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ABSTRACT

klarkentin, Thomas Dale. H.Sc., The University of Manitoba, Þfay L986. A
study of dlclofop-methyl tolerance 1n oats (Avena satlva). HaJor
Professors; R.LH. McKenziê, G. Harshall.

FieId experiøents exarained the feasibility of achievlng selective

¡slld oat (Avena fatua L.) control in an Australian oat (Avena sativa L.)

cultivar, Savena 1 from the cross: West x (West x New Zealand Cape/Z3)

/ 28. Diclofop-øethyl (2- [4- (2,4-dÍchlorophenoxy) phenoxy] propanoic

acid) ssas applied at rates of 0.4 to 0.7 ke/ha at the 3 and 5-leaf

stages ln the presence (84 to 132 culns/n?l and absence of wild oats.

Although all rates of diclofop-methyl caused lnitial chlorosis and

necrosis to the crop, the subsequent controL of wfld oats permitted

increased crop tlllering. WÍld oat control and crop yield response was

øaxinized when diclofop-nethyl was applied at the 3-leaf stage. Final

crop grain yield was increased by up to 32% and 221Ë during 1984 and 1985

respectively. In the absence of wild oat competitlon, Savena 1 shoot dry

weight at flor¡rering was reduced only where diclofop-øethyl was applied

at the 0.6 and 0.7 kglha rates, however, final grain yleld s{as not

reduced by any treatøent.

A field screenlng experlment assessed the tolerance of 240 oat

genotypes to the application of 0.4 and 0.? kglha diclofop-aethyl. Only

nine genotypes showed any significant degree of tolerance and none

reached the level attained by Savena 1 and a closely related Australian

line [Irwin x (West x Neçc Zealand Cape / A2ll x West] / 24. The nature

of the inheritance of dfclofop-methyl tolerance in Savena 1 oats was

examlned (1983 - 1985) by crosslng and backcrossing (BC) Savena 1 ¡uith
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four diclofop-methyl susceptible, but agronomlcally superior, lines from

the Agriculture Canada, strinnipeg breeding program. Fie]d trlals ln which

the resulting F3, BclFz and BC1F3 lines sdere treated wfth 0.4 and 0.?

kglha diclofop-eethyl were rated visually for herbicfde to]erance.

Inherltance appeared to be controtled by two genes ¡uith susceptibility
being dominant to toLerance. T¡{o other sources of diclofop-methyl

tolerance in Avena reported in the literature were tested. Neither

possessed a Level of tolerance coarparabre to savena 1.
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INTRODUCTION

oats (Avena sativa L. ) is the third ranked cereal crop in Canada

and the flfth in North Amcrica in terms of area ln production. (Anon.,

1982b). The average harvested area of oats in Canada over the last fÍve
years (1980-1984) has been 1.49 million hectares ¡ulth an average

productfon of 3.039 million tonnes. The major use of the oats crop is
as a feed source for livestock (Anon. , 1gg4a).

A øaJor restriction to the expansion of oat acreages is that

inposed by weed control. kllld oats is one of the most economically

harmful annual grass weeds of cultivated land in many areas of the

ç¡orld, especlalty in trlorth Anerf ca, Europe, and Australia (O'Donovan and

sharna, 1983). The chenlcal control of ¡vild oats is possible in alÌ
øaJor fteld crops of ¡sestern canada except oats (Anon. , 19g6a). wil.d

oat control in cultivated oats has been unsuccessful thus far because of
the close genetic relatlonship of these two species.

This proJect lnvestigated the feasibillty of deveroping a

herbicide-tolerant oat cultivar. A diclofop-nethyl (Hoegrass) tolerant
oat variety naned rsavena 1? developed by Barr (south Australla

Department of Agriculture, Adelaide) was the source of the tolerance

trait. Diclofop-øethyl provides effective control of wild oats, green

foxtail, yello¡u foxtail and barnyard grass s{hich are iøportant weed

problems of western Canada (Anon., 1gS6b).

The obJectives of this study were as follows:

L. To deternine the efflcacy of diclofop-nethyl in controlling wltd

oats in Savena L oats.
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2. To screen a nupber of oat genotypes for posslble torerance to

di clofop-øethyl .

3. To consider the potentfal of incorporatlng diclofop-nethyl

tolerance lnto oat genotypes adapted to western canada, and to

study posslble mechanisns of inherltance of this trait.



]..0 REVIEW OF LITERÂTURE

1. L The Oats Crop

Avena sativa L. and A. byzantfna L. are the øost conmon cultlvated

oat species on a wori.d scale. A. sativa is the oats species of

temperate regions, includlng North America, ¡{rhile A. byzantina is grown

as a wÍnter crop in Mediterranean clinates (Rajhathy and Thornas, 1g?4).

rn the five year period from 1980 to 19g4, the average harvested

area of oats ln canada was 1.49 mlllion hectares (Anon., lgg4a). This

øade oats the fourth aost widely groçrn crop, and third øost çRridely grown

cereal, ln Canada. In the 1970's, oats was ranked third in seeded area

among crops, but has srnce been surpassed by rapeseed. oat production

and acreage in canada has actually been declining since the 1930's

(Anon., 1976, 1984a, 1964, 1964-1965).

By far the major use of oats produced in Canada ls as a feed source

(A,non., 1984a). oats used for feed (plus waste and dockage) accounted

for 89.5 per cent of the average annual disposition (aside fron

carryover) from 1974-1983. oats are fed to horses, cattle, poultry and

hogs (Hartin et al., 19?6). A snalt proportion (a.0 per cent) was used

for human food, ¡uhere lts maJor uses krere for the production of rolled

oats and breakfast cerears (western and Graham, 1961). The remainder

stas exported or used for seed. Canadian oat exports comprised a øinføal

proportion of total production in the ten year period from 19zg-1982.

During this tine exports varied from 12,O00 to 491,000 tonnes annually.

Â singl.e country did not annualiy inport a large anount of Canadian oats

(Anon., L984a).
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oats is an løportant crop on a sgorld scale. In 19ga it was the

ninth øost widely grown crop in the world, and seventh ranked cereal

crop (Anon', 1982b). Within the oat produclng countrfes, Canada ranked

third in average area seeded (L.sg miltion ha) and average amount

produced (3.6s øillion tonnes) during the ten year perlod fro¡n t9z4-198g

(Anon', 1984a). As a percentage of productton, world trade in oats has

been ninlmal (Anon. , L9g2c). Most oats has been used in the country ln
¡uhlch lt s¡as produced.

Hartln et al., (1926) descrlbed sone of the agrononic traits of

oats. oats fits ¡sell into nany crop rotatlons whether in øonoculture or

in a conpanion cropping situation and ls adapted to a çulde range of

soil types. oats can be danaged by hot, dry weather Just prior to

headÍng. The nost prevalent diseases of oats ln North Anerica are sten

rust (Puccinia gramfnis f.sp. avenae), crown rust (pucclnla coronata),

loose snut (ustflago avenae), and covered smut (ustiraeo kotlerl).
These authors suggested that the reasons for declinlng oat production

worldwfde 1s the fact that other feed grains, Ealze, sorghun, and

barley out yleld oats, and the replacement of horses and other ¡uork

animals (consumers of oats) wtth motorlzed equlpnent.

1.2 &leed Probless ln Oats

Bvery field crop has associated weed problens. over the past 40

years, the use of herblcides has becone an førportant øethod of weed

control ln Hlestern Canada. The 1986 Guide to Chemlcal Heed Control

(Manitoba) reconnended several herbtcides for use on oats. These

herbicldes control all of the lmportant annual broadleaved weeds of
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Manitoba as rserr as the grass weeds green and yelrow foxtalr. Thus, the
major weed probrems of oats are a smarr group of annual grass weeds.

Barnyard grass (Echtnochroa crusgalrl L. ), green foxtair (setaria
viridis L.), yelloru foxtair (setarta glauca L.), perslan darnel (Loljum
persicusr Boiss. and Hohen.) and wfrd oats were the annuar grass weeds

listed ln recent ¡ueed contror guldes of Manrtoba, saskatche¡can and

Alberta. cheefcar control of barnyard grass (uslng sodrun TCA) and

green and yelrow foxtair (using sodium TCA or propanll) ls posslble in
oats crops. There are no cheøical control Reasures lfsted for the

control of ¡sild oats or persian darnel ln oats.

In the 1981 tdeed Survey of Cultivated Land

(1982) found the fotlowing proportlon of fields
wlth these annual grass weeds.

Weed

Green foxtail
Wl.Id oats
Barnyard grass
Yellow foxtail
Perslan darnel
Volunteer corn

In Manitoba, Thonas

surveyed to be infested

Freguencv lß)

80.9
73.3
6.8

<1 .0
<1 .0
<1 .0



A øore recent survey of agricultural

following results (Thomas, 1985).

Âbsent

Wlld oats 0
Green foxtall 1

Barnyard grass 23
Persian darnel 18

&The nunber of flelds in whlch a
percentage of the total nunber

land ln Saskatchewan, produced the

Frequency Levele
0.1-2s 26-50 51-75 76-100

lnunber of districts)

1

7

t9
25

4
16

1

0

t4
11

0
0

24
B

o
0

species occurred, expressed as a
of fields surveyed.

Producers ln both Manltoba and Saskatches{an rated s{ild oats as the most

troublesome ¡ueed on their farm (Thomas, 1.983). In addltfon, wild oats

occurred in 60% and 38ß of surveyed ffelds fn Alberta and the Peace

Rlver region of Brltlsh Columbia, respectively. In Manltoba ln 1981,

approxlmately 608 of surveyed flelds were treated with a ¡ulld oat

herbiclde (Thonas, 1983). Dew (1978) estlnated that the cost of wild

oat lnfestatlons ln terss of crop losses and herblclde expenditunes ¡sas

$280 million annually ln Western Canada alone.

It can be seen that sulld oats is a widely dlstrtbuted and serlous

weed ¡lroblem ln &lestern Canada. It ls especlally serious ln oat

productlon because of the lack of a selectfve herblclde for its control.

Wlld oats (Avena fatua) Is the major uncontrolled weed problen of

oat crops in Britain (Taylor and Codd, 1985) and throughout North

Anerica (Shands and Chapnan, 1961). Barr (Personal Communlcation, 1983)

stated that Avena sterills and A. barbata, as v¡ell as A. fatua, are ¡¿eed

problens of cultivated oats in Australia.

Slnce green and yello¡c foxtall can be cheulcally controlled in oats



uslng propanll (Anon. , XgB6b),

L980); and Perslan darnel and

&lestern Canada (Thonas , lggT,

concentrate on wild oats, the

barnyard grass by sodlue TCA (Anon.,

volunteer corn are very wlnor weeds in

1.985), the follo¡Âring discusslon wllt

nost serious weed problem in oats.

1,2,1 9llId Oat Conoetitton

úlild oats decreases crop growth and yfeld by conpetlng for plneral

nutrients, water, and ltght (Eddosses, lg7àl. Competitton bet¡ueen wftd

oats and crops 1s a conplex aystew. chancellor and peters (1926) and

OrDonovan and Sharna (1983) list the factors involved as follows: the

crop and cultivar seeded, the crop density, the wild oat density, the

date of sowing, the perlod of ¡utld oat energence relatlve to the crop,

the soil fertllity ]evel, and the climatlc condltions. Chancellor and

Peters (1976) sunmarlzed several reports on the effect of chenical

removal of cdlld oats (lnfestations ranged fron nedium to heavy) on the

yleld enhancement of various crops. Yietd lncreases ranged froø 0-3d4%

ln wheat, 0-110% in barley, t7-7ag?g in flax, and 1o-lozg ln peas.

Studies on the competitiveneas of wlld oats ln culttvated oats are not

avallable in the llterature. For this reason, dfscussion çqill center on

the other cereal crops of Sfestern Canada. O'Donovan and Sharsa (lgg3)

reported on the following yletd reductions caused by wild oats (150-A00
tplants/a'): 26% (barley), 33-99% (wheat), 46ts (rapeseed), and B6E

(flax). Even at 1.2 plants/m2, wheat and flax yletds were significantly
reduced.

Dew (1'972) devetoped an lndex for süIld oat competition ln barley,

taheat, and flax. Data was obtaineci from repllcated studies in whlch

these three crops &tere gro&¡n ln conpetition with wlld oats that had been
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broadcast seeded to produce various weed denslties. Regression

equations were calculated based on: expected weed free yteld of the

crop' the weed populatlon, and the index of competltion. The

conpetitlon indlces obtalned were: 0.0230 (barley), o.0gg9 (wheat), and

o.060l (ftax); fe. barLey is the best coøpetltor svlth rulld oats, flax
ls the poorest. A podrfied index calculated by orDonovan et al., (1gg5)

quantiffed wheat and barley yleld losses accounting for the tiøe of
energence of ¡uild oats relative to the crop. For every day wild oats

energed prior to the crop, yield loss increased by approxrnately g per

cent. An index has not been calculated for wild oat competition fn
cultlvated oats but Pavlychenko and Harrlngton (1994) deternlned the

conpetltive ability of sprlng crops in the following order: barley >

rye > wheat > oats > flax. This ¡uas based on unlfornfty of gerninatlon

under eoisture stress, abiltty to rapldly develop a large asslnilatfon
surface, number of stomata, and size and proffle of the root systen.

chancellor and Peters (1926) reported a similar order of

competitiveness.

Another factor that contrlbutes to the weedlness of wild oats is
lts seed characteristics. Chancellor (19?6) sunmarlzed several studies

and concluded that ¡uild oat seeds can reøain viable in cultivated solls
for 2-9 years, and generally longer under untllted grass conditlons.

Avena fatua, A. byzantina, and A. steriris arl dispray sone degree of
post-harvest doraancy (chancellor, l9?6). Therefore, a tlllage
operatlon after harvest ¡slll not ellninate aIl wlld oats in a field.
Each floret of Avena fatua dlsartlculates (shatters) at øaturlty (Thoaas

and Jones, 1.976). slnce seeds @ature in sequence from the top of the



panlcle docùnward, a large proportlon of seed will be returned to the

soil before a crop is removed by co¡rbine harvester.

wfld oats not only reduce the quanttty of a crop such as oats but

also reduce fts quality. witd oat seeds can downgrade oats. .The

canadlan Grafn comnission states that the maximun allowable quantity
of wlld oats is 18 in No. 1 C.W., Ztü in l{o, Z C,W., A% ln No. 1 Feed,

8E in No. 2 Feed, rz& in No. 3 Feed, and over 1zB grades as ørxed graln
(Anon., 1g84b).

1.2,2 Wfld Oat Control

The deleterious effects of wird oats on cerear production

necessltate the use of some type of control aeasure. Decreaslng the

number of eeeds that return to the soil was considered the naJor

obJectlve of wild oat control by Eltiot (19?6). Methods of controlling
wild oats can be crassifled as erther 'curtura| or 'chemrcar,.

t.2.2.1 cultural control of wild oats. rcultural control' refers to
the øanagenent practices used by a farmer to reduce a weed populatlon.

cussans and wlleon (19?6) and Hunter (19g3) discussed sose of the

technlques used and sone of their ehortconings. Delayed seedlng ¡sas the

øost widely used cultural control method reported. Delaying seeding,

tllLfng to stlnulate ç¡fld oat germination, followed by another tillage
operation, or dfrect eeeding, sras the procedure used. Hoguever, delayed

seeding reduces the yield potentlal of annual crops. The 19g6 Fierd
crop Recomsendatlons for Manitoba Guide states that wheat, oats and

barley should be seeded as early as sofl conditions allow. These

authors also stated that the addltional tillage dries the soll and
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breaks down soll structure. sowlng a competitlve crop was a second

cultural control method discussed. The competltfveness of certain
annual crops suas dlscussed fn sectlon 1.2..1,. Fall tillage, to promote

gernlnatfon before ¡uÍnter, was considered useful if temperatures were

warn' shallo¡s seeding coøblned with adequate fertility can allow crops

to emerge before wild oats, thus slgnlficantly reducing wlld oat

competition (Hunter, lggg). The use of wild oat free seed &,as an

obvlous precautlon. Renoving a crop as green feed prevented wild oats

from setting seed but sdas often found to be impractical. Burnlng straw

or sumnerfallowlng were not considered useful cultural control methods.

