e s e t i t s h d y ~ t h p t w h e n g n e n f ; o x t a i l d a i s a y w ~ s ~ L y  

high (triai 2). neithcr muai forages or i n a p  hcrbkdcs e&xtively controlkd thb wœd. 

When grea foxtail popdations wen bwcr (tiisl l), the triticale htacr~p, sorghum 

sudangrass and wead Wow gaw dkcthe conaol; contro1 whkh was comparable to an 

in-crop herbicide treatmtnt 

Red root pigweed seed daisty was grtater in triai 1 than in trial 2. This was 

attributed to the ex- compuition kom g r a s  weeds in the forage ycar of trial 2, which 

reduced sced production in some w d s .  in triai 1, winta trïticele and sorghum- 

sudangrass reduced red root p i g w d  seedbanlc density as weil as sprayed wheat. 

Treatmcnts which had a signincently highcr rd root p i g w d  seed density than spraycd 

wheat wae  the triticale intacrop. spring titicale. alfalfa, and weed fallow (Tabk 15). 

Weaver and M c W m  (1980) stated that red root p i g w d  is seldom found in "cloçed 

or shaded communies". In trial 1, the wheat, winW triticalt and sorghumsudangrass 

treatmnts cornpetcd betta with red mot pigwccd than the rcrriauiing forage treatrnents 

possibly because they shaded the w d s  mre than the otha treatmcnts. Alm. if the 

terniinal infloresccnce is damaged, rcd root pigwecd can initiate elongatcd innoftsccnces 

fiom the lateral kafaxils and aimost assum a prostrate growth hoat (Weavcr and 

McWiIüans, 1980). This habit may account for the grata red root p ipecd  densitics in 

the annual forages as opposed to the wheat which was not disturbed ta the sam ennit 

during the growing seasor 

In triai 2, no signikant di&rences wae observai for red root pigwced density 

between the wheat ueatments, indicating that herbicide ngime had a minor Muence on 

the population density of this weed (Table 16). This was rnost iikely due to the fact that 
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red root pigweed density in aipl 2 was bw because the gniss weed population was v a y  

high The onty treatmcnt to have less red mot pigwdtd than sprayed wheet m aial 2 was 

the swœt c b v c r m  doubkmp. AU otha tmtnmts had more red root pigmed 

than unsprayad whcat, phhough the di&aoces wae not s ï g d b n t  for the wher 

triticale, ~ U i t ~ ~ c r o p .  sorghumsudangrass, alfkifkaminilryeaaantnts. ûniy 

s p ~ g  oitr;llt and the w k d  fallow M signïfkntly more nd mot p i g d  t h  sprayed 

wheat In triai 1, wintcr aiticalt and sorghum-sudangrass controkd red root pigweed as 

weli as herbicide, and in triai 2, only the swcct cIowx/tn'ticak doublmop treatmtnt 

cantrokd nd root pi@ bcttm than hetbîide- 

LambsquartcrdeasiryinEheseedbsnlrwasgrcatcrmaial1 theninaial2. Again, 

this was amiutcd to the greatcr competition nom grass weeds in the forage year of trial 

2 than triai 1. In aial 1. ai i  forage treatmtnts provided control of larnbsquarter simiiar to 

spraycd wheat except spring triticale and sorghumsudarigrass (T'able 15). Spring triticaie 

and sorghumsudangrass did, however, p r o d e  superior lambsquarta control to 

unsprayed wheat 

in trial 2, al1 annual forage trcatmtnts provideci siniüar iarnbsquarter control to 

sprayad wheat (Table 16). The whtcr niticale and spring triticale trcatmcnts had 

significantiy mort lambsquarter seed in the secdbank than unspraybd whcat. 

Lamtxquartcr density in the sedbank of pertially sprayed and unsprayed wheat may be 

low because of the high numba of wild oat seed m the d b a n k  for these trcattmnts. 

Based on the observations made in both triais, annuai forage system gave good conaol of 

lambsquarter. Bassctt and Crompton (1978) statc in theu papa on the biology of 

lambsquarter that this w a d  is unabk to withstand clipping and that seed production is 

greatly reduced when plants arc in competition with other plants. Thus, annual forage 

systems rnost Wnly suppnss lambsquarter populations by reducing seed production 

through cornpetition and prevention of flowering. 



WildbuckwfieatdaisiryintheseedbankwassiniilarinUial1Mdtrial2. Intriall, 

all forage trcatments provided sniilar wiki kickwhcat control to spraycd whcat (Tabk 

1s). ui triai 2, tht tcmmmts that pmvidcd sirriilar wrild buckwhuu control to spraycd 

wheat wcrc wLua oetÉple, the Piiricale mtcrcrop, sorghmtsudangtass, alhilhi. and the 

weed fallow mabk 16). The m g  iriticple. swcct cbvct- doubhp ,  and nII 

rye trcamrns had signi6icantiy mre WU buckwhcat than unspraycd wheat. Pressure 

fkom grass weeds in the forage yesr of unspmyed wheat was high (Ta& 6). thueforc, 

wild buckwhcat dcnsity was low in dii9 trcatmcnt, Thacforc, evui though wïfd 

buckwtieat seed density in the spring triirpl+ swat clover,ticalt doubkcrop, and hill 

rye trcatmtnts was grrater dian m unspraycd wheat uabk  16), this obsavation does not 

hply that these forages givc poor control of wiki buckwhcat, 

Based on aie observations made in both triais, annuai forage ûeatrnents reduce 

wiid buckwhtat seed d&ty as weli as herbicide trcatcd whcat. It has been suggesrcd 

that delayed crop sceding will aliow early flushes of wild buckwkat to be küled by 

cultivation (Hum et ai., 1983). In trial 2, each treatment was cultivated prier to seeding 

in 1995 with the exception of sweet ciover and fâiI rye which were &cd in 1994. This 

may attribue to the higher w&i buckwhcat density in the seedbanlc for these treatments. 

Sweet clover had sïgniocandy more wüd buckwheat at the early incrop weed count in 

1995 than spraycd wheat flabk 4). 

WiMmustardduisityinthe~bankwsssnnhrhtrial1 andtrial2. Inaial 1, 

no significant di&renccs in wüd mustard demity wcie obsewed betwcen treatmcnts 

(Table 15). Howevcr, wüd mustard dcnsity in the seedbanlc was highcst in the partialiy 

sprayad and unsprayed wheat treamnts. Thertfore, in triai 1, the m u a l  forage 

treatments provided wüd mustard control which was siniihu to sprayed wheat. 

In trial 2, aii  forage treatments proMdsd wild mustard control which was simüar to 

sprayed w k t  (Table 16). In kt, rnost of the forage treatments had less wild mustard 

than sprayed wheat. AU forage aeatments had less wild mustard than unsprayed wheat, 
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and this di&ienoe was significant for the triticaie intarop. Based on these obsavations. 

annual forage systcnis consistentiy controikd wild mustard ps weil as spraycd wheat, in 

ract,inmostcasesCwswildmpstardseed~retpniedtothtseed~und~.the8~ual 

forages thui unda the unsprayai whcat. Muilïgan a d  Bailcy (1975) srotcd that mature 

wüdmDstsrdseedpodsdon'tsba&ab&ftthecaeolaopisharvested Theannuai 

foragesuiihisatpernnentwaehPrvcsrsdmmostcrisesbefOrtwildmistardp~uCCd 

mture seed pods, thus prcventing the iaurn of new stçd to the d b m k  

Green martweed dais0ty in the seedbank was sinrilPr in trial 1 and trial 2 In trial 

1, green smartweed density was greatcst in the s p ~ g  triticale trtatmcnt, howevcr, the 

ciifbences observai ktwœn trcatmcnts w a e  not sig-t (Table 15). Thmefore, in 

triai 1, the annuai forage trcatmnts provided green srmutweed control which was sirmar 

to sprayed wheat 

in triai 2, the trcatmtnts tbat provided green srriartweed wntrol which was siniüar 

to sprayad wheat w a e  wintet triticale, sorghumsudangrass, alfalfa. wccd hllow, sweet 

ciover/triticate, and fall rye uable 16). The aiticale intemop and spring triticaie 

aeatrnents dowed mon green smartwd seed to rehini to the sadbadc than unsprayed 

whcat Based on the obse~atiow made in both aiil$ annual forages givc good control of 

green snartweed with the possible exceptions of the triticale intcrcrop and spring triticale 

treatmnts. 



4132 Seedbank Weeâ Community Composition 

nie e&a of annual forages on conposition of the wccd sead commnity was 

determincd using rrmltivariatt anaiyscs. CanonicaI disctiniinant a n a i .  (CDA) was 

pafonned on the sedbant data to daaniine ifthae wcre signüjcant treatmtnt 

di&rences for commiiety composition (ManIy, 1994). CPCk lhat ovaiap rcpmsat 

treatmtnts that are not significantiy di&rrnt h m  one another ( ~ 4 . 0 5 )  (Figures 4a and 

4b). Rmcipai componcnt anai* (PCA) was p e r f o d  on the seedbank data to 

determine the association of the annuai forage treaantnts with weed specics (Maniy, 

1994). The asçociarion of w d  spc&s with forage system wuki be determincd for cadi 

trial by wmparing vector direction and kngth (Figures Sa and Sb). Direction of the 

vector iridicatcs the association, and proxhity of trcatmcnt numba to vector indicates the 

strength of association. Longer vectors ùdicatc that thae is more variation for that weed 

species. Trcatmcnts that are locwd furtha up the vcctor are more strongly associated 

with that weed specics. 

Distinct conimunity di&:retlce~ betwecn trcamiuits were observed for aial 1 but 

not for triai 2 ~ ~ g u r t s  4a and 4b). In triai 1, the forage trcatmcnts that affécted the weed 

community in the sccdbank mst Wrt the conventional herbicide trcatmmt w a e  sorghum 

sudangrass, wintet tdicde, and ai f iab  niese tfcatmnts did not diffa siknificantly &om 

sprayd wheat in tans of species composition. Sorghumsudangrass and w h t a  triticaie 

also did not dlna signihntly h m  herbicide trcatcd w k t  in tans of total wecd density 

in the seedbanlr (Fgure 3a). The tmtmtnts that had a significantly dinemit weed 

cornmunity than sprayai wheat w a e  the triticale intercrop, spring triticale, and weed 

Miow treatmcnts (Figure 4a). Despite the k t  that seedbank weed comrnunity for these 

forages was dinauit than for sprayed wheat, the waed comunity for aii forage 

the weed faiiow treatment had a signifcantiy daferent community 
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1 qrayed wheat, mw sprayed wheai. 3runsprayed wheat, 4=winter triticaie 
Striticale iritwcrop, Grsprinng tritkaie, 7=sorghum-sudangrass, û=alfaKa, 
; 9=weed falbw, 1 Oeweet davernnticale, t 1 =faIl we. 

Figure 4. Muhhbte anafysk of the weed comrnunity in the weed seedbmk after annual forage 
systems. a) canonical dismiminant anaîysis (CDA) for trial 1 (1995). b) CDA for trial 2 (1 996). 
Non-ovetlapping circfes are sg nificantly ciiîerent (pc0.05) - 



composition than unspraycd wheat sagg&g that the harvest imposai on this trcaan~nt 

anected the composition of the weed conrrmmty. 

ui triai 2, no forage bceatmerit had a sigdimtly diffhnt wced a>mmyiety than 

sprayed wkat (Figiirr 4b)* Howmr. thc unsprayed and partislly spraycd wheat 

trtauncnts alzo dki not have a sïgnificantiydifkcnt wad commmity than sprayed wheat. 

The only trcatmuits to have a Sipninrantly diûhnt weed comninay than unspra. 

wheat w a e  fiii rye, and the swcet cbvcr/inticale doubleaop. 'Inest treatmcnts arc 

unique because thcy had ban sown in the ymr previous to the other forages, and this may 

account for the obsaved di&nnx in cotmmmky composition when compared with 

unsprayai wheat. 

