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Executive summary 

This review of variety testing identifies variety characteristics which might contribute to more sustainable agriculture, principally through reduced inputs of agrochemicals and natural resources, including water. It categorises different elements of sustainability, evaluates the current test programme in addressing them and considers new characters and methods for their assessment.

Five crops were selected for examination: winter wheat, winter oilseed rape, spring barley, spring grain peas and potatoes. For each crop a case study was conducted in which one or more typical management scenarios was tabulated. Management activities and inputs were listed, together with variety characteristics considered to have the potential to decrease use of these inputs. Each crop scenario was analysed for a series of sustainability parameters in order to provide a composite value for characters that were identified as contributing to sustainability. Characters were then classified into high, medium and low importance.

Aspects of crop growth and management not currently incorporated into variety testing programs but of possible value to sustainable agriculture were identified. Methodology and research leading to their possible inclusion in test programs is discussed. The parameters of sustainability initially selected for investigation were: energy use (and release of greenhouse gases); resource use; toxicity to the environment; pollution of surface water bodies and ground water; biodiversity; food safety; cost. 

Crop scenarios were developed in consultation with appropriate crop experts. In most cases the scenario is run up to harvest and immediate storage with no assessment of characters that affect subsequent processing through the food chain. 

The characters which make sustainability savings were classified as major, medium or minor depending on their potential to make input savings for improved sustainability. Major characters show the potential to make savings of 9% or more in at least one sustainability parameter, while characters saving between 1% and 3% are classified as minor characters and those from 4% to 8% are considered of medium importance.
In order to maximise the degree of sustainability achieved by plant breeding, it is necessary to put the greatest emphasis on those characters which have the most potential to beneficially impact on sustainability. The potential importance of characters varies with the aspect of sustainability being considered. These characters are listed at the end of each crop section. 

For energy use a reduced N requirement for optimum yield is typically one of the characters having most impact in all the crops considered (c.11%), except peas where no N fertiliser is applied. Characters which reduced the amount of energy needed for harvesting and drying, such as sprouting resistance in winter wheat or combinability in peas also have a relatively large impact, which is comparable to that of reduced N requirement. The effect of a 10% increase in yield on energy input per unit output is also relatively high at 7-9%.

For ecotoxicity and water pollution by pesticides, the characters making the largest savings are directed towards reducing applications of herbicide, fungicide and pesticides. Typically the most effective character has an impact of about 20% of the total ecoratings/water pollution used on the crop. However for potatoes the impact is reduced by almost 50% by good resistance to blight. Otherwise, the most influential character for reducing ecoratings varies with the crop. 

The study considered which varietal characters have most impact on aspects of sustainability which have value parameters. Other aspects such as biodiversity lack sufficiently clear 'value' parameters to enable the judgement of a variety which, by its very nature, requires the balancing of strengths and weaknesses. The key parameters for current National List  (NL) decisions, yield and cost, are not reviewed in detail as they are already well defined.  

Placing the greatest emphasis on those characters which have the most potential for improving sustainability will have two influences on progress;

· The sustainability of varieties added to the NL will improve.

· Breeders will be encouraged to target new ideotypes with improved sustainability.

The data presented in this paper should be of assistance in deciding on what changes in fiscal policy might be necessary to encourage the use of varieties which improve sustainability. In addition, the methods used in this paper offer a technique for analysing the effect of changing inputs where plant breeding has little or no perceived relevance.

Areas identified that require further research effort across all crops were: 

· The value and management of mixtures 

· Nitrogen recovery and varieties suited to lower N rates

· Plant competitiveness at both the seedling and adult stage

· The effect of rooting structure on competitiveness 

· Management of biodiversity within arable crops

Other, crop specific, research requirements are included in the crop sections.
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Investigation of Varietal Characteristics Required for Sustainable Agriculture 

1 Introduction

This review of variety testing identifies variety characteristics which might contribute to more sustainable agriculture, principally through reduced inputs of agrochemicals and natural resources, including water. It categorises different elements of sustainability, evaluates the current test program in addressing these and considers new characters and methods of assessing them.

At present, within the European Union (EU), testing of new varieties of agricultural species is required under Council Directive 2002/53/EC before they can be marketed. This is to ensure their overall suitability for production in terms of yield, quality, field characters and disease resistance. A summary of current approaches to testing is given in Appendix 1. 

Five crops were selected for examination: winter wheat, winter oilseed rape, spring barley, spring grain peas and potatoes. For each crop a case study was conducted in which one or more typical management scenarios was tabulated (Appendices 7-11). Management activities and inputs were listed, together with variety characteristics considered to have the potential to decrease use of these inputs. Each crop scenario was analysed for a series of sustainability parameters in order to provide a composite value for characters that that were identified as contributing to sustainability. Characters were then categorized into high, medium and low importance.

Aspects of crop growth and management not currently incorporated into variety testing programs but of possible value to sustainable agriculture were identified. Methodology and research leading to their possible inclusion in test programs is discussed.

2 Considering aspects of sustainability

2.1 The parameters of sustainability initially selected for investigation were:

Energy use (and release of greenhouse gases)

Resource use

Toxicity to the environment

Pollution of surface water bodies and ground water

Biodiversity

Food safety

Cost

2.2 Energy Use 

The Government's declared objective for energy conservation is to reduce greenhouse gas emissions because of their atmospheric contribution to global warming. The Kyoto Protocol reduction target, for the UK is 12.5%, of the 1999 base year (8% for the EU as a whole). Greenhouse gases – particularly carbon dioxide and nitrous oxide – are chiefly produced by the burning of fossil fuels for power generation or industrial processes. It should be noted that other agricultural greenhouse gas emissions include further nitrous oxide released from nitrogen fertilisers in the soil and methane from ruminant digestion. 

