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ABSTRACT
The ‘4B Brassica’ Crop program is a collaborative project between the University of Western
Australia, the Department of Agriculture and Food Western Australia and key industry
partners. This is a new approach to oilseed breeding in response to growing world demand
for biodiesel. Our aim is to exploit for biodiesel production, the underutilized mustard species
Brassica juncea (Indian mustard) and B. carinata (Ethiopian mustard) to develop a new ‘4BBrassica’ that combines the resilience of mustard species in high stress environments with
the oil producing capacity of B. napus. ‘4B Brassica’ crops for Biodiesel, Better Soils, Break
Crop and Better Wheat will provide an exciting new industry for regional Australia with low
inputs and high oil yield under low rainfall conditions. Rapid breeding techniques will
accelerate selection for drought tolerance, blackleg resistance, high seed yield and oil
content. Seed meal can be recycled as fertilizer, and glycerine as a soil wetting agent. This
provides a crop that better utilises available rainfall, transforms existing resource-based
industries, improves soil quality, recycles carbon, reduces emissions, and addresses climate
change.
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INTRODUCTION
The cost of energy worldwide is increasing. In the last ten years, the price of crude oil has
reached as high as $74/barrel and the long-term forecast is for further price increases as
world oil reserves are progressively depleted. Australia relies on large-scale imports of fossilderived diesel for industry and transport, which is unsustainable in the longer term. New
sources of biodiesel will reduce Australia’s reliance on diesel imports. Biodiesel is a
renewable fuel that has similar properties to fossil diesel and emits less harmful combustion
products. Biodiesel is produced by esterification of vegetable or animal oils. There are many
potential sources of oil feedstock for biodiesel production, with plant-based oils being the
most productive in terms of energy output / input ratios.
Canola (Brassica napus) dominates Australian oilseed production. In the peak year of 1999,
1.7 Mha of canola was sown, with Western Australia contributing the largest area at 830,000
ha. Historically, canola has been grown in areas with reliable rainfall and with a relatively high
input of synthetic fertilisers. Canola oil and meal must also meet stringent quality
requirements (low erucic acid, low glucosinolates) for food and feed uses. Alternative oilseed
crops that are more resilient to lower rainfall and less fertile soils would be a good alternative
to canola in many growing areas, especially marginal regions normally considered unsuitable
for growing canola. Here oil would be for biodiesel and seed meal would be used as fertiliser.
So our new approach is to develop 4B Brassica: Biodiesel, Better Soils, Break Crop and
Better Wheat for marginal cropping areas.
4B BRASSICA PROJECT
The four components of the 4B Brassica Project: Biodiesel, Better Soils, Break Crop and
Better are outlined below.
Biodiesel. Seed oil in Brassica species ranges from 35-44% (Downey and Rimmer 1993).
Our research indicates seed oil concentration is inversely proportional to seed protein
concentration (Si and Walton 2004; Gunasekera et al. 2006b) so a biodiesel Brassica would
be bred for high oil yield per hectare rather than high protein. The impact of low rainfall and
short seasons on protein concentration is greater than on oil yield (Si et al. 2003). Oilseed
grain from a biodiesel Brassica would be processed for oil (preferably on farm or locally), and

the meal (protein and fibre) would be recycled (e.g. back-freighted to the farm) to return N and
organic matter to the soil and promote sustainability.
Oil quality in Brassica mustards vary greatly. Some mustard lines have high erucic acid
concentrations conferring good lubricating qualities desirable in a fuel oil, but potentially a low
melting point. The Australian Standards for Biodiesel include a minimum cetane level,
oxidation stability and flashpoint temperature, and a required viscosity. Melting point, pour
point and chemical stability will also be important considerations in breeding new Brassica
oilseeds for biodiesel. Biodiesel properties will be examined with the assistance of our
industry partners and using farm machinery and fleet vehicles.