M e n  competitive pressure from wecds was moderate, as in trial 1. annual forages 

afkaed the seedbank wecd comunity in a simlar rrruiner to herb'icide treated wheat. 

The forage and spraycd wheat treatments ai i  shaied the sœdbanic weed comunity away 

nom that found unda wsprayed wheat, However, whai compeampeative pressure fÎom 

weeds was extreme. as in triai 2, most annual forages and herbicide treaftd wheat did not 

a&a the seedbank weed communïty any di&nntly than wheat that had not received 

herbicide. Derken et aL (1996a) found that crop rotation had a iarger e&ct on weed 

c o d t y  than did tiiiage. in this expaimcnt, obvious community di&renccs were noi 

observed for triai 2 because in the year previous to forages, gras wceds were aiiowed to 

shed seed. niuefore, it would appear that envimnmntal f'actors (Le. greater initial wecd 

density in the connunity) had a -ter e&a on weed community composition in triai 2, 

and cropping system had a greater e k t  on wecd community composition in triai 1. 

Uear associations of the treamnts with weed species were observed for triai 1, 

but not for aial 2 (Figures Sa and 5b). In aial 1, the treatmcnts that were not associated 

with any one weed species were sprayed wheaf *ter triticale, sorghumsudangrass and 

alfalfa. The winter titicale and sorghumsudangrass treatments behaved much iike the 

conventional herbicide treatment by reducing the number of weed seeds returning to the 
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seedbaaL (l?igmt 3a) while not sekakg for any one weed spccies. The p d y  sprayed 

and unsprayed whcat trcatmcnts had a strong assochion with the two gras wad species. 

TheunspnyadwheatwasoIsostrongLyasJociatedwnthwüdmustard. Wikioetaadwiid 

mustard an known to be rPsacioted with whept (Muliïgan and Baiky, 1975; Shamra and 

Vanda Born. 1978). nit iaiiaùMg mua i  forage treanritnts w a c  associatexi with the 

broadlcaf weed species to various degnes For exampk, both the wted niUow and spMg 

triticale tmatmtnts wat assdciated with red root pigwead, but the association was 

stronger for the weed fanow trament, 

In triai 2. the treatmnts that were not associatcd with any one weed species were 

sorghum-sudangrass, and the swat c i o v e r / t r i ~  doubleCrop. The rcmaining trcamients 

were associatcd wàh the various weed species, but none of these associations were 

strong. The partiaIly sprayai and onsprayed wheat treatments w a e  associated with wiid 

oat, and unsprayd wheat was associated with wild mustard. This was observai in triai 1 

as weL No one treatment was more strongly essociated with green foxtaii than any other 

(as hdicated by the short vcctor in Figure Sb). This was at~ibuted to the fact that green 

foxtail density was hi@ in aii treatmtnts (Table 16). As in trial 1, the rairaùwg muai 

forage treatmcnts were associateci with the broadleaf weed spccies to various degrees. 

Waed communitEes are composed of genotypicaiiy di&rent, plastic individuals 

that are hcterogenously  butc cd in space and tirne (Van Groenendai, 1988; Navas, 

199 1; Jordan and Jannhk, 19%). Thc variability of weed comunities wüî a&ct their 

evolutionary responses to sckctive pressures such as weed controL The rcsults fÏom 



Ieprayed wheaf, 2tpartialfy sprayed wheat, 3Purrsprayed wheat, 45wiriter triticale 
Strit'cale intercrop, 6Sspring triticale, 7=sorgf1um-sudangrass, 84falfa, 
Sweed falbw, 1 O=sweet cbver/trificale, 1 i=W we- 

figure 5. Multivariate anabsis of the weed cammunity in the weed seedbank after annual forage 
systems. a) principal component ana- (PCA) for trial 1 (1995), b) ?CA for trial 2 (1996). 
Proxirnity of treatment number to vector indicates strength of association, 



bath triais indicate that annual grain crops may s e k t  for grass w& to kcome a 

problan In both tMls -y spraycd and iinsprayed wheat w a e  associated with wild 

oat and gnen foxtail AIso, in triai 2, whcar spraymi with gnss and brodLafhcd6icide 

was rmderately assocnted with wild oat. Wild oat and gnm fôxmii are b w n  to be 

associated with cerral nops  (Shsmia and Vanden Born, 1978: Dougias et aL, 1983. 

Broadlcaf wceds wcm more dominant in the seedbanic c o d t y  a&r annual forages, 

with the exception of wintcr tntrale (trial 1 ody), sotghumsudangrass, and sweet 

clover/triacale doublccrop whkh wcre not associated more with one weed type over 

another. Wüd buckwkat, nd root pigweed, and iambsquartcr have becn citcd as king 

cornnon in disturbed and o p  habitats which may explain why these weeds w a e  

associated more with the forage treatmerits than the grass weeds (Bassett and Crampton, 

1978; Weava and Mcwîihms, 1980; and Hume et ai.. 1983). h n u d  forage systems 

codd potcntially selcct for broadleaf w e d  species to becom a probkm Results of this 

study suggest that a diversity of crops in an IWM system will vary the selcctive pressure 

imposed on weed c o d t i c s  (Jordan and Janninlr, 1996; Swanton and Murphy, 1996). 

in doing so, it may be possible to avoid adverse shifts in the weed specmm 

4.1.2.3 Weeû Population Dynamics in a Pea Test Cmp 

Peas were so wn h the year foiiowing forages to detennine the effit of the 

forages on wecd populations in a subsequent -p. Peas were chosen so that nitrogen 

fenilizcr would not have to be added. The addition of nitrogen may have confounded the 

expeNmnt because some of the forages were nitrogen f ixas and some were not. in 

addition, placement of nitrogen finiüzer cm innuencc weed growth. Wccd secdling 

density was measured in a herbicide-frre seedling pea test crop in triais 1 and 2. 

In mai 1, the treatments that controiied the total number of weeds emerging in the 

pea test crop as weIi or buter than herbicide treated wheat were winter triticale, 
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Previous Crop 

Figure 6. DeciJay of fair domirant weed species pcesent in peas @cior to he<bicida) 
folbwing (orages kr a) trhl l(l995) and b) Mal 2 (1996). Statïskd an-s was 
performed on kg transknneâ total weed density. Means with the same letter are 
not signifiintly dieretit LSD (p4-05)- 



trithle intmxop and sorgllum-sudangrass (Figures 6a, and Appcnch Table Ag). The 

treaulicnts that did not conml weeds any bener than ullsprayed whcat w ~ e  spring 

aitîcale,Plfalnandtbtwecdfiallaw. Intrisl2,alifOragetreatmcnt~hpdlesstoulw&d 

seedlings ermgc in pers than the spraycd whcat @iigure 6b. end Appenda Ta& Ag). 

The trtatmc~its that had signiiicrmtiy h e r  w d s  emge  than spraycd wheat wae  wintcr 

triticale, tnticele intacrop, sorghumsodangrass, sweet cbw/trithk and fall rye. 

Altiilfa providai smiilar weed control to sprayed whea nit spring triticak and wœd 

M o w  tfcatmtnts did not control weeds any bctta than unsprayad wheat- 

Basad on the obsavations niade in triais 1 and 2, wintcr t d k a k  the triticale 

Uitacrop. sorghumsudangras$ swcet cIova/aiticale doubkop, and fidi rye consistcntly 

suppressed the total number of weed seedhgs being recruited in a subquent crop as 

weii as or better than herbicides Spring mticak, alfalfa and the weed Wow did not 

supprcss the number of weed scedlings king recruited in a subsaquait a o p  as weli as 

herbicides, 

When each major weed was considered separately, wild oat dense  was found to 

foiiow a sîmW trend in both trial 1 and trial 2. In trial 1, the treatments that had 

significantly fewer wiid oat seedlings than sprayed wheat were winter triticale, the triticale 

intercrop, and sorghum-sudangniss (Taôk 17, and Appcndix Table A10). The trcatments 

that did not di&r signüïcantly fiom sprayai wheat for wüd oat werc spling trithde, 

alfalfa, and weed fâiiow. Wild oat density in partially sprayed and unsprayed wheat was 

signincantly higher than in aii otha  trcatmcnts. In triai 2, wild oat densitics were 

sigdiantly lower in ali Eorage tnatmnts when compared with sprayd whcat (Table 18, 

and Appenda Tablc Al 1). The only exception was the swect clover/triticale treatment, 

which did not di&r signifkantty fiom sprayed wheat. Also, wiid oat density in the 

partially sprayed and unspraycd wheat treatments was signincantly higher than in all  other 

trea trnents. 





Bascd on tbae resiilts. it can be conciudad that a ~ d  forags supprcsstd the 

den* of wJd oat anrging m a subsequent crop as wen or ktta thPn a conventional 

herbicide rratma+ Annual forages a b  suppfcssdd the daisay of wild oat seed 

raiiraiagmtbtsralknlc~~~rsorbeaadunthehabieidttreiiedgnincrop~ables 

1 5 d  16). ' I h t r c a i l t t h m t h i s ~ t a r c s n i i l a r t o  thosefod byodia 

rcstarchax RK nisuna niurston (1966) found that a one year ky was as e&am at 

rducing the numba of wüd oat sadr rrtuming to the StCdbank as a k year ley. 

Siniaarly, Wirson and Phipps (1985) f o d  that thrœ yeus of baricy ait for silagt 

exhausteci the wild oat dbiint by prcveriting rcturn of new se&. 

It iP i n M g  to mte that dChmy of wild oat anagd in the sœdbg pcr aop 

was greatcr than that hund in the Sttdbank for triai 2 (Tables 16 and 18). This niay be 

duc to a nltmbCf of htors. Fbr it is possibie that wiid oat emtrged in the 

seedling pea crop b m  a depth below what was sanplcd (k 8 cm) for the Seddbank 

study. It is a b  possibfc that ihe sampk nuber for the sçdbank study was not hrge 

enough to give an ranrtt dcscriptian of the density of s d s  in the scedbanlt It is also 

possible that not al1 die wild oat seed was forced to gunOMte in the greenhouse. Despite 

this disaepancy in the data betwetn s&dbank and test crop wüd oat denSay, the relative 

duisity of wiid oat for cach trearmnt is the same and conc1usions on the e&icacy ofach 

treatmtnt can bc made. 

Tra&omiation of the data was pafomied whae neassary to correct for non- 

heterogcmity of variance in th& Uperiment. It was fowd that square root transfbrmation 

did not correct the probkm, thus, log transformation was choscn. h most cases log 

transformation was found to have an effkct on mean separation and. thaeforc, on final 

conclusions drawn h m  the data Howevcr, in s o m  cases the r e b e  raniring of two 

muuis was r e v d  when the data was transfod (see Table 17, green foxtail and wild 

buckwheat; and Tabk 18, nd root pigweed. lambsquarter and wild buckwheat). This 

problem has been noted to happen when usïng arcsine and square root transformations 
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(Abrens et aL, 1990)- Thus, the h&&ons of log trzllisfortriation have b c a  

echiowkdged w h  nisling c o n c ~ n s  h m  thedata whae this nwsrl bas ocamui. 

intriai 1,rllfornge~wahthe~&nof~pn,vidcdgetnfolreail 

conml whkh was gniihr to whmt sprayed with grps and broadkafbabicide (Tabk 17). 

In trial 2, the sorgbum-sudan- fdi r)t a d  swset C~OVQ- doubkrop 

~~t~hsdftw~~fOaaiI~gstbaathespra~wheatwhüctheraiialilig 

treatmcnts had green hxîail populntions simüar to the spraycd whcat (Tabk 18). 