Thonas (1989) reported that the use of sost cultural control
eethods for wlld oat control fn western canada has been linited In

recent years. Cussans and hlilson (19?6) suggested that cultural control
practices were more applicabre to the containnent of snall weed

populatlons than for large populatione. In the last 2s years, the use

of chenlcal wfld oat control has increased greatly in importance.

1.2.2.2 chenical control of Btrird oats. Horroyd et al., (19?6)

described the requirenents of an'ideal'¡ufld oat herbiclde as follows.
All specles of Avena should be susceptfble at all stages of growth;

herblcfde activity and perslstance in the soil shoutd be such as to

control seeds ¡shich gerainate after treataent. Advense effects on the

crop should be mfnlmal, even when the crop is very closely related
genetically. Treatments should be easy to apply and cost should be

appreciably less than the expected return.
|T|lra ha¡lr{¡{¿l^- !-^-L^- /^--L---¡¡¡ç ¡¡v¡irii.;¡c¡es rarûân (L;arÞyne 2 Eci, triaiiate (Avadex BW),

difenzoquat (Avenge ZOOC), fla-nprop-nethyl (Mataven), and



diclofop-øethyl (Hoegrass) are currently reconmended for the control of

wild oats ln wheat and/or barley (Anon. , 1986b). Alt of these

herblcides provlde good wlld oat control (except barban) and good crop

tolerance when applted at the proper rate and stage of growth of the

crop.

Due to genetlc slnllarlties, there has never been a herbicide

recommended for control of wlld oats in cultivated oats fn Canada. The

herblcide chlorfenprop-nethyl was released in the Untted Klngdon (trade

nane; Bldisin) ln the late 19?O's for çutld oat control ln certain oat

cultivars (Fryer and Makepeace, 19zB). stryckers et al. (lg7z) found

that seven oat cultivars tested were tolerant, r.rhlte flve were very

eusceptible to chlorfenprop-methyl. rn addltlon, some blotypes of

Avena fatua çvere tolerant (Taylor and codd, r9g5) as were A. sterllis
and A. strfgosa. use of chrorfenprop-nethyl has been dlscontinued

(Taylor and Codd, 19gS).

1.3 Diclofop-Methyl

Diclofop-nethyl is the active ingredient of the herbicides:

Hoegrass (canada), Hoelon (u.s.A. ) and llloxan (other countries). rt
was dlscovered tn 1971 by Hoechst AG (Kocher, 198g). The full chenical

nane of thls conpound ls z-(4-(2, 4-dichlorophenoxy)-phenoxy)-nethyl-

propanoate. Thls name 1s generally shortened to 'diclofop-methylr or
rdlclofop' for conaon use. The structure of the molecule is as follorvs:
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ct

"t"t"î,i8-o-cH3
Empirical foruuLa, CtOHt¿CIZOa
Holecular weight: 341

Dlclofop-methyl is used as a serective herbiclde in øany

dÍcotyledonous crops as well as ln ssheat and barley for the control of

certain annual graninaceous weeds. The eaJor weeds controlled by

diclofop-methyl are: wild oat specfes (Avena spp.), wlld eillets
(Echinochloa spp., setarfa spp. ), rye grass (Lolium spp. ) and volunteer

corn (Zea mays) (Kocher, 1983).

1.3.1 Effect of Dlclofop-øethyl on plant Structures

several researchers have reported on the inJury s¡mptoms caused by

diclofop-øethyl. These symptons can be divided lnto effects on:

shoots, roots, and cell ultrastructure.

Hoerauf and shirnabukuro (19?g) reported on the visual synptons of

susceptible wlld oat and resistant ¡sheat to foliar applications of

diclofop-øethyl (0.84 ke/ha). Symptoms could first be detected three

days after treatment.

(a) on wheat: Discrete chlorotic spots occurred only on the parts of

the 2nd and 3rd leaves exposed to the herbicide. Nesù leaf growth

was not injured. This linited chlorosis did not affect dry øatter

accuæulatlon øeasured LS days after treatment.

(b) On wild oats: The Znd and Srd leaves became entirely chlorotic and

Beven days after spraylng they becane necrotic. n{ers growth was
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lnhibited and lnternodes failed to develop. shoot dry welght

ranged fron 39-5LE of controÌ plants 1s days after treatment.

Brezeanu et al., (19z6) observed slmllar symptoas. Donald and

Shinabukuro (1980) reported on growth lnhibition in uaild oats after t¡so

days and chlorosls after three days. Hoerauf and shlmabukuro (1929)

found that herbicide placeaent greatly affected synptom expression.

Greatest fnJury occurred sthen the herblcide droplet was applied to the

leaf sheath. Apptication to the center of the Znd leaf alone caused

chlorosls and necrosls ln thfs area but new growth was not affected.

These authors suggested that tt 1s løportant to apply diclofop-nethyl in
a sray so as to contact the losùer portions of the plant.

Kocher (1989) reported that diclofop-øethyl strongly inhibited root
growth of suscepttble plants. Rates as lo¡u ae Lo-? H ln agueous

solution tnhtbtted prlaary root growth of Avena sativa and A. fatua

seedlings by 50 per cent. Thls rate stlmulated adventitious root

eBergence fro& the oat crovun but tnhfblted thein elongatlon. A rate of
to-6 u was found to inhibit both emergence and elongation of

adventitlous roots. In early studles s{fth the herbiclde, crowley

et al.' (1978) found that growth inhibition of wild oats three pseeks

after plantlng was greater cdhen roots grew through treated soil (0.4, 4,

16 øg dlclofop-øethyl/kg dry soil), than when shoots grew through a

treated layer of soil. Root lnJury was associated wlth reduced 45ca

uptake.

ft{orrlson et al., (1981) found that dlctofop-methyl aeverely

affected root tfp anatoøy. Cells ln the vascular region ¡uere affected

wlthln one day, and wlthln four days tissue destruction was general
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throughout the central cylfnder.

Chloroplasts are the organelles post affected by diclofop-methyl

(Kocher, 1983; Brezeanu et al., 19?6). Membrane daøage, as E{ell as

abnormal formatlon of new chloroplaats, occurs. Brezeanu et al . ,

(1976) found the follovulng fnJury symptons to chloroplasts: dfsruptfon

of the cleternae tissue that connects grana, swelllng of thylakoids,

change of shape of the entlre chloroplast fron discoid to spherfcal,

disorganizatlon of the entlre thylakold systen, and bursting of the

chloroplast envelope releaslng contents into the cytoplasm.

Brezeanu et al., (1926) found dlclofop-nethyl danage to

mltochondrla to be llmlted, whlle cohen and Morrison (19s1) found

increased swelllng of uenbranes. However, mltochondria were not thought

to be the priaary sfte of diclofop-nethyl phytotoxÍclty.

other celluLar symptons noted erere: separation of the plasmalemma

fron cell ssalls, the appearance of vesicles in the vacuole (Kocher,

1983; Brezeanu et al., 19?6), and ÍnJury to the tonoplast (Kocher,

1983). The accumulaLio¡i of, vesfcles was thought to be due to the

presence of lipid naterfal that çryould nornally be used for thytakoid

production.

7.3.2

Kocher (1983) sumnarfzed the effects of envfroneental condltions on

dlclofop-nethyl actlvity. &leed controL uslng dtclofop-nethyl was found

to be øost effectlve at tenperatures suited for vigorous growth of the

target weeds. This herblcide was not affected by rainfall shortly after
applfcatlon" -4 !5 ec artlflci.al rafn 0.5 hours after spraying ¡ulId oats

did not slgnificantly reduce weed control. Moisture stress conditions,
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however, reduced the effectfveness of dlctofop-aethyl. Dortenzlo and

lüorris (1980) found that dfclofop-methyl actlvity was reduced 15-50% (as

øeasured by reductlon ln wlld oat dry welght) ouhen soll was held at 2-3%

above wilting point as conpared to near fierd capaclty. Akey .and

Morrison (1983) obtafned sfmilar results. Soils were maintalned at -6.S
bars and -0.3 bars for 5 days after spraying. klird oat control was 38ã

poorer in the stressed plants, as Reasured by shoot dry weights.

Reduced translocation of diclofop-nethyl to the youngest leaves, the

tirlers, and shoot apex of wild oats in the stressed vs. unstressed

plants was the explanation given.

r. .3.3

uptake of diclofop-sethyl by wheat, barley, wild oats, and green

foxtall occurs over a period of four days or more after application,
çslth post raptd uptake occurring ln the flrst lz-24 hours (Kocher,

1983) ' only a saarr proportron of apprled drcrofop-æethyr rs

translocated in plant tissue. using l4c-lubulled dfclofop-nethyl,

Kocher (1983) found translocatlon to be as follo¡us: wheat, 1.?&, wlld
oats, 0.98 and green foxtatl, o.gs. Brezeanu et al., (19?6) reported

that both ¡ulld oat and wheat translocated 4s of apptied diclofop-øethyl

ln the four days after treatnent. Botdt and putnam (19g0) found that
less than 2% of applled diclofop-methyl çuas translocated out of the

treated leaf wlthin five days after treateent in the five species

tested, proao mtllet (panlcus plliaceum L.), cucuuber (Cucumis sativus

L. ), soybean (Glyclne pax L. ), longspine sandbur (cenchrus longisnJnus

(Hack.)), and barnyard gress. Kocher (lggg) developed autoradlographs

of leaves fron dtfferent species treated rslth labelted dictofop-øethyl.
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Material translocated above and below the site of applÍcatÍon was

located malnly wlthin the conductlng tissues and decreased çsith

lncreaslng dfstance from the site of applfcatfon. Greatest damage to

susceptlble sueeds occurred when the herbiclde tøas applied near the base

of the shoot.

several studies have been conducted comparing retention, uptake,

and translocatfon of diclofop-øethyl ln reslstant and sensitlve specles.

Herbicldal selectivity of diclofop-methyt between cereals (wheat and

barley) and wlld oats cannot be explained by dtfferential retentlon and

uptake (Todd and stobbe, 1877; Donald and shlmabukuro, lg80; Bordt and

Putnap, 1980) or dtfferentlal translocation (Kocher, 19g3; Brezeanu

et al., 19?6; Boldt and putnam, 1990).

Chow (t.982) treated ¡ulld oats ç¡tth 1.1 kglha diclofop_nethyl at the

3-leaf stage and peasured physiologlcal responses 6-? days later. Thls

time period aay be too long to assess prfmary effects of the herblclde,

however eone of his flndlngs were noteworthy. Diclofop-nethyl was found

to reduce 32P lr,"o"poration tnto lipids (40s reductlon relatlve to

control), DNA (459) and RNA (goe). chow (1982) stated that the reduced

phosphollpld content would have an important lmpact on electron

transport, oxidative phosphorylation, and energy-linked transport of

ions across membranes. Fedtke (1982) postulated that the site of action

of dlclofop-øethyl is located ln a ltpophilic conpartpent whlch is aost

I'ikely the plasma nenbrane. At this locatlon, several possible sltes
for the blnding of the herbicidally actfve actd øay exist.

Hoppe (1985) found that dlclofop-nethyl caused an early and

pronounced tnhlbttlon of the lncorporatfon of l4c-acetate into leaf
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Ltpids of the sensitlve prant species æaize, vuild oat, and barnyard

grass and ln the resistant species srheat. Thls inhfbition could be

detected 0.5-4 hours after herblcide appltcatfon (to-? m). rn csheat,

recovery occurred wlthin 4 days. It was noted that ln tolerant bean

(Phaseolus vulgaris), sugarbeet (Beta vulgaris), and soybean (Glyclne

aax) fatty acfd biosynthesis was unaffected by dlclofop-aethyl.

other physiological responses to diclofop-øethyl have been

observed. Cho¡u (1982) found that one week after treatment, serine (+53%

of control plants) and threonlne (+8S%) accumulated in erild oat plants.

It çuas suggested that øetabollc pathways of these t¡uo aøino acids to

end products nay have been blocked. Inhfbltlon of photosynthesls ssas

seen as a secondary response of the plant due to chloroplast nembrane

danage (Chow, 1982; Kocher, lggg; Brezeanu et al., 19?6).

&litochondrfal actlvlty was only reduced ¡uhen diclofop-nethyl rates s{ere

very hlgh (0.5 EH) (Kocher, 1983). At these rates, both rsheat and witd

oats ¡vere affected.

Morrlson et al., (1981) considered mltotlc fndex as a posslble

explanatfon for diclofop-methyl lnJury. They exposed ¡sheat and wild
oats to diclofop-nethyl at rates of 0.1s-9.0 g&l for g-24 hours. The

øitotlc lndex (a øeasure of the percentage of cells dlviding at a given

time) of adventittous root tips of ¡sheat was not affected after g hours,

but cuas significantly reduced after 24 hours at the high rates. wild

oat root tips showed a signlffcant decrease in their mitotic lndex after
I hours at rates of 0.go-9.0 pH. They suggest that diclofop-øethyl

probably arrests cells in the lnterphase stage of the cell cycle.

Ho¡sever, these researchers cautlon that slaply statlng that
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dfclofop-methyl prevents mitosfs does not explain fts prtmary øode of
actlon.

Differlng pathways of netabolism of dfctofop-øethyl in tolerant
versus susceptlble specres appearB to be the basls of selectivfty of
this herbicide. Shinabukuro et al., (1979) found that in both wheat and

wild oats, dlclofop-methyl was hydroryzed rapldly to dfclofop acid.

After 24 hours, only Bs of the diclofop-nethyl apptted to wheat, and 4E

applled to P¡Íld oats remalned as diclofop-methyl, the remalnder was in
the acld form. They proposed the following degredation pathways for the

two specles.
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(after Shieabukuro et aL., (19?9).

Goreka et al., (1981) and Hoppe (1985) also concluded that irreversibre
aryl-hydroxylation ls the mechanisn used by wheat and barley to
detoxlfy diclofop-øethyl. Twenty hours after treat*ent, wheat

coleoptlles contained only 1.0:È of the applied product in a potentialJ.y
actlve form (parent ester, free acid, or ester conJugate), whire oats
contained 70ã in one of these forms. shimabukuro et ar., (r9?9) noted
that the ester conJugate ln Avena spp., although not toxic itself, can
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readily be reconverted to dfclofop acfd. Both the acid and parent ester
forms are biologicalty actlve (Donald and shiøabukuro, 19g0;

Shieabukuro gt al. , 1g?g) .

rn 1981, Bordt and putnam found that arthough soybeans wére

tolerant to dlclofop-øethyl, they dld not conJugate diclofop acld to the
sa-ne extent as nonocots. Hoppe (19s5) proposed that dicot crops

displayed a dlfferent mechanlsm of tolerance than that of tolerant
monocots. He stated that dicot tolerance (in species tested) probably

lles at the site of actron of drcrofop-methyr, sr.nce fatty acld

blosynthesis in chloroplasts ssas not inhibited by the herblcide. on the
contrary, ln øalze (a sensltive øonocot) a 60ts fnhibltion ¡uas observed.

1.3.4 Sunmary

Dfclofop-methyl 1s an effective herbicide for the selective control
of gramlnaceous ¡seeds ln ¡vheat, barley and dicot crops. Herbiclde

damage by diclofop-methyl consists of:

1' ultrastructural cell damage, prlnarily chloroplast eenbrane damage;

2' gro¡sth lnhibttion due to chloroplast danage and a reduced mrtotic
rate.

The outward symptops of thls danage are:

1.. chlorosls and necrosis of leaves,

2. fnhlbitlon of new shoot and root growth.

Dlclofop-methyl eelectlvity between torerant and sueceptibre

@onocots has been found to be due to differential detoxificatlon
mechanlsas. rn all prants tested, dlclofop-methyt is rapldry hydroryzed

to the acid forn. rn wheat and barley, the acld ts detoxifled by

aryl-hydroxylatlon. Suscepttble specles convert diclofop acld to an
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ester conJugate. The ester is not toxic, however ft can be reconverted

to the acid form whlch has a lethal effect on susceptible plants.

