Minutes of the OREGIN Stakeholders’ Forum Meeting on Traits

Monday 10th November, 2003

10:30 am at Syngenta, Whittlesford, Cambridge.

Attendees: 

Graham King, Graham Teakle, Dave Pink (HRI)

Nigel Padbury (Syngenta Seeds)

Jonathan Blake, Peter Gladders, John Spink (ADAS)

Matthew Clarke (Monsanto)

Graham Jellis (HGCA)

Peter Werner (CPB Twyfords)

Bruce Fitt, Elizabeth Pirie, Olu Latunde-Dada, Jon West, Neal Evans, Ingrid Williams  (RRes)

Simon Kerr, Jane Thomas (NIAB)

Adrian Peck (Farmer)

Judith Irwin, Colin Morgan (JIC)

Jo Bowman (Nickersons)

Richard Jennaway (Saaten Union)

Bruno Viegas (Defra)

Apologies: Prof. Ian Crute (RRes)

Links to Powerpoint presentations given on the day can be accessed via hyperlinks.

1. The meeting was opened by Peter Werner (CPB-Twyford) and brief introductions were made by each attendee.

2. The meeting was called to draw up a short list of important traits, rank them in order of priority and make recommendations for future research.

3. Graham King (HRI) and Bruce Fitt (RRes) gave updates on the activities of OREGIN. At HRI, an OSR Diversity Set comprising 200 accessions is being assembled. Candidate entries are currently being fixed so that they can be used in genetic studies. At RRes, interactions between fixed isogenic lines of OSR from France and isogenic isolates of the pathogen reveal reductions in the pathogen’s fitness due to loss of avirulence. Isolates of the pathogen are currently being collected from around the world. The OREGIN website has been set up and will begin to be populated over the next few weeks (www.oregin.info).

4. A. Graham Jellis presented the understanding of HGCA on growers’ needs:

a. Sustainable markets for food (edible oil), animal feed (rapeseed cake) and industrial uses (biofuels, substituted petrochemicals, composting, absorbents).

b. Sustainable cropping through crop improvement and crop management. A new R&D Strategy for oilseeds (and cereals) will be released soon.

B. Matthew Clarke gave a series of compilations from different points of view. Important traits from the end-user’s focus are fatty acid profile, total oil content, levels of antioxidants, levels of glucosinolates and protein content. Agronomy focuses on GxE effects, resistance to lodging, plant vigour, disease resistance, root growth and development, pests (pigeons, slugs and insects), winter hardiness, drought resistance, establishment and early crop development, biomass and harvest index, hybrids and crop maturity. The main targets of breeders are seed yield, total oil content, resistance to lodging (more important in UK than elsewhere), disease resistance (light leaf spot and stem canker are currently the major threats) and oil quality (e.g. HEAR and HOLL).

· Traits such as low saturated fatty acid and glucosinolate contents, designer proteins, low biomass and new hybrids were identified as future targets. 

· Knowledge gaps include yield components (harvest index, pods, seed size/no. – little knowledge for existing varieties or exotic germplasm), root growth development, the role of glucosinolates in pest and disease resistance, nutrient response and the effects of minor diseases on yield.

C. Simon Kerr (NIAB) presented a scenario in which sustainability was quantified (4 indicators namely cost, energy utilization, toxicity of inputs and water pollution) based on 1 crop of OSR cultivated in Norfolk over 1 season with the current levels of input. (See Appendix 2 for slides). After carrying out environmental assessments, defining characters and ascribing values to these characters the following results were obtained:

· Judging by energy utilization, reduced N requirement (72% energy input in the form of N), pod shatter resistance, good early vigour, uniform crop establishment and Sclerotinia resistance were important factors.

· Judging by ecological impact, flea beetle resistance, good early vigour, Sclerotinia resistance, 10% yield increase and slug resistance were important factors.

· Judging by cost reduction, good early vigour, pollen beetle resistance, Sclerotinia resistance, pod shatter resistance, reduced N requirement, reduced aerial mass were important factors.

Overall ranking produced the following list:

1. Good early vigour,

2. Flea beetle resistance

3. Sclerotinia resistance

4. Competitive ability of the adult plant

5. Pod shatter resistance

6. Pollen beetle resistance

7. Slug resistance

8. Reduced N

9. Uniform pod maturity

10. Stem canker resistance

11. Reduced aerial mass

12. Seed weevil resistance

13. Straw properties

14. Lodging resistance (already major target of current breeding programmes)

Other characters that were not addressed but could be of importance:

1. Depth and speed of rooting

2. Allergenicity factors (may not be due to OSR pollen?)

3. Green tissue/seed glucosinolate composition

5. Miniworkshops. The meeting broke up into groups which considered traits under the following categories:

c. Disease and pest resistance

d. Sustainable agriculture and special research

e. Yield components and quality.