One intcfcstuig obsavation was that w k  the fidi rye treatmtnt had sïgnificantly 

more green foxtaii seeds in the secûbdt m s p ~ g  than the spra. w b t  (Tabic 16). the 

fhii au r ~ e t  had JignifkantIy fèwcr green foxtaii sœdhgs in the pea m p  (Table 

18). Tbaefore. the ai1l rye appavs to have d u c c d  seedluig fccnufccnutment of green foxtail 

to a greata extent than the otba trcatmmts. This may have kai amibutcd to akIopathic 

c&as of fàii rye or the ph* fidi rye d u e  prescnt in spring (Wcston, 1996). In aial 

2, those trtatmtrits which kft some residue on the soil afitef harvest, or had somc 

regrowth in spràg, (aii exctpt s p ~ g  txithk, atfalfa. and weed fallow), provided better 

green foxtail suppression. 

In nial 1. wintcr aiticale and sorghmsudangrass providai red root p i g w d  

control which was N1iJar to wheat spraycd with gras and broadkaf herbicide (Tabk 17). 

AU othcr artmcnts had sigaiocantly mon d root pigwctd thaa unspraycd wheat in 

triai 2, red root pigweed ddty in peas for p-y sprayai and unsprayad wheat was 

kss than for sprayad whcat (Tabk 18). This was most IüreIydue to thecompetition from 

high dcllsitits of wiid oat in these treatmcnts. Faii rye was the only annual forage 

trcatmnt to pro* barn red root pigwCCCI conml in peas than sprayed wheat AU 

other treatments provided CO na01 which was skRlar to spraycd wheat 

In triai 1. density of red root pigweed in thc seedbank (Table 15) for the aiticaIe 

intercrop did not di&r significantiy nom that in the weed fàiiow treatment, but in peas 

red root pigweed density was significantly lus (Table 17). Also, density of red root 
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pigwecd seçd in the seaibnnl for the spnig anrale tftatment was significantly less than 

for the w e d  frlbw trea~ment, but in p a s  ihese trcatnitnts did not dincr. niese 

d i & r u r e s ~ b s e m d b e t w k n t h e ~ ~ ~ d ~ g n c n l l r m n t n p e ~ s c ~ n b ~  

attributcd to the tiict that the winter aiticaL p o d n  of the intcrcrop iegrew in spring 

ptior to scedng with pcas and supprcsscû rccmhcmt of nd mot pi@. The same 

weed suppression was not obscmd fm spring triticale because uiae was no regrowth of 

this crop in s p ~ g .  In triai 2, Mryt had signikantly less red mot p i g w d  amrged in 

peas than spring triticale. but these armients did not di&r signifkantly for mi mot 

p i g w d  density in tbe s&dbnnl (TaMt 16). This suggcsts that die high levels of d u e  

in the fpll rye treaanent, or die aiiciopathic e&ct of fPll rye &ut suppressed red root 

pigwttd emgellct (\Neton, 1996). 

Based on these zcsuits, sarghumsudangrass and winttr tritrole providai good red 

root pigwccd control in both aials Red root pigweed, a watm-scason weed, is not 

typidy f o d  in closed or shadd habitats whidi may account for the suCCCSSfill red root 

p i g w d  suppression by these trcatmtnts (Weaver and McWrlliams, 1980). The weed 

falow and s p ~ g  triticale trcatmcnts, whrh kft iittie residue on the sol surface, had the 

highest density of rd root pigwccd ofany treamnts in both -S. M e n  density of r d  

root p i g w d  was bwa (trial 2), annual forages wcrc d k t i v e  in reducing the population 

in the subsequent crop. Whcn density of r d  root p i g w d  was higha, howmer, (aial 1) 

only winter tritkak amci sorghumsudangrass were e&ctm in reducing the popuhtion in 

the subscquent crop. 

In nial 1. aii forage treatmcnts provided larnbsquarter contml which was skRlar to 

wheat sprayad with grass and hoadkaf herbicide ('ïabk 17). This same trend was 

O bsemed in the seedbank for this weed (T'able 15). in triai 2, aii  forage treatrnents, except 

spring triticaie, provided iambsquartet control which was siniÜac to sprayad wheat (Table 

18). Lambsqua~er density was signiscantly higher in the spring triticale truitmuit than in 



in triai 2, density of iambsquartcr in the s p ~ g  t r i th le seedbPnL did not dafér 

sigdbntly 6om that m the wintcr tniicrlt d b m k  Pabk 16). but in the sedliig pea 

crop, spring eiticple M signüjcantiy mrc lembsquarter than winto niiicak (Table 18). 

This was attrï'butcd to tk fhct that whtQ tdhk initiOtcd regrowth m the s p ~ g  prior to 

pea &hg, tticntfi,~, it suppredsed Lmbsqiiatta em#genct whaeas spring triticale did 

rot niewecd~owaumnthtriil2alsoMles~lamhcq~inpeasdiandie 

spring aiticale trt;atmerit. This was am'buted to the intense compaition of green faxtail 

w i i  lambsquarm for this treatmcrit. nie good c o n ~ l  of iambsquafter in the seedbanic 

prondcd by annual forages was attrïbuted to the fact that lambsquartcr plants do not 

withstand ciipping, and seed production is reduced by interspcik competition (Bassett 

and ûornpton, 1978). It would appear h m  the fcsuits of lambspuarter seedling 

reauitmnt in p a s  that competition is a major factor in detemaning the duisity of 

lambsquarter emrging in the aop. 

in aial 1, ai i  forage treatrnents provided wild buckwheat control which was similar 

to, or bcttcr than, wheat sprapi with grass and broadleaf herbicide (Table 17). The 

treatments that had signincantly kss wiid buckwheat than unsprayed wheat were wintcr 

triticak, sorghumsudangrass, and altiilfa in triai 2, the trcatments that provided wild 

buckwheat conml which was simiiar to spraymi wheat w a e  wuiter triticale, the triticale 

intacrop. sorghumsudangrass, aMf& and fall ge flabk 18). Ail other forage 

treatments had significantly more wild bucicwheat than unsprayed wheat. 

In triai 1, there wae no signincant di&=rences in wild buckwheat density in the 

seedbank betwem treatmcnts (Table 15). but in the seedlùig pea crop the wheat 

treatments had more wild buckwheat than most of the forages (Table 17). This was 

attribut4 to the competition that the forage treatments exeaed prior to the seeding of the 

pea test crop. in the wild buckwheat seedbank for triai 2, the sweet clover/triticale 
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doubkop and fidlrye trcaamnts had significpntly more wiki bucbheat than unspraybd 

wheat (Table 16). This was attributcd to the iack of *ring cuitivation for these 

rye suppessed wiki buchbat nom emaging in the subsequent pea a o p  whaeas the 

doubhop did not. In triai 1, wiki buclrwheat dauity in rmuai forages was less than in 

the wheat trtatmtnts, but in triai 2, buckwhcat density in maal forages was grcatcr than 

in the wheat treatments. Thus, in a yea whcre wild buckwheat daisty is higher, as in 

uiaï 2 wiid buckwhcat is not a pmbkm for annuai grain crops, but may becom one h 

Thert are four phases in the life cyck of a plant population: d l i n g  recruitment 

in whkh weed seeds gcrniinaft and emage, the production of dry matter, setd 

production, and secd min (Mcdd and Pandey, 1993; Kropff et al., 1996). Considering 

these phases, there is one phase in whidi expansion of the population m y  occur, the seed 

rain phase. d fom phases whem thae is potaitiai for loss (Sagar. 1982). Thus, control 

techniques that break the Iife cycle of weeds at sorne point in time wiii be vaiuabie in 

deve10phg stratcgies for wecd rrianagcment (Kropff a ai., 1996). Anaual forages have 

the pottntiai to break the lifé cylck of wceds at any one of these phases. The forages 

tfiemselves can reduœ secdling recnimncnt (in forage and pst-forage ycar) or d u c e  the 

production of weed dry matter and seed by competing with wecds, and the &est of 

forage dry matter can prevent seed raul Weed control via herbiiides focuses only on 

reducing weed populations by increasing weed seedling rnortaiity (Medd and Pandey, 

1996) 

The weeds that emerge in the field in s p ~ g  do not necessanly reflect the 

proportion of weeds in the seedbank (Weeshouwers and Kropff, 1996). Thus, some 

treatrnents that did no t appear to CO ntrol weeds in the seedbank actually suppressed weed 
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seedlïng recnUaent in the abdaquent crop. For wrampie, in aial 1, total weed seed 

daigty for the niticaie intacrop trcatmtnt did not di&r s igdbntly  &om total weexi 

seed deasity in unspraycd wheat. Howcvcr, in the pea test crop signincantly fewa weeds 

w a r  ruxuhd in the mtkaIc intacrop araait  than for unsprayed wheat because of the 

conpetirion exauxi by the iegrowth ofwi& tritic~k in this trcatmcnt. in criaî 2, many 

of the forage trcatmcnts had a sniilar or gmtcr deasty of weed seeds in the sedbank 

thsn the wheat trcatmcnts, but in the pea test aop fewcr total wecds were recniitcd in 

most of the foragc treaancnts than in the wheat trcatmcnts. Thus, reduced seediïng 

I.ecrwtmtnt in the subsequeni pea crop via nop  re9duc, alIeiopathy, or forage regrowth 

was aiso a vaiuable part of the annoai forage trcatmcnts. 



The enect of annual forages on composition of the wetd c o d t y  in a 

subsequent pea a o p  was dete& ushg mdthiate a n a i . .  Canonical discriminant 

analysis (CDA) was p d o m r d  on the sadbdc data to detamine Ethcre w a e  signincant 

treatment daferares for convnnnity conposition (ManIy, 1994). Circks thau ovcrhp 

represait tnaants that an not sigdkmtly dincrent 60m one another (F@ms 7a and 

7b). Principal conponent analysis (PCA) was pe&rmtd on the secdbPnir data to 

detexmine the association of the annuai forage treatmtnts with weed specics (Manly, 

1994). The association of  wced species with &rage systern wuid be determincd for each 

aiai by cornparhg vcctor direction and length (Figurcs 8a and Sb). M o n  of the 

vector indicates the association, and kngth indiCates the strength of association* Longer 

vectors hdicate that there is more variation for that w d  species. Treatmnts that are 

located fnnha up the vector are more stmngly associated with that weed species. 

In both triais of the present experhent, the hrage treatments sigdicantiy altered 

the specïes composition of the w d  comunity in the pea test crop. Di&rences were 

more distinct in triai t than in triai 2 (E3gures 7a and 7b). This was similar to the trend 

seen for the sacdbank. In aial 1, the forage treatrnents that affécted the weed community 

in the seedling pca crop in a manna ma bke the conventional herbicide trcatmnt were 

the triticale Litacrop and sorghumsudangrass (Figure 7a). The forage treatments that 

had a s i g d b n y  ciiffirent p i e s  composition compared to spraycd wheat w c n  winter 

triticale, s p ~ g  eiticak, a b h  and the wweed Wow. Despite the fact that the weed 

community in peas for these forages was sigrùficantly di&rent than for sprayad wheat. the 

weed community for all forage treatments was signifîcantly di&nnt fiom parMy 

sprayed and unspraycd wheat Even the weed Wow trcatrnent had a significantly 

different cormunity composition than unsprayad wheat suggesting that the harvest 



Figure 7. Muitiiate anaiysis of the weed commnity in the seediing pea test cmp after annual 
torage systems. a) camnical diminant  analysir (CDA) Ew trial 1 (1 995), b) CDA for 
trhl2 (1996). No~vdapping circles are significantiy dierent Qx0.05). 



inposed on th& tremmnt aftèctted the composition of the weed comunity. These 

results were sniikr to those obscrvcd for the d b a n k  anaiysis 5a). 