1.4 Herblcide Tolerance ln plants

The evolution of herbicide tolerant plants ls an exaaple of the

biologlcal flexlbillty and adaptlbtllty of llvlng organisms. Modenn

organíc chenicals have revolutionized crop productlon, and desplte their
liøltations they are consfdered to be a øaJor and lncreaslng part of

agricultural technology in the decades ahead (LeBaron and Gressel,

1982). Resistance to agricultural chenlcals began to occur after they

came lnto widespread use. LeBaron and Gressel (19s2) reported that by

1980, 428 specles of arthropods had beco¡ae resfstant to one or more

insectlcides that were once effectlve agafnst them. As well, disease

resistance to fungfcides has lncreased markedly slnce lg6?. kfeed

resistance to herblcides s{hich once provlded excellent control has cone

about more sloçcly than reslstance to fnsecticides and fungicldes. This

ls due to the longer reproductive cycles of plants as conpared to

lneects or fungi.

1.4.1. Herbicide Reslstance vs Tolerance

The terøs 'herbicide resistancer and therbicide tolerance' are

so@etines sisused or used interchangeabty. LeBaron and Gressel (1992)

refer to tolerance as "the natural and noraal variability to pesticides

and other agents which exlst within a specles and can easily and qulckly

evolve". They state that the terø rtolerance'can also be used to øake

coaparfeons between epecles. Resistance, as deiineri by the FAo, is a

eore drastlc lack of response of a populatlon of aniaal or plant specles
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to a pestlclde or control agent as a result of their repeated

application. Resistance should not be confused with natural tolerance or

low susceptlbllity due to a normal physlological or behavioristic

property of an unselected populatfon. The ¡uorking definition of these

terms used by LeBaron and Gressel (1982) is as follotus. "A resistant

weed is one that survives and gror*s nornally at the usually effective

dose of a herblcide. Reslstance is the øaximum tolerance that can be

achleved. "

7.4.2 Orisins of Herbicide Resistance

Resistance to øaJor herbicide fanilies has been reported fn

biotypes of many weed species that were previously controlled by the

herbiclde. Bandeen gE!., (19s2) described the discovery and

distribution of herbiclde resistant weeds in North Anerica. A sÍnilar

review of herbÍcide resistant weeds from outside North America was

produced by Gressel et al. in 1982 (Table 1).

It can be seen that the trlazines are the herbicide fanily to whlch

the largest nunber of tolerant biotypes has been reported. The first

docunented case of triazine tolerance occurred approxinately 10 years

after these herbicfdes were jn widespread use. Ryan (1970) found that

large doses of slaazine dtd not control Senecio vulgaris (comnon

groundsel) plants ln a conifer nursery ln Washington State. Þ{ost

reported cases of triazine tolerance occurred on land that had been

treated annually for øore than 10 years. This was usually on corn

fields, tree nurserles, or railç¿ay right-of-*aays. Infestations generally

appeared as scattered plants fn a field uqhere othertuise good weed

control exlsted. These plants then tended to spread rapfdly through a

field (Bandeen et al., 1982). The size of lnfestations reported by
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TABLE 1. Herblcide families
arisen.

to rshlch tolerant sseed bfotypes have

Herbicide Faally

Nuøber of hleed Species Reported
¡uith Tolerant Biotypes

In North Anerlcal ouffiz

Triazlnes
Phenoxys
Dalapon and TCA
Carbamates and thiocarbamates
Glyphosate
Urea and uracfls
Amitrole
lri flural in
Benzonitriles
Blpyridi I luns

77
7
I
1

1

1

1

:

2t

:

I

1

3

lBandeen et al. , 1982.

Zcressel et al . , 1982.
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Bandeen et al., (1982) ranged from 2 - 250,000 ha. These researchers

stated that there are still vast agricultural areas of !{orth America

cJhere there have been no reports of trlazine resistant sseeds despfte

extenslve use of these herbicides. They suggested that the rea.gons for

thls way be the fact that corn/soybean rotations, conblned with

herbiclde rotatlons, are used as opposed to contlnuous corn treated with

atrazine. Also, on puch of this land (S.8. States and the Mid-Hest

cornbelt) at least one cultlvatlon is conducted annually.

A second herblclde family to çqhich many resistant blotypes have

evolved are the phenoxys. Sexsmith (1964) first detected dlfferentlal

2,4-D sensitfvlty ln Cardarla chalapensls (hoary cress) biotypes in

southern Alberta in 1951. Since that tløe, several other examples of

phenoxy tolerance have been reported however, not as eany as with the

triazlnes conslderlng the length of time phenoxys have been used and

thelr widespread dlstribution.

1.4.3 Factors Affecting the Appearance of Herbicide Reslstance

Gressel (1S?8) conslders three maJor factors that affect the

appearance and rate of appearance of herbicide resistance. First, the

frequency of resistance genes ln the plant population ls l¡oportant.

Gressel (1978) suggested that the frequency of resistant lndividuals in

an untreated population s{ould be betsùeen 10-10 and to-5 but that

predictlon Bras dffflcult and depended on the nunber of genes controlling

resl.stance, donlnance, and the ploldy of the plant lnvolved. Chaleff

and Parsons (L978) lsolated a picloram tolerant Nicotiana (tobacco) line.
ñ^r---- ^ r--^ J--t^ l--J---À 

---^t^-- -^-^ --¡ÅL - ê-^---^-^-- ^ê¡utcl'tlrtuc wÈrs uuc Lu lr ¡ll'trE,te uuta¡¡lilrrL r¡r¡ur.ccrl. B,gr¡u !dl Lrl cl rr-EquErruy rrr

about 1O-5. Faulkner (1982) reported on the screening of the USDA flax
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collectfon (1541 saaples) for atrazfne tolerance. only one line s{as

found w¡ith torerance two tlmes that of a standard cultivar. This

population Rraa obvtously not large enough to detect useful genes.

The selectlon pressure, or kill rate, of the herbfcide ls. a second

factor that affects the appearance of herbiclde resistance. The greater

the rate, below 100 per cent, the øore rapldly resistant stralns arise.

This fs one reason why reslstance to triazlnes has occurred to a greater

extent than to phenoxys. Trlazlnes have a htgher kfll rate and greater

persistence.

Finally, Gresael (19?B) states that the fitness of the resfstant

blotype is løportant ln lts ultinate eurvival. 'Fftness, fs the ability
of a reslstant llne to compete ¡uith sensftfve plants in the absence of

herblcidal selectfon pressure (Gressel, 19?g). Reduced fftness ls a

connon phenonenon in reslstant lines of bacterra, fungf, insects, and

plants. It can take on several forns: slo¡uer gernination and

establfshnent, less vigorous growth, less plasticity with respect to the

envinon-ment, and reduced seed yleld (Gressel, Lg?s). conard and

Radosevich (1979) found that reslstant plants of Anaranthus,

chenopodium, and senecio were only about half as frt (ln terms of seed

production) as sensltive plants. The recently released,

trlazlne-tolerant canola cultlvar, OAC Triton, ls less flt than triazine
sensltfve cultivars such as Regent (Anon. , 19g6a).

1..4.4 Ie for Deve Herbici t Croo Cul

Faulkner (1982) descrlbes his rationale

herbfclde tolerant crop cultfvars as c,rell as

liaftatlons.

for the development of

some of the aseoclated
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1. Herbicide tolerant crops øake lt possible to control sueeds that

hlere previously fmpossible or very expensive to control fn a given

crop.

e. rt le less expensive to produce a ne!{ cultivar than lt ls. to

develop a selectfve herblclde. Faulkner (1982) estlmated this cost

to be L-58 of that of a new herbicide.

3. A herbicide tolerant crop pnovldes an additional alternative to a

crop rotatlon,

4. weed control ln companion-cropping sltuations, where both crops

øust tolerate the herbicide, cân be laproved.

5. Herbicide tolerant crops allow for the renoval of seeds that reduce

the grade of a crop, for exaapre ¡srrd mustard seeds in canola, or

wild oat seeds in cultivated oats.

A posslble disadvantage of herbiclde resistant crops that sras

introduced ln sectlon 1.4.2, is a reduced level of fitness. This need

not be a unlversal rule. Erlckson et al., (lggs) isolated several

Chlanydononas reinhardi (algae) øutants wlth triazine tolerance. Tr¿o of
these æutants did not exhibit reduced rates of photosynthettc electron

transport-characterlstlc of higher plants tolerant to triazlnes (Arntzen

et al.' 1982). Faulkner (1982) suggested that a aecond disadvantage of

herblcide tolerant crops is that they could cause weed problens

theaselves, either as volunteers in succeeding crops or through

outcrosslng to closely related weeds. To reduce thls risk, Lt was

recopsended that tolerance be sought to a single herbiclde and ln

species where an alternative @eans of control exlsted.
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1'.4.5 Technfques of Incorporating Herblclde Tolerance into Crops

There are three broad classes of nethods being studled fn breeding

crop cultlvars for herblclde tolerance. These are: conventional plant

breeding techniques, cell culture techniques, and øolecular blology or

genetlc engineering technigues.

1..4.5.1. Conventional plant Breeding. Faulkner (1982) descrlbed the

general strategy used fn breeding for herblclde tolerance by

conventlonal Pethods. It lnvolved: 1) locatlng a gene(s) for tolerance

and, rr) incorporating the gene lnto a sueceptlble, but agronoøically

superior cultivar.

Tolerance genes could be Located by chance, however a wtore

structured approach generally involved the screening of large

collectlons of a crop(s) wlth a glven herbiclde. Faulkner (19g2)

suggested that screenfng of ¡sild or prinitlve species related to a given

crop could also be useful tf these species could be successfulty crossed

to the crop ln guestion. If a tolerant biotype eras detected, lt could

be used in a breeding prograe.

rncorporatlng the tolerance trait into a cultivar generally

involved crossing, vla emasculatlon and pollinatlon, the tolerant

blotype with a susceptible but agronoølcally superlor cultivar.
lable 2 descrlbes conventfonal plant breeding programs frop røhlch

herbicide-tolerant cultlvars ruere produced. Varlous breedfng strategies

were used' Faulkner used recurrent selectlon to develop paraquat and

dalapon tolerant varieties of Loliue perenne, I cross-pollinatlng

specfes (wri.ght and Faulkner, L981). TrÍazÍne tolerance Bcas transferred

lnto Brassica campestrls, B. napus (Beversdorf et al., l.gg0) and
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ts. napus var. napobrasslca (rutabaga) (Souza Machado et al., lggg) via

backcrossing. Barr (1985) (oats) and Hartwig (1985) (goybeans) selected

for tolerance ln segregatlng generatlons using the pedlgree bneeding

øethod. It should be noted that Kerr and Cook (1983) and Tseng g.!._g.1..,

(1.984) released cultivars wtth herblclde tolerance, but that ln each

progran, tolerance was not the primary obJective. The øethod used to

lncorporate the trait was not reported.

Table 3 lists several other studles of herbicide tolerance ln schich

crosses were conducted vla enasculation and pollination, follorued by

analysls of segregatlng generatlons. An exceptlon ls Pinthus fuI.,
(7972) ruho used eutagenesis fn an attenpt to lnduce herbiclde tolerance.

These studles did not result ln the production of cultivars, rather nost

were designed as lnheritance studles only. Tabte 3 ltsts the generation

to which the lnherltance study was camied.

The efflciency of selection in any breedlng progran depends on the

øode of lnheritance of the desired trait. The fnheritance of herbicide

tolerance can lnvolve various levels of genetic complexlty. Simple

inheritance, whereby tolerance is controlled by one maJor dominant or

recessive gene, has been shown to occur by Souza Machado g.! a'I.,

(1.982) (eetribuzin tolerance in tonato), Hayes et al., (1965) (tolerance

to the chlorosls reaction of DDT and barban ln barley) , Grogan et aL. ,

(1963) (eaize sensltivity to triazines), and Edwards et al., (1976)

(soybean sensftlvlty to aetrlbuzfn). The foltowing authors found

trlazine tolerance to be paternally lnherlted: Beversdorf g!_9.1.,

(1980) (fn rapeseed), Souza Machado et al., (1.983) (ln rutabaga), and

Scott and Put¡vain (1981) (tn Anaranthus retroflexus). The literature
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TABLE 3. Herbicide tolerance studies usÍng conventional plant breedingtechniques.

Gèneration
to rshich

Ínheri tanceReference Vear Crop/Weed Herbicide ssas studied

Hayes, J. D. et al. 1965 Barley DDT, barban Fg

Karin, A. and 196g &lheat, SimazineA. D. Bradshap¿ rapeseed,
mustard

Comstock, V. E. and 196g Flax Atrazlne F3, BCZF}R. N. Andersen

Stafford, R. G. Lg68 Flax MCPAet al.

Pinthus, M. J. et al. tgTZ ktheat Terbutryn Hg_M5
Tonato Diphenamld B4Z-M4

Schoo]er, A. B. tgTZ Foxtail Siduron Fzet al. barley

Devine, T. E. et al . lg7b Birdrs 2,4_D
Foot
Trefoil

Edwards, C. J. J. tg?6 Soybean Þtetrlbuzin FZ, BC1F2et al.

Geadelnann, J. t. and rg77 corn Dicrofop-nethyr rzR. N. Andersen

Scott, K. R. and 1gg1 Common SinazÍne FzP. D. Putsuain groundsel

Souza Machado, V. lgg2 Toøato Hetrlbuzin FZ, BC1F1et al.

Busch, R. et al. l9B4 &Iheat Difenzoquat F4
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also contalns exanples of polygenic lnherltance of herbicide tolerance.

These lnclude: comstock and Anderson (rg6s) (flax tolerance to

atrazlne), Faulkner (ls7e) (perennial ryegrass tolerance to paraquat),

schoorer et ar. , (1,972) (foxtail barley tolerance to siduron),. and

Gaedelnann et al. (t977) (walze tolerance to dlclofop-nethyl).

1.4.5,2 cerl culture. In recent years, the technology of cett culture

has been used as a tool to select herblcide toLerant crop llnes '1n

vitro'. Herbicides that interfere ¡sith basic aetabolic activities can

be expected to tnhibtt the growth of cultured cells as well as of the

whole plant (Chaleff and Ray, 1984). Meredith and Carlson (1982)

outlined a conmonry used procedure as follog{s. A callus culture ls
established from the tissue of a plant. The callus is dispersed in a

liqufd øediue. Using an approprlate enzynatic treatment, cell ¡ualls can

be renoved releasing protoplasts. These protoplasts are ln many ways

unicellular organfsøs tshich have the potential to develop into entire
plants ln the approprlate nutrient sedium. selecting herbicide

reslstant cell llnes eay be accoøplished by adding the herbicide to the

culture øediuø. Host cells ssill be kilred, however, ln the population,

occasional spontaneous sutations can occur, produclng herbicide tolerant
variants rahfch survive and proliferate.

This technlgue is prone to many probrems and situatlons s{here

apparent success becomes a failure. Meredith and carrson (1gsz)

described the following situations that researchers have faced.

i) Tolerance occurrlng in cultured cells was lost when the cells were

gFôøn âetnrr f nnø ll- Ìra Ìranh{ n{ ¡l- f^- ã â^^^-^4 ¡ ^-.¡v¿e¿v¡us au¿ q E,E¡¡EI(lLTLT¡¡,

it) plants could not be regenerated fron apparently tolerant callus,



30

iii) regenerated plants did not express the tolerance trait,
iv) plants expressed the trait but the trait was not heritabre.

Desplte these difficultles, there are successful examples, llsted
in Table 4, in whlch herbicide tolerant plants were regenerated and ¡uere

able to transøit the tralt to following generatlons. rt should be noted

that thÍs table is not necessarily a complete llst. chaleff and Ray

(L984) developed chlorsulfuron tolerant tobacco plants that ssere not

affected by a foliar application of 100 ppm chlorsurfuron. I{ormaL

plants were aeveret¡¡ inhlblted by 3 ppn. They suggested that this
aagnitude of difference is rarge enough to be refe*ed to as

rresistancer.