The amount of gaseous emission from different forms of combustion-based energy varies but since they are to a great extent interchangeable, and subject to economic circumstances, it is assumed that, for this exercise, all forms of energy use are equally undesirable. While non-combustion based power sources are being developed, notably wind power and biofuels, their proportional contribution is likely to remain small. For crops with a potential contribution to renewable energy gain as biofuels (notably wheat, oilseed rape and potatoes, within those considered) energy balance between energy invested and energy gained is a complicating factor. In principle energy saving in crop management is desirable however. 

In addition to greenhouse gas emission there is a need to conserve non-renewable energy sources to safeguard future power supplies. Any contribution from variety improvement to reducing energy usage in agriculture is fundamental to the goals of sustainability. 

Measurements of energy use reported here are expressed in hundreds of megajoules (100 MJ) per unit of output. Differences in the energy efficiency of some agricultural processes have been reported, (e.g. the fuel used in tractors, cultivations or grain drying) and average values have been assumed. Data sources are listed in appendix 1. 

2.3 Toxicity within the environment

Agricultural production cannot be adequately achieved without measures to control competing weeds, pests and diseases. While cultivation techniques and good rotational practices can offer major contributions in this respect, the fact remains that to maintain the yield levels required to support a growing population, agrochemicals are of fundamental importance. A balance of effective control of pest species and weeds, against some damage to other elements of fauna and flora within cropped areas and beyond, must be accepted. However, variety improvement may have an important role to play in reducing the need for chemical control.

The impact of agrochemicals on the environment remains a major focus of concern. In the early years of agrochemical development the introduction and use of pesticides in particular was not regulated and effects on non-target species, throughout the food chain, were little understood. Now agrochemical usage is strongly regulated, the most harmful and persistent products are withdrawn and new products are required to undergo rigorous scrutiny. 

There are already measures for assessing the toxic effects of pesticides on various classes of animals, including fish and birds (see Appendices 1 to 6). The assessment of toxic effects in both terrestrial and aquatic environments is considered (see Appendix 1: 4.1.3). This rating uses the same methodology as the current regulatory regime for pesticides. The measured criteria of toxicity are an index of eco-warnings and the mean eco-rating averaged for 5 typical animal species. Eco-ratings provide a 'common currency’ in which economies in one input can be traded against increased use in another.

Toxicity to desirable plants is not considered, probably because at the moment there is no such thing as a desirable plant within a crop and the effects of spray drift are considered to be negligible where good application regimes are used (see biodiversity Section 2.7).

2.4 Pollution of water

Rain water run-off and drainage causes agrochemical and fertiliser pollution of surface water bodies and aquifers. The degree of pollution is subject to a complex set of conditions which include rainfall levels, soil type, stage of crop development and solubility of the products applied. The principal concerns are with respect to water supplies and for the impact on aquatic ecosystems.

Contamination of water supplies is not measured in the same way as terrestrial eco-toxicity. While eco-ratings reflect the relative hazard of each chemical to animals living in the fields, there are statutory requirements under EU regulations not to exceed specified concentration limits for pesticide in drinking water. In 1997, the chemicals which exceeded this limit in drinking water in four or more samples were in descending order of frequency, isoproturon (17 samples), mecroprop (13), MCPA (6), simazine (5), atrazine (4). An index has been developed by AERU to bring the different measures of water pollution together (see Appendix 1 Section 4.1.4). 

Fertiliser nitrogen (N) and phosphate (P) can also contaminate drinking water supplies and have effects on aquatic flora and fauna by altering the competitive balance between species. In the case of N, there is a statutory limit on the level. Here again, any contribution to reduced water pollution, via variety improvement, impacts directly on sustainability.
2.5 Cost

Cost, normally expressed as £/ha, is an ideal parameter because it is universally applicable to all inputs, and the cost of one input can be balanced against another. Furthermore as a parameter, though subject to fluctuating market forces for different commodities, it is widely understood and documented. Cost, set against crop value, is the ultimate criterion of sustainability for farmers and they will switch from variety to variety and even crop to crop to maximise income. This is particularly so at times of crop price depression. Cost savings may be achieved through reduced need for inputs or though greater yield or quality enhancing output value. Cost can be applied readily at the variety level. 

The remaining components of sustainability have not been included in the detailed analysis for the reasons discussed below:

2.6 Resource Use

It was felt that between the Energy and Cost sections above, the key elements of resources had been adequately covered and no detailed analysis, at the variety improvement level, can usefully be given here. Where resources become limiting the problem is likely to be of such a scale as to be a crop issue rather than a variety issue. A possible exception, other than energy, might be water. Here, climate change may have a considerable but not clearly predictable bearing. Drought stress/tolerance is discussed under a number of crop headings.

2.7 Biodiversity 

Most wild plant and animal species are interdependent on a great range of other species. Biodiversity is key to the survival of our native fauna and flora.

Cultivated arable crop species are, in general, not very competitive against naturally occurring weed species and have varying susceptibilities to pests and diseases. They perform best when managed as monocultures. This is in contrast with livestock pastures, where mixtures of species are advocated to prolong the grazing season and improve quality. There have been some exceptions among arable crops, such as the practice of growing cereal and pulse crop mixtures for stock feed, mainly to improve the standing ability of the pulse element and to deliver a nutritionally balanced feed. Others have advocated cereal variety mixtures, to limit disease spread the crop through race resistance diversification. Neither approach has been taken up widely.

While not dismissing mixed cropping per se the pragmatic solution is almost certainly through patchwork farming where field margins or long-term set-aside blocks are used to promote biodiversity and intensive farming is practised within field crops.

Whatever the approach, at the variety testing stage, characterisation can be achieved adequately in conventional trials. There may, however, be additional opportunities within the current system to identify variety types better suited to promoting non-harmful insect populations or ground nesting birds by reaching growth stages, such as flowering or maturity at different times.

