
This is the author manuscript accepted for publication and has undergone full peer review but 

has not been through the copyediting, typesetting, pagination and proofreading process, which 

may lead to differences between this version and the Version of Record. Please cite this article 

as doi: 10.1111/wre.12296 

This article is protected by copyright. All rights reserved 

 

DR PHILLIP  SALISBURY (Orcid ID : 0000-0002-0891-2931) 

 

 

Article type      : Original Article 

 

 

Potential impact of weedy Brassicaceae species on oil and meal quality of oilseed rape 

(canola) in Australia 

 

P A SALISBURY*†, T POTTER‡, A M GURUNG* , R J MAILER§ & W M WILLIAMS ¶ 

 

*Faculty of Veterinary and Agricultural Sciences, University of Melbourne, Parkville, Victoria 

3010, Australia, †AgriBio, Centre for AgriBioscience, Department of Economic Development, 

Jobs, Transport and Resources, Bundoora, Victoria, 3083, Australia, ‡Yeruga Crop 

Research, PO Box 819, Naracoorte, SA, 5271, Australia, §Australian Oils Research, 

Lambton, NSW, 2299, Australia and ¶AgResearch, Grasslands Research Centre, Palmerston 

North, New Zealand 

 

Received 21 May 2017 

Revised version accepted 29 December 2017 

Subject Editor: Francesco Tei, Perugia, Italy 

 

Running head: Weedy Brassicaceae species in Australia 

 

Correspondence: Assoc. Prof. Phillip Salisbury, Faculty of Veterinary and Agricultural 

Sciences, University of Melbourne, Parkville, Victoria, 3010, Australia. Tel: (+61) 383447315; 

E-mail: p.salisbury@unimelb.edu.au 

 

Summary 

 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t

https://doi.org/10.1111/wre.12296�
https://doi.org/10.1111/wre.12296�


This article is protected by copyright. All rights reserved 

Brassicaceae weeds are a widespread problem in Australian oilseed rape crops. The weeds not 

only compete for resources during crop growth, but also have the potential to reduce both oil and 

meal quality of the harvested crop. This paper investigated oil and meal quality of weedy species 

from the Brassicaceae family that were collected throughout cropping regions of Australia. 

Eighty nine lines from 19 species were grown and evaluated in the same environment for their 

potential to contaminate Australian oilseed rape seed lots. Seed and flowering characteristics of 

each species were also examined. The glucosinolate concentration of most of the weedy species 

was greater than 100 µmol g-1

 

 of oil-free meal, well above the threshold for meeting oilseed rape 

quality. Erucic acid content of 18 of the 19 weedy species also exceeded the oilseed rape quality 

standard of less than 2% erucic acid. This paper highlights the potential of the weedy species to 

reduce the quality of Australian oilseed rape crops. 

Keywords: Brassica napus, contamination, glucosinolate, erucic acid 

Introduction 

 

Ever since the introduction of oilseed rape (Brassica napus var. oleifera Del.) into Australia, 

controlling weed species has been a major issue. The potential impacts of these weeds on yield, 

oil quality and meal quality of oilseed rape have been a significant challenge. The introduction 

of herbicide tolerance has significantly enhanced weed control options for growers. However, 

the development and spread of herbicide resistance in these weeds is a risk for the oilseed rape 

industry (Lemerle et al., 2016). Weeds in the Brassicaceae family pose a particular threat 

through potential contamination of end product quality.  

 

 Until the late 1960s, B. napus cultivars had high levels of erucic acid in the oil and high 

levels of glucosinolates in the meal.  The levels of these compounds in the early cultivars were 

considered nutritionally undesirable, causing palatability and nutritional problems in non-

ruminant animals (Vles, 1975; Röbbelen & Thies, 1980; Kjaer, 1981; Fenwick et al., 1983; 

Sauer & Kramer, 1983; Bell, 1984).  The first B. napus cultivars low in erucic acid and low in 

glucosinolates was released in Canada in 1974 (Stefansson et al., 1961; Stefansson 1983) and in 

Australia in 1980 (Salisbury et al., 2016). Oilseed rape cultivars are now defined as seeds of the 

genus Brassica from which the oil shall contain less than 2% erucic acid in its fatty acid profile 

and the solid component shall contain less than 30 micromole of specified aliphatic 

glucosinolates per gram (μmol g-1) of oil-free air-dry solid (Downey, 1990).   
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 In Australia, growers are typically paid on a basic oil content of 42%, with a bonus or 

penalty if the oil content is above or below the minimum oil content. The remaining seed 

meal has a protein content ranging from high the 30s to the low 40s (%) (Seberry et al., 2016) 

and is used in stockfeed. Oil content in Australian oilseed rape cultivars has increased by 3% 

over the last 30 years, with protein content increasing by 1.5% (Potter et al., 2016). The fatty 

acid composition of Australian oilseed rape cultivars has remained relatively constant at 

around 60% oleic acid, 20% linoleic acid and 10% linolenic acid and nutritionists consider 

that this fatty acid composition of oilseed rape oil is of extremely high quality (Lin et al., 

2013).   

 

 Weed contamination of oilseed rape crops may negatively impact the oil content of 

the crop by reducing oilseed rape yield through competition for resources (McMullan et al., 

1994; Blackshaw et al., 2002; Beckie et al., 2008). A survey of oilseed rape crops in 

Australia found that weed incidence ranged from 49 weeds m-2 in triazine tolerant crops to 72 

weeds m-2

  

 in non triazine tolerant cultivars (Lemerle et al., 2001). Levels of Sinapis arvensis 

L. (charlock) infestation as high as 50.2% have been observed in plots unsprayed with a 

triazine class herbicide in South Australia (Potter & Salisbury, 1991). The impact of the 

weeds on yield and quality of the oilseed rape crops will depend on the degree of weed 

invasion, weed seed number per plant and the composition of the weed species (Davis et al., 

1999). Physical factors, such as seed size and shape, will also influence the chances of 

detecting and separating particular weed seeds from oilseed rape seed and therefore influence 

the level of weed contamination of the processed oilseed rape grain. 

