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Brassicaceae weeds are a widespread problem in Austrdfiead raperops. The weeds not
only compete for resources during crop grqwtlt also have the potential to reduce both oil and
meal quality of the harvested crop. This paper investigatedihaal quality of weedy species
from the Brassicaceae family that were collected throughout croppimmnsegf Australia.
Eighty nine-lines from 19 species wen@wn andevaluatedn the same environmefudr their
potential to contaminate Australiailseed rapeseed lots. Seed and flowering characteristics of
each species were also examined. The glucosinolate concentration of thesteedy species
was greater than 100 pngt of oil-free mealwell above théhresholdfor meetingoilseed rape
quality. Erucic acid content of 18 of the 19 weedy species also exdbeaddeed rapguality
standardfiless thar?% erucic acid This papehighlightsthe potential othe weedy species to

reduce theqquality of Australianilseed raperops.
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Introduction

Ever since the Introduction of oilseed rajBgassica napuwvar. oleifera Del.) into Australia
controlling weetspeciehas been a major issue. The potential impacts sétheeds on yield,
oil quality and.meal quality dbilseed rapdnave been a significant challendde introduction
of herbigide tolerance has significantly enhanced weed control optionsofeergr However,
the development and spread of herbicide registen these weeds is a risk for the oilseed rape
industry (Lemerleet al, 2016). Weeds in the Brassicaceae family poggardicular threat

throughpotentialcontamination of end product quality.

Until the Tate 1960B. napuscultivars had high levels of erucic acid in the oil and high
levels of glucosinolates in the meal. The levels of these compaoutids early cultivarsvere
considered nutritionally undesirable, causing palatability and nugitiproblems in non
ruminant animals Yles, 1975;Robbelen& Thies 1980 Kjaer, 1981; Fenwiclet al, 1983;
Sauer& Kramer,;1983; Bell, 1984 The firstB. napuscultivars low in erucic acid antbw in
glucosindates was released in Canada in 1974 (Stefaretsaln 1961; Stefansson 1988hdin
Australia in1980(Salisburyet al, 2016) Oilseed rapeultivarsarenow defined aseeds of the
genusBrassicafrom which the oil shall contailess than 2% erucic acid it fatty acid profile
and the solid component shall contain less than 30 micromolespefified aliphatic

glucosinolates per grapmol g™) of oil-freeair-dry solid (Downey, 1990).
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In Australia, growers argypically paid on a basic oil content of 42%ith a bonus or
penalty if the oil content is above or below the minimum oil content. Theimgrgaseed
meal has a protein content ranging from High30s to the low 49 (%) (Seberryet al, 2016)
and is usedni'stockfeedOil content in Australiamilseed rapeultivars has increasdsy 3%
over the last 30 years, with protein content increasing by 1.5% (Botkr2016. Thefatty
acid compositionof Australianoilseed rapecultivars has remained relatively constant at
around 60%woleic acid, 20%inoleic acid and 10% linolenic acig@nd nutritionists consider
that this fatty acid compositionf oilseed rapeil is of extremely high quality (Liret al,
2013).

Weed contamination of oilseed rapmpsmay negatively impact the oil contenoff
the cropby reducingoilseed rapsgield through competition for resourcéglcMullan et al,,
1994; Blackshawet al, 2002 Beckie et al, 2008). A survey of oilseed rapecrops in
Australiafound that weed incidence ranged fré@weedsm? in triazine tolerant crops t62
weeds ni? inspenftriazine tolerantultivars (Lemerleet al, 2001).Levels ofSinapis arvensis
L. (chalock) infestation as high aS0.2% have been observed in plots unsprayed gith
triazineclassherbicidein South Australia Rotter & Salisbury 1991). The impact of the
weedson yield“and quality of the oilseed rapeopswill depend on the degree of weed
invasion) weed seed number per plamd the compsition of the weed speci€Baviset al,
1999). Physical &ctors such as seed size and shapél also influence the chances of
detecting and separating particular weedddrom oilseed rapeeedand therefore influence
thelevel of weed contamination of the processédeed rapgrain.

Brassicaceae weetiave the potential to contaminate oilseed raipand meal such
that it does.not'meatilseed rapequality standards (Salisbyryt991). There arevery few
comprehensiveeports on the seed glucosinolate and oil content of the weehsicaceae
speciesfound=in’ Australia. Studies in other countries on a limited number of weedy
Brassicaceae species indicate the Brassicaceae weeds are high in antinutritional compounds
both in the oiland medHasapiset al, 1981; Horn & Vaughan, 1983TheBrassicaceae weed
seeds may directly reduce oil content if they are not separated frooildbed rapeseed
(McMullan et al, 1994). In addition,fioilseed rapeseedlot admixtureswith Brassicaceae
weeds araot sufficiently cleaned prior to crushing the resulting oil content and oil and meal

quality could be reducegarticularly if the oil and meal characteristics of the weeds differ
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from the acceptedilseed rape quality standard.