2.8 Food safety

Food safety is an important issue not only for health reasons but also for social aspects of sustainability. Social sustainability also relates to ethical and environmental choices by consumers, who are increasingly demanding information on how the food they eat is produced. To be below a government recognised safety limit is not necessarily sufficient for all consumers. This has contributed towards the success of the organic movement. 

It is very difficult to assess and model food safety issues. Clearly it would be undesirable to grow varieties that are intrinsically unsafe to eat or at risk from toxins produced by pathogens. More typically, food safety is likely to be compromised through inclusion in the product of toxic material used in its production. For the purposes of this study it is assumed that if product label instructions, regarding application of agrochemicals and harvest intervals are followed, toxic residues will not be a serious issue and that food safety in itself is not a variety testing issue. However, variety considerations elsewhere which will identify reduced needs for agrochemicals and must be regarded as useful contributions in this respect.

A more detailed examination of food chain and food safety issues is given in Appendix 1: 3.3.6.1-3.3.6.3
3 General methodology for defining the importance of varietal characters

3.1 In order to identify those variety characters most important for sustainability, the following approach has been adopted:

· Define parameters for assessing sustainability, which are quantitative. Parameters have been defined for cost, energy use, toxicity of pesticides to fauna, water pollution and partially for food safety issues. 

· Detail the operations involved in growing a representative crop and attribute ‘un-sustainability values’ for each parameter for each operation. The study extends from the preparation of the seedbed to the harvest and storage of the end product.

· Suggest characters for which varieties might be improved, in order to improve the sustainability of the crop.

· For each operation, estimate the size of the potential for improvement in sustainability arising from improvements in varietal characters. This is described as a percentage reduction in the unsustainability of the individual operation. An individual character may not produce the same percentage reduction in every parameter. Furthermore a character can have an influence on more than one operation. For example, straw stiffness can reduce combining costs and also the cost of drying in wheat.

· Aggregate the sustainability improvements produced by each character in order to identify the value in measuring any one character. 

· Describe the new characters for which measurements are needed to improve sustainability and give a measure of their importance. Suggest ways they might be measured, including the use of any cheaper proxy measures which have a good correlation with the character producing the sustainability improvement. For characters which are already measured, suggest any changes which might make the assessment more relevant to improving crop sustainability

While this approach identifies the potential improvements that can be made by plant breeding, it gives a low weight to characters which are already expressed to a high degree because they have been selected for in the past. Characters such as resistance to lodging are important for sustainability but improving them further may produce little benefit. Hence they score relatively low in this exercise. However they need incorporating into any assessment in such a way that their value to sustainability is recognised so that they do not get neglected in the future. 

The method used in this investigation assesses the importance of characters to varietal sustainability in the current farming milieu. It examines each character and the effect of its improvement in isolation. The issue of the interaction between characters is not addressed. Such an interaction could become important if the changes that were being envisaged in the methods of cultivation of a crop were drastic. For example a significant reduction in the amount of nitrogen used on cereal crops could change the importance of controlling leaf diseases either by spraying or genetic improvement. 

Furthermore changes in the methods used in growing the crop in response to the need for improved sustainability which have no immediately obvious varietal implications such as fertiliser placement, undersowing or increasing seed rate, could have 'knock-on' effects on the importance of varietal characters. For example the use of increased seed rates to suppress weeds as suggested by Lemerle et al (2001) could make crops more susceptible to lodging and some diseases for which there are varietal differences.

Because it seems impossible at this stage to envisage how the current scenario will be modified it is also impossible to account for these interactions. However, 'organic production' which if it were universally practised is probably not sustainable in some terms, does offer an insight into how varietal characters important to sustainability might interact if inputs of nitrogen and pesticides were radically reduced. 

A review of organic cereal production is provided in Appendix 12. The main conclusions from this study are that there are some characters that would appear to be beneficial for organic farmers (and also for the sustainability of conventional farmers) that are not regularly selected for. Early vigour, i.e. higher amounts of growth during autumn, winter and spring would appear to have a number of benefits, including greater season-long light interception for biomass and yield formation, greater nitrogen uptake during periods at risk from nitrate leaching, and better competition against weeds for light, nitrogen, and other nutrients. Achieving large improvements in these characters would, however, appear to have a number of difficulties. 

4 Scenarios

For each crop, a typical growing season scenario has been developed in consultation with experts for that crop. For some crops, where a significant proportion of the crop area is grown using an additional treatment, this is handled by adjusting the impact by the percentage of the area treated. These percentages have been estimated for the whole country, and not for the particular locality attributed to the scenario. The proportions are estimates by experts but in some cases it has been possible to confirm the figures from survey data (winter wheat). In the case of potatoes, the methods used in growing the crop are very diverse and two contrasting scenarios have been presented separately. In most cases the scenario is run up to harvest and immediate storage with no assessment of characters that affect subsequent processing through the food chain. The methodology would be appropriate for this if it were required. 

The crops being considered are widely distributed across the UK but the bulk of the area tends to be in Eastern England (with the exception of spring barley). Location has most effect on the impact of farm practices on ground water and surface water pollution through the combined influences of rainfall and soil type. There is also an effect of location on the prevalence of disease.

4.1 Estimation of the potential saving in inputs by variety The varieties typically used in UK agriculture have been bred and/or selected for their good performance under the existing high input regimes. This means that many of the characters which might enable a more economic use of reduced inputs, are not strongly expressed in UK varieties although they may be present in some breeding material. Hence there is often little evidence for the degree to which these 'reduced input' characters would impact on the level of inputs used. In any case their impact would also depend on the relative levels of inputs and outputs. Thus the percentages quoted are ones which it is believed are potentially possible in the most extreme varieties produced by incorporating genes using technologies currently available from the widest range of sources of breeding material. 