 Brassicaceae weeds have the potential to contaminate oilseed rape oil and meal such 

that it does not meet oilseed rape quality standards (Salisbury, 1991). There are very few 

comprehensive reports on the seed glucosinolate and oil content of the weedy Brassicaceae 

species found 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 oil and meal (Hasapis et al., 1981; Horn & Vaughan, 1983). The Brassicaceae weed 

seeds may directly reduce oil content if they are not separated from the oilseed rape seed 

(McMullan et al., 1994). In addition, if oilseed rape seed lot admixtures with Brassicaceae 

weeds are not sufficiently cleaned prior to crushing the resulting oil content and oil and meal 

quality could be reduced, particularly if the oil and meal characteristics of the weeds differ 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved 

from the accepted oilseed rape quality standard.   

 

 Given the importance of meeting oilseed rape quality standards, there is a need to 

evaluate the potential impact of weeds on oil content, oil quality and meal quality in Australia.  

The aim of this study was to evaluate physical characteristics, oil and protein content, fatty acid 

composition and glucosinolate concentration of Australian populations of Brassicaceae weeds, 

to determine which commonly found weedy species have the greatest potential to negatively 

impact the oil and glucosinolate concentration of oilseed rape crops. This report is the first time 

this number of weedy Brassicaceae species has been compared together in the same 

environment. It provides critically valuable information to assist in the development of weed 

management plans in oilseed rape cropping regions of Australia. 

 

Materials and Methods 

 

Plant material 

Eighty nine lines, comprising 19 weedy species from the Brassicaceae family were used in the 

experiments (Table 1). The lines of each species were wild populations, each collected from 

different cropping regions across Australia and multiplied in uniform glasshouse conditions at 

Horsham, Victoria (Salisbury, 1991).  For the experiments, seed was germinated in gibberellic 

acid solution (2.5 × 10-6

 

 M) for 5 to 8 days and 5–10 seedlings were transplanted into 20 cm 

diameter pots in a bird-proof cage in a four replicate, randomised block design. Sowing was 

timed to match the typical autumn sowing time of the region for oilseed rape (May). The potting 

mix contained 6:1.5:1.5:1 by volume composted pine bark:lignin peat:quartz grit:fine washed 

sand, with a 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 watering system.  

Table 1 near here 

 

Analyses 

Flowering time ranged from September to November, with days to flowering recorded when 

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

each of the 89 lines was bulked to provide one sample of each line for seed analyses. Thousand 
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seed weight was measured by taking samples of 100 seeds from each replicate, drying at 38°C 

for two weeks to minimise moisture variation, weighing to four decimal places and converting 

to 1000 seed weight.  For species with indehiscent pods, where seeds had to be dissected from 

the pods, 50-seed samples were used. To measure seed number per pod, five pods were taken 

from the main stem of all four plants in the fourth replicate and the number of seed in each pod 

was counted.  

 Visual shattering resistance assessments were made at maturity on the following 0 to 4 

scale: 

0 − Very Susceptible (valves re gularly 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 broke off or pod broke 

into segments) 

 Oil  and protein content were determined using the American Oil Chemists Society 

(AOCS) methods for determining oil and protein content in oilseeds. Oil content is reported as a 

percentage in whole seed on a moisture-free basis and protein content is reported as a percentage 

in oil-free meal. Fatty acid composition was analysed using gas chromatography, with results 

reported as a percentage of the total fatty acids. Total glucosinolate concentration was 

determined by the method AOF 4-1.22 (AOF 2007). Glucosinolates are reported as µmol 

glucosinolates gram-1

 Analyses of variance were carried out using the Genstat statistical package and means 

and standard error are presented. Linear regression relationships between glucosinolate or 

erucic acid concentrations of a canola-weed admixture and percent weed contamination 

(PWC) (Davis et 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 uncontaminated seeds of Australian canola (i.e. 16 μmol g

 of oil-free meal on an air-dry basis.  

-1 of glucosinolate and 

0% of erucic acid) reported by Seberry et al. (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 concentration of a standard canola seed lot above the canola 

quality standard (i.e. <30 μmol g-1

  

 of glucosinolate and <2% of erucic acid). 
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Results 

 

Oil, protein and glucosinolate content  

Oil content of the weedy species (% in whole seed) ranged from 17.1% to 48.1% (Table 2).  

Most species had lower mean oil content than the Australian average for oilseed rape of 42% 

(Seberry et al., 2016). Protein content for the weedy species varied from 22.6% to 33.4% in oil-

free meal (Table 2).  

 The glucosinolate concentrations of the weedy species ranged from 44–218 µmol/g in 

oil-free meal (Table 2), with most species having greater than 100 μmol g-1

 The simple linear regression model indicated that 7.8% to 50% contamination of 

oilseed rape seed lots with the range of glucosinolate concentrations observed in the weed 

species would be required to exceed the glucosinolate threshold for meeting the oilseed rape 

quality standard (Table 3). This is based on the average glucosinolate concentration in 

Australian oilseed rape of 16 μmol glucosinolates g

.  The highest 

glucosinolate concentrations were in the S. arvensis lines. Capsella bursa-pastoris (L.) Medik, 

Camelina sativa (L.) Crantz and Sisymbrium irio  L. had relatively lower glucosinolate 

concentrations than the other weedy species, although they were still greater than the threshold 

for oilseed rape quality. The within species variability for glucosinolate content was most 

prominent in Rapistrum rugosum (L.) All.  and Raphanus raphanistrum L.. 

-1

 

 in oil-free meal in 2015 (Seberry et al., 

2016). 

Table 2 and 3 near here 

 

Fatty acid profiles 

The main fatty acids present in the Australian Brassicaceae weeds included palmitic (C16:0), 

oleic (C18:0), linoleic (C18:2), linolenic (C18:3), eicosenoic (C20:1) and erucic (C22:1) acids 

(Table 4), with lesser amounts of other fatty acids. The within species variability for fatty acid 

composition was much less than the between species variability (Table 4).  