Given the importance omeeing oilseed rapequality standards, there is a need to

evaluate thgotentialimpact of weeds on oil content, oil quality and meal quatitpustralia

The aimof this'study waso evaluatephysical characteristicsjl and protein content, fatty acid
composition and glucosinolatencentratiorof Australian populations dBrassicaceae weeds
to determine which' commonly found weedy species hav@riémtesipotential to negatively
impact thegoil and glucosinolatencentratiorof oilseed raperops.This report is the first time
this number ofweedy Brassicaceae species has been compagadher inthe same
environment It providescritically valuable information to assist in the development of weed

management/plans oilseed raperopping regions of Australia.
Materialsand Methods

Plant material

Eighty ninelines;’comprisindl9 weedyspeciedrom the Brassicaceae familyere used in the
experimentgTable 1).The lines of each speciegere wild populations eachcollected from
differentcropping regionscrossAustraliaand multiplied inuniform glasshouseonditionsat
Horsham, VictorigSalisbury 1991) For the experiments, seed was germinated in gibberellic
acid solution (2.5¢ 10° M) for 5 to 8 days and-80 seedlings were transplanted into 20 cm
diameter pots in a birgroof cage ina four replicate, randomised block desi§owing was
timed to match the typical autumn sowing time of the region for oilseedV&y. The potting

mix contained 6:1.5:1.5:1 by volume composted pine bark:lignin peat:quartmgntdshed
sand, witha fertiliser mix (Appendix 1).The pH of the mixture was adjusted to 6.5 by the
addition_of'lime. Seedling numbers were thinned to four per pot once plants were established.

Pots were watered two to three times daily using an automatic wadgsiegn.
Table 1 near here
Analyss
Flowering timeranged from September to Novemberth days to floweringecorded when

two of the four plants in a pot had at least one flower. Seed harvestethe four replicates of

each of the 89 lines was bulked to provide one sample of each line for seed anhtysesnd
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seed weight was measured by taking sampld®0fseeds from each replicate, drying &1C38
for two weeks to minimise moisture variation, weighing to four decimakpland converting
to 1000 seed weight. For species with indehiscent pods, where sed¢ddbatissected from
the pods, 5&eed sampk were used. To measueed number per poflye pods were taken
from the'main“stem of all four plants in the fourth replicate and the murhieed in each pod
was counted.

Visual shattering resistance assessments were made at matuhigy/fotlowing O to 4
scale:

0— Very Susceptible (valves regularly fell off mature pods, pods shattered very readily on
impact)

1 - Susceptible (valves did not fall of, pods shattered readily on impact)

2 —Moderate Resistance (pods shattered less readily on impact)

3 —-Good Resistance (pods were hard to shatter)

4 — Indehiscent (pods did not shatter, sometimes whole pods or beaks brokead broke
into segments)

Oil and=proteincontent vere determinedusing the American Oil Chemists Society
(AOCS) methodfor determiningoil and protein content in oilseed3il contents reportedas a
percentag@& wholeseedon a moisturdree basigind protein content is reported as a percentage
in oil-free meal'Fatty acid composition was analysed using @gasmatographywith results
reported as a percentage of the total fatty aciagal glucosnolate concentration was
determinedby the method AOF 4-1.22 (AOF 2007. Glucosinolates are reported as pmol
glucosinolategram® of oil-freemeal on arair-dry basis.

Analyses of variance were carried out using the Genstat statistical pacichgeeans
and standard.error are presented. Linear regression relationships between glucosinolate or
erucic acid, concentrations of a canwlaed admixture and percent weedntamination
(PWC) (Baviset:al, 1999) were determined by taking into account the observed mean value
of glucosinolate’and erucic acid concentrations of contaminated seed samples and the mean
values of uneontaminated seeds of Australian canola (i.emb6 g of glucosinolate and
0% of erueic acid) reported by Sebesrtyal (2016). The relationships were then used to
estimate the"minimum percent contamination by each weed species needed to increase the
glucosinolate and the erucic acid concentratiba standard canola seed lot above the canola

quality standardife. <30 umol g™ of glucosinolate and <2% of erucic acid).
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Results

Oll, proteinandglucosinolatecontent

Oil contentof the weeg specieg% in whole seedjanged from 17.1% to 4B% (Table 2).
Most species had lower mean oil content than the Australian averagiéséad rapef 42%
(Seberryetial, 2016. Protein contenfor the weedy speciegaried from 22.86 to 33.4%n oil-
free mealTable2).