A single application of pesticide may control more than one problem disease or pest. Varietal resistance to one of the two problems may lead to a complete discontinuation of the pesticide application, or none at all. This will depend on whether the impact of the other problem is sufficient to justify continued application of the pesticide. A judgement has been taken as to how much resistance to the two individual ‘problems’ will reduce the use of the input. In cereals where single pesticides may control a number of important diseases, all of which must be controlled by varietal resistance before application is discontinued, the resistances have been considered as one character. E.g. in the case of mildew and brown rust resistance for spring barley. The savings are calculated for 

an improvement in the combined characters.  Fig 4.1 below illustrates the potential total savings that could be possible if all sustainable characters were combined in a single variety and the reduced levels of inputs as identified in the study were applied.  
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(crop 1 = normal scenario, crop 2 = reduced inputs needed using sustainable varieties) 

Although the level of uncertainty attached to these figures is high, nevertheless, the figures do give a reasonably robust assessment of which characters are likely to produce the greatest savings, and which are likely to have little impact. See Appendices 7 to 11 for details of the calculations made. Furthermore because the way in which the estimated savings are presented, it is possible to test and amend the figures that have been used if the assumptions are changed as further evidence becomes available. The calculations used throughout presume that the savings in inputs by improved varieties are achieved with no alteration in yield. If there were a yield change, either upwards or downwards, the savings indicated would therefore need to be adjusted on a per unit output basis.

4.2 Two characters considered but not developed further were: 
4.2.1 Herbicide tolerance - This is defined as the ability to survive an application of a broad-spectrum (grass weeds and broad-leafed weeds) herbicide, which normally kills the crop. The improvement in sustainability produced by herbicide tolerance depends on the ratio between the unsustainability of the currently used product(s) and the unsustainability of the product to which the new variety is tolerant. Hence this approach is only likely to be valuable in those situations where the existing pesticide is of above average 'unsustainability'. No calculation are presented for this character as it is currently unavailable in the market and, in most cases, has been introduced by genetically modified (GM) technology which is not approved for use. The calculation, when done using the model developed, does produce significant contributions when 3l/ha of glyphosate is compared to the current range of herbicides. This is particularly so with controlling grass weeds in cereals. These calculations can be supplied if required.  

4.2.2 Nitrogen recovery - This is defined as the nitrogen recovered in the yield and removed from the field as a percentage of that applied as N fertiliser. It was considered but not included in the tables. Its importance was not reflected in the calculations because the affect on water pollution and greenhouse gases could not be assessed in the same terms as those for pesticides. 

With winter wheat evidence for differences in efficiency of nitrogen recovery is available from variety trials where all the varieties are grown under the same N application. There is a trend towards higher yielding varieties recovering more nitrogen, but even at comparable yields, there appears to be a difference of about 15kg/ha in weight of N recovered. As the average amount of applied fertiliser N, which is lost, seems to vary from 0 to 75kg/ha, it can be seen that a 15kg difference between varieties is significant. 

With potatoes Kleinkopf et al (1981) indicated that there may be large differences between varieties in their capacity to recover fertiliser N. In a trial of 6 varieties he showed a 10% range in the % recovery for 5 varieties, but an experimental variety recovered some 40% more N. 

Improvements in nitrogen recovery would prevent N losses, which impact on water pollution and global warming through nitrification. Further work is required to determine the value of this character as part of the sustainability balance. 

4.3 Defining the importance of characters The characters which make sustainability savings have been classified as major, medium or minor depending on their potential to make input savings which improve sustainability. Major characters show the potential to make savings of 9% or more in at least one sustainability parameter, while characters saving between 1% and 3% are classified as minor characters and those from 4% to 8% are considered of medium importance.
Case studies
5 Winter wheat

5.1 Scenario - The scenario is for a wheat crop being grown for feed in Norfolk on sandy/loam soil with a national average yield of 8t/ha. Details of the characters, inputs and their impacts are presented in Table 8.5 and Appendices 2 & 7. It is assumed that all the inputs are applied to the whole area except that survey data suggests that only about 70% of the area receive a spray against aphids (to control Barley Yellow Dwarf Virus (BYDV)) in the autumn. The proportion of the crop being dried varies across the country with some having as much as 6% moisture removed and some none. The energy use for drying is large and more or less pro rata to the amount of moisture removed. A removal of 2% moisture has been adopted as a typical figure.

The scenario assumes that as seed is bought anew, the cost would be substantially less for farm saved seed. The impact on sustainability for the provision of seed is taken to be pro rata to the crop output (2.25%). While more or less true for farm saved seed it is likely to be a slight underestimate for purchased seed which has to be transported from where it was produced for processing and then delivered. 

5.2 While it has been possible to split the unsustainability impact in terms of eco-ratings and water pollution for the two components of the seed dressing, the small cost and energy use figures have simply been allocated 50:50 between the two components. 

5.3 Variations - The principle variation from the feed wheat scenario used is wheat produced for bread making. Crops grown for bread making have an additional application of nitrogen, typically in late May, of c.60kg/ha. For this application the % of the nitrogen recovered can be poor in some weather conditions. Also more attention is given to the control of ear disease and timeliness of harvest to avoid depressing Hagberg Falling Number or in the worst cases, even sprouting. This can lead to more pesticide use and higher drying costs.

5.4 Impact of inputs Table 5.1 presents the impact of the variety characters on the four parameters of sustainability: cost, energy use, eco-rating and water contamination index ranked on eco-rating. Costs are based on typical application rates and surveys of product prices (Nix, Farm Brief). For an explanation of the environmental impact methodology see Appendix 1. Here, if the impact is less than 0.5 of the units used the figure is displayed as a zero, indicating that the impact is insignificant for the purposes of this investigation.

	Table 5.1 Winter Wheat: Potential of characters for savings per unit output. 