1.4.5.3 Molecular Biology. The øost recent research in the area of
breeding herblcide reslstant crops has lnvolved technigues of molecular

biology and genetic engineering. Duesine (19g5) reported that these

procedures lnvolved the lsolation of the spectfic gene that confers
herbiclde tolerance on a crop or ¡seed species, and its transfer to a

sensitfve crop. Gene transfer could be accoaplished using

Agrobacterlun tunefaclens vectors (Fratey et ar. , rggs).

thls type of research is belng conducted for glyphosate tolerance

by at least trso different research teans. calgene researchers isolated
a mutant gene frow a glyphosate tolerant straln of salnonella

typhiøuriua bacteria. Thls gene codes for s-enolpyruvylshikimate_B_

phosphate (EPsp synthase), the enzyne which glyphosate inhlbits. The

øutant gene c&used the BPSP synthase enzyme to differ by a single aaino
q¡{¡l ,¡¡r{- 

^L^-È^ -^r- ¡À r-q'v¡u. ¡ü¡õ u¡¡ii¡¡ge Eiaqe ¡E iess tnhlbited by giyphosate (conai et ar.,
1985). calgene recently received a u.s. patent for this gene, the first
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TABLE 4. Henbicide resistance in plant cell cultures.

Reference Year Crop Herbicide

chaleff, R. s. & $r. F. parsons 19zg robacco plcloran

Radin' D. t{. & P. s, carlson 19zB Tobacco phenmedlphan
bentazon

chaleff, R. s. & T. B. Ray 1984 Tobacco chlorsulfuron
sulf o¡neturon-øethyl
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gene engineered for crop agriculture (Anon. , Lgss). rt ssas named

rGlyphoTol'. The GryphoTol gene has arready been successfurly

introduced, vla Agrobacterius rhizogenes vectors, into cells of soybean,

cotton, tonato, tobacco, and certaln tree species. calgene and

DeKaIb-Pflzer Genetics have agreed to develop and market glyphosate

tolerant varieties of hybrid corn (Fishbein, 19g5). Fietd trials with

soee of those crops are to begtn in 19g6.

Monsanto researchers have a sinilar objectlve but are using a

different strategy. They have induced petunia plants to overproduce

EPSP synthase. The rhybrÍdr gene, that caused this overproduction, was

then transferred into crop plants via plasmld vectors (Marx, lggS).

studies of thls nature are also being consldered for other

iaportant herbicide fami.lies including the triazines and sulfonylureas
(Marx, 1985).



33

2.O KATERIALS AND METHODS

2.1 The Effect of Rate and Stage of Anplication
of-otcTãiãõ-tu"thyl appìi.¿ to sa*rena r oats

The source of dÍclofop-nethyl tolerance studled in this proJect was

a recently registered Australlan oat nanned'Savena 1r. The pedigree of

Savena 1 is West x (hlest x New Zealand Cape/23)/ZS ana was devel.oped by

Barr (PersonaI Comnunication, 1985) of the South Australia Department of

Agriculture. The tolerance trait was derived from New Zealand Cape. It
was being used as a source of resistance to the cereal cyst nematode

(Heterodera avenae) fn a backcrossing progran to the varlety klest.

Progeny of this cross were also found to dfsplay tolerance to

diclofop-nethyl. Barr (1985) screened nany oat genotypes fron l9g0 to

1985' using several graminicides, and found the diclofop-methyl

tolerance of Savena 1 to have the greatest practical value.

2.7.t 1984 Study

Fie1d plots ¡uere established at the University of Hanitoba research

site at Portage la Prairle, Hanitoba (soit type: Neuhorst clay loam -
25t sand. 4416 silt, 31% clay, organic satter 9.58, pH 2.4) to study the

effect of rate and stage of appllcation of diclofop-nethyl applfed to

Savena 1 oats. The experinent was placed on land that had been fallorv

in 1983 and was fertillzed with 290 kglha granular 27-27-O fertilizer

broadcast and incorporated In spring.

The experisent was designed as a randonfzed complete block with

four replicates and ten treatments per replicate. one guard row plot

was placed at each end of each repricate. Individual plots &rere



34

eNeasured to a slze of 2.8 x 5.o @. A 2.o ø alley separated each of the

four replicates. Approxieately 800 grams of wild oat seeds (percentage

gerøination rate = 86%) collected fn 1983 were hand-broadcast over each

repllcate of the experlment. This was approxiøately 30-60 seeds/n2 and

suas applled to provide a øoderate to heavy infestation of competitive

weeds. wild oats lsere incorporated to 4-5 cm by using doubre disk

cultlvatfon. The soll was then levelled uslng diamond harro¡ss.

The experinent çsas seeded uslng an International Harvester field
drill of 2.4 m in wldth, the L6 seed runs Rere spaced 15 cm apart. The

drllt was calibrated to seed savena I oats at a rate of 55-60 kglha.

The entlre experlaental area was seeded to savena 1 oats on May 14 to a

depth of 3-5 c¡n. Seed was placed lnto aolst soil.
Ten treatnents, lncluding two controls ¡sere used. The treatnents

consisted of four rates of diclofop-aethyl 0.4, 0.5, 0.6, and 0.7 ke/ha

(forøulated as Hoegrass (R) ZS4 e/l E.C. ) applied at the S_leaf and

5-leaf stages of wild oats. The treat¡nents were randomized in each of
the four blocks' Treatøenta applled to the 3-leaf stage srere sprayed on

June 7, those at the 5-leaf stage on June L4. plots *rere sprayed using

a bfcycle plot sprayer egulpped eutth a four nozzre (TeeJet ss8oolS)

booe. The sprayer was calibrated to deriver 115 l/ha sorution at a

pressure of 40 psl (275 Kpa) and a walklng epeed of 6 kmlhr.

An overall treatnent of broøoxynil octanoate plus HCpA ester
(Buctril H) at 0.56 kg/ha was applied to the experieent on June 11 to
provlde broadleaf weed control.

Plots s*ere vlsually rated for crop tolerance on a weekly basls for
three weeks beglnntng one ¡ueek after dtclofop-nethyl appricatÍon. The
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ratlng scale used was simllar to that used by øost weed control
researchers in &lestern canada. A single digft rating, rangfng fros 1_g,

was given to each plot. on thfs scale, 'g' represented coaplete

tolerance, '1' complete kitl andr?rwas regarded as the øinlmu¡u
rcomserciarly acceptable' rating. Morphological inJury symptoms were

also recorded.

Dry aatter sanpling of each plot was conducted once the ¡si]d oats

were fully flowering (July r8-rg). This altowed for the easy

identiffcation and separatlon of weed and crop. sanpling consisted of
pulting all plants fros a 1 m2 area fron a representatfve location near

the rear of each plot. oats and wild oats erere separated, roots rdere

reøoved with prunÍng shears, oats and ¡sild oats were placed in separate

bags and air dried untit ooeights were constant. Air dry welghts of
oats and ¡sild oats ¡vere then measured. Counts were also taken of the

oats and srild oats culøs/n2.

Plots erere sanpted for oat grain yield in a slmilar manner.

Harvestlng Edas conducted on August 8-9. Thls corresponded to the growth

stage when the majority of the oat peduncles had turned to a

yellow-brown color. Two I ø2 samples sûere pulled from a representative

location near the front of each plot. Roots were renoved and sanples

were placed ln bags and air dried. seed was threshed and dried to a

constant aofsture level. Due to the presence of wfld oats and soae

volunteer suheat seeds in the sanples, subsanpLes B{ere taken and dockage

&tas reøoved by hand. The per cent dockage by weight csas subtracted from

the gross weight of the sanple.

Analysls of variance and Duncan's Hultlple Range Test were
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conducted for oat dry vaeight, srild oat dry werght, oat culn counts, rsil.d

oat culn counts, and oat graln yield.

2.L.2 1985 Study

The 1984 study eras repeated in lggs. The procedure used vsas

identical with the following exceptions: seeding date - May 21;

spraying dates - June 12 (3-leaf), June 20 (5-leaf) , June 24 (overall

treatment); dry matter sampring dates - July s0-31, and grain

harvesting dates - August 27-22. A srodification of the grain harvesting

procedure ¡¿as also implenrented tn 1985. A hand sickle was used to cut

stens above the soll level. Since onJ.y grain yield was being neasured,

the height of cuttlng was not critical. This system eras more efficient
than pulling plants and renoving roots with pruning shears. As werl,

¡uild oats and any volunteer cereal plants erere removed prior to bagging

of sanples. This ¡yas done to avoid contanlnation of grain samples.

The followfng neasurements were taken on plots in 19gS that were

not recorded in 1984: i) days to heading, and il) average plant height

after heading.

In 1985 ' Savena 1 oats htere exposed to a substantial stem rust
(Puccinla gramlnis f. sp. avenae) and crown rust (pucclnia coronata f.
ap. avenae) infestation. Symptoms were noted on July 23 and the entire
experiaent was treated wfth the fungicide proplconazote (25% E.c.)
(trade nane: Tilt) on July 24. The fungicide was applied at a rate of

0.5 t/ha using a sprayer attached to the 3-polnt hitch of a tractor çulth

the boon 40-50 cm above the crop canopy. The solution was applied in a

volume of 120 l,/ha at 300 Kpa uslng TeeJet ssso015 nozzles.
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2.1.3 The Effect of Rate and Stage of Aopllcatlon of Diclofop-methyl
Applied to Savena 1 Oats Under Weed-Free Conditions

A second actlvity study sdas conducted in 1985. The purpose of thls

study was to exanfne the effects of diclofop-methyl on Savena 1 oats in

the absence of eueed coapetttion, ie. a crop tolerance study. fni"

experiment utilized the same design and treatnents as the e:iperinent in

Section 2.1.2, except that ft was seeded on land that had not prevlously

been infested çYith wild oats. The only other differences in methodology

were: i) dry matter sampling date: July 29, and ii) grain harvesting

date: August 22.

2.2 The EvaluatÍon of Various Avena satÍva Genotvpes for Tolerance
to the Application of 0.4 and 0.7 kglha Diclofoo-Methyt

An experfnent ¡sas conducted 1n the sunmer of 1g84 at the

Agriculture Canada Station at Glenlea to evaluate a total of 240 oat

genotypes for posslble tolerance to dtctofop-nethyt. The øaterial

tested was a dlverse group of genotypes which conslsted of: i) 15?

advanced llnes fron oat breeding prograns across Canada and the North

central united states, lt) 81 entrres froa the Agriculture canada

Historical oat collectlon - a group of cultivars that are currently

belng grown in Canada as well as cultlvars that have been gror*n ln the

past, lit) the llne (Irwin x (West x New Zealand Cape/åZ)) x West,/Z4; lt

was also sent to Winnipeg by Barr, and lv) Savena 1..

The soll type at the Glenlea station ls Osborne heavy clay (4%

sand, 258 silt, 7196 clay, organic natter 5.19, pH ?.4).

Six repllcates of each of the 240 lines ¡vere seeded ln two

phyeically separate blocks tn the fleld cüith three replicates ln each
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block. This allo¡sed for the use of ts{o dlfferent spray rates. Seeding

was conducted ueing a'seednaticr drill. This drtlL had six seed runs

and produced one øeter row plots, wlth 23.5 cø row spaclnge, followed by

a one meter wide alley. Approximately 30 seeds were planted ln each

row. Control varietles were randoraly asslgned to every 29th and Ogth

plot. controls consieted of savena 1 and Harmon, a commonly grown oat

cultivar ln &lestern Canada.

Plots were seeded on May g and sprayed on June s when the najority
of the rows Brere ln the 3-leaf stage. Approximately one-half (13) of
the pairs of control plots were covered v¿ith plasttc at the tipe of
spraying to prevent herbfclde contact ç.rlth the plants and thus provtded

unsprayed control plots. spraying Þ¡as conducted using a blcycle plot
sprayer with a seven nozzle boon (as in Sectlon Z.t.t). One block eras

treated with diclofop-aethyl at a rate of 0.4 ke/ha, the other ¡vith O.?

ke/ha.

rndlvidual ro¡vs were rated on June 1g and June zz (1s and 22 days

after spraylng) using the rating systen described earlier (Sectlon

2'1'1). Ratings &tere recorded on a portable TRSBo coaputer and uploaded

into the Agriculture canada main fraøe conputer for future analysis.

The most tolerant entrles were harvested after headlng to deternine

dry øatter weights. only entrles in whfch at least two of three

replicates (at either rate) had visual ratings of 14, or greater on June

27 sEere harvested. In addition, all covened checks ç¡ere harvested. The

harvesting procedure consisted of cutting out a representatlve s0 cn

eection froø each roru, drylng the saeple, and welghtng lt.



2.3 Inheritance of Diclofop-Methyl Tolerance

rn an atteept to study the inheritance of diclofop-methyl

tolerance, the followtng crosses and reciprocal backcrosses &rere nade by

Dr. R. McKenzie, Agriculture Canada, Winnipeg.

Savena 1 N 0T216
Savena 1 x OT228
Savena 1 x OT231
Savena I x 0T233

(Savena 1 x 0T216) x OT216
0T216 x (Savena 1 x 0T216)
(Savena 1 x OT228) x OT22B
OT228 x (Savena 1 x OT22B)
(Savena 1 x OT231) x OT2S1
OT231 x (Savena 1 x OT231)
(Savena 1 x 0T223) x OT2B3
OT233 x (Savena 1 x OT23S)

crosses ¡'¡ere nade in 1983 (fall) and backcrosses in 19g4 (sprinc).

0T216 ' OT228, OT231, and OT233 were advanced lines of dfffering genetic

backgrounds froø the Winnipeg breeding progran. Reciprocal backcrosses

were conducted to test for possible cytoplasmic inherltance of the

tolerance tralt.

The following nunbers of Fl plants srere grown. Several were used

ln eaking backcrossee.

cross P{unber of Fl Plants Grown

SavenaLxOT216 19
SavenaLxOT228 ZA
SavenatxO1231 26
SavenalxOT233 17

From thls point onu'rard, the progeny of one of these lndfvidual

crossed or backcrossed plants wtll be referred to es arline'. Records

nf oqnlr I I na uano lran$ Þ'"' +l.a n^,1 { --^^ -^4L^Jv .\el, L eJ L¡¡s lrçu¡ts,t çg t{E Ll¡\rl¡ .

Fron the Fl and backcross (BC) seeds, F2 and BctFl plants were
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groern 1n the f teld at Glenlea in 1.984. Seedlng kras conducted on May 18

uslng the procedure descrtbed tn Sectlon 2.2. One to three rows hrere

groern froø each line (1-15 seeds/row), depending on the anount of seed

avallable. Ssall plastÍc label stakes were placed lnto the soil between

closely adJacent plants when in the seedllng stage. This allowed for

the identlflcation and harvest of indlvidual plants at maturity. plants

were pulled froø the soll at saturity (August 20-z?), labelted, alloeued

to dry, and threshed. This seed *ryas then used In the inheritance study

conducted ln 1985.

A portlon of the F2 plants fron each of the four crosses &rere grown

ln ro¡ss adJacent to the screening experlment (sectton 2.2), one to flve

rows H¡ere gro¡Nrn (approxinatery 20 seeds/row) fron lines with the

greatest seed availability. Half of the ro&rs ¡4rere sprayed wlth

dÍclofop-methyl at a rate of 0.4 ke/ha and half at 0.7 ke/ha. Spraying

was conducted in the sase operatlon as the screening experiment, when

plants were ln the 3-leaf stage. Indivldual plants ¡vere rated for crop

tolerance 2o days after spraying usrng the systen descnibed earlier
(section 2.1.1). survlving plants were lndivldually harvested at

eaturlty as described above.

The 18 plants which produced the greatest amount of seed (at least

t¡øo froe each of the four crosses) srere advanced one generation ln a

growth room pot study durlng the ç¿inter of 1984. Approxinately 15 seeds

of each of the 18 entries Rtere planted per pot ln each of touo pots. The

soil øixture used was 2 parts clay loan : L part sand : t/z part peat.

Plants ¡uere thlnned to t2 per pot at the z-leaf stage. At the 2 L/z - g

leaf stage all pots were sprayed with diclofop-øethyl (0.? ke/ha) using
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a laboratory bench sprayer (TeeJet 8002 nozzle) ln a water volume of 141

l/ha. Individual plants were rated for torerance 16 days after
spraylng. The five highest rating plants per entry were allowed to grow

to øaturity, the renainder were cut and discarded. Seed frosr fndividual
plants was harvested at øaturlty.

2.3.1 1985 Inheritance Study

In 1985 a fleìd experinent was conducted at Glenlea to exanfne the

lnherltance of dfclofop-nethyl tolerance.