 

Table 4 near here 

 

 Oleic acid levels in the weed species were well below the Australian average for oilseed 
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rape of 64.3% in 2015 (Seberry et al., 2016). The highest oleic acid content in the weeds was 

only 20.8% in R. raphanistrum.  In contrast, the weed species had higher levels of linolenic acid 

than oilseed rape. Conringia orientalis (L.) Dumort was the only weed species with less than 

10% linolenic acid. 

 Mean erucic acid content of the weed species ranged from 0.7% to 48.5% (Table 4).  

Five species, all from the Tribe Brassiceae, had greater than 40% erucic acid. Fifteen of the 

weed species had greater than 20% erucic acid, the exceptions were C. bursa-pastoris (0.7%) 

and C. sativa (2.6%) with very low amounts of erucic acid.  

 Based on the simple linear regression model, less than 10% contamination of oilseed 

rape seed lots with most of the weed species would result in the seed lot exceeding the threshold 

2% level of erucic acid if the weed seed was crushed with the oilseed rape seed (Table 5).  

 

Table 5 near here 

 

Seed and flowering characteristics 

Thousand seed weight of the Brassicaceae weedy species ranged from 0.078 g to 6.343 g (Table 

6). Sinapis arvensis, C. orientalis, Myagrum perfoliatum L. and R. raphanistrum had seed 

similar in size to oilseed rape seed, which has a typical thousand seed weight of 2.9–3.6 g 

(Zhang et al., 2011). Days to flowering of the weedy Brassicaceae species ranged from 80 to 

189 days. Many of the lines overlapped the typical number of days to first flower observed in 

oilseed rape, which ranges from 91 to 130 days depending on cultivar and sowing time (Hocking 

& Stapper, 2001). Pod shatter resistance of the weedy species ranged from very susceptible to 

indehiscent (Table 6). The weed species with smaller seed weight were in general more 

susceptible to pod shattering than the species with larger seed weight, although there were some 

exceptions, such as S. arvensis (Table 6). 

 

Table 6 near here 

 

Discussion 

 

Oil and protein content 

Fourteen of the nineteen weedy species had oil content less than 40%. Carrichtera annua (L.) 

DC had the lowest oil content with 17.1%.  Protein content of all the weedy species was over 

20%, with four lines over 30%. There were several major differences between the oil and protein 
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content observed in weed species in this study compared with other studies.  A major part of this 

variation is likely to be explained by the inverse relationship between oil and protein in the seed, 

such that under certain environmental conditions oil is laid down at the expense of protein, and 

vice versa.  For example, in this study, the oil content of C. sativa was approximately 8% higher 

and the protein 8% lower than values reported by Mikolajczak et al. (1961) and Earle and Jones 

(1962).  As protein contents were not measured in some comparative studies, such comparisons 

could not always be made. 

 The oil content of R. rugosum was similar to that reported by Miller et al. (1965), but 

approximately 35% more than Kumar and Tsunoda (1978).  Such a discrepancy may be due to 

different cultivation procedures or pod pre-treatment.  Other species where major differences 

in oil content occurred compared with previous studies were C. orientalis (17% higher than in 

Kumar & Tsunoda, 1978), Hirschfeldia incana (L.) Lagr-Fossat (12–17% higher than Kumar & 

Tsunoda, 1978), S. irio  (17–22% higher than Mikolajczak et al., 1961) and R. raphanistrum 

(10–17% higher than Jones & Earle, 1966).  However, the extremely small seed size quoted by 

Jones and Earle (1966) for . raphanistrum would suggest that they may have incorrectly 

identified the species. 

 While oil contents in this study tended to be slightly higher than those in previous 

studies, the oil content of Brassica oxyrrhina Coss. was around 10% lower than an earlier 

Australian report (Quinlivan & Devitt, 1972). Environmental conditions can have a major 

influence on oil and protein content, with cooler temperatures and better rainfall during the 

growing season found to enhance oil content in B. napus (Jensen et al., 1996; Pritchard et al., 

2000). 

 The oil content of many of the weeds was low compared with the average for oilseed 

rape of 42% in 2015 (Seberry et al., 2016). Thus, in addition to the negative impact of the weeds 

on competition for space and resources with the oilseed rape crop, some weed species may have 

the potential to have a direct negative impact on oil content in admixtures with oilseed rape seed. 

Beckie et al. (2008) found that weed competition reduced the productivity of oilseed rape but 

did not observe an effect on seed oil and protein content. This appeared to be due to the ability 

of the cultivated species to out compete the weeds and the presence of many grass weeds, with 

only two Brassicaceae species weeds present (wild mustard, Sinapis arvensis L. and stinkweed, 

Thlaspi arvense L.). 

 

Glucosinolate content  

The majority of the Brassicaceae weed species tested had seed glucosinolate contents over 100 
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μmol g-1 of oil-free meal, with R. rugosum and S. arvensis lines containing over 200 μmol g-1 of 

oil-free meal.  Only three species, C. sativa, S. irio  and C. bursa-pastoris, had less than 100 

μmol g-1

 There have been very few reports comparing the seed glucosinolate contents among a 

range of wild Brassicaceae species in the same environment.  Concentrations in leaf tissue of a 

number of Brassicaceae species have been measured (Cole, 1976; Greenhalgh & Mitchell, 1976; 

Mithen et al., 1987), but these are not necessarily indicative of seed concentrations, as 

glucosinolates in different parts of the plant (leaves, stem, roots and seed) can differ in both type 

and quantity (Rodman & Louda, 1984; Sang et al., 1984).  Studies of seed glucosinolate 

contents (Hasapis et al., 1981; Horn & Vaughan, 1983; Schroeder et al., 1983) have reported 

high values (always over 13 mg g

of oil-free meal.   