In triai 2, the ody trcatmeats to di&r sig&mtly nom spraycd wheat for weed 

community composition in pcas wac swea clovcf/triticaEE d o u k o p  and fan rye (Figure 

7b). nie weed comnmity in fU ryç was also sigiincantiy difkent h m  tbat Ui 

unsprayed whcat. Ali otha fixage trcatrHCnts and habicide spraymi wheat were not 

signihntly dafennt fkom llllsprslycd wheat ior weed comnunity composition. The ni1l 

rye ueatmcnt was unique becausc it hed bem sown in the year prevïous to the o h r  

forages, and this may acoount for the obsaved diffirence in community composition 

when compareci wnh unspray& whcat. It is interaithg to note that although the sweet 

clover/tritïcaie trcatment had a difkcnt wced comnunity than unsprayed wheat in the 

seedbank, it did not in the pea test crop. This treatment did not have a great deal of 

residue, and the winter tritic?le plants in thïs matment were sniall (as evidenceâ by the 

lower grain yiekl for thïs treatrnent than for the odicr triticaie treatments, section 4.1.2.6). 

so the doublecrop manent most kely did not compete with weeds to the same extent as 

fidi rye (Figure 6b). 

The e&ct of annual forages on the composition of the weed community in a pea 

test crop was very sinilar to the effect on the seedbank w a d  connwnity. When 

competitive pressure from w d s  was moderate, as in triai 1. ail  annuai forages affected 

the testaop wced community in a siniüar m a ~ a  to herbicide ~eated wheat, However, 

when competitive pressure fkom weeds was extrcme, as in aial 2. most annual forages and 

herbicide treated wheat did not a&a the tcst-crop wecd community any diffirently than 

wheat that had not received herbicide. Som treamiaits that did not appcar to control 

weeds in the secdbank actuaiiy suppiessed weed seaihg rccmîtment in the subsequent 

crop. Reduced seedluig recnimnent in the subsequcnt pea crop via crop residue, 

aiielopathy, or forage regrowth was also a valuable part of the annual forage treatments. 

Reduction of seedling recruitment in the test crop by annual forages did no t seem to alter 
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the e&ct of annuai forages on weed coIIPIUIILity composition in peas as the same trends 

were noticeci in the dbank. 

Clear associations ofthe aptnicnts with weed spcck wae observeci for rnor 

treattmnts m both trials (Figures 80 and 8b). In aial 1, the trtatmtnts that w a e  not 

associatcd with anyoac wced specics w a e  sprayed wbcat, wintcr triticalt and sorghm 

sudangras (Figore sa). The winta t r i h i c  and sorghumsudangrass trcatments behaved 

much R e  the conventional herbicide tmtmcnt by rcducing the total nomba of weed 

secdüngs rariiired in the pa crop (F@re 6a) and by not sekcting for any one weed 

specics. Piutiaily sprayxi wheat was asochW with green foxtaü, and unspraycd wheat 

was associatecl with wiki 0% wild mustard and hmbsquartcr (Figure 8a). The reniaining 

annual forage treatments w a t  associated with the koadleaf wed species to various 

degrees. For exanpie, sprïng niticPle and the weed Wow were both strongly associateci 

with red root pigweed, whereas alfaifa was moderately associated with broadleaf weeds in 

g e n d  Thus, spMg niacale and the weed fâliow treatments may be more apt to select 

for red root pigweed to become a probien The trends seen for weed c o d t y  

composition in peas in aial 1 were simïiar to thosc f o d  in the seedbank for trial 1. 

In trial 2, the treamients that were not associated with any one weed species were 

sorghum-sudangras, sweet clover/tnticale and fall rye 8b). AU three wheat 

treatments were m n g i y  associated with wild oat nie density of wild oat in the field was 

greatest for these treatments as weii (T'able 18). As in trial 1. the renialiing forage 

treatrnents were mainly associated with the various broadlcaf wecd mes to di&nnt 

degrees. For example, spring triticale was modcratcly aSSOciated with red root pi@ 

and Iambsquarter, and the weed fâiIow was strongly associateci with iambsquarter. 

The association of the various annual forage systems with weed species was 

siniilar in the pea test crop and weed scedbanl. The results from both trials indicate that 

annual grain crops may select for grass weeds Broadleaf weeds were more dominant in 



l=sprayed wtieat, 2rgarüally sprayeâ wheat, 3mnsprayed wheat, kwinter triticale 
5=triticale intecclop, triticaie, 7=sorghum-sudangrass, 8=a(faifa, 
9=weed falbw, 1 Oeweet dovwnriticale. 1 1 =fa rye. 

Figure 8. Multivariate anaScçis of the weed community in the seedihg pea test crop after annual 
forage systems. a) principal cornnent analysis (PCA) brtMI 1 (1995), b) PCA for 
trial 2 (1996)- Proximity of treatment number to vector indicates strength of association, 



the seedbank conmunity afta annual forages, with the exception of wYua triticaie (triai 1 

only). sorghumsudangrass, swea cbver/MitrPle and fâii rye which were not associated 

with any one weed Spcncs owr  anothcr. 

A&r masuring wecd de* in the pea test crop, haif of cach plot was sprayad 

with grass and broadleaf herbicide while haif was left unsprayad. nie averagt pea grain 

yield over both trial years was 2857 kg/ha for spraycd pcas and 218 kg/ha for ullsprayed 

peas, therefore, herbicide use was warrantcd in al i  cases. Pea gram ykki was signincantly 

e t c d  by forage treatment in both sptayed and unspraycd matmentS. The average yield 

for Danto peas Li Manitoba taken over 42 site-years is 3009 k@a (Seed Manitoba, 

i 996). 

In trial 1. a signifiant forage treatmnt x herbicide regnie intetaction was 

obsemd for pea grain yield (Table 19, and Appendix Table A12). The basis for the 

interaction was attri'buted to the fact that there was a greater increase in pea grain yield 

when herbicide was used on peas following partially sprayed and unsprayed wheat, and 

the weed fkllow trcatment than when herbicide was used on peas foilowing sprayed wheat 

and the reniagung a n n d  forage treatrnents. In aiai 1, peas foilowing annuai forages 

yielded as well as peas foiiowhg sprayed wheat with the exception of &hifit for sprayed 

and unsprayed subplots. Peas foiîowing however, yielded signincantly greater than 

peas following panially spraycd or unspraycd wheat. It appears that the treatments 

(partially sprayad and unsprayed wheat, weed Wow) that had significantly more green 

foxtail emrging in s p ~ g  (Tabk 17) had Iower pea yields and beneMed the most when 

herbicide was appiied (Table 19). 

In trial 2, a s igdbmt  forage treatmcnt x herbicide regime interaction was found 

(TabIe 19). The interaction in trial 2 was not as distinct as that found in triai 1. The bais 
98 



for the iniaaaion was ataibutcd <o the fact that incnast in pea grain ykld was mich 

gr- whai habiadt ans Md on peas fobwiag partiîly sprayd wheat than when 

herbicide was uscd on the 0th treatmcnts. The partdiy sprayui wheat trcatmnt most 

bccause of the k g e  densay of wild oat scd presmt m the d ù a n k  for this asmait 

(Tabk 16). 

T M  t Trial 2 
Treatment Treated Fiee Tmed Re8 

Wheat + Grass and 8iioadleaf Herbicide 
Wheat + Broadleaf Heibicide 
Wheat - Herbicide 
WWw Triücaie 
Spring and Winter Triticale Iritetcro~, 
Spring Triticale 
Sorghum-Sudangras 
Alfalfa 
Weed Faib 
Sweet CkvwKriticale DouMecmp 
Fall Rye 

63 def 
11 f 
6û ef 

291 ab 
246 a 
md3f 

132 abc 
w&d 

219 &I 
111 d e  
3% a 

In trial 2, peas that foiIowcd the annuai forage systcrris yicided as weli as or bctter 

than peas that folbwed hetb'cide tnsted wheat for both sprayad and unspraycd subplou 

(T'able 19). nie fpll ryc Md tritÉole intcrcrop treatmcnts had the lowest density of weeds 

recruited in the field (Figure 6b) and the highest pca grain yield (Tabk 19). Tht trend in 

pea grain yicld does not always rcflcct the trend in wecd scadling rccruitmtnt scen in the 

sotdlmg pea crop. For Uisuuict, sorghumsudangrass and the sweet clover/tritide 

doub!ecrop had Iess weeds emerged in the field than spring triticale (Figure 6b), but pea 

yield foilowing these treatments was either less than pea yield folfowing spring triticale 
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(sprayai wbplots), or not diftèrent than pea yield foiiowing spring triticaie (wlsprayed 

subplots) (Tabk 19). The mason far the Iowa yieids after the sarghum-sudangrass anci 

sweet cbvedt&idc trcaQntnts canmt be explakied by thc density of wceds e m g e d  in 

the seedling pea nop bawise other fixage trcatmcnts had mire weeds etmgcd in the 

spring. More wccds may have gcdmtcd later under t h s e  treaQntnts, however, tbis 

does not seem Iüûly because w d  de* in the stedbank is relatively b w  for these 

ueatments (Figure 3b). Otha poss~ile reasons for the b w  yields may be that sorghum 

sudangrass r d u e  m y  have an alklopathic e&ct on the pea plants (Fomey and Foy, 

1985). and the sm« cIova/triticale d o u b ~ o p  may have used more water than the other 

treatrnents (Foster and Austcnson, 1990)- 

Based on the observations in bath trials of this expanient it can be concluded that 

peas following annual forages yielécd as weli as or better than peas fobwing spraycd 

wheat. Furtficmre, peas following annuai forages yiekied better than peas foiiowing 

partially spraycd or uasprayed wheat. in aial 1, peas that followed ail annual forage 

treatments yieided as weii as peas that followed sprayed wheat In triai 2, peas that 

followed sorghumsudangras, winter aiticale, weed Mlow, aiticaie intercrop and fdi rye 

yielded better than peas that followed sprayed wheat. Wüson and Phipps (1985) found 

wheat grain yieid to be higher when t foIlowed thrœ years of k l e y  silage or perennial 

gras than when it followed a cereai crop treated with herbicide and cultivation for weed 

control Siniilarly, Fomey et ai. (1985) found that the percentage of total dry matter yieid 

comprised by a l f i  was greater, in most cases, whcn pbts were previousiy aoppad with 

a forage suppressot crop (sorghumsudangrass or foxtail rriiuet) than when no supprssor 

mop was used* 

It is c1ear that annual forages do not provide adquate weed suppression to aiiow 

for the elimination of herbicide in the subsequent =op. O'Donovan (1988) suggested that 

in order to obtain the best econoinic r e m ,  wild oat control strategies must be 

impkrnented every year. The annual forage systems tested in this experirnent aiiowed the 
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eiimination or reduction of herbicide ose in one year whùe stin providing e&ctive weed 

control When herbicides are used continuaiiy, wecû sekction wiU be in Eivour of species 

that are lcss susaptiMc to applied haacides Uana and Nayîor, 1982; Ba& 1992; Heap et 

ai., 1993). Thus, dit duction/elinHnation ofhcrkide use for one ycar wtien growing 

annuai forages is advantageops fkom a hetbBcide resistmœ management viewpoint, 

4-1.2-6 Triticale G d n  

SpMg seeded winter triricale docs not produœ seai, however, ifit survives the 

winter it wiU produce seed the ncxt par- Wuim aiticale secdeci in the plots at Carman 

sufvived the wînter in both yaus of the study. Wofeach of these piots was dowed to 

go to seed. Grain yieid and weed density at tïm of hamst were measund. No herbicide 

was used in these plots. 

Triticale graÏn yield was variabie betweai the two trial years. In trial 1, triticale 

grain ykid was 2299 kg/ha for wiater triticale, and 5785 kg/ha for triticale intercrop. 

Density of green foxtaii was much higher in the winter triticaie treamicnt than in the 

triticale intercrop treamnt which would account for the lower grain yieId (Table 20). 