The following øaterlal was studled in 1985:

1. F3 lines froa F2 plants gro&rn in 1984,

2. BC1F2 lines from BCF1 plants groüm fn 1984,

3. Bc1F3 lines froa BCIFZ plants that had been advanced a generation

in New Zealand in the ¡sinter of L9g4-g5,

4. F3 llnee from F2 plants srhich had been sprayed wfth diclofop-methyl

in 1984 and,

5. F4 familles from F2 plants sprayed in the aumnìer of 1g84 and again

as F3 lines fn the winter of 19g4-19g5.

Descriptlon ln Table S.

Four replicates of each line were grown, t¡{o replicatee ln one

block of the field, tr{o in a second block. The separate btocks allo¡ued

for the treatøent of plots stith two different rates of dlclofop-øethyl.

the tsûo replieates of each lfne in a given cross ¡sere randonÍzed. one

øeter row plots ¡uere seeded on Hay 15 using the Seedmatic drltt
descrlbed in sectfon 2,2. The wtdth of the experlment was 100 plots.

Control plots consÍsted of one row of Sevena 1 adjacent tc one roçs of

the suscepttble parent lnvolved fn the cross that surrounded the check
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TABTE 5. Materiar examlned in 198s study of dictofop_methyl toreranceln oats.

Cross Generatlon
Nusber of Lines

Studied

Savena I x OT216
Savena 1 x OT2Zg
Savena 1 x OT231
Savena 1 x OT233

Savena 1 x 0T2162
OT228x(Savenalr
Savena 7 x OT2Zï¿
OT231x(Savenalx
Savena 1 x OT2S1¿
OT233x(Savenafx
Savena 1 x OTZSB¿

0T216x(Savenalx
Savena 7 x OTZZ9Z
OT231x(Savenafx
Savena 1 x OT23S¿

Savena 1 x 0T216
Savena 1 x OT228
Savena 1 x OT231
Savena I x OT233

BC1F2
BClF2
BC1F2
BC1F2
BC1F2
BC1F2
BClF2

BC1F3
BC1F3
BClF3
BC1F3

F3a
F3a
F3a
F3a

84
150
150
150

77
31
87
34
62
20
82

50
50
50
50

L1
24
33
75

F3
F3
F3
F3

oT228)

0T231 )

0T233 )

oT2 16 )

oT231 )

asprayed with dÍcrofop-nethyl in the F2 generation.
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rows. control plots were placed after every 20th plot, le. after every

plot number ending in 10, 30, s0, ?0, g0 (controls were not glven plot
nuøbers)- The F4 famflies fron the øaterlal advanced ln the growth room

were seeded in the block to be treated with the hlgher rate of the

herbicfde. A slngle plot (20-25 seeds) was sos{n from each of the five
plants gro&¡n to maturity.

htrhen the maJority of plants were in the Z-leaf stage, notes were

taken on øisslng rows, thin ro&rs, and roçss that appeared to have eøerged

late.

Spraying ssas conducted when the maJority of the plants were in the

Zx-reaf stage. The two replicates treated ¡uith 0.4 kelha

dlclofop-nethyl were sprayed on June I, the two replicates treated wjth
o.? kclha on June ?. spraylng was conducted rryith a bicycle plot sprayer

¡sith a 7 nozzre boom as descrlbed in sectlon 2.1.1. Approxinately

one-fifth of the pairs of check plots were covered wlth plastic at the

tiøe of spraying to prevent herbtcide contact, end thus provide

unsprayed control plots (as in Section 2,21. An overall treatøent of
Buctril H (0.45 kelha) tøas applied to the entire experiøent on June 11

to control broadleaved weeds present. The rate used was g0* of the

reconpended rate for oats (Anon., 19g6a), to avoid the possibility of
inJury symptoas appearing on the oats.

Plots were visually rated for crop tolerance on June 19 (0.4 kg/ha

plots) and June 21 (O.? kelha plots). The rating scale and TRSBO

computer data collection systeø were used (see section z.zl. control

¡llots were rated in the aame &anner on June lg. A second ratlng was

conducted on July 3-4 (0.? kglha ptots) and July 4-B (O.a kglha ptots).
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To account for plots that were non-uniform with respect to

diclofop-øethyl tolerance, a sodlfied rating systen was used for the

second rating. Plots that appeared uniforæ¡ were rated as previously

described. !{on-uniforn plots were given a two digit rating. The first
dtett represented the tolerance of the maJorfty of plants in the row,

the second digit represented the tolerance of the remaining plants. A

single 'non-representatlver plant in a plot was ignored since fts
presence øay have been due to a seeding error, late energence, or belng

mfssed by the spray treatment. Control plots csere aleo rated in this
Erlay on July 2.

To provide additional inforaatlon to the 1985 lnheritance study a

late-seeded trlal was conducted at Glenlea. A single replicate of lines

fron the F3, Bc1F2, and BCIF3 croases descrÍbed in Tabre 5 sslth

sufficient seed, sras sown uslng the seednatlc drilt (section z.z) at

Glenlea on August 16. Control plots consisted of one row of Savena L

adJacent to one row of the eusceptible parent of the cross that

surrounded the check ro¡{s. Control plots were placed after every ZOth

plot.

In addition a small number of seeds fron growth cabinet crosses

between savena 1 and 01216 , orzzg, orzg1, and oTzg3 were aown in roç¿s

adjacent to the BcIFg lines. These geeds wourd produce Fl plants.

Plots erere aprayed with dlclofop-øethyl at a rate of 0.? kglha on

september 10. oats s¿ere ln the t*uo to three leaf stage. spraying was

conducted wlth a bicycle plot sprayer and seven nozzle booe as descrlbed

in sectlon 2.1. L. A portion of the controL plots Hrere covered with

plastic at the tise of spraylng.
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Plots were noted for crop tolerance on october z. The ratfngs

consisted only of the following: rsusceptlble', rsegregating/

interpediate' and 'tolerantr .

2.4 Alternative Oat Genotvpes Reported to
Show Diclofop-MethyI Tolerance

During the course of this project, alternative sources of

diclofop-øethyl tolerance were tested. soøody et al., (19g4) screened a

large nunber of Avena fatua and A. sterilis accessions fron the United

States wlth several graainicides. Accession ?62 was reported to have

the highest revel of diclofop-methyl tolerance anong gg accessions

tested røith only a 17 per cent reduction in fresh welght two to three

weeks after spraylng (0.s kelha). A small quantity of seed of thÍs

accession ¡uas obtained froø these researchers.

The seed source was lncreased before further lnvestigations could

be conducted. one seed of Accesslon ?62 was planted in each of three

pots and grosrn to naturity ln a growth cabtnet during the winter of

1984. At øaturlty seeds were renoved fron the three plants and stored

fn separate envelopes. This seed ¡vas then labelred Ac?62-1, Ac76z-2,

and 4C762-3.

In anticipation of obtaining useful dlclofop-methyl to]erance from

thfs Avena fatua accessfon, the following crosses were sade during the

winter and sprinC of 1985.
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OT231 x AC762-L
4C762-1. x OT2g1
OT233 x AC76Z-?
4C762-2 x OT233
OT228 x 4C762-3
4C762-3 x OTZZ8
(OT231 x 4C762-1) x oTzgl
(oT233 x 4C762-2) x OTzsg
(OT228 x 4C762-3) x olzãg
Savena 1 x AC762-z
Savena 1 x 4C762-3

In the suBner of 1985, a greenhouse etudy was conducted to conpare

the diclofop-øethyl tolerance of Ac?6a-1, AC76z-2, Ac?6a-9, savena 1,

Harnon (a diclofop-nethyl susceptibl.e Avena sativa cultivar), Elen (an

A. sativa cultivar froe the United Kingdon reported to have dlctofop-

methyl tolerance (Taylor and codd, 1985)), and #35, a uniformly tolerant

BclF3 llne selected in the 1985 lnheritance study (pedigree: or231 x

(Savena 1 x OT231)). Approxinately 100 seeds of each experÍnental line

ruere placed on mofst fllter paper and stored in a refrigerator for four

days. Avena fatua seeds were flrst dehulled by hand. These Þeasures

were taken to break dornancy, a tralt that had been detected fn

prellminary studies (not reported). Ten pots of each of the seven

entrles ¡uere seeded ln a soll mixture of z parts clay loan : 1 part

sand : l/2 part peat. Pots çsere thinned to four plants/pot at the

Z-leaf stage. A coøpletely randomized design ruae used. Froe the tiee

of energence to the end of the experløent, pots p¡ere rotated on the

greenhouse bench once every three days to winlmize edge effects. Flve

pots of each entry were aprayed (the remalning fÍve were unsprayed

controls), sslth dlclofop-methyl (0.? kelha) at the 3-leaf stage using a

cabinet sprayer (TeeJet 8oo2 nozzle) in a water volune of lsz r/ha.

Flants were harvested on an individual plant basis z0 days after



treataent, bagged, dnled, and weighed. per

was calculated and analysis of varfance was

whether the seven plant types dtffered with

tolerance.

47

cent reduction in dry matter

conducted to deterpine

respect to dlclofop-methyl
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3.0 RESULTS

3.1. The Effect of Rate and Stage of Applicatlon of
Diclofop-Methyl Applied to Savena 1 Oats

3.1.1 1984 Study

Visual ratings of Savena 1 crop tolerance one and three weeks after

application of diclofop-øethyl are Iisted in Appendlx Table 1. These

ratings indicated that savena 1 oats were inJured by diclofop-methyt

applicatlon (one week rating) both at the B-leaf and S-leaf stages,

however, after three ¡seeks, ratings for all treatments had increased and

most treatnents çsere at or near the conmercially acceptable t7t rating.

One week after diclofop-methyl application, chlorotic patches

covering half or nore than half of the leaf were visible on the youngest

leaves of savena 1 prants (thfrd leaf ln the 3-leaf treatments, fifth

and sfxth leaf in the 5-leaf treatments) in all plots. older leaves

displayed lesser anounts of chlorosls (plate 1a). A slight apount of

necrosis occurred on leaf tips of many plants. Hefghts of sprayed

plants were some¡shat reduced (visual, assessnent) in conparison to

unsprayed plants. These inJury synptoms lncreased ln aagnitude as the

dlclofop-øethyl rate was lncreased (Plates 1b and 1c). Two weeks after

spraying, Savena 1 plants appeared to have recovered. The youngest

leaves çtere green and øaturity eras approxinately equal to the unsprayed

controls. By the third week, very llttle chlorosis or necrosis reaalned

visible. A helght reductlon of approxinately 15-2b% had occurred.

Plots treated at the 5-leaf stage appeared eore vigorous than those

treated at the 3-leaf stage.



Plate La. Dicrofop-methyr injury symptons on savena L oats one sueekafter treatnent (S-leaf stage , O.4 kglha) . Chlorosis.

Prate lb. Diclofop-methyl injury synptoms on savena 1 oats one r{¡eekafter treatnent (B-leaf stage, 0.4 kglha). Chlorosis and necrosis.

Plate lc. Diclofop-nethyl injury synptoms on saver¡a i oats one ¡seekafter treatnent (3-teaf stage, o.7 kelha). chrorosis and necrosis.
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At headlng, eprayed plots and unsprayed prots did not dlffer
signlfrcantly in terms of oat dry weÍght per ø2 (TabLe 6). Differences

were detected ln oat culm counts p., 
^2. A leaf stage by rate

interaction existed. At the 3-leaf stage, lower rates increased culm

counts while at the 5-leaf gtage, the higher herbicide rates increased

culø counts.

culn counts and dry welght of wild oats u¡ere reduced by atl
herbicide treatments by comparlson ¡utth the control. The extent of
reduction was greater ln plots treated at the 3-leaf stage than at the

5-leaf at the o.4 and 0.5 kglha rates. The two highest rates of
diclofop-nethyl, applied at the 5-reaf stage, resulted in sryfld oat

control equal to that at the 3-leaf stage. wild oat control, Beasured

as dry weight of ¡yitd oats per 12 in sprayed vs. unsprayed plots, ranged

fron 73ft (0.4 kglha, 5-reaf stage) to 10os (0.4 kglha, 3-reaf stage).

Graln yields of alt sprayed prots slgniflcantry exceeded the

unsprayed controls. Yierd lncreases ranged fron 1g& (o.6 kg,/ha, 3-reaf
stage) to 33% (0.5 kg,/ha, $-leaf stage). yields did not differ
significantly at the tçso applicatfon stages. slhen controls were renoved

fron the analysis, yields were found to be slgnificantly greater ¡shen

the herbfcide ¡sas apptied at rates of 0.4 or 0.5 rather than 0.6 or 0.2

kg/ha.

3.1 .2 t 985 Study

visual ratings of savena 1 crop torerance and assoclated inJury

symptoas were sløflar to those described in section 3.1.1 (Appendix

Table 1).

rn 1985, as ln 1984, oat dry weights lper ø2) at heading dld not
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differ significantry among sprayed or unsprayed treat@ents (Table ?). A

rate effect was detected in that ffve of the eight herbÍcide treat*ents
signfficantly exceeded the contror in oat curø count per ø4.

As fn the 1984 study, dlclofop-methyl treatments signlfi.cantry
reduced wild oat culm counts and dry weights. Reduction in dry weight
of wlld oats as compared to control plots ranged frop 66% (0.4 kg,/ha,

3-leaf stage) to 93ã (o.7 kg/ha, 3-teaf stage). rn 1g85 there erere no

significant differences betçveen treatnents at the 3-teaf and 5_leaf
stages. &rhen contror. plots srere re¡noved fro¡n the analysis the o.4 ke/ha
treat*ent at the s-leaf stage ¡sas found to be equal in wild oat dry
çceJght to the o'4 kglha treatment at the 5-leaf stage, but elgnlficantly
greater than all other treatøents.

onry two treatments (0.4 and 0.5 kg,zha, 3-reaf stage) exceeded the
control ln teras of oat grain yield at araturfty. yteld increases in
these treatments were 228 and 18%, respectlvery. rn this triar,
a slgnlficant leaf stage effect was observed. Graln yields tended to be

greater ln plots treated at the 3_leaf stage.

The t¡uo additlonar agronomrc traits seasured in lggs, plant helght
and days to heading, were significantly affected by dicrofop-øethyr
applicatfon. The helght of savena L oat plants at øaturity was

signlficantry reduced by the herbiclde at arr four rates and at both
treatment stages. Average herght reductions ranged from 5.T ca (0.d
ke/ha, 3-leaf stage) to 11.5 cm (O.7 kg/ha, S_leaf and 5_Ieaf stage).
The effects tended to lncrease wtth increasing dicrofop-methyl rate.
Heading of savena I oats was derayed sone¡shat by the herbicide
applicatfon. All treatments were significantly later fn reaching
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flowerlng than control plots.

S-leaf stage) to 1.S days (0.s

This delay ranged f roer 0.5 (0.5 kg,/ha,

ke/ha, 3-leaf stage).

3. l. .3 The Ef of Rate I icat of Diclof
Annlie Savena t.s unde ed-Free itlons

visual ratings of savena 1 oats are presented in Appendix Tabre L.

This experiment assessed the effects of diclofop-methyl on savena 1 oats

without the lnterference of wild oat competition. At flowering, total
shoot dry weights in plots treated wÍth the two highest rates of
diclofop-øethyt (0.6 and O.7 ke/ha) at the S-leaf stage and the highest

rate (o.7 ke/ha) at the 5-reaf stage ssere the only treatnents to
slgnificantly reduce dry @atter ln comparlson to unsprayed controls
(Table 8). overall, herblcide-induced reductions in dry øatter ranged

from 4Jù (0'5 kglha, s-teaf stage) to 1gE (0.T kglha, B-reaf stage).

savena 1 culn counts p"" 12 rdere not significantly affected by the

herbicide treatpents.

Plant height and days to heading ú{ere affected in a sisrilar panner

as described in Section 3.7.2. Dfclofop-methyl significantly reduced

plant height in six of eight treatnents. Height reductions ranged fron
2'5 cm (0.5 kglha, 3-reaf stage) to s.3 cm (0.? kg/ha, s-leaf stage).

Treated plots were delayed by 0.? to 2.0 days in time to frowerlng.