There are many other uses of Brassica oil and glycerine, which will be developed as they
become more available, and this will increase market potential. Currently the majority of
polymers are derived from petroleum but certain products are based on vegetable oil and
there is considerable scope for expansion. Brassica oils can be used as reactive agents in the
manufacture of polyamides, polyesters, polyurethanes and nylon. Bioplastics derived from
oilseed have good biodegradation properties. Pharmaceutical benefits are also being
investigated for example, certain glucosinolates have cancer-preventative properties and
consumption of B. juncea seed prevents insulin-resistance (Yadav et al. 2004).
Better soils – Biofertiliser. Mustard cake (meal) is a high quality organic fertiliser used
extensively in India, Pakistan and areas of the Middle East. Mustard meal has a high C:N
ratio and nutrients are released slowly as the meal is broken down providing a slow release
fertiliser when applied at sowing (Balesh et al. 2005). Glycerine, a by-product of biodiesel
production, is also used as a soil wetting agent. Use of mustard meals in fertilizer is new
technology for Australia and methods for its use in our rainfed farming systems need to be
developed; this will be accomplished in collaboration with our industry partners.
Break crop. Farmers have long observed the benefits of break crops, which can improve the
yield of wheat. When wheat root diseases are present, yield of wheat after canola or Indian
mustard can be 30% higher and protein 1.3% higher than wheat after wheat (Kirkegaard et al.
1997).
Better wheat. Wheat yields following mustards are higher due to reduced disease, greater
nitrogen cycling and uptake by wheat, or improved water status. There are few viable
rotational crops for wheat in low rainfall regions. Alternative oilseed crops with greater
tolerance of marginal conditions will greatly benefit the wheat industry.
Our aim is to exploit the underutilised mustard species, B. juncea (AABB genome) and B.
carinata (BBCC genome), to breed and select new oilseeds for biodiesel production. Breeders
have introgressed genes from B. juncea and B. carinata to improve B. napus (canola)
(Prakash and Chopra 1988; Schelfhout et al. 2004). This has been successful in reducing
problems with late maturity, pod shattering, drought, and pest and disease susceptibility.
However, despite these improvements, B. napus remains a crop that is best suited to areas of
Australia with favourable growing conditions (i.e. high rainfall, high soil fertility achieved by
synthetic fertilisers) where it is the most productive oilseed crop in terms of grain yield, oil
content and oil quality (Mendham and Salisbury, 1995). A contributing factor to the lack of
success of breeding canola for low-rainfall, low input agriculture has been the stringent food
and feed requirements for canola that slow the rate of genetic improvement in other complex
adaptive traits such as drought tolerance and nitrogen-use efficiency. Alternative Brassica
oilseeds that already have these adaptive traits have historically been neglected because
they do not meet the high quality oil and meal standards required of canola. However, with
the surge in demand for biodiesel, which does not require the very high quality standards of
canola, there is an opportunity to develop new, non-canola quality Brassica oilseed crops
based on the mustards (B. juncea and B. carinata), which are well adapted to low rainfall, low
input agriculture.
B. juncea (Indian mustard) usually outperforms canola when grown under dry conditions in
Southern Australia, especially where water deficit develops after flowering (Lewis and
Thurling 1994; Wright et al. 1995; Hocking et al. 1997; Gunasekera et al. 2006a). Indian

mustard has higher yield than canola when sown late, such as in areas with short seasons or
with a late break of the season. This is due to its greater ability to maintain leaves and
produce dry matter after flowering under water deficit (Wright et al. 1995; Hocking et al.
1997). Our research has shown that across a range of genotypes of B. napus and B. juncea
this is in part due to osmotic adjustment, which is positively associated with less yield loss
and higher harvest index in plants grown under water deficit (Niknam et al. 2003). Osmotic
adjustment is difficult to assess in the field but recently we have identified proline as a
potential screening tool for Brassica (Ma et al. 2004). In addition, proline cosegregates with
osmotic adjustment in interspecific crosses (Ma and Turner 2006). Populations segregating
for proline concentration will be used to evaluate adaptation to drought complimented by
experiments in low rainfall, short season environments. In Brassica oilseed crops, pod and
seed development and hence yield, depend on photoassimilates from leaves and stored
carbohydrates from vegetative organs (Pechan and Morgan 1985). Our research has shown
that under low rainfall, high temperature and late sowing conditions B. juncea produces
greater biomass than canola (Gunasekera et al. 2006a). Under water deficit B. juncea has
less dependence on redistribution of stored carbohydrate and a greater access to current
assimilate during pod filling than canola (Hocking et al. 1997). Water use efficiency of B.