The figures below are taken from tables included in Appendix 1 which should be consulted 

	Character conferring sustainable advantage
	Cost reduction £
	Energy reduction 100mj
	Eco-rating reduction units
	Water pollution reduction units

	Adaptation to later sowing
	11
	2
	23
	2

	Adult plant competitive ability
	18
	3
	16
	3

	BYDV resistance
	6
	1
	12
	1

	10% increase in yield
	48
	15
	11
	3

	Early vigour
	12
	2
	11
	2

	Septoria resistance
	20
	1
	8
	4

	Septoria & Rust resistance
	20
	1
	7
	3

	Fusarium resistance
	20
	1
	5
	2

	Seedling Fusarium resistance
	4
	0
	4
	1

	Mildew resistance
	25
	0
	2
	2

	Bunt resistance
	4
	0
	2
	1

	Total aerial mass
	7
	1
	0
	0

	Straw strength
	20
	5
	0
	0

	Sprouting and shedding resistance
	29
	24
	0
	0

	Reduced N requirement
	21
	23
	0
	0

	Aphid resistance
	0
	0
	0
	0

	Orange Blossom Midge 
	See other characters below

	Total expenditure
	604
	191
	129
	31

	Potential total savings from variety *
	265
	79
	101
	24


*Note that as more than one character may target savings of one input the total saving may be an overestimate

The total potential saving is illustrated in fig 5.1 which assumes that the best sustainable characters are combined in a single variety. 

5.5 Summary of recommendations for winter wheat - Characters which impact on inputs or have a direct impact on sustainability issues such as food quality can be ranked into major, medium and minor on the basis of the size of the potential improvements in sustainability. The ranking of importance to sustainability of the characters, which have been considered together with an indication of the action recommended are listed below. See Appendix 1 for further details.

Major characters
Action recommended for sustainability assessment

Nitrogen requirement 
Special trials

Sprouting resistance 
Special test

Adult plant competitive ability 
Special trials or additional assessments on existing trials after a pilot investigation

Early vigour 
New assessment on existing trials


Septoria resistance
Continue existing assessments

Septoria and rust resistance
Continue existing assessments

Adaptation to later sowing
Investigation of proxy measures

BYDV resistance
Routine test after pilot experiment

10% increase in yield
Continue existing assessments

Medium characters

Nitrogen recovery:
Extension of existing test to all NL varieties

Mildew resistance:
Continuation of current assessment

Bunt resistance:
Respond to special claims

Seedling Fusarium resistance:
Respond to special claims plus investigation

Ergot resistance:
Investigation of varietal differences 

Ear Fusarium resistance:
Consider routine testing

Minor characters

Straw strength
Continue existing assessments

Aphid resistance
No action

Other characters 

Orange Blossom Midge  (OBM) has assumed much more importance in 2004 than in previous years. Surveys have shown that only about 10% of the wheat crop was previously sprayed and therefore it was not included in the original analysis. In 2004 OBM has been much worse with estimates of up to 50% of the crop being sprayed. Usually only the quality varieties are sprayed as the pest causes loss of grain quality and reduces HFN. The chemical used is an organophosphorus compound (chlorpiriphos) which gives good control of the adults and larvae but has a high eco-toxicity rating. Whether it is a transient problem remains to be seen. There is genetic resistance as in Welford and Brompton and some other breeders claim tolerance in their varieties e.g. Robigus.  

6 Spring barley

6.1 Scenario - The scenario is based on a crop grown for malting on sandy soil in Norfolk. Details of the characters, inputs and their impacts are presented in Table 9.3 and Appendices 3 & 9. However for disease control the impact of resistance is considered for the country as a whole since a large proportion of the spring barley area is grown in Scotland. The scenario assumes that as seed is bought anew, the cost would be substantially less for farm saved seed. The impact on sustainability for the provision of seed is taken to be pro rata to the crop out put (2.8%). While this is more or less true for farm saved seed it is likely to be a slight underestimate for purchased seed which has to be transported from where it was produced for processing and then delivered. 
6.2 Variations - Growers whose aim is to produce feed barley would tend to apply more nitrogen fertiliser (about 30kg/ha) at an earlier date. This would in increase the impact of varieties with reduced nitrogen requirements for optimum yield and also those with high nitrogen recovery because less N would be lost and the animal feed would be of higher N content.

6.3 Impact of inputs  Table 6.1 presents the impact of the variety characters on the four parameters of sustainability: cost, energy use, eco-rating and water contamination index ranked on eco-rating. Costs are based on typical application rates and surveys of product prices (Nix, Farm Brief). It is assumed that all the inputs are applied to the whole area except that only 50% of the area is treated to control wild oats. For an explanation of the environmental impact methodology see Appendix 1. Here, if the impact is less than 0.5 of the units used the figure is displayed as a zero, indicating that the impact is insignificant for the purposes of this investigation.

	Table 6.1 Spring Barley for malting - Potential of characters for savings per unit output

The figures below are taken from tables included in Appendix 1 which should be consulted

	Character conferring sustainable advantage
	Cost reduction £
	Energy reduction 100mj
	Eco-rating reduction units
	Water pollution reduction units

	Leaf stripe resistance
	4
	0
	17
	1

	Mildew resistance
	25
	1
	10
	3

	10% increase in yield.
	33
	8
	7
	2

	Competitive ability
	6
	1
	6
	2

	Mildew & brown rust resistance
	13
	1
	5
	1

	Rhynchosporium resistance
	12
	1
	5
	2

	Loose smut resistance
	4
	0
	4
	1

	Reduced N requirement
	14
	14
	0
	

	Straw strength
	9
	3
	0
	0

	Ability to retain heads
	12
	10
	0
	0

	Total expenditure 
	439
	116
	95
	22

	Potential total savings from variety *
	132
	39
	54
	12


*Note that as more than one character may target savings of one input the total saving may be an overestimate

6.4 Summary of recommendations for spring barley - Characters which impact on inputs or have a direct impact on sustainability issues such as food quality can be ranked into major, medium and minor on the basis of the size of the potential improvement in sustainability. The ranking of importance to sustainability of the characters, which have been considered together with an indication of the action recommended are listed below. See Appendix 1 for further details.