None of the dlclofop-øethyl treated plots differed signiflcantly
fron the control in grain yleld at øaturlty. Among treated plots,
greater yields were obtained in plots treated wlth lower herbicidal

rates. The 0.4 and 0.5 ke/ha treatments at the 3-leaf stage produced

signiflcantly greater yields than those treated with 0 .7 kg/ha at either
leaf stage.
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3.2 Thu Eruluution of vu"iou" A*r"nr 
"utiuu G"notyp"" fo"

Tolerance to the Anplication of
0.4 and 0.T kelha Dtclofop-Hethyl

The average visual ratÍngs of each of the 240 genotypes treated

wfth dlctofop-methyl at 0.4 and O.7 kg'/ha are listed in Appenäto tuUt*

2' Average dry matter weights (neasured at heading) and visual ratings

of the lL genotypes displaying the greatest diclofop-øethyl tolerance

are listed in Table g. All other genotypes displayed severe injury
synptoms with at least tsuo of three ratlngs less than t1t at both rates.

Although savena L was the nost tolerant genotype in the study, dry

øatter weight reductions of 348 (O.A ke/ha rate) and Z5S (0.7 ke/ha

rate) occurred.

3.9 Inheritance of Diclofop_Methyl Tolerance

In 1985 a large study s¡as undertaken at Glenlea in which F3 lines

fron crosses of the tolerant cultivar savena 1 ¡uith four dlverse,

susceptlble cultivans krere tested. Backcrosses of Fl's to the

respective susceptibre parent were also øade and BCIFZ and BC1FS

progenLes sdere studied. Diclofop-øethyl injury symptoø expression was

greater four weeks after spraying (second rattng) than t¡so weeks after
spraying (first rating), and ¡uas also eore readity visible in the block

treated with the higher rate of the herbicide. Thus, the two replicates

ln this block, rated on July 3-4, e{ere the basis of the analysis which

follo¡us.

Llnes from each cross were classifled as being either
rsusceptible', rtolerantr, or teegregetlnglfntermediate' wÍth respect to

diclofop-@ethyt tolerance. Classification of plots as 'susceptible, or
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TABLE 9. Shoot
dlsplaying
tested.

dry weights and visual ratings of the
the greatest diclofop-methyL tolerance

l.L
of

genotypes
240 genotypes

Diclofop-methyl Rate

0 .4 ke,/ha
Dry Visual.

weighta Ratfngb
(e)

O.7 ke/ha
Dry Visual.

Weighta Ratingb
(e)

Savena L

frwinc
Beacon
Anthony
Hinoat
Cartier
Scotian
Woodstock
Abegweit
Victory
ND810917
Harnon (control)

34
30
348
15
16*
29s
18
35*
31s
234
36*

6.2
5.7
4.3
3.7
4.O
4.7
4.0
4.O
4.0
4.O
3.7
1.8

L3
11
I
8
b

õ.2
4.7
3.7
3.3
3.3
2.3
2.7
2.3
2.3
2.3
2.7
7.4

Unsprayed Checks:

Harnon
Savena 1

84
59

9.0
9.0

64
52

9.0
9.0

aDry weight (e)
(average of 3

bvisual rating

of a representative 0.b @ row harvested on JuIy L0,
replicates, except Savena 1 and Harmon - L3 repllcates).

22 days after spraying (nunber of replfcates, as above).
clr*¡Ín = ((Irwin X (West X t{ew Zealand Cape/A|)) X West)/Za

eHarvested sfx days later than others (July 16), therefore soøe¡uhat
biased.
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Itolerantr Þras based on the ratings of the susceptible and tolerant

parents (Table 10). A partícular hybrld line was classified as

fsusceptible' lf the two replicates of that line rated: L, z, l.g, 14,

or 15 at the o.? kglha rate. rf only one of the two repricates.Fras

asslgned one of these ffve ratings, data for this line treated at the

0.4 kglha rate was used. The line sras considered susceptible ff at

least one of these two ratings &ras also one of the five lfsted above.

Lines were classÍfied as 'tolerant' lf the two ratings at the C.7 kg/ha

rate were 5, 6, 7, or 8 (uniformly tolerant). If one of the two

repJ.icates was unÍfornry tolerant (the other non-unÍform, for exanple,

73), the 0.4 kelha data sras examined; if both of these replicates h,ere

unifornly tolerant, the line was considered rtolerant'. However, if
only one rated 5, 6, 7, or 8, the singre replicate in the Glenlea (late)

trial was used.

Lines which were neither susceptible nor tolerant were classified

as rsegregating/intermediate'. Examples of tolerant, susceptible, and

segregating plots are presented in Plates 2a and 2b. The classification
of lines fron each of the crosses is presented in Table 11.

The data in Table 11 were exanined for goodness of fit to various

theoretlcal genetic models, ie. hypotheses were tested to determine

whether control of diclofop-nethyl tolerance could best be explained by

one doainant gene, one recessive gene, two genes or three or glore genes.

The possibility of cytoplasmic inherltance (as described by Beversdorf

et al., (1980) for triazine tolerance in rapeseed) was dlscounted

because the recfprocal backcrosses produced slnilar ratios of

susceptlbility to segregating,/intermediate lines
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TABLE 10. Visual ratings of control plots of parental varietles treated
¡ulth 0 .7 ke/ha diclofop-methyl.

Susceptlbfe Parents Tolerant Parent

Visual Rating Number of Plots Visual Ratlng l{umber of Plots

I

2

1.3

L4

L5

50

1.0

11

20

10

5

6

7

57

64

74

75

6

43

40

2

4

2

4

Total 101 Total 101



Plate 2a. Examples of dicrofop-methyl tolerant ('a', savena 1) and
susceptible ('b', OT228) plots (0.? kelha).

Plate 2b. Examples of plots segregating for diclofop-methyl tolerance
and their associated visual ratings.

Prate 2c. Examples of F3 llnes, treated suith dictofop-ørethyJ.
(0.7 kg,/ha), derived fron F2 plants that had survived diclofop-
methyì treatment in i984. Note: This pertains to aii p]ots shown
except those labelled 'up' (unsprayed parent) or 'sp, (sprayed
parent).
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The øoder which øost crosery flt the data was one in which

dÍci-ofop-methyr tor.erance was controrled by two genes. In a two gene

æodel where each gene has soøe lndependent influence on tolerance, one

would expect 1/4 of the BC1F2 lines to be homozygous for susceptibility
and 3/4 to be segregating for one or the other or both genes controrling
tolerance. The BclFg crosses shourd contain r/64 torerant, zs/64

susceptible, and 38/64 segregating lines. Most of the BC1F2 and BC1F3

data fit a two gene moder. chi-sguare (goodness of fit) and p var.ues

are rlsted in Tabte tz. The three sets of reciprocar backcrosses

studied in the BclFz were initlally tested separately and alt fit the
øodel c{ith p > .01. For this reason, they uuere combined

rf two genes controrled tolerance, FS plots would represent nine
different F2 genotypes. If each of the two genes disprayed an

independent effect, one erould expect only 1/16 of the lfnes to be as

tolerant as savena r, r/16 susceptibte, and the remainder segregating or
inter¡nedfate for tolerance. The 01216 , orzzg, and orzal crosses fit
thls øodel, while the OTZ33 cross did not (Table 13).

rn 1984, F2 plants from savena 1 crosses with or21 6, orzzg, orzg1,

and o1233 were treated with diclofop-aethyl at 0.4 and 0.? kglha. The

individual plant ratings are presented in Tabre 14, and ratings of the
parents of these crosses scored on a prot basrs rn Table ls.

Prlor to anarysls, F2 data were grouped in the forrowing Banner

based on the ratings of the parents of the crosses:

(a) At the 0.4 kglha rate, ratings 1 and 2 were ctassiffed as

rsusCeptibler; 3,4, and 5 as 'interøedlate'; and 6 and ? as
ttolerant'. these values were chosen because the average ratlng of
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TABLE 14. Visual rating sunmary
diclofop-methyl.

of crop tolerance of F2 plants to

Cross
Rate

(kelha)

Visual Ratings

1234567 Total

Savena L X 0T216

Savena 1 X OT22B

Savena 1 X OTZSI

Savena 1 X OT23g

0.4
o.7

o.4
0.7

0.4
o.7

o.4
o.7

11 5
95

31 20
30 24

32 18
22 24

49 28
51 20

10
00

oo
50

83
10

113
80

63
72

205
254

192
262

273
213

20 22
32 24

94 45
108 74

67 55
149 56

38 42
82 34

4
2

51
13

I
10

222
18
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TABLE 15. Average crop tolepance ratings (1984) of parents used in
crosses

Averagea Visual Rating

Parent
Diclofop-methyl rate (kelha)

o.4 o.7

oT228

oT231

oT233

or216b

Savena L

1.7

7.7

1,.7

6.3

1.3

1.0

L.0

5.3

aAourugu of three replicates (one &eter row plots).
bOtero was not included ln this test.



69

the susceptible and tolerant parents B{ere L.? and 6.3,

respectively.

(b) At the 0.? kglha rate, a rating of r was classifled as

'susCeptfble'; 2, 3, and 4 as 'intersediate'; and 5 and 6 as

'tolerantr. The parents averaged 1.1 (susceptible) and 5.S

(tolerant).

Because thls grouping systen did not precisely match the parental

ratlngs, it uuas decided that a @ore accurate analysis would be obtained

lf the data for the two herbÍcldar rates was co¡nbined.

F2 data ç¿ere used in an effort to determlne whether tolerance was

dominant to susceptlbillty, or vice versa. If tolerance ¡uas doninant,

one would expect 9/ls of the FZ plants to be tolerant. By examinlng

Tabre 14 lt can be seen that this did not occur. However, if
susceptibiltty ¡cas donlnant to tolerance , t/16 of the plants should have

been tolerant, g/16 susceptible, and 6/16 tntermediate (assuning each

gene has sone effect alone). combtned data were analyzed using

chi-square goodness of fit testing (with two degrees of freedom) to a

1/16 tolerant:6/16 fnternediate:9/1.6 susceptible øodel (Tabte L6). The

01216 , or228, and orzgl crosses appeared to flt this model, while the

OT233 cross did not.

the øaterial which rsas treated tn the F2 generation and grown out

and treated as F3 lines in 1985 t{as not used directly in the explanatfon

of diclofop-eethyl tolerance. However, the fact that none of these

lfnes was susceptibte ln the F3 generatfon, and nearly alr were

unlforøly tolerant also suggests that tolerance was controlled by

recessive genes (Plate 2c). The small nunber of lines that were found
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TABLE 16. Chi-square testing of F2 plants to a t¡uo recessive gene modelfor diclofop-methyl tolerance.

f Plants

Cross Tolerant Intermediate Susceptible x,2

Savena1X0T216 o:
e:

Savena1XOT228 o:

Savena1XOT231 o:
e:

Savena1XOT233 o:
e:

3
8.44

28
28.69

22
28.38

60
26.63

58
50.63

184
L72.ts

161
170.25

204
159. 75

74
75 .94

247
258. 19

27!
25s.38

762
239.63

4.63 .05-. 10

t.32 .50-.70

2.89 .20-.30

702.42 <.001

o: observed value

e: expected value

degrees of freedon:
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t,o segregate, were probably lntermediate in tolerance ln the FZ

generatfon, but eurvived to produce enough seed to be tested fn 1ggs.

It s{ould appear from the data in Table 11 that most plants that ssere of

only interaediate tolerance in the F2, elther did not eurvive or

produced only a small amount of seed.

SlPilar results were obtalned for the F4 plots origfnally treated

ln the F2 and again as F3 lines in the groerth room in the winter of

1984-85. Based on the five plant progenies of each of the LB families

tested, the øaJority were found to be unifornnly tolerant, the renainder

segregated for tolerance. Segregation was probably due to either a lack

of adequate selectlon pressure in the F2 and F3 generations or selected

plants being lnteraediate for tolerance in both generations.

3.4 Alternative Oa

Flgure 1 depicts the dry Batter reductlons caused by 0.7 ke/ha

diclofop-øethyl to 4C762-1, Ac?62-2, AC76z-9, savena L, Haraon, Eìen,

and S35 seasured 20 days after treateent. The Avena fatua Accession ?62

and the A. sativa cultlvar ELen, both reported to possess

dlclofop-øethyl tolerance (soøody et al., 1984 and raylor and codd,

1985), were severely inJured by the herbicide. Average dry natter

reductions of 20 lndividual plants of each entry çuere 52* (Ac?62-l ) , 62g

(Ac762-z), 498 (4c762-3), and 48% (Eren). savena I (zz%) and #35 (14x)

displayed much emaller dry matter reductions.

Due to the lack of tolerance displayed by Ac76z, further studÍes

lnto the lnherftance of fts reputed tolerance erere dlsconti.nued.
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4.0 DISCUSSIO¡ù

4.1 The Effect of Rate and Stage of Apnlication of
Diclofop-Methyl Applled to Savena 1 Oats

The three experfnents analyzing savena 1 tolerance to

diclofop-øethyl ln the presence or absence of ¡sfld oat weed coøpetltlon

will be discussed together.

The injury syRptons displayed by Savena 1 were simlLar to, but less

severe than, diclofop-øethyl inJury to wild oats as descrlbed in Section

1.3.1. Ho!ûever, unllke wild oat plants, savena 1 appeared nornar ln
growth and developnent two to three weeks after herblcide applicatÍon.

Diclofop-urethyl appllcation, in the experinents containing ¡uild oat

competftion, resulted in an increased nunber of culms,/m2 of Savena 1 in

øany of the plots. A possible explanatlon for this phenomenon, is that

the chemical removaL of ç'rild oats provided increased space for tillering
of the crop. The tillerlng response seemed to be a factor of both

herbicidal rate, leaf stage of application, and the corresponding levels

of sJild oat control and crop damage. In situations where ssild oat

control was near 100% and crop danage sras øinisal (for example, the 0.4

and 0.5 kglha S-leaf treatøents ln 1984; and the 0.2 (1984) and 0.5,

0.6, and 0.7 ke/ha (1985) s-leaf treatments), savena 1 psas able to

tlller to flll the space prevlously occupled by wird oats. However, in

situatlons ¡shere wild oat control was excellent but crop damage Bras

significant (for example, the 0.? kelha 3-leaf treatnent in 19g4), the

crop seened to be unable to lncrease lts tillerlng rate. Finalty, when

wÍld oat control was only falr (0,4 and 0.5 kglha (19S4) S-leaf; and
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0'4 kg/ha (1'985) 3-leaf and S-leaf treatments) insufffcient Bpace was

provlded for Savena I to tlller extensively even though tt may have had

the physiological capaclty to do so.

This ratfonale is consistent wlth the 198s weed-free data. rn this
experiment, herbfclde applfcation did not result in an increase in space

for crop tittering (etnce wlld oats were not present as conpetition).
correspondtngly, savena 1 culm counts in treated plots did not differ
significantly from control plots.

In the two experiæents suith u{lld oat competition, the dry weight of
savena 1 oats at headtng did not dlffer signlficantly in sprayed vs.

unsprayed plots. The additlonal culms, in plots øentloned above, tended

to be thinner and lighter than in control plots. The 19gb ¡ueed-free

experlaent øost closely measured the effect of diclofop-øethyl danage to
savena 1 plants. By frowerlng, prants in arr prots except the o.6 and

0.7 kglha 3-leaf and 0.7 ke/ha 5-leaf treatøents had recovered to a

level equal to that of the unsprayed check.

seasonal differences &rere quite obvious in regard to wlld oat

control. Treatnents applied at the s-leaf stage in 1984 resulted in
nearly 1008 control, while ln 1985 these treateents produced 6g-9gg

control. In 1994, even the 0.4 kglha treatsent provÍded excel]ent ¡oeed

control whlle tn 1985, only the 0.7 ke/ha rate controlled over got of
the wild oat population. The øaJor reason for these differences appear

to be the weather condltions in the two seasons. DurÍng the ereek prior
to, and two to three weeks after spraying, conditions ln 1gg4 s{ere ideaL

for dlclofop-øethyl activlty, as descrlbed Ín section 1.g.a.