The glucosinolate caertrationsof the weedyspeciesanged from 44218 pmol/gin
oil-free meal(Table 2), with most speciedaving greater tharl00 umol g*. The highest
glucosinolate concentrations weretle S. arvensislines Capsellabursapastoris(L.) Medik,
Camelina sativa (L.) Crantz and Sisymbriumirio L. had relatively lower glucosinolate
concentratiogthan the other weedy speciedthough they were still greater than theeshold
for oilseed.rapequality. The within species variability for glucosinolate @it wasmost
prominent inRapistrunrugosum(L.) All. andRaphanusaphanistrunL..

Thesimplelinear regression modeindicated that 7% to 50% contamination of
oilseed 'rapeseed lots with the range of glucosinolate concentrations observed in ¢de we
speciesvould.be requiredo exceed the glucosinolate threshold for meetingtiseed rape
quality ‘standard(Table 3). This is based on the averagicosinolate concentratiom
Australiangilseed rapef 16 pmol glucosinolates gin oil-free mealin 2015(Seberryet al,
2016).

Table 2 and 3ear here

Fatty acid profiles

The main fatty=acidpresent in theAustralianBrassicaceae weedscluded palmitic (C16:0),
oleic (C18:0)ylinoleic (C18:2), linolenic (C18:3), eicosenoic (C20:1) andie(C22:1) acids
(Table4), with lesser amounts of other fatigids.The within species variability for fatty acid

composition'was much less than the betwsgeties variability (Tablé).

Table4 near here

Oleic acid levels in the weed species were well below the Australian averageded
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rapeof 64.3% in 2015Seberryet al, 2016. The highest oleic acid content in the weeds was
only 20.8% inR.raphanistrum In contrast, the weed species had higher levels of linolenic acid
than oilseed rapeConringia orientalis (L.) Dumortwas the only weed species with less than
10% linolenic acid.

Mean-erucic acid content of the weed species ranged Gré%e to 48.5%Table 4).
Five species, all from the TriBrassiceaehad greater than 40% erucic adtifteen of the
weed species had greater than 20% erucic dedexceptions wer€. bursapastoris(0.7%)
andC. sativa(2.6%) withvery low amount®f erucic acid

Based on the simplinear regression model, less than 10@nt@amination ofoilseed
rapeseed lots with most of the weed speeiesild result inthe seed lot exceeding the threshold

2% level oferucic acidf the weed seed was crushed with dilseed rapseed Table5).

Table 5 near here

Seedand floweringcharacteristics

Thousand seed.Weight of the Brassicaceae weedy species ranged Ti®gt0.6.343g (Table

6). Sinapis,arnvensis, Corientalis, MyagrumperfoliatumL. and R. raphanistrumhad seed
similar in_Size tooilseed rapeseed which has a typical thousand seed weigh2.68(3.6 g
(Zhanget al,.2011) Days to floweringof the weegl Brassicaceaspecies rangkefrom 80 to

189 days.Many of the lines overlapped the typicalmber of days to first flower observed in
oilseed rapgwhich ranges from 91 to 130 days depending on cultivar and sowing time (Hocking
& Stapper2001) Podshatter resistance of the weedy species ranged from very susceptible to
indehiscent (Table 6). The weed species with smaller seed weight wegenénal more
susceptible to pod shattering than the species with larger seed weighigtalthere were some

exceptionssuch a$.arvensigTable 6)

Table 6 near here

Discussion

Oil and protein content
Fourteen of the nineteemealy species had oil contergdsthan 40% Carrichteraannua(L.)
DC had the lowest oil content with7.1%. Protein content of all the weedy species was over

20%, withfour linesover 30%.There wereseveraimajor differences between the oil and protein
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content observed weedspecies in this study compared with other studies. A major part of this
variation is likely to be explained by the inverse relationship betweendpr@tein in the seed,
such that under certain environmental conditions oil is laid down at thesexpé&protein, and
vice versa. For example, in this stuthe oil content oC. sativawas approximately 8% higher
and the protein8% lower than values reported by Mikolajezak (1961) and Earle and Jones
(1962). As protein coahts were not measured in socoenparative studies, such comparisons
could not always be made.

They oil conent of R. rugosumwas similar to that reported by Millet al (1965), but
approximately 35% more than Kumar and Tsunoda (1978). Such gdiscymay be due to
different cultivation procedures or pod greatment Other species where major differesice
in oil content ©cecurred compared with previous studies Wemientalis (17% higher than in
Kumar& Tsunoda, 1978}lirschfeldiaincana(L.) LagrFossa(12-17% higher than Kuma&
Tsunoda, 1978)$.irio (17-22% higher than Mikolajczakt al, 1961) andR. raphanistrum
(10-17% higher than Jone&s Earle, 1966). However, the extremely small seed size quoted by
Jones and. Earle (1966) forraphanistrumwould suggest that they may have incorrectly
identified the,species.