-1, sometimes over 100 mg/g) with one exception, 0.55 mg g-1

 The results showed that, in general, wild Brassicaceae species contain very high 

glucosinolate levels, which have the potential to reduce the meal quality of the oilseed rape crop 

if weed control is inadequate. Blackshaw et al. (2002) demonstrated that processing oilseed rape 

seed contaminated with weed seed high in glucosinolates such as R. raphanistrum can result in 

oilseed rape meal with glucosinolate levels above acceptable marketable levels, particularly 

when weed density is high and weeds emerge at the same time as or shortly after oilseed rape. 

The linear regression modelling of admixtures with a single weed species showed that 7.78% 

contamination of an average oilseed rape seed lot with a weed species of 196 μmol g

 

in Alyssum chondrogynum (Hasapis et al., 1981).  The present study confirmed the high seed 

glucosinolate values reported by Horn and Vaughan (1983) for Brassica fruticulosa Cyr., B. 

oxyrrhina and Brassica tournefortii Gouan. 

-1

Mailer & Cornish 

1987

 of oil-free 

meal such as Sinapis arvensis would be required for the oilseed rape-weed admixture to exceed 

the glucosinolate limits for oilseed rape quality standards. The quality of the oilseed rape seed 

lot will influence the effect of the weed on glucosinolate concentration, with oilseed rape of 

lower than average quality requiring even less weed contamination to exceed the glucosinolate 

standard. Environmental conditions will influence the glucosinolate concentration in the oilseed 

rape crop, with several studies showing that Brassica napus tends to produce higher levels of 

glucosinolates in response to stresses like drought and high temperature (

; Jensen et al., 1996; Pritchard et al., 2000).  

 Weed control strategies in Australia currently reduce the risk of weed contamination of 

oilseed rape crops. However, the development and spread of herbicide resistant weeds is a threat 

to weed management. There is already evidence of triazine resistance in R. raphanistrum 

(Heap, 2017).  
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Fatty acid profiles   

There were marked differences among the different weedy Brassicaceae species in their fatty 

acid profiles.  However, the range of values did not differ beyond that previously found for the 

fatty acids of particular interest in the Brassicaceae family. There was little variability in the 

fatty acid profile among different lines of any given species.  A similar lack of intraspecific 

variability has been reported for some wild Brassicaceae species by Mikolajczak et al. (1961) 

and Appelqvist (1971).  However, Appelqvist (1971) reported considerable intraspecific 

variability for fatty acid profile in S. arvensis and Brassica cretica.  The lack of variability in 

Australian populations could perhaps reflect a limited number of introductions into Australia. 

Fatty acids are also very dependent on environmental conditions such as the temperature 

under which they are grown. The fatty acid profiles of the different species were generally very 

similar to those reported previously (e.g. Mikolajczak et al., 1961; Miller et al., 1965; 

Appelqvist, 1971; Kumar & Tsunoda, 1978).  The values in the current study were generally 

slightly lower for the shorter chain (C16 and C18) fatty acids and slightly higher for the longer 

chain fatty acids than those reported by Kumar and Tsunoda (1978), perhaps due to 

environmental differences at ripening (Appelqvist, 1969).  

 Appelqvist (1971) indicated that the reliability of the data presented in such studies was 

dependent on two factors, namely the frequent misidentification of many Brassicaceae species, 

and the likelihood of nursery grown samples being less representative than the original field 

collected material, given the cross-pollinating nature of some species and the likely embryonic 

control of fatty acid composition.  To be balanced against this, however, is the problem of 

comparing lines grown in vastly different environments, given the known environmental effects 

on fatty acid composition (Appelqvist, 1968).  For this reason, the lines in this study were all 

grown in a common environment for evaluation.   

 Erucic acid content of 18 of the 19 weedy species exceeded oilseed rape quality 

standards. Levels of erucic acid as high as 48% were observed in Brassicaceae weed species that 

were reported by Sutherland (1999) to have been particularly important in restricting oilseed 

rape production prior to the introduction of triazine tolerant varieties in Australia, specifically R. 

raphanistrum, Sisymbrium orientale L., C. bursa-pastoris, B. tournefortii, R. rugosum, S. 

arvensis and M. perfoliatum. Blackshaw et al. (2002) studied the emergence of R. raphanistrum 

with oilseed rape and found that at a density of 16 wild radish plants m-2 or higher, if the 

harvested seed was crushed together with the weed species the erucic acid levels were greater 

than the acceptable market standards for oilseed rape seed. Regression modelling in this study 
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also showed that less than 10% admixtures of most weed species with oilseed rape would result 

in oil that exceeded the erucic acid limit for oilseed rape quality standards. 

 

Seed and flowering characteristics 

This is the first time a comprehensive comparison of seed quality characteristics of Australian 

weedy Brassicaceae species has been combined with an examination of the flowering 

characteristics of the weedy species under the same environmental conditions. Data on potential 

weed seed size and seed production per plant can contribute to the development of weed 

management plans in cropping regions of Australia, particularly in furthering the understanding 

of weed seed bank reserves and potential impacts on yield. The flowering and seed 

characteristics also provide a greater understanding of which weedy species are of greatest risk 

of being present in admixtures with oilseed rape, potentially resulting in the oil not meeting 

oilseed rape standards if the seeds are crushed together. From a processing perspective, the weed 

species with very small seed relative to oilseed rape are of less concern as they will almost 

inevitably not be retained in the harvested and cleaned seed. Weed species with overlapping 

flowering time to oilseed rape, seed of similar size and shape to oilseed rape and moderately 

dehiscent pods (that dehisce under harvest pressure) are of greatest risk of remaining mixed with 

oilseed rape seed during processing, for example S. arvensis.  

 

Conclusions 

This is the most comprehensive study of Australian Brassicaceae weed species evaluated under 

the same environmental conditions. Considerable variability for oil and protein content, oil 

quality and glucosinolate content was evident in the Australian weedy Brassicaceae species.  