Major characters 
Action recommended for sustainability assessment

Nitrogen requirement
Special trials following an investigation

Early vigour
New assessment on existing trials 

Adult plant competitive ability
Special trials or additional assessments on existing trials after a pilot investigation

Early vigour
New assessment on existing trials

Mildew resistance
Continuation of current assessment

Mildew and brown rust resistance
Continuation of current assessment

Leaf stripe resistance
Investigation followed by special test

Ability to retain heads
Consider special test

10% increase in yield
Continue existing assessments

Medium characters

Nitrogen recovery
Extension of existing test to all NL varieties

Loose smut resistance 
Introduce a test

Minor characters

Straw strength
Continue existing assessments

7 Winter oilseed rape

7.1 Scenario - The scenario is based on a winter oilseed rape crop of a conventional variety grown in the Cambridge area, using three fungicide sprays and desiccation prior to harvest. Details of the characters, inputs and their impacts are presented in Table 10.3 and Appendices 4 & 9. Wide variation in spraying and pre-harvest treatments are encountered on farm and this is allowed for in the tables. The seed rate of 6kg only represents 0.17% of the output and therefore the sustainability implications of seed production are minimal on a per hectare basis. 

7.2 Variations - It is assumed that all of the crop is grown for edible oil production with no inclusion of oilseed production for industrial uses. 

7.3 Impact of inputs Table 7.1  presents the impact of the variety characters on the four parameters of sustainability: cost, energy use, eco-rating and water contamination index ranked on eco-rating. Costs are based on typical application rates and surveys of product prices (Nix, Farm Brief). It is assumed that all the inputs are applied to the whole area except, for the purposes of calculations, that 20% of the crop is swathed and 80% desiccated prior to harvest. For an explanation of the environmental impact methodology see Appendix 1. Here, if the impact is less than 0.5 of the units used the figure is displayed as a zero, indicating that the impact is insignificant for the purposes of this investigation.

	Table 7.1 Winter Oilseed Rape: Potential of characters for savings per unit output.

The figures below are taken from tables included in Appendix 1 which should be consulted

	Character conferring sustainable advantage
	Cost reduction £
	Energy reduction 100mj
	Eco-rating reduction
	Water pollution reduction

	Flea beetle resistance  
	13
	0
	60
	5

	Good early vigour 
	43
	6
	48
	5

	Sclerotinia resistance 
	26
	2
	27
	3

	10% increase in yield 
	49
	13
	26
	3

	Slug resistance 
	13
	1
	22
	3

	Competitive ability of adult plants  
	19
	1
	20
	2

	Stem canker resistance 
	12
	1
	18
	5

	Uniform pod maturity 
	14
	4
	16
	3

	Pod shatter resistance 
	20
	8
	12
	2

	Seed weevil resistance 
	4
	1
	12
	2

	Pollen beetle resistance
	30
	0
	9
	1

	Bladder pod midge resistance
	3
	0
	9
	2

	Light leaf spot resistance 
	12
	1
	4
	2

	Straw stiffness
	6
	0
	2
	1

	Lodging resistance 
	7
	1
	0
	0

	Reduced N requirement 
	20
	19
	0
	0

	Reduced aerial mass 
	20
	2
	0
	0

	Total expenditure 
	564
	152
	288
	37

	Potential total savings from variety *
	311
	60
	285
	39


*Note that as more than one character may target savings of one input the total saving may be an overestimate

7.4 Summary of recommendations for winter oilseed rape - Characters which impact on inputs or have a direct impact on sustainability issues such as food quality can be ranked into major, medium and minor on the basis of the size of the potential improvements in sustainability. The ranking of importance to sustainability of the characters, which have been considered together with an indication of the action recommended are listed below. See Appendix 1 for further details.

Major characters 
Action recommended for sustainability assessment

Flea beetle resistance  
Introduce special test 

Good early vigour 
Assess twice, consider more detailed measurements 

Stem canker resistance 
Continue existing assessments

Reduced N requirement 
Assess interactions and determine contribution potential from varieties 

10% increase in yield 
Continue existing assessments

Sclerotinia resistance 
Introduce treated/untreated trials

Medium characters 

Slug resistance 
Develop special pot test
Competitive ability of adult plants  
Determine weed suppression and root development

Uniform pod maturity       
Consider special trials in the North and South 

Seed weevil resistance     
Develop special test
Pollen beetle resistance
Develop special test

Light leaf spot resistance 
Continue existing assessments

Pod shatter resistance 
Use special test

Bladder pod midge resistance
Develop special test
Reduced aerial mass 
Investigate value and develop test 

Minor Characters

Straw stiffness 
Continue existing assessments

Characters not quantified

in the model


Depth and speed of rooting
Consider investigation

Allergenicity factors
Consider investigation

Green tissue glucosinolate content
Consider investigation

8 Potatoes

8.1 Scenario - The techniques for growing potatoes are very diverse, therefore two contrasting scenarios, each representative of the ware growing systems of husbandry, have been investigated. See Table 11.5 and Appendices 5 & 10. A sand land scenario which requires irrigation and where an application of FYM increases the organic material in the soil and a silt land scenario with no irrigation or FYM applied but where slug control is needed to protect the tubers. The techniques for soil preparation and weed control are also different.

8.2 Because of the complexity of potato husbandry and marketing requirements there were a number of issues that relate to the sustainability of a variety character that were not identified within the scenarios examined. These issues are commented on at the end of the section.