While ‘eil. contents in this study tended to be slightly higher than thoseeuiops
studies, the oil content ddrassicaoxyrrhina Coss.was around 10% lower than an earlier
Australian report (Quinlivar& Devitt, 1972). Environmental conditions can havenaajor
influence on oil and protein content, witbater temperatures and better rainfall during the
growing seasofound to enhance oil contentB napusJenseret al., 1996 Pritchardet al.,
2000).

The oil contentof many of the weedswas low comparedvith the average fooilseed
rapeof 42% in 2015 (Sebermt al, 2016). Thus, in addition to the negative impact of the weeds
on competition for space and resources wittoitseed raperop,some weed speciesay have
the potentialto.have adirect negativémpact on oil content in admixtures with oilseed raped
Beckieet al"(2008) found that weed competition reduced the productivityledéed rapdut
did notobservesanféect on seed oil and protein contefithis appeaedto be due to the ability
of the cultivated species to out compete the waedsthepresence ofnany grass weedsiith
only two Brassicaceae speciegsedspreseniwild mustard,Sinapis arvensik. and stinkweed,
Thlaspi arvense.).

Glucosinolatecontent
The majority of theBrassicaceae weegpecies tested had seed glucosinolate contents over 100

This article is protected by copyright. All rights reserved



umol g of oil-free meal, withR. rugosumandS. arvensidines containingver 200umol g™* of
oil-free meal Only three specie€. sativa S.irio and C. bursapastoris hadless than 100
umol g™of oil-free meal

There have been very few repocamparingthe seed glucosinolate contergmong a
range ofwild"Brassicaceaspeciesn the same environmentConcentrations leaf tissue of a
number of/Brassicaceapecies have been measured (Cole, 1976; Greerfadligtchell, 1976;
Mithen et "al.; " 1987) but these are not necessarily indicative of seed concentrations, as
glucosinolates in different parts of the plant (leawtem, roots and seed) can differ in both type
and quantity (Rodma®i Louda, 1984; San@t al, 1984). Studies of seed glucosinolate
contents (Hasapist al, 1981; Horn& Vaughan, 1983; Schroedet al, 1983) have reported
high values’(alWays over 18g g*, sometimes over 100 mg/g) with one exception, 55"
in Alyssum chondrogynufiHasapiset al, 1981). The present study confirmed the high seed
glucosinolate values reportéy Horn and Vaughan (1983) f@&rassicafruticulosa Cyr., B.
oxyrrhinaandBrassicatournefortii Gouan

The\ resultsshowed that, in general, wildBrassicaceae species contaiary high
glucosinolate devels, which kiathe potential to reduce tmeealquality of theoilseed raperop
if weed control.is inadequatBlackshawet al (2002) demonstrated thatocessingilseed rape
seed contaminated withieed seed high in glucosinolates suclRamphanistrumcan result in
oilseed rapemeal with glucosinolate levels above acceptable marketable levels, pasticul
when weed densitig high and weeslemerge at the same time as or shortly afilseed rape
The linear regressiormodelling of admixtures with a single weed species showed’ {8t
contamination ofaaverageilseed rapseed lot with a weed speciefs196umol g™ of oil-free
meal such aSinapis arvensig/ould be required for theilseed rapeveed admixture toxeeed
the glucosinolate limits fooilseed rapejuality standardsThe quality of theoilseed rapeseed
lot will influence the effect of the weed on glucosinolate concentration, oigbed rapeof
lower than'average quality requirireyenless weedtontamination to exceed the glucosinolate
standardEnvironmental conditions will influence the glucosinolate concentration iaitdezd
rapecrop, with=gveral studieshowingthatBrassica napusends to produce higher legebf
glucosinolates in respse to stresses like drought and high tempergMedler & Cornish
1987 Jenseretial., 1996 Pritchardet al.,2000)

Weed control strategies in Austratiarrentlyreduce the risk ofveed contamination of
oilseed raperops However the development argpread of herbicide resistant weeds is a threat
to weed managementhere is already evidence of triazine resistanc®.imaphanistrum
(Heap, 2017).
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Fatty acid profiles

There were marked differences among the diffevergdy Brassicaceaspecies in their fatty
acid profiles. However, the range of values did not differ beyond teaibpsly found for the
fatty acids of*particular interest in tlerassicaceaéamily. There was little variability in the
fatty acid profile .among differertnesof any given species. A similarcla of intraspecific
variability has been reported for some widassicaceaspecies by Mikolajczakt al. (1961)
and Appelgvist (1971). However, Appelqgvist (1971) reported considerablespietific
variability for fatty acid profile inS. arvensisand Brassica cretica The lack of variability in
Australian ‘populations could perhaps reflect a limited number of intiodadnto Australia.
Fatty acids” arejalso very dependent on environmental conditions such tasgezature
under whichthey are growrThe fatty acid profiles of the different species were generally very
similar to those reported previously (e.g. Mikolajczak al, 1961; Miller et al, 1965;
Appelqvist, 1971; Kuma& Tsunoda, 1978). The valuestime current study were generally
slightly lower for the shorter chain (C16 and C18) fatty acids and sligigtheihfor the longer
chain fatty..acids than thoseeported by Kumar and Tsunoda (1978), perhaps due to
environmental differences at ripening (Afipast, 1969).