Regression analyses based on erucic acid content and glucosinolate concentration of the weed 

species indicated that contamination of oilseed rape seed with weeds from the family 

Brassicaceae risks increasing erucic acid in the oil and glucosinolates in the meal, which 

would result in a reduction in oilseed rape quality and reduced prices. Examination of seed 

and flowering characteristics of the weedy species identified the species with the greatest 

potential to remain in admixtures with oilseed rape. The results highlighted the potential 

effects of these weeds on oilseed rape seed quality if weed management strategies are 

inadequate or if herbicide resistance occurs.  

 

Acknowledgements 

Quality analyses were carried out by Dr R Mailer, at Wagga Wagga Agricultural Institute, 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved 

NSW, Australia.   

 

References 

AOF (2007) Australian Oilseeds Federation standards manual. Australian Oilseeds 

Federation, Sydney. 

APPELQVIST L-Å (1968) Lipids in Cruciferae. III. Fatty acid composition of diploid and 

tetraploid seeds of Brassica campestris and Sinapis alba grown under two climatic 

extremes. Physiologia Plantarum 21, 615–625. 

APPELQVIST L-Å (1969) Lipids in Cruciferae. IV. Fatty acid patterns in single seeds and 

seed populations of various Cruciferae and in different tissues of Brassica napus L

APPELQVIST L-Å (1971) Lipids in Cruciferae: VIII. The fatty acid composition of seeds of 

some wild or partially domesticated species. Journal of the American Oil Chemists’ 

Society 48, 740–744. 

. 

Hereditas 21, 9–44. 

BECKIE HJ, JOHNSON EN, BLACKSHAW RE, GAN Y (2008) Productivity and quality of 

canola and mustard cultivars under weed competition. Canadian Journal of Plant 

Science 88, 367–372. 

BELL JM (1984) Nutrients and toxicants in rapeseed meal: a review. Journal of Animal 

Science 58, 996–1010. 

BLACKSHAW RE, LEMERLE D, MAILER R, YOUNG KR 

COLE RA (1976) Isothiocyanates, nitriles and thiocyanates as products of autolysis of 

glucosinolates in Cruciferae.  Phytochemistry 15, 759–762. 

(2002) Influence of wild radish 

on yield and quality of canola. Weed Science 50, 344–349. 

DAVIS JB, BROWN J, BRENNAN JS, THILL DC (1999) Predicting decreases in canola 

(Brassica napus and B. rapa) oil and meal quality caused by contamination by 

Brassicaceae weed seeds. Weed Technology 13, 239–243. 

DOWNEY RK (1990) Brassica oilseed breeding − achievements and opportunities. Plant 

Breeding Abstracts 60, 1165–1170. 

EARLE FR & JONES Q (1962) Analyses of seed samples from 113 plant families.  Economic 

Botany 16, 221–250. 

FENWICK GR, HEANEY RK, MULLIN, WJ (1983) Glucosinolates and their breakdown 

products in food and food plants.  CRC Critical Reviews in Food Science and Nutrition 

18, 123–201. 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



This article is protected by copyright. All rights reserved 

GREENHALGH JR & MITCHELL ND (1976) The involvement of flavour volatiles in the 

resistance to downy mildew of wild and cultivated forms of Brassica oleracea.  New 

Phytologist 77, 391–398. 

HASAPIS X, MACLEOD AJ, MOREAU M (1981) Glucosinolates of nine Cruciferae and two 

Capparaceae species.  Phytochemistry 20, 2355–2358. 

HEAP I (2017) The international survey of herbicide resistant weeds.  Available at:  

www.weedscience.org (last accessed 28th

HOCKING PJ & STAPPER M (2001) Effect of sowing time and nitrogen fertiliser rate on 

growth, yield and nitrogen accumulation of canola, mustard and wheat. Australian 

Journal of Agricultural Research 52, 623–634. 

 March 2017) 

HORN PJ & VAUGHAN JG (1983) Seed glucosinolates of fourteen wild Brassica species.  

Phytochemistry 22, 465–470. 

JENSEN CR, MOGENSEN VO, MORTENSEN G, FIELDSEND JK, MILFORD GFJ, 

ANDERSEN MN, THAGE JH (1996) Seed glucosinolate, oil and protein contents of 

field-grown rape (Brassica napus L.) affected by soil drying and evaporative demand. 

Field Crops Research 47, 93–105. 

JONES Q & EARLE FR (1966) Chemical analyses of seeds II: Oil and protein content of 759 

species.  Economic Botany 20, 127–155. 

KJAER A (1981) Glucosinolates and related compounds.  Food Chemistry 6, 223–234. 

KUMAR PR & TSUNODA S (1978) Fatty acid spectrum of Mediterranean wild Cruciferae.  

Journal of the American Oil Chemists’ Society 55, 320–323. 

LEMERLE D, BLACKSHAW RE, SMITH AB, POTTER TD, MARCROFT SJ (2001) 

Comparative survey of weeds surviving in triazine-tolerant and conventional canola 

crops in southeastern Australia. Plant Protection Quarterly 16, 37–40. 

LEMERLE D, LUCKETT DJ, KOETZ EA, POTTER T, HANWEN W (2016) Seeding rate 

and cultivar effects on canola (Brassica napus) competition with volunteer wheat 

(Triticum aestivum). Crop and Pasture Science 67, 857–863. 

LIN L, ALLEMEKINDERS H, DANSBY A, CAMPBELL L, DURANCE-TOD S, 

BERGER A, JONES PJH (2013) Evidence of health benefits of canola oil. Nutrition 

Reviews 71, 370–

MAILER RJ & CORNISH PS (1987) Effects of water stress on glucosinolate and oil 

concentrations in the seeds of rape (Brassica napus L.) and turnip rape (Brassica rapa L. 

var. silvestris [Lam.] Briggs). Australian Journal of Experimental Agriculture 27, 707–11 

358. 