Teøperatures were ssarø and adequate øoisture was avaiJable for vigorous
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plant groefth (Figure 2). Holsture conditlons were again adeguate in
L985' hor¿ever teatperatures were cooLer. This favoured sLower herbicidat
activity and greater csild oat recovery.

Rlild oat control (measured as % reductÍon in dry weight compared to
control prots) was only fair at the s-leaf stage both in t9g4 (?g_ss%

control.) and LS85 (?9-g0JU control). The explanation for this differs
for the two seasons. The reason for only øoderate control in lgg5 is
probably the same as the situation described above for the 3-leaf stage.
cool conditlons favored recovery over herbfcidal phytotoxlcity. &leather

conditions Þrere suitable for control in 1gg4 however, at the time of
spraying, the wild oat plants were sone¡uhat further advanced ln eaturity
than those sprayed at the'5-leaf stage' fn 19g5. rn 19g4, wird oat
plants treated on the second spray date süere ln the 5-teaf to early
6-leaf stage and many had two tfllers. In the 19g5 treatnent, aost wild
oats had only started to tiller and ¡sere in the early s-reaf stage.

Thus, in 1984 the wild oat population oaas past the optinum stage for
dlclofop-sethyl control. Despite thts situation, the two higher rates
provÍded contror that was statÍstically equar to that at the 3_leaf

stage.

selectÍve contror of wird oats rn savena 1 oats arrowed for
signlficant increases in grain ylelds in many sprayed treatments as

opposed to unsprayed, weedy controls in 1gg4 and 1gg5. rn 1gg4 arl
sprayed plots ylelded greater than unsprayed plots (p = 0.os), despite

lnltfal lnJury syøptoms. The two treatments that produced sfgnificant
yield fncreases in 19g5 (0.4 and o.s kglha, 3-leaf stage) were aøong the

best treatments ln 1984 also. one explanatlon for the presence of fewer
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herbicide treatøents with yleld fncreases over controls in 1985, was the

fact that the wild oat populatÍon vsas søalLer than in 1g84. The average

nuøber of wild oat culøs p", *2 fn contror plots csas g4.0 (19g5) and

131.8 (r984).

Grain ylelds in all plots ln 1985, lncluding the sueed-free trial,
¡uere reduced by the presence of sten and crokrn rust. Both of these

diseases can cause extenslve damage to oats in Manitoba (Hartens gqgl.,
1'984). Agrios (19?8) reported that sten rust cauaes losses by reducing

follage and root developnent as well as yield and quality of grain.

Thls aay also have reduced the size of yield dlfferences bets¡een

diclofop-øethyl sprayed and unsprayed treatnents. It is possible that

in a rust-free season, certaln treatøents Ray have yielded signlficantly
less than the control.

Height reductions caused by diclofop-øethyl in both 19BS

experiøents lncreased as rate increased and çuere independent of leaf

stage of application. This phenoæenon ls consistent with Hoerauf and

Shinabukuro (1979) who reported that sstld oat lnternodes failed to

develop after treatnent, and Morrison et al., (Lggl) ¡sho sho¡ryed that

treated wild oats had a reduced aitotic lndex. These sùild oat synptoøs

Brere expressed to a lesser extent by Savena 1 oats.

The sllght delay in tiøe to flo¡uerfng was also a result of a stress

situatlon. It should be noted that this delay was not accentuated as

plants progressed froe flowering to maturlty.
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4.2 The Evaluation of Various Avena sativa Genotvpes for
Tolerance to the AppLication of

0.4 and 0.7 kelha Diclofop-Methy1

The screenlng experiment suggested that the level of

diclofop-methyl tolerance present in Savena L exceeded that of any of

the other genotypes tested. It Hras superlor 1n average visual rating

and shoot dry wefght at both rates studted. The maJority of the other

genotypes displayed dlclofop-øethyl inJury synptons characteristic of

wild oats (Section 1.3.1). Synptoms included chlorosis and necrosis of

shoot tissue within the fÍrst week after herbicide appllcation. These

increased in severity during the second and third ¡ueeks. The Australian

line containing rrwin ln lts pedigree ¡sas the only genotype with

tolerance conparable to Savena 1. It ruas not studled further because

lts resistance derived from the sane source as that of Savena 1. There

suas aLso a lack of sufficient seed for further trials. None of the

other genotypes tested dtsplayed a level of tolerance sufficlent to be

used as a sole source of dicl.ofop-methyl tolerance. possibry, the

genotypes listed ln Table g, that displayed a degree of torerance, Bay

possess genes that complenent the actlon of those ln savena L. rf so,

these genotypes could be useful ln a breedfng program. This is an area

of study that could be undertaken in the future.

4.3 Inheritance of Diclofop-Methyl Tolerance

In the 1985 study of the lnheritance of diclofop-øethyl tolerance

in F3, BC1F2, and BCIF3 llnes from savena 1 crosses, susceptible and

tolerant llnes could be rated e+ith greater conffdence than internediate
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or segregatrng rines. These rast tcdo groups were dffficurt to
distinguish. For this reason, they were coarblned as the

' segregating/intermedlate' class.

By exa'mining Table 11 it can be seen that neither the su'sceptibre
nor the tolerant control plots suere al¡vays assessed vlsual ratings that
suggested comprete susceptibfrity or comprete torerance, respectivery.
A total of 4r/tor of the susceptibre parentar prots (the four parents
¡sere combined) were given ratings (lg, 14,15) that euggested

segregation for tolerance when ln fact these plots ¡sere the susceptible
controls of this experiment. This rsisclassificationr 

B{as generally due
to the presence of a søarr nunber of partiarry green prants in an

otherwÍse dead prot. This may have been a resurt of incomplete spray
coverage of closery bunched prants, or possibry rate germfnation of one

or &ore seeds in a plot. For this reason, some apparentlyrnon_uniform,
plots srere classified as 'unlforaly susceptible,.

The 'incorrectr ratings of savena 1 contror prots was usua]ry due

to a degree of height dtfferences aeong plants in a plot (height
reduction 

's 
a syøpton of dtcrofop-nethyl inJury, sectlon L.3.1). To

account for these two dlgft ratings, a søall a'ount of non-unlforørty
stas accepted as tolerance in the hybrtd rines, ie. some lines with
apparent segregatlon (for exaaple, 73 0r 64 ratlngs) ln one replicate
(at the o'7 ke/ha rate) ¡uere classifled as being tolerant. prate za

coepares parental responses to diclofop_methyl.

Although the two gene model appears to be the best expranatfon of
inheritance of diclofop-øethyl tolerance, certaln crosses did not
thls podel. The savena 1 x ,,T2162 BclFa data contains more

the

fit
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susceptible llnes and fe¡ser segregating/lntermedlate lines than expected

in a two gene øodel. Thls is dtfffcult to explaln because the oT216

data fit a two gene øodel fn the F2 and BclF3 generations. The excess

susceptible plots øay have been due to incomect ratings caused by

e!(cess herbicide applfcatlon. This øay have been caused by wlnd

interference or a change ln walking speed at the tiøe of spraying.

rn the or2gl x (savena L x or231) BclFg cross, an insufficient
nunber of susceptible llnes stere present to fit the two gene hypothesis.

Again, the 01231 cross seemed to ftt this model in the F2 and BclFz

generatlons. The presence of fewer than expected susceptfble lines may

have been due to insufficient herbicfde application, for the reasons

øentloned earlier. rn addition, this lack of fit øay be partially
explalned as being a product of the rating system used. Had r16'

ratings been considered as part of the susceptible category (section

3.3.1) the results for this cross s¿ould have changed froa I susceptible,

40 segregating/internediate, 2 tolerant (p: .001 - .01) to 14

susceptlble, 34 segregating/intermediate, 2 tolerant (p: .10 _ .20).

slhen assessing ratings, the difference between '15, and '16r was

negligible. It should be noted that shifts of this nagnftude s{ould not

have occurred for any other cross tested.

Perhaps the rating system used was too complex. However, when the

experiment was lnltlated, little was knosrn of the inheritance of this
trait, therefore it was dtfficult to deterøine suhat the øost approprlate

ratlng schene should be. A standard øethod did not exist to assess the

inheritance of herblcfde tolerance. Each herbfcide that is etudied in

this regard, that possesses a unique mode of action, would probably
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require a unigue rating syste¡a. considerfng the difflcultres of

conducting an experiøent such as thls in the field, it øay have been

best to siøply assign one of four ratlngs, to each plot, either

susceptfble, tolerant, intermediate, or segregatlng.

Finally, crosses involvlng OT233 did not fft the two gene model in

either the F2, F3, or BC1F3 generations. A possible explanation is that

one or øore locl in OT233 sodify the expression of tolerance caused by

the other two genes.

VarÍous nodels involving epistasis and gene interactlon aa

described by Strlckberger (1976) s{ere considered. The eodel ¡uhích øost

closely fit the data ç¿as one In p¡hich two gene palrs controlled

tolerance, wlth susceptibilfty dominant to tolerance. The presence of

either gene pair in the honozygous recessive state produced an

interpedlate level of tolerance. Because the F2 test ssas not large, and

due to the inherent difficulties in this experiment, caution should be

taken ln accepting this øodel. other troo gene sodels that produce

sinilar ratios øay also have merlt.

A valuable plece of infornation regarding dominance or

recessiveness that was not obtained was a test of F1 plants. sone Fl

plants were included ln the Glenlea (late) trial. Ho¡sever, due to cold

temperatures and frost during the two to three week period after

herbicide treatøent, it was not poeslble to obtaln an accurate rating of

tol.erance. Under these condltions herblcidal activity was not

sufficient to co@pletely kill the susceptlble parents.
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4.4
Diclofop-Methyl Tolerance

The greenhouse study investigating alternatlve sources of
dicì'ofop-methyl tolerance showed that both Acl62 and Elen were severely

inJured by the herbicfde. The three Ac762 entries responded similarly
suggestlng that the seed source was homogeneous. The tolerance of AC?62

was reported by somody et al., (1984) on the basis of a single
replicate. Perhaps herbicide coverage was inadequate or conditlons ¡sere

better suited to plant recovery than herbictdal activlty. The vartety
Elen, although tested on Rore than one occasion, Rras reported to display
inconsistency in fts level of tolerance to diclofop-øethyt. The plants

examlned ln the present study appeared quite susceptible. The zzgs

reduction ln the dry matter oueight of Savena 1 øeasured 20 days after
treatment aay be conparable to 18 and 16% reductfons þeasured 4T and Sg

days after treatøent, respectively, of plots sprayed s{ith 0.7 ke/ha

diclofop-øethyl ln the field (sectlon g.1.g). The or2s1 x (savena 1

N oT231) line (entry #35) selected for unifora tolerance in the lgBS

inherltance study disptayed the greatest tolerance of the seven entries
screened. The fact that it exceeded savena 1 in tolerance could

possibly be attrlbuted to superlor agronomic traits as conpared to
savena 1, or to transgressive segregatlon for tolerance.
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5.0 SUMMr{RY AND GENERAL DISCUSSION

The development of a crop cultivar with tolerance to a herblcide

that is otherwise lethal to the species in question, is a strategy that

can alÌow for the selectÍve control of a problenatlc weed species in a

genetically slmilar crop. Breeding programs wtth this goal have been

conducted using conventional plant breeding, cell culture, and genetic

englneering technigues. To date, field crop varleties ¡vith herbicide

tolerance have only been produced via the crossing and selection

procedures of conventlonal breeding.

one cultivar produced in this way suas savena 1, a diclofop-nethyl

tolerant oat. It ¡sas studied in this proJect with regard to its level

of tolerance to dictofop-nethyl and the inheritance of this tra1t. As

werl, oat genotypes Rore adapted to North A.merica were tested for
tolerance to this herblcide.

Herbicide activlty studfes reveal,ed that Savena 1 was tolerant, but

not resistant, to diclofop-øethyl. It sras found that if a substantial

wÍld oat populatlon &¡as present in the Savena 1 stand, yield advantages

could be obtained by chenically removing it with the herbÍcide. hihen

crop tolerance was studied, in the absence of wild oat conpetition, the

higher rates of dlclofop-øethyl studied caused dry øatter reductions

(neasured at heading), however by naturlty grain yietds were not

adversely affected. Based on the three experiøents conducted, an

optimun wild oat control. recomnendatlon for savena 1 would be as

follopus:

i) Tine: dictofop-methyl should be applied fron the ZB - S leaf stage
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of savena L but before extensive wild oat tlrrering.
il) Rate: A rate of 0.5 - 0.6 kglha should be optimal for Savena 1

crop tolerance and adequate esild oat control.

of the two application stages studied, the 3-Ieaf øay be.preferable
to the s-leaf. &lhen the two 1.985 experiments were analyzed srlthout the

control plots, grain yields were significantly greater at the s-teaf
than the 5-leaf stage' over all rates. It should be noted that savena 1

crop tolerance Eùas not studied in the one to two leaf stages,

A rate of 0.5 - 0.6 kelha ¡uas considered optlaal because rn each of
the three experiøents graln yields at 0.7 ke/ha (over both leaf stages)

were signiffcantly less than yfelds at the o.4 - o.6 kclha rates. The

øost suitable rate of diclofop-methyl for s¿itd oat control in savena 1

oats øay depend on the growing condltions. Assuøing that *sild oats are

treated during the 24 - 5-leaf stage and before extensive tillerlng, a

rate of 0.4 - o.5 kglha should be adequate under conditlons suitable for
vigorous plant growth; Íf cool temperaturee or øolsture stress

condltions exlst, a rate of 0.5 - 0.6 kelha ç¡ould be more suitabre.

The screenlng experreent suggested that for this proJect, the eost

useful source of diclofop-øethyl tolerance available sùas that displayed

by savena L. Many of the genotypes tested originated froø nearby

provinces and states and should therefore have been øore agrononically

adapted to Hanitoba than savena 1, however they did not possess

comparable herblclde tolerance. savena 1 is adapted to Australian

clisatlc conditions. In Þlanitoba it was found to be relatively loru

yieldlng (varletfes reconmended for Hanltoba yietd approxlaateÌ.y 45o-ss0
t

E/ø-, Brown, personal comnunlcation, 19g6; while savena L yietded
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2o5-g28 g/*2 7n 1984-19gs, Tables 6-g), and susceptibre to stem and

croErn rust. rts usefulness would be as a source of dlclofop-methyl

tolerance ln crosses wtth adapted but susceptlbte genotypes.

In crosses of Savena L vaith 0T216, OT228, and OTZ3I diclofop-methyl

toferance appears to be controlled by two recessive genes. The presence

of either gene alone probably results in an intermediate level of

tolerance. The oT233 x Savena L crosses behaved dffferently than the

other three. these crosses had a greater number of tolerant progeny ln
the F2 and FS generations and fepuer susceptfble progeny in the BclFg

generation.

slnce, dlclofop-nethyl tolerance appears to be relatively simply

inherlted, it should be posslble to obtaln lines unifore in tolerance

and equal to Savena 1 after a fe¡v generations of adeguate selection
pressure. Fron observations in experiments in ¡uhlch hybrid llnes were

treated ¡sith the herbicide, both in 19g4 and 198s, a rate of 0. 4 ke/ha

ls not adeguate to reøove plants sdith lnternediate levels of tolerance.

A rate of 0.7 kg/ha, or poasibly greater, would be required.

The actlvity of dtclofop-øethyl does not appear to be speciflc to a

single location in plant tissues (Section 1.3). ThÍs herbicide Bay act

at øore than one slte in plasna øenbranes as ¡uell as in the nucleus of

celle to lnhibit øitosls. For an Avena genotype to be tolerant, two or

@ore gene Putatlons aay be regulred to allo¡s the detoxiflcation or

conjugatlon of dictofop-methyl. For this reason, it is not surprlsing

that the inheritance of tolerance to this herbiclde was not siøple.

savena 1 øay lack a gene required to produce a level of tolerance

coøparable to wheat or barley.
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Currently, Savena L oats øay not possess a level of diclofop-methyl

tolerance sufficlent for use as an agronoørfcally viable cultivar in

&lestern Canada. To warrant the expense of the herbicfde application,

tolerance revels ¡sould probably have to be improved. Hovuever,. it fs

possible that progeny of Savena 1 crosses, elther because of superior

agronoøric adaptation to Western Canada or transgresslve segregatlon, g¡ay

display øore tolerance than Savena 1. This appeared to be the case with

entry #35 tested in the greenhouse study. Further lnvestigation would

be regulred fn future generations when sufficient seed was available for

yield trials. Improved levels of tolerance Eay also be obtained in a

crossing progran between savena 1 and one of the genotypes llsted ln

Table 9. These genotypes displayed internediate levels of tolerance

¡uhich øay coøpleaent that of Savena 1. If Elen does indeed possess some

tolerance, and ff it Ís derived fron a different source than Savena 1,

its tolerance could poesibly be combined ¡uith that of savena 1 ln a

breeding project. It aay also be possible to detect useful tolerance by

further screening of large A,vena collections.