Appelqvist (1971) indicated that the reliability of the data presented in sugibsstvas
dependent onstwo factors, namely the frequent misidentification of Biasgicaceaspecies,
and the likelihood of nursery grown samples being tepsesentative than the original field
collected material, given the cressllinating nature of some species and the likely embryonic
control of fatty acid composition. To be balanced against this, howeving isroblem of
comparing lines grown in vastly different environments, given the known emaraal effects
on fatty acid composition (Appelqvist, 186 For this reason, the lines in this study were all
grown in a.common environmeifatr evaluation.

Erucic_acid content of 18 of the 19 weedy species exceeiieebd rapequality
standarddevels of erucic acid as high as 48% were observBdassicaceaeeed species that
were reported=by SutHand (1999) to have been particularly important in &@sig oilseed
rapeproduetion prior to the introduction of triazine tolerant varieties inralis, specificallyR.
raphanistrumSisymbriumorientale L., C. bursapastoris B. tournefortii R. rugosum S.
arvensisandM. perfoliatum Blackshawet al (2002) studied the emergenceRofaphanistrum
with oilseed rapeand found that at a density of 16 wild radish plants an higher if the
harvested seed was crushed together with the weed species the erucic acid levels were greater

than the acceptablmarket standards failseed rapeseed. Regression modelling this study
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also showed that less than 10% admixtures of most weed species with oilseeouldpesult
in oil that exceeded the erucic acid limit toiseed rapguality standards.

Seedand flowering characteristics

This is the first'time a comprehensive comparisoseafdquality characteristics of Australian
weedy Brassicaceae specibas been combined with an examination of the flowering
characteristics of the weedy species underahmesnvironmental conditions. Data on potential
weed seed size and seed production per plant can contribute to the developmead of w
management plans in cropping regions of Australia, particularly in furthére understanding
of weed seed./bank resesveand potential impacts on yieldhe flowering and seed
characteristics also provide a greater understanding of which weedy species aresif igkat
of being present in admixtures with oilseed rgpaentially resulting in the bnot meeting
oilseedrapestandard# the seeds are crushed toget@om a processing perspective, the weed
species with very small seed relativeditseed rapeare of less concern as they will almost
inevitably not be retained in the harvested and cleaned Wémstl species witloverlapping
flowering time.tooilseed rapeseed of similar size and shajmeoilseed rapeand moderately
dehiscent pods (that dehisce under harvest presserel greatest risk akmaining mixed with
oilseed rapseed duringrocessingior exampleS.arvensis

Conclusions

This is the_most comprehensive study of Austraieassicaceaweed speciesvaluated under
the same environmental conditior@@onsiderable variability for oil and protein content, oil
quality and glucesinolate content was evident in the Australiaedy Brassicaceaspecies
Regression _analyses based on erucic acid content and glucosinolate concehtitaioneed
species_indicated thatontamination of oilseed rapseedwith weeds from the family
Brassicacéaeisks increasingerucic acidin the oil and glucosinolates in theeal which
would resultiinareduction in oilseed rapgquality and reduced price&xamination of sed
and flowering=characteristics of the weedy species identified the species with the greatest
potential_terremain in admixtures withilseed rape The reults highlighted the potential
effects of thee weeds onoilseed rapeseed quality ifweed management strategiage
inadequate or if herbicide resistammeurs
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Table 1 Weedy.Brassicaceaspecies examined in the studyines of each species were
collected from different cropping locations across Australia

Species Commonname Number of lines
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Tribe Brassiceae

Brassica fruticulos&Cyr. Twiggy turnip 5
Brassica oxyrrhinaCoss. - 1
Brassica tournefortiGouan Wild turnip 8
CarrichterarannugL.) DC Ward’'s weed 3
Conringia orientalis(L.) Dumort ~ Wild cabbage, Hare’s ear, Treacle mus 2
Diplotaxis muralis(L.) DC Wall rocket 2
Diplotaxis tenuifolia(L.) DC Sand rocket, Lincoln weed 7
Diplotaxis tenuisiliqueDel. - 1
HirschfeldiaiincangL.) Lagr-FossaiBuchan weed, Hairy Brassica 9
Raphanus raphanistruin Wild radish Jointed charlock 10
Rapistrum rugosur(L.) All. Turnip weed, Giant mustard 7
Sinapis arvensik. Charlock 5
Tribe Lepidieae