6. “Distillation” of thoughts of the three groups:

a. Disease and pest resistance

Disease discussion guidance slides by Peter Gladders
Presentation on resistance to pests prepared by Ingrid Williams (caution large file - 11.1MB)

Diseases resistance: Next to stem canker and light leaf spot, viruses, Alternaria and   Sclerotinia were judged very important. Although viruses might cause up to 10% yield reduction, not much is currently known about host resistance in OSR. OSR viruses are aphid transmitted and are (probably) currently adequately controlled by insecticide spray programmes for flea beetle management.  However, it is desirable to minimise pesticide inputs and hence resistance to viruses is a worthwhile trait to consider.  

Pest resistance: Insect pests capable of causing economic damage and currently controlled by pesticides include cabbage stem flea, pollen beetle, seed weevil and pod midge. Other generalist herbivores which are also important pests of oilseed rape include slugs and pigeons.  Traits with potential to influence pest infestation include seedling establishment, leaf characters, flowering time, flower characters, pod characters, growth habit and glucosinolate content of the vegetative and floral tissues.

Specific trait/pest interactions highlighted included the following:

· Development of cvs that could be drilled later but establish more rapidly have potential to reduce infestation by cabbage stem flea beetle

· Modifying leaf petiole length may restrict  cabbage stem flea beetle larval entry and feeding

· Earlier leaf fall may kill early cabbage stem flea beetle larvae

· Cultivars that flowered earlier have potential to reduce infestation by pollen beetle and cabbage stem flea beetle

· Changes to bud size, petal colour, flower odour, presence of petals/pollen have potential to influence infestation by pollen beetle

· Changes to plant architecture have potential to influence pest attack and their vulnerability to parasitoids

· Changes to pod size, pod wall chemistry, resistance to shattering may reduce damage by seed weevil and pod midge

· Glucosinolates (GS) are important mediators of pest-rape interactions.  They aid in crop location and stimulate feeding. Changes to GS content of tissues has potential to deter generalist pests as well as specialist insect pests.

It was noted that of these traits, GS content of tissues also had potential to influence plant disease and pod strength also had potential to influence attack by Alternaria.

b. Sustainable traits

The most important characters were thought to be:

· Nitrogen use efficiency (not forgetting sulphur) – most benefit at stem elongation stage so need to apply early otherwise cannot get through canopy, however, early application runs greater risk of run-off pollution. Current trialling is performed under high N conditions so no varietal information is generated for N use efficiency.

· Establishment - without 100% establishment cannot obtain maximum crop yield.

· Vigour – early vigour more important than at late stages (hybrids more vigorous)

These traits are each important during early development, together with pest resistance.

It was thought that there were possibilities to breed for these characters.  

    Some major knowledge gaps were identified regarding nitrogen use efficiency. Are low biomass types any better at converting N to seed yield? - assumption would be that harvest index would be higher, but no knowledge of any work on this. 

Another interesting point questioned the contribution made by seed protein to N uptake. As the value of the protein is insignificant compared to the oil, could it be worth selecting for low protein varieties?

There are clearly agronomic as well as breeding aspects involved in reducing N applications, but the group suggested that a lot of basic research had never been carried out - so difficult to make improvements without some idea of current status.

Establishment and vigour linked in well with the N use discussion. For early N application to be worthwhile, we need good establishment and vigorous early growth. This also makes the crop more tolerant to pest attack. Root vigour is also likely to be important in maximising use of the applied N.

In conclusion, altering the plant growth habit (Biomass, HI, Root vigour, early vigour etc.) was thought to be realistic in breeding terms, and could help to reduce N usage as well as making the crop more tolerant to pest attack. Direct breeding for resistance to pests was thought to be less realistic, particularly with regard to slugs and pigeons.

Other points raised during discussion – pigeons etc, small/large seed (germination problems with large seed, but contrasting experience regarding this – is dormancy an issue? Large seed better at surviving deeper sowing), spring vs winter OSR - spring better for environmental impact. For spring OSR earlier sowing gave competitive advantage against certain insect pests (CSFB?), but more at risk of frost damage. Therefore would need to address frost resistance/Winter hardiness. Winter hardiness/frost resistance related to leaf development – flatter leaves covering the ground are better? Winter hardiness probably in Eastern European cultivars, though not current target of UK breeding programmes. One benefit of WOSR is that if crop fails at early stages can sow another crop in the spring (e.g. pulses)  Allergenicity ?–however, it was pointed out that this was possibly a “media generated association”?  (After all, “hay fever” was nothing new pre-70’s before the arrival of OSR!) Would this be a good target? (….back to the possibility of blue flowers?). Direct drilling into stubble reduces energy input.

The specialist research traits, such as identifying features (e.g. leaf traits), pigmentation and transformation efficiency were considered either to be covered by current breeding/research activities or not relevant to the objectives of this meeting. Although pigmentation may have relevance for insect attraction. 