Xn aiai 2, triticaie grain @Id was 4082 kg/ha for *ter triticale, 3832 kg/ha for 

triticale intercrop, and 3603 kg/ha for swect clova/trticale doublecrop. Wild oat and 

grcen foxtail densîty in the aitrale intercrop tceatment was higha than in the winter 

triticale tnatmcnt w hich may accuunt for the lower grain yield (Table 20). However, wild 

oat and green foxtaii density in the swœt clovcr/triticaie doubkop was iess than in the 

triticale intercrop treatrnent, but grain yield was also less. When winter triticale was 

established in the doublecrop trcatmnt in 1995, Iune pracipitation was 34 mm below the 

30 year average. It was observed that plants were spindIy and ilid not tiua by the end of 

the growing suison to the extent that wintet triticale plants did in the other treatments 



was obraLwd without the use of hdicide in eitha year of the aiticalt stand. The annual 

forage trcatmnts imrolving w h t a  aiticale may albw a produca two ycars without 

h i c i de .  This couki be a viible option when rmuging herbicide nsstancc (Jana and 

Naylor, 1982; Ba& 1992; Hup ct ai., 1993). 

Brandon, MB. It was obscmed that a sutWknt numbeiof pIants did not suMve the 

winta thae, so the stand was t e d n a î d  Thus, this may not k an option for mrs in 

parts of Manitoba whae snow coverage is not adquate. Sprhg sceded wïnter wheat is 

more subw to winter damage, and seai production is nduced when it is sown btfore the 

optimum date of kte-August (Fowler, L992). Thus, the triticale seeded in the doublecrop 

system would have the bcst chance for winter survival becaiise it was sceded lata in the 

year nearet to the optimum sccd date. 

Tabîe M. Weed de- (plants per metre squarecl) in triticale grain trop for trials 1 (1995) 
and 2 (1 996) at Carman, MB. 

Trial 1 Trial 2 
Trament woat ~ m e n ~ a w  wld Oat &wn m a  
Winter Tntikale 3 489 32 325 
Spring and Winter Triticale Intercrop 3 150 77 426 
Sweet CloverKriticafe Doublecm - - 67 213 



4.2.1 Supprrs~ar Cmp Year 

421.1 Weed Popuiation Dcnsity in Forages 

This elrperimnt was dcsigned to test the cnect of cornpetitive crops under two 

tiUage systems. The hypothesip was that annual forage suppnssor crops would provide 

superior grass w a d  control when tiuage was used to estabiish the crops than w k n  zero 

tillage was used. A nu* ofcrops, including forages, w a e  grown for one year under 

conventional and zero tillage in the absence of grass weed herbicide. Wüson and Phipps 

(1985) saggested that an arable silage was more effeaive than a perennial ley in reducing 

wild oat populations because the associated cultivations encouraged the germination of 

weeds and their subsequent death. Thurston (1951) attributes sidar findhgs to the fict 

that wild oat seed suvives longer in undisturbeci soiL 

An initiai weed count was done in the seediïng forage and wheat crops in 1995. 

There was a significant crop x tilhge interaction for wiid oat, but not for green foxtail 

(Tables 2 1 and 22, and Appendix Tables A13 and A14). The interaction for wiM oat was 

amibuteci to the fàct that, under zero tiliagt, the wüd oat popdation demity for wheat 

and triticale was sirriilar to the 0 t h  treatments, but under conventional tiilage it was 

much higher (Table 21). Because sweet clover, ai1l rye and alfalfa had been seeded in the 

previous year, they did not receive f i g e  in the year that the weeds were counted. 

Conversely, the wheat and triticaie treatments did receive tillage, and hence more wiid oat 

was encouraged to gemiuiate in these trcatments. The interaction obtained in this 

experimnt was the nsult of a combination of two factors. Fit, swezt clover, fâli rye 

and alfaKa exerted a greater cornpetitive pressure on wdd oat seedlings than triticale or 

wheat in sprïng because they were seeded in the previous year, and second, these 
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treatments avoided tiüage in the spring. uurial wïki oat density was significantly bwer for 

swœt cbv-, fidi rye and aEak than for aitiale and whcat over bath tiiiage systcm. 

TaMe 22 I n U  green kxtail density (seedlings per mare squareci) as affeded by crop type and tillage 
system (Carmari, 1995). Sa&hd 

- O anaiysis was pertomied as a spl'i plot wiai tiüage system as 
mainpiaf and s u p p m c r o ~ ,  as subpkt on kg transformeci data Means with the same letter are 
nat significantly different LSD @d,05). 

C m  Type Conventionai Tiliaae Zero Tillaae Average 
Sweet Cbver 79 225 152 b 
Fall Rye 30 90 60 b 
Spring Trit'ile 400 572 486 a 
Wheat 232 469 350 a 
Aîfal fa 6 26 16 c 
Tillac SWem Average 149 a 276 a Crop x tillane NS 
NS -norrsigntlcantPtO.OSprobabiii3rlevel 

Initial green foxtail d d t y  over both tülage trcatmnts mis significantly greater in 

triticale and w h u t  than in the otha forage treatments. suggesting that the competitive 

pressure excmd by the crops that had beai &cd in the prcvious year was an effective 

mwns of suppressïng gnen foxtail emergence (Table 22). Alfdfa had significantiy les 

green foxtaü than all othcr treamnts. The lack of both a significant crop x tülage 

interaction or a tiilage e&ct for green foxtail, however, suggests that crop type was more 

important in reducing green foxtail density than tülage system 



A pst-West w&d count (wJd oat ody) was conductaï on October 12,1995, 

afta 1 crops w a c  harvested Rcsaas mdicated a s igdhnt  nop x tilIagt m t d o n  for 

wild oat flhk 23, and Ap- Table AIS). This intenaDn was auributcd to the tàct 

howeva unda convcntional tiUage wild oat daisay in wheat was much g r a t a  than in the 

o t k  crop acamicrits. Oneurphathn Cor this obsenation b that wild oat scedliags 

present aftcr hama wae k m  seed tht bd shed in that season, and not fiom txisting 

seed in the seedbank (Banting, 1973). This suggestion is supported by the foiiowing 

observations: Less wild oat s&d had shed during the suison for wheat unda rcn, ta than 

unda conventional tiU because kss wiki oat had germinatcd for whcat unda zero tülage 

than conventional tillage flabk 21). Post-West wiid oat density for tntsrtt unda 

conventionai tiilagt was siiriilar to the other trcatmcnts, thus the crop x tiuage interaction 

o b e d  carlier in the season for diis trcatmcnt did not carry through to the end of the 

growing season Vabk 23). Even though, initialiy, the= was s i g ~ t i y  more wild oat 

in triticale under conventionai tükge than for the forage treatments undcr conventionai 

tillage, the triticale silage harvest prevented wild oat seed 60m rehlrning to the scedbank. 

Table 23. Post-harvest wild oat d m  (çeedlings per metre squared) as affected by cro~, type and 
tillage systm (Carman. 1995). Staüstical an-s was pd immi  as a spîii pbt with tiliage 
system as mainpiot a d  suppressor crup as subpkt on bg tmnsformeû data. Means with the 
same ietter are riat significaritly d i i  LSD @4.05). 

Fall Rye 33 29 31 c 
Spring Triticale 43 31 37 c 
Wheat 114 53 83 a 
AIfalfa n 35 31 c 
tillarre Svstem Averaw 57 a 39 b Cr00 x Tillage ' 
sigiri(rcmtat0.05proba#lilylevsl 



4-22 Tcst Crop Yar 

4.2.2.1 Weed Population Dcnsity in Wbeat Followhg Forages 

The dikt ofcrop type and tiiiage systcm on wild oat and green foxtail 

populations was furdia i n ~ ~ g a t e d  by masuring the density of these weeds in a spring 

wheat test crop which was cstabiishad thc ycar a f k  the suppression trcatments. A 

sipifkant tiulge x prcvious crop interaction for grcm foxtail was attributcd to a 

differential respotw of spriog-sceded annad grain crops, and the various forage aops, to 

tilIage system e a b k  24). For cxampk, nndn zero tiIiage, green foxtaii density afar fkil 

rye was among the lowest of ail crops, while under conventionaï tillage, green foxtail 

population after fkii rye was higher than after the other cropr in the suppressor crop 

year, las p n  foxtail had emerged in the faU rye trtatment in the s p ~ g  than in the other 

treatments except for alfalfa, for both tiliage systems (Table 22). Also in the suppnssor 

crop year, there was no signifiant interaction between crop and tülage, and there was no 

s i g n b t  di&=rence between tillage system in te- of green foxtail density. Faii rye 

suppressed green foxtail well in the year of suppresor crop, however, when the soil was 

disturbed by tilkge afta fall rye haxvest, green foxraü that had ban dormant in the 

seedbanlc was encouraged to gwtTtinate. Thurston (1962) cites this as the reasan for 

sirnüar findings with wild oat. Anotha possible reasbn for the interaction k that there 

may be an ailclopathic e&ct of the fan rye stubk which was greater in the z a o  tilkge 

plots than in the tW plots (Teasedalt et aL, 199 1). 

Despite the fact diot initial green foxtail density in the suppressor crop year was 

higher when zero tillage was employed than when conventional tillage was employed, 

forages, such as sweet cher,  nill rye and alfalfa. suppressed green foxtaü better in a 

subsequent wheat crop when zero tülage was used than when conventionai tülage was 

used (Table 24). Green foxtaii density in wheat foiiowing the spring triticale and wheat 
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suppresor crops was higha than the ouia  suppressor crop treatmtrits whcn zao tillage 

was u s d  In the supprmor crop ycar. diae was no sigirincpat tillagt e&a for greui 

foxtail, ho- d nop tmümmts had mort gnm foncpil uada mo tillagt than under 

conventional tillage va& 22). Buhk (1992) npoW that grsm foxtail was mre 

abundant in zero tihge corn than oonventianai tillage wra Thus, it would appcar that 

when s p ~ g  phntd aiePls wae grown h g  zero tillage, grcai fbxtail d-ty was high 

Howevcr, the negative e&as of zero tillage on green foxtail density wae not obsaved 

for the swett cIovc~/triticak, Ein rye and alfitlfa trcatmcnts. 

Table 24. Green knal density (seedhgr per rnetre squared) in a seding wheat crop as affeded 
by prevbus aiop type and Wage system (Carman. 1996). Data and- as a s@a plot design 
with tiliage system as mai- and suppressorcrop as su- Mans wüh the same letter 
are na significantiy different LSD @<0.0!5). 

-- - 

cloppiiigsystm 
C m  Type Conventional fillage Zero Tilbge Avera~e 
Sweet Ckver 101 37 69 b 
Fall Rye '231 9 120 ab 
Smng Triticaie 1s 247 203 a 
Wheat 101 131 116 ab 
AlfaIfa. 39 6 23 b 
Tillacie Systern Average 126 a 86 b Cmp x Tillaqe * 
C.V. (%) 37-7 

While a sigrifkant crop x uIlage interaction for initial and post-harvest wiid oat 

density in the suppressor aop year (Tabks 21 and 23) had been recorded, there was no 

significant intaaction ktwmi tillage and previous crop for wild oat density in the test 

crop (Table 25). This iack of a signïbnt intaaction in ihe test m p  rnost Wcely occurred 

because ail crops in the tülage trcatmcnts received tilliige after the suppressor aop year; in 

the previous year, the forages in the conventional tillage subplots were not tilled whereas 

the annuai grain crop treatmcnts were. Therefore, in the test crop year, it was obse~ed 

that crop type was a more important factor in wild oat suppression than tillage. 
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mer both tillage t hae  was significantiy more wïid oat in wheat following 

wheat than in wheat foiiowing aü othcr aops Oabk 25). Initial wiid oat density in wheat 

in the supprtssor crop year was signiocantly gream than for aii other treatments as weiî 

Vanden Born, 1978). Initiai wüd oat deaJnry in aiticalt was slso signitkantiy grtata than 

for the otha forage trcatmcnts in the suppressor cmp yta. however, wild oat density in 

wheat following tritiEale was signi6cantly bs dian wild oat de* in wheat foilowing 

wheat (Table 25). This is most IiLeiy due to the k t  that the tritkak sage crop was 

bttter able to pievent weed seeds k m  rctuming to the secdbanic than the wheat grain 

crop even though the two tfcatmcnts had a simiiar m u n t  of WU oat Uiitially in the 

supprasor crop Wüson and Phipps (1985) suggcsted that barky siIage prevented 

more wild oat seed fiom r c t h g  to the seedbanic than wimer grain crops or tillage. 