Capsella bursgpastoris(L.) Medik. Shepherd’s purse 5
Tribe Euclidieae

Myagrum perfoliatunt.. Musk weed 2
Tribe Sisymbrieae

Camelina sativdL.) Crantz False flax 1
Sisymbrium erysimoidd3esf. Smooth mustard 2
SisymbriumiriaL. London rocket 5
Sisymbrium officinaléL.) Scop Hedge mustard 7
Sisymbrium orientalé. Indian hedge mustard 7
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Table 2 Quality characteristicef weedy Brassicaceapeciesn comparison withaerage quality characteristics of Austral@iseed rape Mean
and standard error are presented fodifferentlines of each speci€except for the three species that were represented by only one line)

Species Oil content (%}  Protein content (%) Glucosinolatesi(mol g*)f

Brassica fruticulosa 345+35 23.8£1.6 134+ 15.5
Brassica’oxyrrhina 32.8 24.8 101
Brassicatournefortii 32.2+5.0 22.6+x1.0 121+ 15.0
Carrichtera annua 186+19 31.3+0.3 162+ 15.5
Conringiarorientalis 32.2+0.1 23.2£0.5 140+ 11.0
Diplotaxis muralis 35.7+0.8 28.2+£0.2 118+ 7.0
Diplotaxis.tenuifolia 429+2.1 249+15 135+ 11.0
Diplotaxis-tenuisiliqua 29.4 28.7 117
Hirschfeldia incana 37.2+22 26.1+1.8 157+ 20.0
Raphanus-raphanistrum 455+ 3.3 254+ 2.5 135+ 43.0
Rapistrum rugosum 41.7+2.0 28.6+2.2 170+ 46.5
Sinapis-arvensis 30.0+3.2 27.5+2.8 196+ 5.5
Capsella. bursapastoris 31.5+3.7 26.7£ 2.5 63+ 4.0
Myagrumrperfoliatum 42.1+1.8 32.6x0.1 183+ 1.0
Camelina sativa 41.6 24.7 44
Sisymbrium erysimoides 243+25 33.3x0.1 118+ 4.0
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Sisymbrium irio 35.8+2.6 31.3+1.6 67+8.0
Sisymbrium officinale 26.5+3.1 28.5+£0.9 95+ 7.5
Sisymbrium,orientale 329+1.2 28.4+13 94+10.5

*Average quality characteristics of Australiaifseed rapare 42.0% oil, 39.9% protein andifiol g™ in whole seed (1fimol g in oil free meal)
based on,the annual Australian Oilseeds Federation survey of crops (8eber2016).
TOIl and(protein content (Y%resented on a moistuhee basis

tGlucosifiolate contenfifnol g™*) presentedn an oilfree meal, aidry basis

Table 3 Linear relationships between glucosinolate concentration of a eaeeld admixture and percent weed contamination (PWC) for each
weed species and the minimum PWC required to increase the glucosinolate concentration of a standaredckmatzose the canola quality
standard i(e. <30 pmol g™ of glucosinolate). Linear relationships were determined by taking into account theecbseean value of
glucosinolate concentrations of contaminated seed samples and the mean values of uncontaminated seeds of Austtakarl @amolag™

of glucasinolate) reported by Sebemryal (2016)*

Per cent weed contamination (PWC)

required for 30 micromole glucosinolate

Species Relationshipt g™ in admixture with oilseed rape
Sinapis arvensis y=1.80 x PWC + 16 7.78
Myagrum perfoliatum y=1.67 x PWC + 16 8.38
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Rapistrum rugosum

y=1.54 x PWC + 16

9.09

Carrichtera annua y=1.46 x PWC + 16 9.59
Hirschfeldia incana y=1.41 x PWC + 16 9.93
Conringiarorientalis y=1.24 x PWC + 16 11.29
Diplotaxis tenuifolia y=1.19 x PWC + 16 11.76
Raphanus raphanistrum y=1.19 x PWC + 16 11.76
Brassica fruticulosa y=1.18 x PWC + 16 11.86
Brassicasteurnefortii y=1.05 x PWC + 16 13.33
Diplotaxis muralis y=1.02 x PWC + 16 13.73
Sisymbrium-erysimoides y=1.02 x PWC + 16 13.73
Diplotaxis tenuisiliqua y=1.01 x PWC + 16 13.86
Brassica. oxyrrhina y=0.85 x PWC + 16 16.47
Sisymbrium, officinale y=0.79 x PWC + 16 17.72
Sisymbrium orientale y=0.78 x PWC + 16 17.95
Sisymbrium irio y=0.51 x PWC + 16 27.45
Capsella®bursa-pastoris  y=0.47 x PWC + 16 29.79
Camelina-sativa y=0.28 x PWC + 16 50.00