To clarify or confirm the results obtained in this inheritance

study, a snaller investlgation could be perforøed under greenhouse or

growth roon condltions. A study in which pl, pZ, F]-, FZ, 81 and 82

(backcross L and backcross 2) generatlons are groem out at the same tiae

would allow for the @easureÞent of herttibÍlity (broad and narrow

senae), as well as providfng an estføate of the nunber of genes

controlling the trait (Strickberger, 1976). Such an experiment would be

øost reliable if conducted under strlctly controlled conditlons wlth

precise herbicidal appllcation uslng a laboratory sprayer. Individuat
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plants should be harvested for dry øatter to allow for the obJective

calcuration of &¡eans and variances of the six populations.

The developnent of an oat cultivar wlth a high level of tolerance

to a gnass-killing herbicide could be of benefit to Canadian farmers in
several etays. Such a cultivar would allos¿ for efficlent çsild oat

control in oats resulting in increased yfelds and reduced soil
contaainatlon ¡uith ¡seed seeds, increased quality (grade) of oats sold

for food and feed, and nore effective use of oats as a companfon crop in
cereal-legume stands' In addition, lf an effective øeans of grassy uueed

control were avallable, elore producers øright gro!ù oats as an alternatlve
to srheat or barley ln their crop rotation. oats are less susceptible

than wheat or barley to ergot (Claviceps purpurea), conmon root rot and

spot blotch (CochLiobolus satlvus), and Fusarfum head blteht (Fusarium

spp. ) (Anon. , 19s6a). The above advantages could warrant the expense of
a dlclofop-aethyl application.

A concern that could be ralsed in regard to a herblcide tolerance

study of thls nature is the guestion of whether a dtclofop-øethyl

tolerant oat could cause weed problems itself, either as a volunteer in
a succeeding crop or through outcrossfng to Avena fatua. Nefther

situatlon should pose serious problens under proper þanagegent

practices. New Zealand Cape (the source of diclofop-øethyl tolerance ln
Savena 1) is susceptible to other wild oat herbfcldes tested. These

include diallate, trlallate (Avadex BW), trifluralln (Treflan), and

dlfenzoquat (Avenge aOoc) (Barr, 1983). Therefore, lf a cereal crop Las

groern following savena 1 (or a savena t hybrfd) control øeasures for
volunteer oats would be avairabte. This would also be the case for
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broadleaf crops through the use of either trlallate, trifluralln, or

sethoxydim (Poast). Even ff dlclofop-nethyl tolerant tame oats did

outcross to Avena fatua producfng dlclofop-pethyl tolerant sqlld oat

plants, this process would tend to occur slowly eince both species are

naturally self-potlinated, and the resultfng tolerant wild oats, if they

displayed sufficient fltness to set seed, could still be controtled in
the following crop by the herbicides llsted above.

Two polnts of caution aentioned by researchers in regard to this
problem are as follosùs. In breeding herbfcide tolerant crop cultivars,
tolerance should be sought to a slngle herbicide only, and only in
situations where an alternative eeans of control exists (Faulkner,

1'982) ' Barr (1983) suggested producers use a herbicide rotatlon in
conjunctlon ø¡1th their crop rotatlon to reduce the tlketlhood of the

appearance of herblcide resistant ¡ueed biotypes.

Once genetic engineerlng technÍques are ieproved it aay be possible

to achleve greater herblclde tolerance in oats through the direct
fnsertfon of a gene for tolerance. It øay be beneffcial to seek

tolerance to a herbicide that acts at a single site in the pLant.

llerblcides such as glyphosate (stelnrucken and A,mrhein, lggo) and the

sulfonylureas (Ray, t9s4) inhibit single enzymes that control the

production of specific aøino acids. Tolerance ølay requlre only a single
gene alteration. In such a situation tolerance would probably be siaply

inherited and conducfve to use in a plant breeding proJect.
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APPENDIX TABLE r'. Average visual ratlngs of savena L
1984 and 198S actÍvity studies.

crop tolerance in

Diclofop- Leaf
aethyl stage of
rate applicationb

(kelha)

Averagea Visual Ratings

(weeks after treatment)

1 984
1 ¡seek 3 vseeks

1985
1 week 3 ¡ueeks

985
(weed-free )

1 week 3 ¡veeks

0.0
0.4
0.5
0.6
o.7

0.4
0.5
0.6
o.7

control
3
3
3
3

5
5
5
5

9.0
6.0
6.0
6.0
5.0

5.8
5.8
5.8
5.3

9.0
7.0
6.0
5.3
5.0

7.O
6.0
6.0
6.0

9.0
7.8
8.0
7.O
6.3

8.0
7.O
7.3
7.O

9.0
7.0
6.0
6.0
5.8

8.0
7.8
7.3
7.O

9.0
6.5
6.3
5.5
4.5

6.3
6.3
6.0
5.3

9.0
7.8
7.0
7.O
6.0

7.3
7.3
7.O
6.5

uA.,u.ug" of four replfcates for art dicrofop-nethyr treatments (eightfor controls).
bwil¿ oat leaf stage for 1984 and 19g5 experiments with wild oatcompetition, savena 1 leaf stage for 1gg5 (weed-free) experl*ent.
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APPENDIX TABLE 2. Average vlsual ratings
three replicatee of 24O oat genotypes
tolerance at two rates.

(22 days after treatment) of
tested for dÍclofop-methyl

Variety or Station Ì{unber
Average Rating

at O. 4 kg/ha at 0. 7 kr/ha

Rodney
Fidler
Dumont
Cal ibre
Cascade
w80093
w80474
oT220W
Þr81129
&I81 146
w82056
w82639
s081 136
s082004
s082013
s082030
393-29
388-121
421-69
427-72

2.O
2.O
L.7
1.3
1.0
1.7
1.7
7.7
1.7
7.7
2.3
7.7
2.7
7.7
3.7
1.3
3.3
2.3
1.0
1.3

1984 Eastern Cooperative Oat Test

1.0
1.0
1.3
1.0
1.0
1.3
1.0
1.0
1.0
1.3
1.0
7.7
2.O
1.0
2.O
1.3
2.O
1.7
1.0
1.O

Variety or Station Number
Average Rating

at 0.4 kglha at 0.7 ke/ha

Elgin
Lamar
Oxford
Shas,
Terra
Woodstock
cG084-2
0A540-19
fìAERr -rvãvv¿ ¡

o4555-1
oA569-1

2.O
7.7
2.7
7.7
1.3
3.7
2.O
1.3
1.3
2.0
L.7

1.3
1.0
2.3
1.3
1.0
2.3
1.0
1.3
1.0
1.3
2.O
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APPENDIX TABTE Z (contlnued). Average visual
treatment) of three repllcates of Z4O oat
dlclofop-aethyl tolerance at t¡uo rates.

ratings (22 days after
genotypes tested for

04583-L
0A629-6
0.4447 -43
Q0206.60
Q0209.32
Á,s81- 1

AS81-2
oA447-27
oA516-2
o4518-1 1

Q0191.70
Q0199. 27
Q0199.60
Q0s05.2
Q0447-1 1

oA501-1
Ogle
Q0186. 10
Q0508.3

1. .7
1_.7
2.O
1.0
1.7
2.O
1.3
7.7
L.7
1.3
1.3
2.3
1.0
2.O
2.3
2.O
1.0
3.0
2.O

1984 Oat Rust Area Test

1.3
L.7
2.0
1.0
2.O
1.3
1. .0
1.3
t.3
7.7
1.3
7.7
1.0
1.0
2.3
1.0
1.0
2.7
t.0

Variety or Statlon Number
Average Rating

at 0. 4 ke/ha at 0. 7 ke/ha

Dumont
Fidler
oT231
}{82269
WíJ2393
w82404
w82586
w82678
Steele
s082060
s083082
s083084
s083100
w83020
r{83056
w83069
tvöatu l õ
w83080
${83100

1.7
7.7
L.7
1.3
7.7
2.O
1.3
1.0
2.O
7.7
1.3
2.O
1.3
2.O
1.3
1.7
1.3
1.0
2.O

1.0
1.0
1.7
1.0
1.0
1.3
1.0
1.3
1.7
1.3
1.0
1.0
1.0
1.3
1.0
1.0
1.0
1.0
1.0



APPENDIX TABLE 2 (continued). Average
treatment) of three replicates of
dfclofop-methyl tolerance at tçso

100

visual ratlngs (22 days after
24O oat genotypes tested for

rates.

w83101
w831 13
w83176
w83230
w83279
w83326
b{83344
w83387
w83390
þr83399
w83402
w83205
w83438
w83442
w83452
w83460
w83512

1.3
1.0
1.7
2.O
2.O
2.O
2.O
1.3
7.7
1.3
1.0
7.7
2.O
2.O
2.O
1.7
1.3

1984 Uniform Midseason Oat perfornance Nurserv

1.3
1..7
1.0
1.3
1.0
1.3
1.0
1.0
1.0
1.3
1.0
1.0
1.3
1.0
1.0
1.0
1.0

Variety or State SelectÍon Number
Average Rating

at 0. 4 ke/ha at 0. 7 ke/ha

wl x390-15
Dal
It 75-5860
IL 75-3402
rt 79-5394
IL 80-3072
fL 79-1776
ïL 79-4924
Ogle
IA 8605-1085
Dueont
w80474
PA 8098-13900
PA 8196-1338
PA 8196-15
sD 790400
sD 810095
qn 70nlao
sD 800312
Clintland 64

2.7
2.7
L.7
2.O
L.7
2.O
t.7
1.0
1.3
2.O
7.7
7.7
2.3
1.7
1.0
2.O
1.3
zt.v
2.O
2.7

2.3
2.3
1.7
2.0
1.0
1.7
1.0
1.0
1.0
7.7
1.3
1.3
1.7
1.3
1.3
1.0
1.0
r.7
2.O
2.7



APPENDIX TABLE 2 (continued). Average visual
treatment) of three repì.icates of Z{e oat
dlclofop-methyl tolerance at tçso rates.

101

ratings (22 days after
genotypes tested for

MN 81132
MN 81135
MN 81128
MN 81229
MN 81227
Steele
ND 78394
ND 78406
ND 78385
ND 810917
Gopher
P72288R81-3-4-3
P72288R8 1 -3 -4-3- 1

P72288R81-3-4-13-1
P7869D1-5-3-4

2.O
2.O
2.O
7.7
1.3
3.0
2.O
3.0
2.O
4.O
1.7
1.3
t.7
2.O
1.0

2.0
1.3
'J..7

1.0
1.0
2.3
1.3
2.O
1..7
2.7
1.3
2.3
2.O
1.7
1.0

1984 preliminary Oat Test

Iines froø OT224 X (Moore X OT220) and (Moore X O"t22O) X OTZZ4 crosses

1984 Accession Number
Average Rating

at 0. 4 kg/ha at 0. 7 ke/ha

[d84295
w84296
w84297
w84298
w84299
w84300
w84301
w84302
w84303
w84304
w84305
w84306
t{84307
w84308
w84309
w84310
w8431 I
w84312
uõÀõaõñortùIù
w84314
F{84315

L.7
2.0
L.7
7.7
L.7
1.7
7.7
2.7
2.O
1.7
2.O
1.0
1.0
1.3
2.0
2.O
2.O
1.3
7.7
2.3
2.O

1.0
1.0
1.0
1.0
1.0
7.7
1.3
2.O
1.3
1.3
1.0
1.0
1.0
1.0
1.3
1.3
1.0
1.3
1.0
1.3
1.0



APPENDIX TABLE 2 (continued). Average visual
treataent) of three replicates of 240 oat
dlclofop-methyl tolerance at tcso rates.

't02

ratings (22 days after
genotypes tested for

&t84316
w84317
çt84318
w84319
w84320
w84327
w84322
w84323
w84325
w84326
w84329
w84330
w84331
Þ{84333
w84334
w84335
w84336
w84339
w84340
}{84341
w84342
w84343
w84344

2.O
2.7
1.3
1.3
7.7
1.7
1.0
1.7
2.0
2.3
L.7
7.7
1, .7
2.O
1.3
2.3
2.3
1.3
t.7
2.O
7.7
2.O
2.O

Agriculture Canada Historical Oat Collection

1.3
1.7
1.0
1. .3
1.0
1.0
1.O
1.0
1.0
1.0
1.3
1.3
1.0
1.0
1.0
1.3
1.3
1.0
1.3
1.0
1.0
1.0
1.3

Variety Name
Average Rating

at 0. 4 kg/ha at 0. 7 ke/ha

Beaver
LaSal le
Valor
Dasix
Roxton
Exeter
Beacon
Cllnton
Bambu
Big Four
Fortune
Abegweit
Lanark
Gopher
Victory

2.7
2.O
2.3
2.3
1.7
2.O
4.3
2.3
2.3
2.O
1.7
4.O
2.3
2.3
4.O

1, .7
1.3
2.3
1.3
2.O
2.O
3.7
1.7
2.O
7.7
1.3
2.3
1. .7
1.3
2.3



APPENDIX TABLE 2 (continued). Average vlsual
treatment) of three replicates of Z4O oat
diclofop-wethyl tolerance at two rates.

103

ratings (22 days after
genotypes tested for

Alaska
LaureI
o.A,.c. 72
o.A.c. 744
Fundy
Banner
Legacy
o. A. c. #3
Larain
Cl intland
Shefford
Simcoe
Scotian
Glen
Shteld
Russell
Slxty Day
Hajira Strain
Cartier
White Cross
Liberty
Gold Rain
Ligowa
Danish Island
Thousand Dollar
Danish Island
Anthony
AJax
Eagle
Early Mlller
Erban
Mabel
Brighton
Garry
Vicar
Rodney
lartar Klng
Great Mogul
&laverly
Granary FlIler
c.D. 2492
Cabot
Cave I I
Dorval
Foothi I I
Fraser
Geaini

2.7
7.7
2.O
2.O
2.O
2.O
2.O
3.3
3.7
2.3
2.O
2.3
4.0
2.O
2.7
2.O
1.3
2.3
4.7
1.7
1.3
2.7
2.3
2.7
3.0
1.3
3.7
2.O
2.O
2.O
2.7
2.O
2.3
2.O
2.O
2.O
2.O
2.O
2.3
3.0
2.O
2.7
2.7
2.O
2.O
2.O
1.7

2.3
1.0
2.O
1.3
1.3
7.7
1.7
2.3
2.3
1.7
t.7
7.7
2.7
1.3
2.3
7.7
1.0
2.3
2.3
1.0
1.0
2.O
1.3
2.3
1.7
1.3
3.3
1.3
2.O
1.3
2.O
1.3
2.O
1.7
1.3
1.0
2.O
7.7
2.O
2.O
2.O
2.O
2.O
1.3
2.O
1.7
1.3
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APPENDIX TABLE 2 (continued). Average visual
treatment) of three replicates of Z4O oat
diclofop-wethyl tolerance at two rates.

ratings (22 days after
genotypes tested for

GrLzzly
Harmon
Hinoat
Hudson
Kelsey
Laurent
Oxford
Pendek
Random
Russel I
Scott
Sentinal
Sioux
Stor¡nont
Terra
Yamaska
FÍdler
Cascade
Athabasca
RL 3017

L.7
2.O
4.O
1.3
2.O
7.7
2.7
2.O
2.O
2.O
2.3
2.O
3.0
3.0
1.0
7.7
2.3
1.3
2.O
1.3

1.0
7.7
3.3
2.O
1.7
1.3
é. t

2.3
1.0
2.O
L.7
1.3
2.O
2.7
1.O
1.3
t.1
1.3
1.0
1.0