Wdd oat density in wheat foliowing alfalfa was significantiy less than in any other 

tratment. Alfaln has becn citai in othcr research as an e&xrïve maris of reducing weed 

populations (Hodgson, 1958; Hamey and McNevin. 1990). The forages tested in this 

experimcnt suppressed wild oat better than wheat in a herbicide-fkee environment 

Table 25. Wad oat density (seedhgs per W r e  squared) in a seeding wheat aop as affeded 
by previaus ciop type and liiiage sy- (Carnian. 199s). Oata a- as a spR pbt design 
wiih tillage system as mainpiot and suppcessorcmp as subpk Means wiîh the same letter 
are not signkmtfy different LSD (pcû.05). 

C m  T m  Conventiorial Tihae Zera Tiiiane 
Sweet C h e r  21 7 218 218 bc 
Fall Rye 349 206 278 b 
spn'ng Triticale 175 i33 1st cd 
Wheat 909 607 758 a 
Aifalfa 57 68 63 d 
Tillaqe System Averaae 341 a 246 a Crop x Tillaae ' NS 
C.V. (Oh)  100.8 
L.S.D. of Hiage = 129.56; LSD- of iype = 1 16-88 

NS = norrsigrulLant . . abo.05 probabirw Wel 



Resuits nom this cqcriment were variable. Better green foxtail control was 

provideci by swœt clover, fall rye, and Plfalfi w k n  zero tiiiage was uscd ConverseLy, 

better green foxtail control was provided by wtieat and aiocale when conventional tillage 

was uscd. Tage had no &ect on the effhcy of the sappctssor aops for wild oat 

control in wheat folbuhg forages, The findings for WU oat wcre cunaary to those 

found by Thurston (1%) aad Wilson and Phipps (1985) who had suggcsted kat the 

sucass of atlflaal forages in controhg wikî oat muid be partiaiiy attributcd to the 

associateci cuitbation. In this aperimnt, annuai forages provkkd sUpmor wild oat 

control to wheat in the absence of herbicide, with alnlfa and spring titicale providing the 

best control 



5.0 Summary and General Discussion 

This smdy cvahtd tbe mle ofewuaI hragcs in an i n t e e  w d  rrianagtment 

system X n d d a i o n , P w a s ~ h O w c o n ~ n a l t i l l a g e O & C t S ~ w c e d  

suppr-n abiüty of annuai forages when compiucd with rao tillage. BPsd on the 

resuits of this study, it can be concluded thaî annuai forages consistcritly g k  good 

conwl of wild oat, kit inco-t control of otha weeds (Tabk 26). Thunton (1966) 

found that a one to fm ycar ky was cffictive in controiiing wild oat, but that ganiliation 

of chariock fluctuated errrtÉally betwecn ycars. Despite the variabk w d  control 

affordcd by the annuai forage systam, in mon cases, yield of a pea crop foilowing forages 

was sipnincantiy highcr than pea yieki foiiowing wheat without herbicide, and did not 

di&r fiom pea yield fobwing wheat e n  the conventionai herbicide treaanent, 

in trial 1, when cornpetitive pressure fkom wecds was moderate, the relative 

demity of weed seailuigs rumitcd in the pea test crop mflccted the relative dcnsity of 

weed seeds in the seedbank. The treaûnents that suppressed the total weed popdation 

density in the seedbanic and in the pea test crop as weli as herbicide treattd wheat were 

winter triticaie, and sorghmsudangrass. The triticale interaop aiso suppressed wecd 

seedhg recruitment in peas as weii as spraycd wheat 

In trial 2. whae corne pressure nom weeds was higb, the relative dcnsity of 

weed setdlligs rumitcd ai the pca test cmp did not nfkct the relative density of weed 

seeds in the seedbanl. No forage treafmtnt suppresscd the total density of weed seeds 

retuming to the sccdbank better than unspraycd wheat in facS the spring trïbk, weed 

WOW and fâii rye treatmtnts dowed significantly more weed s c d s  to shed than 

unsprayed wtieat Howtver, most annual forages reduccd wced scedling recruiemtnt in 

the subsequent pea crop betm than herbiiide treated wheat Reduced weed seedlùig 

recniitment in the subsquent crop was attributcd to regrowth of forage in some of the 





sorghum-~ndangrass~ 

In triai 2. w k  comtive pressure fiom w d s  was high, w d  comninity in 

the seedbadc and pea test crop for mst annuai forage tctaaritnts was not signiocantly 

diff;ertnt nom unspraycd whcar Only, the swea ciovcr /triticlle and fU ryt sedbanks 

were significantly diffaeat fiom unspraycd wheat, and the weed wmunity r d t e d  in 

peas a f k r  fâil rye WPS significantly diffirent fkom unqrayed whcat Thus, muai forages 

a&ct the weed oomnunity much üke a conventional habiade treatmcnt when weed 

pressure ù moderate, but whai w d  pressure is high, rnost annual forages do not afféct 

the weed community any Merently than a weady grain crop. 

The association of the various m u a i  forage systems with weed species was 

siniilar in the wced seedbpnlr anci pca test aop. The nsults h m  this eqmimcnt suggest 

that annual grain crops may select for gras w d s ,  whüe annuai forages may sekct for 

broadleaf w d s .  The traûmnts that did not exhibit selcdion for any one wecd specics 

when weed pressure was moderate (trial 1), w a c  sprayad whcat, winm aiticak and 

sorghumsudangrass (scedbank and pea test crop); and when weed pressure wzs high 

(trial 2). sarghumsudangrass and sweet clover,/trïiticak (seedbpnk and pea test crop); and 

fall rye @ea test crop). 

S p ~ g  planted wintcr triticale wül continue to grow in the fhii months when other 

Pasture grasses have ceased growing, and may offer four to five haxvests in one growing 
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season (Baron et aL, 1990). In thk cxpdmnt, winm <nticale was c&am in 

controhg most weed spccics (Tabk 26). nie succas of thk mtmcnt was most Iikeiy 

dependent upon ïts muent hanest schaiale and its prostrate growth habit which fonned 

a dense gound cova  that shadcd weeds (Oaine, 1977). 

Intcfc~opping of spting and winta aitica& can be used to take advantagt of the 

di&rait pedc production h c s  of each crop to provide continuous forage availabiihy 

throughout the Jason (Agridture CaodP, 1992). in this Wrpaant, the f b t  harvest of 

the aiticale intcrcrop was taktn w b  the spring aaicale cornpanent rtached the early 

dough stage. The remainag hrrvests congsted mostly of the wïnta aàwle regrowth. 

This aamat controUed d s  WC& p a n h h i y  in a year wbae weed pressure was high 

(Table 26). nie density of w#d s&ds in the seedbank was high for aial 1, howevcr, the 

density of weed seedhgs recruhi in the subsequent pea crop was suppresscd by trithde 

regrowth. Whcn rtd root p i g w d  density was high (triai 1) the titrale intacrop did not 

suppress this weed weii. In facZ r d  root p i g d  was moderattly associateci with this 

ûeatrnent in aial 1, 

S p ~ g  aiticale is used txtcnsively for whok plant siiage on the Canadh prairies 

(Baron a ai.. 1992). In this expaiment, spring niticalc siiage supprcssed wüd oat weil 

(as was found by Wilson and Phipps (1985)), but conaol of otha wccd spccies was 

variable (T'able 26). For example, in both trial ycers, red root pigwccd and green foxtail 

were not controlied by this treatmnt. nie spring triticak silage utatmnt was Plso 

associated wïth r d  root pigwccd. Although populnr as a cereai siiage among prairie 

famiers, the hamst  of aiticale as silage was not found to k an effitive msns of 

suppressing w d s  otha than wiki oat. 

Sorghumsudangrass can suppkmcnt cool suison forages which have decrcased in 

produaMty in tht hotter pcriods of surinier (George et ai., 1971). in this experiment, 

sorghumsudangrass was effective in conuolling aU weed species (Table 26). Sorghurn- 

sudangrass has been widely investigated for its weed suppression capabilities (Burnside 
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and W* 1967; b m q  and Foy. 1985; finiey et aL, 1985; Geneve and Weston., 1988; 

BebawiandMutwaü, 1991). niesuaxssofthisa~mieatinthisutpamiait was most 

Wrelydue to thefact thatthisnop waslnteseededdthcinitialfiushofweeds was 

removeci by hcrbicidt, In OddniDn, the anopy is dcose and conpctes weii with weeds, 

and rhae is a h w n  aklopathic efht ofsorghumsudangrass rtmlue on weads. 

Non-wïntcr hanly wuiies of alfa& also biown as annual van#ies of alfplni. 

have beai devdoped for the pcnpose of a ont year hay source. and as a fall pbugh-down 

green mure nop (Barnes et aL. 1988). ALfalfa prowled variable wecd control fiable 

26). When weed pressun was rnodcrate, alnilfa did not control weds any better than 

unsprayad wheat. Where wccd pressure was high, alfalfa conaolled weeds as weii as 

sprayed wheat, however, neither of these treatmmts controUed weeds any better than 

unsprayad whcat Of the four major wceds studied in this txpehent, a h b  connolied 

wild oat and lambsquartcr weii, but not gnui foxtail or r d  root pigwecd. Alfalfa îs 

fiequently established without the use of herbicides (Beii, 1993). YkId at the 6rst harvest 

is ofim comprisad of 75% weeds, whiie yield at iast harvest is comprised of no weeds In 

this experimtnt, however, harvest of al- was not sufkient to destroy weed biorriass 

and prevent weed seeds fiom returning to the seedbank Thus, this treatment may not be 

an e f f d e  option for a produca wishing to control weeds. 

Sweet clover is a biauuai forage kgume crop that can be used as hay, Pasture, 

silage or for soil irnprovemnt (Wafster, 1924; Christensen and Hopper, 1938). in this 

expiment, swiect ckver was secded in 1994 and hamesteci in 1995. Afta sweet clover 

harvest, plots w a e  SCtded to winttr aiticaie. The s w t  cIovc~/tri~ doublecrop 

matment was e&xtive at controlhg aii weeds exœpt for WU buckwheat (Table 26). It 

is possible that the lsck of spring tillage in 1995 for this treatmnt ailowed wild 

buclcwheat to proliferate (Hume et ai., L983). Despite the fact that wiid buchivheat 

densîty was hïgha in this treatmcnt than in other treatments, the doubleaop treatment did 

no t select for this weed or any O ther weed. In fact, in a year of high weed pressure, the 
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d o u b h p  trcatmtnt was one of two fbragt trcatmtnts that had a dafawit weed 

wmmwiity than ull~prayd wheat in the seedbank. 

Fali rye ïs a vcrsatik forage as t can be d e d  in sprhg or fall and useci for 

pasturc or hamsted as a forage grain or siiage (McLclIand, 1988). The succtss of fall rye 

in supprcssing w d s  varicd betwan the sccdbenlr and scedlng pea crop. nie total 

density of weeds in die sedbank was signifkantiy grcater Eor the fiùl rye û e a t m t  than 

for the unspraycd wheat trcaantnt, ho- in the Secdling pea crop it was significantIy 

kss. nis suggests that the conpetition, and allelopathic e f f i  of fali rye residue is an 

Ïmportant means by which this trcatmtrit aui suppress weeds (Agriculture Canada, 1992; 

Weston, 1996). The fhil ryt tccatmtnt had relativdy high bels  of p n  foxtail and nd 

root pigweed in the seedbank. It is Wrely. that afk r  the fbii rye -est in July, 1995, 

these wann-season weed s p k s  germhatcd and emrged because climatic anditions 

were fâvourabk flabk 2) and much of the crop competition was remved. 