8.3 Both scenarios are targeted at production of a ware sample suitable for pre-pack sale through a multiple retailer. They differ in that the sand land site would be targeted at the market immediately after lifting, whereas the silt land site produce would be stored for marketing probably in the post Christmas period. This reflects part of the huge diversity of potato production. The value of the marketable product varies hugely depending on the potential end market achievable, and variety is one of the factors that affects the marketability of the produce. Potatoes suitable for crisp production may only sell at £40 to £50 per tonne, the best stored samples for pre-packing may achieve over £200 per tonne, and specialist varieties can obtain an even higher price. On the other hand a pre-pack sample that fails to meet the quality specification will have virtually no value. This all impinges on the sustainability of production, and makes potatoes different to other crops being considered.

8.4 For potatoes, the weight of seed planted is a significant proportion of the yield (6%). The seed used would be grown to be as free as possible from virus and disease, and would be handled after harvest rather differently to ware. The inputs would depend on the area in which the seed was produced, but would be comparable to those used in producing a ware crop, with rather more insecticide, rather less blight control and probably slightly more storage cost up to the point of planting. However, for the purposes of this exercise, the environmental impact of the seed production is taken to be 6% of the ware crop impact.

8.5 Impact of inputs on sustainability  - Table 8.1  presents the impact of the variety characters on the four parameters of sustainability: cost, energy use, eco-rating and water contamination index ranked on eco-rating. Costs are based on typical application rates and surveys of product prices (Nix, Farm Brief). For an explanation of the environmental impact methodology see Appendix 1. Here, if the impact is less than 0.5 of the units used the figure is displayed as a zero, indicating that the impact is insignificant for the purposes of this investigation.

	Table 8.1 Potatoes - Potential contribution of characters.


The figures below are taken from tables included in Appendix 1 which should be consulted

	Sand land in Norfolk

	Character conferring sustainable advantage
	Cost reduction £
	Energy reduction 100 mj
	Eco-rating reduction units
	Water pollution reduction units

	Blight resistance
	116
	22
	389
	30

	10% increase in marketable yield
	185
	28
	71
	6

	PCN resistance
	143
	5
	41
	1

	Plant competitive ability 
	12
	2
	38
	4

	Virus resistance/tolerance
	14
	0
	15
	3

	Low plant density response
	152
	4
	11
	1

	Insect damage resis.
	4
	0
	4
	1

	TRV resistance
	8
	0
	2
	0

	Bruising resistance
	45
	2
	0
	0

	Reduced N requirement
	17
	19
	0
	0

	Scab resistance
	90
	12
	0
	0

	Drought resistance
	89
	16
	0
	0

	Early haulm maturity
	18
	1
	0
	0

	Shallowness of tubers
	2
	0
	0
	0

	Low% unmarketable
	7
	1
	0
	0

	Canopy mass
	18
	1
	0
	0

	Total expenditure
	2284
	329
	786
	68

	Potential total savings from variety *
	920
	113
	571
	46

	Silt land in Cambridgeshire

	Blight resistance
	120
	23
	384
	33

	10% increase in marketable yield
	140
	21
	75
	7

	Slug resistance
	24
	3
	54
	6

	PCN resistance
	120
	4
	38
	2

	Plant competitive ability
	17
	2
	28
	5

	Virus resistance/tolerance
	14
	0
	15
	3

	Low plant density response
	152
	3
	11
	1

	Insect damage resistance
	4
	0
	4
	1

	Skinspot and black scurf resistance
	28
	10
	3
	1

	Bruising resistance
	24
	3
	0
	0

	Reduced N requirement
	18
	22
	0
	0

	TRV resistance
	0
	0
	0
	0

	Early haulm maturity
	19
	1
	0
	0

	Shallowness of tubers
	2
	0
	0
	0

	Low% unmarketable
	7
	1
	0
	0

	Canopy mass
	19
	1
	0
	0

	Total expenditure
	1762
	254
	833
	81

	Potential total savings from variety *
	708
	94
	612
	59


*Note that as more than one character may target savings of one input the total saving may be an overestimate





8.6 Summary of recommendations for potatoes  Characters which impact on inputs or have a direct impact on sustainability issues such as food quality can be ranked into major, medium and minor on the basis of the size of the potential improvement in sustainability. The ranking of importance to sustainability of the characters, which have been considered together with an indication of the action recommended are listed below. See Appendix 1 for further details.

Major characters
Action recommended for sustainability assessment

Low seed rate requirement

Split size grade trial produce, use data to model seed requirement

Nitrogen requirement 

Use observations on canopy growth and development to model N requirement

Increase in marketable yield

Consider move from observation yield trials, to be used for other measures see below

Blight resistance

Continue assessments, consider move to field based test and review the isolate used in test

Medium characters

Plant competitive ability

Observations of ground cover

Drought resistance

Consider introduction of special test

Virus resistance

Continue assessments

Common scab resistance

Continue assessments

Skinspot and Black Scurf

Investigate size of differences between varieties

PCN resistance

Continue tests

Slug resistance

Measure in yield trials or develop special test


Minor characters

Haulm maturity

Eye assess on trials

Reduced canopy

Eye assess on trials

Shallowness of tubers

No action

Low% unmarketable

Consider with increase in marketable yield

TRV resistance

Consider need to introduce test

Insect damage resistance

No action

Bruising resistance

Continue to test

Characters not quantified 

in the model 

Blackleg resistance

Continue to test

Powdery Scab resistance

Continue to test

Gangrene resistance

Continue to test

PMTV

Investigate differences in varietal susceptibility

9 Grain peas 

9.1 Scenario The analysis examines the cultivation of grain peas for incorporation in livestock compound rations where they are valued principally for their energy value, rather than their contribution to the overall protein value. See Table 12.4 and Appendices 6 &11. Varieties grown for this use are classified as either white (sometimes called yellow) or large blue (sometimes called green) peas. These will have the semi-leafless habit, bred into peas for the improved standing ability that results from the mass of inter-twining tendrils produced instead of leaves. Because of their leguminous nature, peas require no nitrogen fertiliser and the crop often requires no phosphate or potassium fertiliser. This is the crucial feature of the crop, contributing directly to sustainability through reduced energy use in fertiliser manufacture which accounts for around 70% of the energy use in other crops. The scope for increased sustainability through reduced agrochemical usage, as a result of improving disease and pest resistance and the ability to compete against weed growth, is therefore proportionally greater than in other crops.
9.2 Variations Growers will often use more pesticides than absolutely necessary to promote high yield alone, because of the high value of a number of competing nîche markets for human consumption. These generally demand crops with large, round grain, with good colour and free of blemishes resulting from pests, disease or adverse weather in the maturation period. These markets include micronising of large blues for dried pet foods, split and dried peas for culinary purposes and whole peas for pigeon feed.