BRACT – Biotechnology Resources for Arable Crop Transformatoin. Judith Irwin summarised the basis of the project – includes OSR and cereals. Identify facile transforming genotypes – transformation used to address traits of interest. E.g test if a candidate gene is important for a trait transform it in and ask if the trait is affected. 

c. Yield Components

The main questions were:

Why aren’t National average yields increasing despite the fact that variety performance is improving? (e.g. Why/what are the differences: farm crop vs. trial yields)

Is increased yield a priority i.e. Why do growers grow OSR? (benefits over other break crops). Yields may be more important if the crop is grown for novel uses e.g bio diesel additive etc.

It was felt that there was a general lack of information on yield components particularly whether there is any genetic variation. The “yield components issue was complicated due to problem defining/partitioning genetic v environmental  variation for components.  The group wasn’t aware of any genetic studies on yield components, although it may be possible to “take extremes” e.g. DH lines to look at this.  Also the problem of GXE componded partitioning effects.Part of the problem of defining variation for components of yield was due to difficulties in trialling. Trials are expensive as high replication is needed.

Was the problem that OSR plant were too vigorous? – can this be manipulated?  Although this may hit on the plasticity of the crop and the good compensatory affect which should not be compromised. NB the compensatory effect may determine the yield of the crop i.e. doesn’t matter what you do in terms of variety improvemnet etc that’s the yield you get – again a need for properly designed experiments with appropriate experimental material to look at this.

Other thoughts:

Oil composition – new oils?  (Would the product be valuable enough to justify low yield– some doubts expressed by breeders but growers are looking for new markets.)

Reduce trans fatty acids ? – comes from the hydrogenation process.

Biodiesel  -  in order to make a case for Government support we should aim to improve the energy balance so biodiesel makes a positive environmental contribution. From Simon Kerr’s presentation the most effective way to do this would be to reduce the N2 input. Nitrogen use efficiency is highly amenable to genetic study given the appropriate experimental populations and genetic resources to determine variability for this trait.

Gumming effect on engines, identify them and possibilities of improving.

Roots  -  does this restrict post-flowering potential?

Dwarf varieties are not particularly high yielding, but this probably reflects the current state of breeding. 

7. Discussion/prioritisation

Attendees came up with the following (tentative) list (apart from resistance to stem canker and light leaf spot, already discussed last year):

1. Viruses (?) – the main issue here being that there is a potential large problem but it is not sufficiently well characterised.  The call would be for research into the scale of yield loss.

2. Pigeons – undeniably a major and uniquely UK problem.  An increasingly important problem as pigeons appeared to be attacking crop as early as October now rather than in January/February as a few years ago.  The difficulty is finding a solution. Increasing the level of tissue glucosinolates had potential to deter pigeon grazing.  The other protection approach is to sow early and risk over-large plants (frost tender) going into the winter.  Moving with this strategy and tackling the crop architecture/disease issues from early sowing may be more tractable.

3. Slugs – a persistent problem requiring routine pesticide treatment.  As with pigeons a non-chemical solution is difficult, again changes in glucosinolates may provide a way forward.  However, cotyledons cannot produce glucosinolate so are only protected by the glucosinolate in the seed.

4. Cabbage Stem Flea Beetle  – (non-chemical control).  The major autumn insect pest of OSR. Currently controlled by seed treatment and insecticide applications.  Alternatives are needed.  Improved control through breeding may be possible, again by altering the glucosinolates profile of the leaves.  Other approaches may include looking at plant architecture and drilling dates to avoid severe pest damage.

5. Establishment – a recurring problem for WOSR particularly in conditions such as those seen this autumn.  There is a strong interaction on farm between the desired growth pre-winter and the risk from pigeon grazing.  Previous studies have concentrated on the environmental factors involved in reliable establishment.  What are the genetic factors?  Seed size, root development, N use efficiency, vigour?

6. N use – accounts for 72% of the energy inputs.  Currently the subject of a scoping study under the joint management of …. And Simon Kerr (NIAB).  The stakeholder forum will need to review the research initiatives required when this study reports.

7. Biodiesel – may become a substantially increased market for rapeseed oil.  No special quality requirements were thought to exist but as an industrial crop the energy balance is likely to be a major consideration and N use efficiency will be the most important consideration in the development of the crop. 

Other traits not to be forgotten but not discussed during the summing up of the meeting

8. Other insect pests – pod midge and seed weevil deserve listing but currently these do not cause major problems.  Studies of canopy and pod architecture would do well to keep interactions with these pests in mind.

9. Yield component traits per se.  Particularly the problems of GxE.

Discussion group formed to further discuss merits of each “trait” and priorities:

Matthew Clarke, Ingrid Williams, Simon Kerr, Graham Teakle, Dave Pink and  Neal Evans

Next meeting of the stakeholder group -  Tuesday 23 March 2004, venue HRI Conference centre.