MCMULLAN PM, DAUN JK, DECLERCQ DR (1994) Effect of wild mustard (Brassica 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t

http://www.weedscience.org/�


This article is protected by copyright. All rights reserved 

kaber) competition on yield and quality of triazine-tolerant and triazine-susceptible 

canola (Brassica napus and Brassica rapa). Canadian Journal of Plant Science 74, 

369–374. 

MIKOLAJCZAK KL, MIWA TK, EARLE FR, WOLFF IA (1961) Search for new industrial 

oils. V. Oils of Cruciferae.  Journal of the American Oil Chemists’ Society 38, 678–681 

MILLER RW, EARLE FR, WOLFF IA (1965) Search for new industrial oils. XIII. Oils from 

102 species of Cruciferae.  Journal of the American Oil Chemists’ Society 42, 817–821.  

MITHEN RF, LEWIS BG, HEANEY RK, FENWICK GR (1987) Glucosinolates of wild and 

cultivated Brassica species.  Phytochemistry 26, 1969–1973. 

POTTER T & SALISBURY P (1991) Triazine resistant canola. In: Proceedings 1991 Eighth 

Australian  Research Assembly on Brassicas, (1–3 October, Horsham, Victoria, 

Australia), 143–145. 

POTTER T, BURTON W, EDWARDS J, WRATTEN N, MAILER R, SALISBURY P, 

PEARCE A (2016) Assessing progress in breeding to improve grain yield, quality and 

blackleg (Leptosphaeria maculans) resistance in selected Australian canola cultivars 

(1978–2012). Crop and Pasture Science 67, 308–316. 

http://dx.doi.org/10.1071/CP15290 

PRITCHARD FM, EAGLES HA, NORTON RM, SALISBURY PA, NICOLAS M (2000) 

Environmental effects on seed composition of Victorian canola. Australian Journal of 

Experimental Agriculture 40, 679–685. 

QUINLIVAN BJ & DEVITT AC (1972) Smooth-stemmed turnip.  Journal of the Department 

of Agriculture, Western Australia 13, 87. 

RÖBBELEN G & THIES W (1980) Variation in rapeseed glucosinolates and breeding for 

improved meal quality.  In: Brassica Crops and Wild Allies, Biology and Breeding, (eds S 

Tsunoda, K Hinata, C Gómez-Campo), 285–299. Japan Scientific Societies Press, Tokyo, 

Japan. 

RODMAN JE & LOUDA SM (1984) Phenology of glucosinolate concentrations in roots, stems 

and leaves of Cardamine cordifolia.  Biochemical Systematics and Ecology 12, 37–46. 

SALISBURY PA (1991) Genetic variability in Australian wild crucifers and its potential 

utilisation in oilseed Brassica species’.  PhD thesis, La Trobe University, Australia. 

SALISBURY P, COWLING W, POTTER T (2016) Continuing innovation in Australian 

canola breeding. Crop and Pasture Science 67, 266–272. 

http://dx.doi.org/10.1071/CP15262 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t

http://dx.doi.org/10.1071/CP15290�
http://dx.doi.org/10.1071/CP15262�


This article is protected by copyright. All rights reserved 

SANG JP, MINCHINTON IR, JOHNSTONE PK, TRUSCOTT RJW (1984) Glucosinolate 

profiles in the seed, root and leaf tissue of cabbage, mustard, rapeseed, radish and swede.  

Canadian Journal of Plant Science 64, 77–93. 

SAUER FD, KRAMER JKG (1983) The problems associated with the feeding of high erucic 

acid rapeseed oils and some fish oils to experimental animals. In: High and Low Erucic 

Acid Rapeseed Oils, (eds JKG Kramer), 253–292. Academic Press, Toronto, Canada. 

SCHROEDER WP, DAXENBICHLER ME, SPENCER GF, WEISLEDER D, TOOKEY HL 

(1983) 4-Hydroxy-3-methoxybenzyl glucosinolate, a new glucosinolate in seeds of 

Brassica elongata.  Journal of Natural Products 46, 667–670. 

SEBERRY DE, MCCAFFERY D, KINGHAM TM (2016) Quality of Australian canola 

2015–16, Vol. 22. NSW Government Department of Primary Industries & Australian 

Oilseeds Federation, Australia. ISSN 1322-9397. 

STEFANSSON BR (1983) The development of improved rapeseed cultivars. In: High and 

low erucic acid rapeseed oils: Production, Usage, Chemistry, and Toxicological 

Evaluation. (eds JKG Kramer, FD Sauer, EJ Pigden), 144–159. Academic Press, New 

York, United States of America. 

STEFANSSON BR, HOUGEN FW, DOWNEY RK (1961) Note on the isolation of rapeseed 

plants with seed oil free from erucic acid. Canadian Journal of Plant Science 41, 218–

219. 

SUTHERLAND S (1999) Weed management. In: Canola in Australia, the first thirty years. 

(eds PA Salisbury, TD Potter, G McDonald, AG Green). 59–65. Organising committee 

of the 10th International Rapeseed Congress, Canberra, Australia. 

VLES RO (1975) Nutritional aspects of rapeseed oil. In: The Role of Fats in Human Nutrition

ZHANG H, Flottman S, Milroy S (2011) Yield formation of canola (Brassica napus L.) and 

associated traits in the high rainfall zone. In: Proceedings of the 17th Australian 

Research Assembly on Brassicas (ARAB), (eds D Luckett, D McCaffery, H Raman, R 

Raman) (15–17 August, Wagga Wagga, NSW, Australia). 93–98. 

 

(ed AJ Vergroesen), 433–477. Academic Press, London, UK. 