A weed fkliow trcatmmt was included in this expcrimtnt, whae w d s  were 

aiIowed to grow and w a e  nmoved by a forage hamester- There is potentiai to fccd the 

harvesttd material nom a weed fàliow to Iivcstock (Vengris et al., 1953; Martcn and 

Anderson, 1975; Moycr and Hiromka, 1993). The total demity of weeds in the seedbank 

or seedling pea crop a .  the weed faiiow treatmcnt was highest or among the highest of 

aii trcatmcnts in lhis eXpannent. Ln aial 1, r d  root pi- was the main weed found in 

this trcatmcnt, and in aial 2 green foxtaii was the train wecd found. Wüd oat and the 

minor broadkaf wecds w e n  controikd welI by this treatmtnt. 

An IWM system should include the fbiiowing charactetistics: 1) shifi community 

doniinance away nom the weeds and toward the crop, 2) niùllmize negative impacts of 

secondary succession due to disturbance, 3) understand and exploit population biology of 

crop-weed interactions, and 4) manage sekction pressure in a manner that adverse shifts 

in the weed spaimim are avoided. 



in a disrrirkd crop c o d t y ,  some degrce of &he sepadon must occur in 

orda for w&d specks to crin in conjiiaction witû aop  p h t s  (Radoscvkh and Holt, 

1984). [fcocmnuüty dorriinance can be dükd towani the cmp piant as opposed to the 

weed plant, smassfpl wœd managunait should be a c h m d  Qop cornpetition niay 

have its p a t c s t  a&ct on secdnng rsnimnentoadwïüshatcommumtydominance 

toward the crop (Ktopff a ai.. 19%). Annuai fixages sudi  as fhii rye and sorghm 

sudangras wae more cornpetitive than for mstPnce. and tbese trcatmcnts 

suppressed weed populations bettes than alfnlni. The destruction of weed biomass by 

forage h a m s t  aiiowed for community doniinuioe to be shifted toward the forage crop. 

particularly for those system which included spring plantai wintcr aiticale which was 

charactcrized by rapid regrowth. Cobk (1996) suggested that mowing perennial forage 

crops is an effective weed control option. 

Agricuiturai system are typicaiiy highly dishirbed systems, and weeds are those 

plants that occupy the eariicst stages of scondary suocession (Grime, 1977; Ghasa et al., 

1996). Forages with a regrowth habit, such as wintcr triticaIe and ahif& or double 

aopping systenis Win occupy the niche opened up by plant removai and minimbe the 

impact of scandary succession. Also, forages that Ieave a dense laya of residue on the 

soi1 sudhcc, such as fall rye, or whose nsidues exat an aiklopathk effcct, such as 

sorghwn-sudangrass, di nùiimize the impact of sccondary succcssiom It was intercsting 

to note that the spMg tnticalc and wecd fàiiow treatmcnts. which did not regrow or kave 

much midue on the soii surf;ice, had the highest total weed demities in the seedbanic and 

saedling p a  mop a both nial VS. 

The= art four phases in the lifé cyck of a weed plant popdation w b  w d  

control techniques can have an affect (Kropff et al., 1996). Understanding and exploithg 

the population biology of mp-wead interactions wül be vaiuable in develophg I\KM 

systems. For instance, it is bown that wiid buckwheat can be controiied with spring 

Mage (Hume et aL, 1983). The sweet clover/triticale and tàil rye treatrnents, however, 
116 



did not naive s p ~ g  tiiIage in 1995, thcrtfbrc, thcse treatniuits had a higher density of 

wild buchvheat than the 0th forage tmtrmnts. h motha exanple. r d  root pigweed 

density was greatcr in the annual firage trcatmnts than in the whcat treatmcnts 

regardles of hcrbidt uad Ifthe tanmal infionmxnce is damaged, r d  root pigwccd 

can initiate ebngated infioiesocnrs ûom the lamal icafaxik and aimost ass~l l l t  a 

prostrate growth habit. This miy wxaont for the higher de* of thïs speeies in the 

more disnirbed forage trcatmtnts of this upaùnait (Weaver and McWiltiPnff 1980). An 

understanding o f  how catain weed species wili react to the w e d  managanait systern wüi 

help detcfmine which system shouid be utiüred to control thcm 

The genaic structure of plant populations w i t b  cuiaVated fields is a function of 

the management practices hqosed on those populations (Ba& 1992; Damiency and 

Aujas, l98R Derksen, 1995). Jordan and Janninlc (19%) statcd that then is abundant 

evidence that weeds are capable of adapting to ail types of weed control masures. 

Witer triticaie and alnlfa both sekcted for green foxtail types with a more prostrate 

growth habit because of thek fiquent cutting schedules. Thus, peem foxtail was below 

cutting height at subsequent harvests of these treatrnents, and was allowed to shed sad. 

The spMg triticale and w d  fàiiow treatments sekaed for r d  root pigweed. Once these 

aeatmtnts w a e  cut, the p i g w d  continucd to develop and shed seed, and there was iittk 

regrowth fiom the s p ~ g  t&bk or otha w d s  to suppnss pigweed growth. Whcn 

designing an IWM program, varying stkctioa pressure in the system is Unportant to 

impede wead adaptation to weed niaasgcmnt (Jordan and Jarmi& 1996; Swanton and 

Murphy, 19%). Even though annual forages tended to sekct for broadkaf weeds in 

generai, if these systcms aie included in a wced management system involving varied 

weed control approaches, sekction for cenain w d s  shouid not be a problem. 

Medd and Pandey (1996) suggested that preventhg weed seeds from rchinwig to 

the seedbank can dramaticaiiy reverse population growth. The results of this experirnent 

show that annual forages do not successfully prevent ail weed seeds kom retuming to the 
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seedbanlr. The only muai forage that was suaoessriil in supprcssing a i i  wecd spe~ies w a ~  

sorghumsndaagniss. The remabhg forage treatmcnts did not supprcss ail weed spccies, 

paRicalariy the four specics ofgmatcst PkudPnce (WU oat, grsai foxtaii, Iambsquarttr, 

and red root pi@)). O'Donovan (1988) suggestcd that omiitic~g wexd conml during 

Som years may iiigease weed populah'ons to unnisnrgcabk IcvcIs in nitun Jrears. mus. 

annual fixages may only be usaul when ihe niam weed to be controkd iS wiki oat, when 

certain "problem" w d s  are not part of the weed spectnun (cg). green foxtail when spring 

triticale is grown), or when weed infistation is low to moderate. However, in this 

expriment, herbicide was not successful in supprcssing w d s  in aii cases either. 

Growing annuai forages unda zero tiihgt may wt have the sarne e&ct on aii 

weed populations as when grown under conventional tillage. There was a significant 

interaction ktween prcvious crop type and tiiiage for green fonaü suggestmg that annuai 

forages such as sweet ciova, fall rye and aMfà control green foxtaii mer when ter0 

tiliage is used than when conventional tillage is used Results obtained fiom the Iiteratwe 

varied. Buhler (1 992) stated that green foxtaii densities in continuous corn were greater 

when zero-tillage was uscd as opposed to conventional tillage. Aitanativety. Hum et aL 

(1991) statsd that green foxtaii densities in continuous wheat were greater under 

conventional tillage. Fu~hetrnore. Dakscn et ai. (1993) found in their study that green 

foxtaü was not associated with one tillage systun o v a  another. üt this study. triticale did 

not wntrol green foxtail bmer than wheat for eithcr tillage system 

Thae was no signinarnt intcracton between pmrBous crop type and tiiiage for 

wiid oat control suggesting that the forage suppressa crops controlled wiid oat better 

than wheat in a herbicide-hee environment regardltss of tillage system used. These 

hdings do not concur with the results found by otha researchers. Wrlson and Phipps 

(1985) pamally attribute the depletion of wüd oats in the scedbank under three years of 

barley cut for siiage to the associated cuitbation. Thurston (1966) also notes that longer 

sudval of wild oat seeds will be found in undisturbed soi1 under lep, thus annual systerns 
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in which thae is gr- soi1 dismrbuwr wili sekt  for, and nmove wild oats that an less 

persistent in the h c b i u k  

The results obcained h m  a p r k u m t  2 wae h m m  cases conaary to whet is in 

the literaw This suggcsts that mrc research is &ed. It wouki appear, i%om this 

experimtnt, that the success of annuai forages in suppressing green foxtaïi is depadeat on 

the tillage systan chosen, ôut that rilhge is not a fàctor in daaniùung the sucass of 

annual forages in suppressing wild oat 

Based on the results of these experiments it is rccomrnended that in a year where 

weed infistation is moderate, winter triticaIe and sorghumsudangrass can be used to 

suppress the density of weed seeds that r#uni to the scedbank as well as herbicide. In a 

year where gras weed infestation is extreme, onIy sorghumsudangrass may suppress 

weeù secd rctum ta the seedbdc bcttcr than a herbiie. However, annual forages may 

suppress the density of weeds m g i n g  in a subsequent aop due to eady s p ~ g  regrowth 

or residue cover even when r m y  weed seeds have previously been retumed to the 

seedbank. In this regard, annuai forages rnay be effkcthe in reducing weed populations in 

the short-term In the long-tenn, ho wever, bey may prove to be detrimental to a 

produceras weed control efforts due CO high densities of dormant weed sceds in the 

seedbank- Annuai forages such as alfPtfa may be e f f i v e  in suppressing moderate weed 

infestations ifcertain w d s  are omitted ikom the specaumof wecds to be controlled. For 

example, green foxtail was the main weed found in the alfalfa treatment because of this 

treatmentas kquent cutting scheduk. if this wced were not a pro blem in a producer's 

field, a W a  may be efféctivt in ftducing populations of other weeds in the field- This 

illustrates the need for bctter undCrstanding of the biology of weeds and their potenihi 

response to weed control efforts. 

The results of these expcrimcnts indicatc that annual forages may be a viable weed 

control option when used in the context of an IWM systern The benefits of including 

annual forages in rotation are: weed suppression comparable to herbicide, the reduction or 
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eluiiination of hcrbicicie use in die year of forage, and ïmproved efncacy of herbiadc in a 

subsequent crop. 
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Table Al. F i  opwafü~as perfwmed on !MI 1 at Carman (1994,1995)- 



May 12 
May 16 
May 18 
May 25 
June 10 
AU- 30 
Au- 31 
September 1 
1995 
May I O  
May 30 
&ne 8 
June 16 
June 19 
June 21 
June 26 
July 6 
Juîy 19 
JurVm 
Juiy 26 
Augustg 
August 15 
August 16 
August 28 
Odober3 
1995 
May 1 
May 13 

- June3 
June 7 
June 24 
+w== 
Aumst l? 