*Uncontaminatedilseed rapeseeds assumed to have a glucosinolate concentratihuofiol/g in oil-free oilseed rapaenealbased orthe 2015
annual Australian Oilseeds Federation survey of crops (Sedteaty2016).

ty, concentration of glucosinolates in seed admixt8@aufnol g*); PWC, percent weed contamination (based on model described byebavis
al., 1999)

Table 4 Fatty acid profiles of weedy Brassicaceae species in comparisorveitiga quality characteristics of Austral@lseed rape Mean and
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standard error are presented for the different lines of each species {ext®pthree species that were representechlyyome line)

Species No. lines C16:0(%) C18:0(%) C18:1(%) C18:2(%) C18:3(%) C20:1(%) C22:1(%)
Brassica fruticulosa 5 39+0.3 13+0.1 8.1+0.8 16.2+1.1 12.8+ 0.8 5.8+1.0 45.0+ 1.6
Brassica pxyrrhina 1 2.9 1.0 10.0 8.8 17.8 7.9 45.1
Brassica tournefortii 8 28+0.3 13+0.2 8.6+ 0.6 11.5+0.8 13.6+1.1 73+£0.5 47.8+1.9
Carrichtefa/annua 3 6.5 +04 0601 43+0.1 14.8+0.5 13.7+0.6 19+0.2 485+0.4
Conringiarorientalis 2 21+0.0 0400 6.7+0.1 26.2+0.3 2.7+0.2 26.3+0.1 25.6 +0.6
Diplotaxis muralis 2 7.7+£02 21100 11.7+0.6 22.8+0.3 21.0+£0.3 6.7+0.1 225+0.6
Diplotaxis‘tenuifolia 7 47+04 2201 20.3+1.5 182+1.3 23913 88+04 17.1+£0.8
Diplotaxis. tenuisiligua 1 7.7 1.9 7.1 18.4 29.5 5.4 23.5
Hirschfeldia incana 9 58+0.6 1.3%0.3 10.7+08 11.0+1.2 275+2.6 57+0.6 32.3+4.8
Raphanus.raphanistrum 10 55+0.7 19z%03 20.8+2.2 121+1.4 123+1.1 145+1.0 315+26
Rapistrum rugosum 7 47+02 14+0.2 9.3+0.9 11.3+1.2 216+1.0 6.5+0.6 36.4+3.3
Sinapis arvensis 5 31+04 10x01 10.4+0.8 124+1.0 15.0+£0.5 13.3+1.38 388+1.1
Capsella bursgpastoris 5 88+£03 42+0.2 142+1.3 206+ 1.6 339+1.7 122+14 0.7+0.1
Myagrumperfoliatum 2 6.0x04 13%00 12.3+0.6 13.2+0.5 30.4+0.8 6.0+£0.1 25.6£0.3
Camelina.sativa 1 5.3 2.4 15.7 15.6 37.2 14.9 2.6
Sisymbriumrerysimoide: 2 10.4+0.2 1.4+£0.0 76+0.1 148+0.2 30.9+£ 0.0 6.6+ 0.0 204+£0.2
Sisymbfium irio 5 10.3£0.7 23+0.2 11.8+2.0 155+ 0.4 37.0£0.9 74+0.5 94+19
Sisymbrium officinale 7 82+04 1.2+0.1 66+0.7 125+0.5 33.6+1.6 57+0.2 23.1+2.3
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Sisymbrium orientale 7 75+0.5 1.0+ 0.2 72+0.6 11.0£0.9 34.2+ 0.6 58+04 254+15

* Average quality characteristics of Australisitseed rapare64.3% oleic acid (C18:1)17.9% linoleic acid (C18:2), 8.6% linolenic acid (C18:3)
and <0.1%.erucic acid (C22:1) based on the annual Australian Oilseeds Badenatey of crops (Seberey al, 2016).
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Tableb

Linear relationships between erucic acid concentration of a camad admixture and percent weed

contamination (PWC) for each weed species and the minimum PWC required to inlcecangcic

acid concentration of a standard canola seed lot above the canola quality staedaPd4 of erucic

acid). Linear relationships were determined by taking into account the observaedvaiea of

glucosinolateseoncentrations of contaminated seed samples emadetin values of uncontaminated

seeds of Australian canola (i.e. 0% erucic acid) reported by Sediexiryf2016)*

Per cent weed contamination (PWC)