 

Table 1 Weedy Brassicaceae species examined in the study. Lines of each species were 

collected from different cropping locations across Australia 

 

Species Common name Number of lines 
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Tribe Brassiceae:   

Brassica fruticulosa Cyr. Twiggy turnip 5 

Brassica oxyrrhina Coss. - 1 

Brassica tournefortii Gouan Wild turnip 8 

Carrichtera annua (L.) DC Ward’s weed 3 

Conringia orientalis (L.) Dumort Wild cabbage, Hare’s ear, Treacle mustard 2 

Diplotaxis muralis (L.) DC Wall rocket 2 

Diplotaxis tenuifolia (L.) DC Sand rocket, Lincoln weed 7 

Diplotaxis tenuisiliqua Del. - 1 

Hirschfeldia incana (L.) Lagr-Fossat Buchan weed, Hairy Brassica 9 

Raphanus raphanistrum L. Wild radish, Jointed charlock 10 

Rapistrum rugosum (L.) All.  Turnip weed, Giant mustard 7 

Sinapis arvensis L. Charlock 5 

Tribe Lepidieae:   

Capsella bursa-pastoris (L.) Medik. Shepherd’s purse 5 

Tribe Euclidieae:   

Myagrum perfoliatum L. Musk weed 2 

Tribe Sisymbrieae:   

Camelina sativa (L.) Crantz False flax 1 

Sisymbrium erysimoides Desf. Smooth mustard 2 

Sisymbrium irio L. London rocket 5 

Sisymbrium officinale (L.) Scop Hedge mustard 7 

Sisymbrium orientale L. Indian hedge mustard 7 
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Table 2 Quality characteristics of weedy Brassicaceae species in comparison with average quality characteristics of Australian oilseed rape*. 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 Oil content (%)† Protein content (%)† Glucosinolates (μmol g-1)‡ 

    

Brassica fruticulosa 34.5 ± 3.5 23.8 ± 1.6 134 ± 15.5 

Brassica oxyrrhina 32.8 24.8 101 

Brassica tournefortii 32.2 ± 5.0 22.6 ± 1.0 121 ± 15.0 

Carrichtera annua 18.6 ± 1.9 31.3 ± 0.3 162 ± 15.5 

Conringia orientalis 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 42.9 ± 2.1 24.9 ± 1.5 135 ± 11.0 

Diplotaxis tenuisiliqua 29.4  28.7 117 

Hirschfeldia incana 37.2 ± 2.2 26.1 ± 1.8 157 ± 20.0 

Raphanus raphanistrum 45.5 ± 3.3 25.4 ± 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 bursa-pastoris 31.5 ± 3.7 26.7 ± 2.5  63 ± 4.0 

Myagrum perfoliatum 42.1 ± 1.8 32.6 ± 0.1 183 ± 1.0 

Camelina sativa 41.6 24.7  44 

Sisymbrium erysimoides 24.3 ± 2.5 33.3 ± 0.1 118 ± 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 32.9 ± 1.2 28.4 ± 1.3  94 ± 10.5 

*Average quality characteristics of Australian oilseed rape are 42.0% oil, 39.9% protein and 6 μmol g-1 in whole seed (16 μmol g-1

†Oil and protein content (%) presented on a moisture-free basis. 

 in oil free meal) 

based on the annual Australian Oilseeds Federation survey of crops (Seberry et al., 2016). 

‡Glucosinolate content (μmol g-1

 

) presented on an oil-free meal, air-dry basis. 

 

 

Table 3 Linear relationships between glucosinolate concentration of a canola-weed admixture and percent weed contamination (PWC) for each 

weed species and the minimum PWC required to increase the glucosinolate concentration of a standard canola seed lot above the canola quality 

standard (i.e. <30 μmol g-1 of glucosinolate). Linear relationships were determined by taking into account the observed mean value of 

glucosinolate concentrations of contaminated seed samples and the mean values of uncontaminated seeds of Australian canola (i.e. 16 μmol g-1

 

 

of glucosinolate) reported by Seberry et al. (2016)* 

Species Relationship† 

Percent weed contamination (PWC) 

required for 30 micromole glucosinolate 

g-1 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 

Conringia orientalis 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 

Brassica tournefortii 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 

*Uncontaminated oilseed rape seeds assumed to have a glucosinolate concentration of 16 μmol/g in oil-free oilseed rape meal based on the 2015 

annual Australian Oilseeds Federation survey of crops (Seberry et al., 2016). 

†y, concentration of glucosinolates in seed admixture (30 μmol g-1

Table 4 Fatty acid profiles of weedy Brassicaceae species in comparison with average quality characteristics of Australian oilseed rape*. Mean and 

); PWC, percent weed contamination (based on model described by Davis et 

al., 1999) 
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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. lines C16:0 (%) C18:0 (%) C18:1 (%) C18:2 (%) C18:3 (%) C20:1 (%) C22:1 (%) 

Brassica fruticulosa 5 3.9 ± 0.3 1.3 ± 0.1 8.1 ± 0.8 16.2 ± 1.1 12.8 ± 0.8 5.8 ± 1.0 45.0 ± 1.6 

Brassica oxyrrhina 1 2.9 1.0 10.0 8.8 17.8 7.9 45.1 

Brassica tournefortii 8 2.8 ± 0.3 1.3 ± 0.2 8.6 ± 0.6 11.5 ± 0.8 13.6 ± 1.1 7.3 ± 0.5 47.8 ± 1.9 

Carrichtera annua 3 6.5  ± 0.4 0.6 ± 0.1 4.3 ± 0.1 14.8 ± 0.5 13.7 ± 0.6 1.9 ± 0.2 48.5 ± 0.4 

Conringia orientalis 2 2.1 ± 0.0 0.4 ± 0.0 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 ± 0.2 2.1 ± 0.0 11.7 ± 0.6 22.8 ± 0.3 21.0 ± 0.3 6.7 ± 0.1 22.5 ± 0.6 

Diplotaxis tenuifolia 7 4.7 ± 0.4 2.2 ± 0.1 20.3 ± 1.5 18.2 ± 1.3 23.9 ± 1.3 8.8 ± 0.4 17.1 ± 0.8 