juncea is higher than canola (Angus et al. 1991). Our research shows these factors provide
greater tolerance to stressful environments in B. juncea, indicated by greater phenotypic
stability, compared with canola. However B. juncea has a relatively low harvest index
compared with canola and this could be improved by breeding and selection (Guneshekara et
al. 2006a, b; Ma and Turner 2006).
B. carinata (Ethiopian mustard) has the breeding advantages of deep rooting and high
tolerance to heat, drought and saline conditions (Kumar et al. 1984; Malik 1990). It has large
seeds with high erucic acid, high glucosinolate and high protein content. There is substantial
variation in flowering time and oil content among Ethiopian germplasm including early
maturing and high oil yielding lines (up to 42%) (Rakow and Getinet 1998).
Both B. juncea and B. carinata have other advantages including enhanced seedling vigour
and a broad basal branching habit which are important for fast root and leaf development
enabling better use of light, capture of soil water, reduced evaporation from the soil surface
and better competition against weeds. Their resistance to pod shattering (Prakash and
Chopra 1988; Rakow and Getinet 1998) is highly desirable as swathing is not required and
harvesting is simplified, compared with canola.
B. napus (canola) is host to a number of fungal pathogens but Blackleg, caused by Phoma
lingam/Leptosphaeria maculans, is the most important disease of Brassica oilseed crops in
Australia and worldwide (Plieske and Struss 2001). The Brassica B genome is an important
source of resistance. Canola breeding lines with high resistance to L. maculans races have
been selected from interspecific crosses between B. juncea and B. napus both at the seedling
(cotyledon) and adult stages (Chèvre et al. 1997; Saal et al. 2004). Variation among the lines
suggests that several genes may be effective on their own and thus it may be possible to
combine genes providing a more robust resistance. This could be achieved with the
assistance of molecular markers that are linked to specific sources of blackleg disease
resistance genes (Saal et al. 2004; Saal and Struss 2005). Research on resistance to
Australian L. maculans isolates indicates a higher level and more widespread resistance
within B. juncea than resistant B. napus lines (Purwantara et al. 1998). Further, B. carinata
lines generally have high levels of resistance to blackleg and are more resistant than B.
juncea lines (Gugel et al. 1990). Thus lines derived from hybridisation between B. juncea and
B. carinata should have a high level of resistance. This will be examined in our well
established disease nursery for blackleg.
Resistance to other diseases and pests exists within these alternate Brassica species. B.
juncea is resistant to black rot (Xanthomonas campestris) and B. carinata is resistant to insect
pests such as flea beetles and has high levels of resistance to Alternaria leaf spot and
powdery mildew (Tonguc and Griffiths 2004; Westman et al. 1998).
There is a wealth of Brassica genetic material available to this project. We have access to a
total of 2500 accessions of B. juncea and B. carinata from the Vavilov Institute (St Petersburg,

Russia) and the Australian Temperate Field Crops collection (Victoria). Along with these
natural collections, we will access interspecific progeny developed in other projects, such as
B. juncea-like progeny from B. napus x B. juncea crosses and B. carinata-like progeny from
B. napus x B. carinata. These genetic materials have only been partly screened as projects
concentrated primarily on B. napus-like progeny. We have also negotiated research
agreements with Prof. Jinling Meng (Huazhong Agricultural University, Wuhan, China) and
Assoc. Prof. Phillip Griffiths (Cornell University, USA) to access a range of interspecific
Brassica material. This project will proceed on several levels. Currently available materials will
be screened and selected for 4B Brassica crops, selected materials will be further bred and
selected and new materials will be developed for future oilseed breeding. This will provide a
supply of improving lines for commercial production of new oilseed crops. These new 4B
Brassica oilseeds will provide an important alternative feedstock for the developing biodiesel
industry, especially in regional areas.
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