required for 2% erucic acid in

Species Relationship admixture with oilseed rape*
Carrichtera ‘annua y=0.485 x PWC 4.12
Brassica tournefortii y=0.478 x PWC 4.18
Brassica oxyrrhina y=0.451 x PWC 4.43
Brassica fruticulosa y=0.450 x PWC 4.44
Sinapis arvensis y=0.388 x PWC 5.15
Rapistrum rugosum y=0.364 x PWC 5.49
Hirschfeldia incana y=0.323 x PWC 6.19
Raphanus raphanistrum y=0.315 x PWC 6.35
Myagrumperfoliatum y=0.256 x PWC 7.81
Conringia orientalis y=0.256 x PWC 7.81
Sisymbrium'erientale y=0.254 x PWC 7.87
Diplotaxis tenuisiliqua y=0.235 x PWC 8.51
Sisymbrium‘oefficinale y=0.231 x PWC 8.66
Diplotaxis muralis y=0.225 x PWC 8.89
Sisymbrium erysimoides y=0.204 x PWC 9.80
Diplotaxis tenuifolia y=0.171 x PWC 11.70
Sisymbrium irio y=0.094 x PWC 21.28
Camelina sativa y=0.026 x PWC 76.92
Capsella bursa-pastoris y=0.007 x PWC 285.71

*Uncontaminateilseed rapeseeds assumed to have an erucic acid concentrat@$ lodsed

onthe 2015 annual Australian Oilseeds Federation survey of crops (Setoalr2016).

Ty, contenif erucic acid in seed admixturg%); PWC, percent weed contamination (based
on model described by Dawes al, 1999)
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Table 6 Flowering and seed characteristics of weBdgssicaceaspecies Mean and standard error are presented for the different lines of each
species (except for the three species that were represented by only one line)

Species No. Thousand seed Seeds/pod Seedyield (g Height (cm) Days to Pod shatter
lines weight (g) plant®) flowering resistance
(0-4y*

Sisymbrium irio 5 0.083+£0.008 73.2+3.7 1.74+0.25 115+ 20 100+ 5 0
Sisymbrium.erysimoides 2 0.090+0.001 55.0+5.6 1.47 +0.10 1300 88+ 3 0
Capsella bursgastoris 5 0.116 £0.016 245+22 1.95 +0.60 8510 91+ 15 0
Diplotaxis tenuisiliqua 1 0.154 19.6 1.13 115 88 0
Diplotaxis'muralis 2 0.240+0.039 39.0+10.2 1.44 +0.32 733 81+1 0
Sisymbrium orientale 7 0.253+0.021 177.0+30.5 3.62+0.86 112+ 25 109+ 7 3
Diplotaxistenuifolia 7 0.332+0.023 43.1+8.9 0.55+0.28 108 £ 10 159+ 20 0
Sisymbrium-officinale 7 0.352+0.030 148+1.7 3.54+0.24 155 +10 129+ 4 3
Hirschfeldia incana 9 0.356+£0.056 7.6+14 2.18 +0.39 154 + 15 156+ 5 3
Brassicarfruticulosa 5 0.601+0.061 15.8+2.9 241 +0.22 99 +18 92+ 4 0
Camelina sativa 1 0.906 17.3 4.94 110 96 3.5
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Rapistrum rugosum 7 0.977+0.181 1405 1.57 £0.52 158 £ 20 123+ 5 4

Brassica oxyrrhina 1 1.227 15.8 2.54 130 134 2.5
Brassica tournefortii 8 1.279+0.116 19.7%+1.7 4.70+0.89 88+8 92+ 10 3
Carrichtera-annua 3 1.360 +0.165 5.0+0.8 2.73+0.48 70+13 93+7 4
Sinapis arvensis 5 2.255+0.469 6.8+2.2 3.07 £0.63 137+ 15 102+ 14 2
Conringia-erientalis 2 2548 +0.086 40.8+0.1 3.54+0.45 73+3 109+ 1 3.5
Myagrumeperfoliatum 2 3.875+0.361 1.0+0.0 2.31+0.39 85+10 106+ 7 4
Raphanus raphanistrum 10 4730+1.340 43%1.1 2.87+£0.77 101 £ 30 111+10 4

*Visual pod.shattering resistance assessments were made at maturity ghst@léowvher8 is very susceptibland 4is indehiscent
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Appendix 1

Fertiliser details:

1.0kg mi® Osmocote 3 month timerelease fertiliser (15:5.2:12.5 N:P:K);

2.0 kg m*Qsmocote & month timerelease fertiliser (18:4.8:8.3 N:P:K);

0.08 kg nitdron chelate EDDHA (6% Fe);

1.0 kg m* 3-4"month timerelease isdutylideneDi urea (31% N);

0.3 kg m° Trace element mixture (12% Fe, 2.5% Mn, 1.0% Zn, 0.5% Cu, 0.1% Bo, 0.005% Mo,
15% S).

Additional nutrients were supplied in a weekly watering with 2'g\quasol liquid fertiliser

(23:4:18 NiP:K).
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