Date T- 
W.lraat+Orassad-Hevai'#'de 

May 31 12 a 
Au- 26 0.0 b 
LSD 0 2  

May 31 

C.V- (%) 79 
W e a t - H m  

May 31 13 a 
a 26 1.4 a 
LSD 0.4 

May 31 
June 20 
Juiy 8 
-2 

T i  fteellcrqp 
May 31 13  b 
July 20 1.5 a 
September 23 0 2  c 
LSD 0 2  

May 31 

C.V. (%) 3.8 
~hullhsudangmss 

May 31 1.6 a 
August 31 0 2  b 

C.V. (%) 24.9 
A&& 

May 31 1.4 b 
June 20 1.8 a 
Juîy 25 1.8 a 
September 23 0 2  c 
LSD 02 

May 31 
Jury 20 1-7 a 
LSD 0.3 



wmt+-rd-- 
May 31 27 a 3.0 a 13 a 0.5 a 0.1 a 
W R J S t  16 2 3 6  2 1  b 0.0 b 0.0 b 0.0 a 
Odober3 1.7 c 0.0 c 0.0 b 0.0 b 0.0 a 
LSD 0-1 0.3 0.6 0 2  03 
C.V. (%) 3.6 i 0.7 86.6 71 -4 346.4 

-+-tlwaidldo 
May 31 26 a 29 a 7-7 a 0.6 a 03 a 
August 16 22 6 21 b 0.0 b 0.0 b 0.0 b 
October 3 18 c 0.0 c 0-0 b 0.0 b 0.0 b 
CS0 0.1 0-1 0 2  0.4 0-1 
C.V. (%) 25 4.4 21 -4 130.2 66.0 

--)laiala#e 

May 31 27 a 2 9 a  1.0 a 0.6 a 0 2  a 
mm 16 2.3b 1.7 b 0 2  b 0.0 b 0.0 a 
Odober3 20  c 0.0 c 0.0 b 0.0 b 0.0 a 
LSD 0 2  0.4 0 5  0 2  0 2  
C.V. (%) 4.3 162 66.5 692 151.5 

W m e r T i  
May 31 27 a 2 8 a  1.û a 0.8 a 0 2  ab 
June 26 2 5 a  26 a 0.8 b O 5  b 0 3  a 
Juiy 20 2.0 b 2 3 b  09 b 0.5 b 0 2  ab 
August 16 1.4 c 1.9 c 0 5  b 0-1 c 0.0 ab 
October 3 0.7 d 0.0 d 0.0 c 0.0 c 0.0 b 
LSD 0.3 0 2  0-4 0-1 0.3 
C.V. [%) 9.6 8.3 302 25.9 1 06-7 

T i -  
May 31 2 6  a 3.0 a 1.5 a 0.6 a 0 3  a 
July 6 26  a 2 1  b 0.5 c 0 5  a 0.5 a 
August 16 1.6 b 21 b 1.0 b 0 2  b 0.3 a 
Oclober3 0.6 c 0.0 c 0.0 d 0.0 .b 0.0 b 
LSD 0.4 03 0 2  02 0.3 
C.V. (%) 13.1 9.8 20.6 45.9 67.4 

S @ ! g T W  
May 31 27 a 29 a 1.6 a 0.7 a 0.4 a 
Jufy 6 2 5 b  2.1 c 0.7 b 0.4 a 0.4 a 
August 9 2 0  c 2 2 6  0.9 b 0.5 a 0 2  ab 
October 3 1.2 d 0.0 d 0.0 c 0.0 b 0.0 b 
CS0 0.2 0.1 0 2  0.4 0.3 
C.V. (%) 4.8 4.4 19.5 55.5 63.9 



- 
May 31 27 a 2 8 a  1-7 a 0.5 a 0.3 a 
August 16 1.0 b 1.9 b 1 2  a 0.1 a 0.0 b 
0àobef3 1-1 b 0-0 c 0-0 b 0.0 a 0.0 b 
LSD 02 0 2  0.6 0.5 0 8  
C-V. (%) 6.6 8.5 38.4 160.7 148.5 

M 
May 31 27  a 2 8 a  1-4 a 0.6 a 0 2  a6 
Jure 26 2 6  a 2 5 6  OS b OS a 0.1 & 
Ju& 20 2 0  b 24 b 13 a 0.6 a 03 a 
Aum 16 i.8 b 2.56 0.4 bc 0 2  b 0.1 bc 
Odaber3 1-0 c 0.0 c 0.0 c 0.0 b 0.0 c 
LSO 0.3 0 2  0.5 03 0 2  
C.V. (%) 9-1 72 37.1 44.1 75.7 

Weedî%mv 
May 31 26 a 3.0 a 12  a 0.5 ab 0.4 a 
July 6 27 a 24  b 0.6 b 0.6 a 0.4 a 
August 9 2 1  O 22 c 0.8 6 0.3 b 0 2  ab 
October3 1-j c 0.0 d 0.0 c 0.0 c 0-0 b 
LSO 0 2  0-1 0.3 0.3 0.4 
C.V. I%) 6.0 4.5 26.3 49.9 89.7 

S l i i e e r C k u i w r / T M  

May 31 30 a 24 b 0.3 k 0.6 0.5 a 
June 20 19 a 1.8 c 0.0 c 0.5 a& 0.3 ab 
Juiy 20 O S  b 26 a 0.7 a 0.9 a 0-4 a0 
August 28 1-1 b 25 ab 0.5 ab 0 2  bc 0.0 b 
October 3 1-1 b 0.0 d 0.0 c 0.0 c 0.0 b 
LSD O 3  0 2  0.4 0.4 0-4 
C.V. (%) 13.5 6.9 94.3 649 80.0 

w9@ 
May 31 21 a 1.4 a 0.1 a O 2  a 0.4 a 
Juiy 26 1.7 b 1 9  a 0 2  a 0.1 a 0.1 a6 
October 3 1-5 c 0.0 b 0.0 a 0.0 a 0.0 b 
LSD 0 3  0.8 0.3 0.4 0-4 



Table A5. Weed population density ai last harvest (plants per metre squared) for trial 2 at Cetman, 1995. Statlstical analysls 
pertormed on log transformecl data. Means with the sarne letter are not slgniflcantly dlflerent LSD (psO.05). 

- - - -  - -  

Green Lambs- Red Root Wild 
Treat ment Wild Oat Foxtail auartet Picrweed Buckheat 
Wheat+Grass and Broadleaf Herbicide (Aug. 15) 2.3 a 2.1 bo 0.0 c 0.0 d 0,O O 

W heatt Broadleaf Herbicide (Aug. 1 5) 2.2 ab 2.1 bc 0,O O 0,0 d 0,O Q 

Wheat-HerbbMe (Aug. 15) 2.3 a 1,7 d 0,o O 0-2 cd 0,o O 

c.-) Winter Triticale (Oct. 3) 0.7 ef 0,O e 0,O c 0,O d 0.0 O 
w 
O\ Wlnter and Spring Triticale Interorop (Oct, 3) 03 f 0.0 e 0.0 O 03  d 0.0 O 

Spring Triticale (Aug. O) 2,O bc 2 2  ab 0.5 a 0.9 ab 0,2 ab 
Sorghu m-Sudangrass (Aug. 1 6) 1.0 de 1.8 cd 0.1 c 1-2 a 0.0 a 
Alfalfa (Oct. 3) 1.0 de 0.0 e 0,O O 0,O d 0.0 O 

S weet CloveriTriticale Ooubleorop (Auo. 28) 1.1 d 2.5 a 0.2 bo 0,6 b 0.4 a 
Fall Rye (July 26) 1,7 c 1-9 cd 0,1 cd 0,Z cd 0.1 bo 
Weed Fallow (Aun. 9) 2.1 ab 2.2 ab 0.3 ab 0.8 ab 0.2 b , 

LSD 0,3 0 3  0.2 0,4 0,2 
C,V, (%) 13.2 13.4 128.2 80.1 13Q.2 



Treatmerit Weed Taal 

Wintw Triticale 2.0 b 1-7 c 22 b 

Weed FdW 0.0 d 2 3 a  2.3a 

CS0 0.1 0 2  0.1 

Table A7. Tatal seasocial farage and weed diy matter pmdudior\ m a )  for triai 2 (Carnian, 1995). 
Statistical analysis was perlomied on bg transfdnned data. Means wah the same letter are not 
letter are mt significanüy âiierent LSD @<0.0!5)- 

- 

Treatrnent F9ram Weed Total 

Winter Triticale 1.5 c 2 0  abc 3 1  b 

Spn'ng and Wuiter Triticale lntercrop 1.5 c 2 0  ab 21 b 

Spring Triticale 1.1 & - 21 a - 2 1  b 

Sorghum-Sudangrass 1.0 e 1.9 bc 1.9 c 

Alfalfa 12 d 2 1  a 21 b 

Sweet CbverK&ale Ooublecrop 1.9 b 1.9 c 2 2  ab 

Fall Rye 23 a 0-4 d 23 a 

Weed Fallow 0.0 f 2.1 a 2 1  b 

LSD 02 0.1 0-1 



P ea Test Cr- 
Trial I Trial 2 

15 ad 3-4 ab 

2.2- 3-4 a 
24 a 3-4 a 

1 3  d 3.0 e 

1.8 bc 3.0 ef 

22ab 3.4 ab 

13 d 3.0 & 

2 3 a  33 bc 

2 S a  3-4 ab 
- 32 od 



C C L  rn a a o - - g z a  
0 o - C -  P % è à o  f S f L , , z  



~ + ~ r d & P e d s i r ~  03  b O S  dl 1-1 c OS bc O S  a 

W l e a t 4 - n  I A  8 1s 86 0.4 bc 0.4 ab 0 2  d 

wmat-~atakb ta 1s dc 12 c 13 a OS O 

WirrtsrTrircJb O S .  12 oed 011 d 0.1 c 0.1 t 

S p i c i g ~ W E d e r T r P i F c d e ~  O S  * 0.7 & 1 3  b O S  b 05 rbc 

- T i  OS b 12 b d  Zt Ob O S  bt OA 8b 

v O S  ad OS ads O S  d W b  0 2  bc 
A#alh O S  b 1s a 19 b O S  bc 02 e 

HlbsdFiknr OB k 0-4 O 24  8 o d  bc 0 3  8 k  

tS0 O S  0.7 0.1 0-4 O 3  

C-V. f%) 18.4 41.6 221 46.7 S4.3 

Gieeri Red Root Lambb HM 
Tnsabnsrit WOîp Fo%a mdwtua 

Wheat+Giassarri&oadeafHerbïcide 32 b 3.0 abc 1.0 ab 0 2  k 0 2  c 

0.0 G 

03 bc 

0.4 is 

0.4 bc 

13 a 

0.5 abc 

0.6 abc 

O â  abc 

0.0 c 

0 2  c 

0 2  c 

1B abc 

O S  bt 

12  ab 

OB abc 

1.ô abc 

15 a 

0.7 a& 





Fall Uye $03 7 09 c 
SFwfng Ttiicale 675 46 1.6 a 
Wheat 648 105 1.0 a 
Anal fa 45 23 O S  c 
Tillac@ Svstem A v m e  315 a 48 b Qcm x Tdiaae * ' 
LSD 03  

T a  A14- Wial green foxtail density (Seedlings per metre squared) as affected by crop type and tiliage 
sptm (Carman, 1995). Statiçtical anaiysis was pedomied as a qHii pbt wnh (iliage system as 
rnair@Xand supfxessor crop as subpiot on log transfomieci data Means with the same letter are 
nota-aimm LSO @8.m). 

cfmng System 
Croa Type Conventional Tillage Zero Tillacle Averaae 
Sweet clouer 79 225 1.8 b 
Fall Rye 30 90 1-4 b 
SMng Triticale 400 572 25 a 
Wheat 232 469 2 3 a  
Alfalfa 6 26 0.6 c 

TaMe A1 5. Post-harvest wild oat density (seedlings per metre squared) as affected by crop type and tillage 
system (Carman, 1995). Statistical analys$ was perfomed as a s@R plot wiîh tilfage system as 
mainplot and suppressor crop as s-lot on log transfomied data Means with the same letter are 
not signifimtly diilleml CS0 @cO.d5). 

CcopT~pe Convenüonal Tïilacre Zero Tillacte Aveme 
CroCiplng systm 

Sweet Clover 71 45 1 2  b 
Fail Rye 33 29 0.9 c 
Spn'rig Triticare 43 31 1.0 c 
Wheat 114 53 1.3 a 
Affalfa 27 35 0.9 c 
Tirlase Svstern Averaae S a  39 b Crop x Xllage * ' 
LSO 0.1 