Diplotaxis tenuisiliqua 1 7.7 1.9 7.1 18.4 29.5 5.4 23.5 

Hirschfeldia incana 9 5.8 ± 0.6 1.3 ± 0.3 10. 7 ± 0.8 11.0 ± 1.2 27.5 ± 2.6 5.7 ± 0.6 32.3 ± 4.8 

Raphanus raphanistrum 10 5.5 ± 0.7 1.9 ± 0.3 20.8 ± 2.2 12.1 ± 1.4 12.3 ± 1.1 14.5 ± 1.0 31.5 ± 2.6 

Rapistrum rugosum 7 4.7 ± 0.2 1.4 ± 0.2 9.3 ± 0.9 11.3 ± 1.2 21.6 ± 1.0 6.5 ± 0.6 36.4 ± 3.3 

Sinapis arvensis 5 3.1 ± 0.4 1.0 ± 0.1 10.4 ± 0.8 12.4 ± 1.0 15.0 ± 0.5 13.3 ± 1.8 38.8 ± 1.1 

Capsella bursa-pastoris 5 8.8 ± 0.3 4.2 ± 0.2 14.2 ± 1.3 20.6 ± 1.6 33.9 ± 1.7 12.2 ± 1.4 0.7 ± 0.1 

Myagrum perfoliatum 2 6.0 ± 0.4 1.3 ± 0.0 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 

Sisymbrium erysimoides 2 10.4 ± 0.2 1.4 ± 0.0 7.6 ± 0.1 14.8 ± 0.2 30.9 ± 0.0 6.6 ± 0.0 20.4 ± 0.2 

Sisymbrium irio 5 10.3 ± 0.7 2.3 ± 0.2 11.8 ± 2.0 15.5 ± 0.4 37.0 ± 0.9 7.4 ± 0.5 9.4 ± 1.9 

Sisymbrium officinale 7 8.2 ± 0.4 1.2 ± 0.1 6.6 ± 0.7 12.5 ± 0.5 33.6 ± 1.6 5.7 ± 0.2 23.1 ± 2.3 
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Sisymbrium orientale 7 7.5 ± 0.5 1.0 ± 0.2 7.2 ± 0.6 11.0 ± 0.9 34.2 ± 0.6 5.8 ± 0.4 25.4 ± 1.5 

*Average quality characteristics of Australian oilseed rape are 64.3% 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 Federation survey of crops (Seberry et al., 2016). 
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Table 5  

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

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

acid concentration of a standard canola seed lot above the canola quality standard (i.e. <2% of erucic 

acid). Linear relationships were determined by taking into account the observed mean value of 

glucosinolate concentrations of contaminated seed samples and the mean values of uncontaminated 

seeds of Australian canola (i.e. 0% erucic acid) reported by Seberry et al. (2016)* 

 

Species Relationship 

Percent weed contamination (PWC) 

required for 2% erucic acid in 

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 

Myagrum perfoliatum y=0.256 x PWC 7.81 

Conringia orientalis y=0.256 x PWC 7.81 

Sisymbrium orientale y=0.254 x PWC 7.87 

Diplotaxis tenuisiliqua y=0.235 x PWC 8.51 

Sisymbrium officinale 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 

*Uncontaminated oilseed rape seeds assumed to have an erucic acid concentration of 0% based 

on the 2015 annual Australian Oilseeds Federation survey of crops (Seberry et al., 2016). 

†y, content of erucic acid in seed admixture (2%); PWC, percent weed contamination (based 

on model described by Davis et al., 1999) 
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Table 6 Flowering and seed characteristics of weedy Brassicaceae species. 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. 

lines 

Thousand seed 

weight (g) 

Seeds/pod Seed yield (g 

plant-1
Height (cm) 

) 

Days to 

flowering 

Pod shatter 

resistance 

(0–4)* 

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 ± 0.10 130 ± 0 88 ± 3 0 

Capsella bursa-pastoris  5 0.116 ± 0.016 24.5 ± 2.2 1.95 ± 0.60 85 ± 10 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 73 ± 3 81 ± 1 0 

Sisymbrium orientale  7 0.253 ± 0.021 177.0 ± 30.5 3.62 ± 0.86 112 ± 25 109 ± 7 3 

Diplotaxis tenuifolia  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 14.8 ± 1.7 3.54 ± 0.24 155 ± 10 129 ± 4 3 

Hirschfeldia incana  9 0.356 ± 0.056 7.6 ± 1.4 2.18 ± 0.39 154 ± 15 156 ± 5 3 

Brassica fruticulosa  5 0.601 ± 0.061 15.8 ± 2.9 2.41 ± 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 1.4 ± 0.5 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 orientalis  2 2.548 ± 0.086 40.8 ± 0.1 3.54 ± 0.45 73 ± 3 109 ± 1 3.5 

Myagrum perfoliatum  2 3.875 ± 0.361 1.0 ± 0.0 2.31 ± 0.39 85 ± 10 106 ± 7 4 

Raphanus raphanistrum  10 4.730 ± 1.340 4.3 ± 1.1 2.87 ± 0.77 101 ± 30 111 ± 10 4 

*Visual pod shattering resistance assessments were made at maturity on a 0 to 4 scale where 0 is very susceptible and 4 is indehiscent. 
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Appendix 1 

 

Fertiliser details: 

1.0 kg m-3

2.0 kg m

 Osmocote 3-4 month time-release fertiliser (15:5.2:12.5 N:P:K);  
-3

0.08 kg m

 Osmocote 8-9 month time-release fertiliser (18:4.8:8.3 N:P:K);  
-3

1.0 kg m

 Iron chelate EDDHA (6% Fe);  
-3

0.3 kg m

  3-4 month time-release iso-butylidene-Di urea (31% N);  
-3

Additional nutrients were supplied in a weekly watering with 2 g L

 Trace element mixture (12% Fe, 2.5% Mn, 1.0% Zn, 0.5% Cu, 0.1% Bo, 0.005% Mo, 

15% S). 
-1 Aquasol liquid fertiliser 

(23:4:18 N:P:K).  
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