9.3 Further variations include the small blue pea canning market and the various marrowfat pea markets which include canning, mushy peas, dry packet peas and export for snacks. Marrowfats may attract premiums of 100% over the feed price per tonne because of their lower yields and the greater difficulty and cost of meeting market standards. Marrowfats are harvested wetter than feed peas to minimise colour loss (bleaching) typically at 18 to 20% moisture, increasing drying costs considerably proportionately.

9.4 Impact of inputs – Table 9.1 presents the impact of the variety characters on the four parameters of sustainability: cost, energy use, eco-rating and water contamination index ranked on eco-rating. Costs are based on typical application rates and surveys of product prices (Nix, Farm Brief). For an explanation of the environmental impact methodology see Section 3 et seq. Here, if the impact is less than 0.5 of the units used the figure is displayed as a zero, indicating that the impact is insignificant for the purposes of this investigation.

	Table 9.1 Grain Peas: Potential of characters for savings per unit output.

The figures below are taken from tables included in Appendix 1 which should be consulted

	Character conferring sustainable advantage
	Cost reduction £
	Energy reduction 100mj
	Eco-rating reduction
	Water pollution reduction

	Botrytis resistance 
	32
	2
	26
	2

	Micosphaerella resistance
	32
	2
	26
	3

	Aphid resistance 
	4
	0
	25
	3

	Pea Moth resistance
	4
	0
	25
	3

	10% increase in yield 
	32
	3
	12
	1

	Pea weevil resistance 
	16
	0
	8
	1

	Downy mildew resistance 
	13
	1
	8
	0

	Plant Competitive ability 
	7
	1
	5
	1

	Early vigour 
	7
	1
	5
	1

	Standing ability and ease of harvest 
	40
	18
	0
	0

	Total expenditure
	404
	61
	130
	16

	Potential total savings from variety *
	187
	28
	140
	15


*Note that as more than one character may target savings of one input the total saving may be an overestimate

9.5 Summary of recommendations for peas - Characters which impact on inputs or have a direct impact on sustainability issues such as food quality can be ranked into major, medium and minor on the basis of the size of the potential improvement in sustainability. The ranking of importance to sustainability of the characters, which have been considered together with an indication of the action recommended are listed below. See Appendix 1 for further details.

Major characters
Action recommended for sustainability assessment

Standing ability & ease of harvest 
Continue scoring standing ability

10% increase in yield 
Continue to record

Botrytis resistance 
Consider special test 

Mycosphaerella resistance 
Consider special test 

Resistance to aphids 
Consider special test and assess relationship to virus levels

Medium characters

Early vigour 
Determine range and record on 1 to 9 scale

Adult plant competitive ability 
Define relationship between plant height and biomass 

Downy mildew resistance 
Continue to record and determine importance of virulence levels

Resistance to pea weevil 
Consider special test 

Characters not quantified

in the model 

Foot & root rot resistance 
Consider special test 

Depth & speed of rooting
Investigate

Nodule development
Investigate

10 MAKING DECISIONS ON VARIETIES

10.1 The best return on expenditure in testing for sustainability, is likely to arise from measuring those characters which potentially have a large effect on an input which is very deleterious to sustainability. Sections 8 to 12 have indicated which characters are most likely to be important in achieving improved sustainability by plant breeding and suggestions have been made as to how they might be measured. 

10.2 After the data has been gathered from trials and tests, it then has to be applied to making decisions on which varieties are accepted. The Preliminary Judgement currently used for National List (NL) decisions is a crude index designed to meet the requirements of the EU legislation for a new candidate to show 'clear improvement' in performance before it is accepted onto the NL. It works on the basis of determining whether there are 'clear improvements' in individual characters and totalling them. This is done by comparing the result for an individual character with the values for all the other National Listed varieties and repeating the process character by character. 

10.3 The authors recommend that for sustainability issues an index result is produced for each variety which combines the results for all characters. While the relative importance of the different parameters of sustainability is unresolved it will have to be one index per parameter (i.e. one for cost, one for energy use, ecorating, etc.). It is these indices which should be used to decide whether a variety is a 'clear improvement' for sustainability. The current procedure which lowers the criteria for acceptance as the precision of the measurement becomes less accurate should not be applied. However there needs to be a rationale which discards data which is so inaccurate as to be meaningless, whether it be positive or negative for the decision.

10.4 Obviously those characters which have been shown to have the biggest potential impact should carry a weight proportional to their impact. However the candidate variety will probably not exhibit each character to such a degree that the full potential impact is achieved. Hence the potential impact of character a (Ia) will have to be modified by the extent to which candidate achieves the potential value which it is envisaged would result in the full potential impact indicated in the tables. To achieve this, the data could be applied to an index in the following manner:

Index value = (Ia)x (Vca-Vsca)  + (Ib)x (Vcb-Vscb)  +…..to the nth character

      (Via –Vsca)             (Vib –Vscb)

Where I a = the potential impact of character (a) for sustainability savings as presented for example in Table 10.1 for winter wheat. 

Vi a  = Value it is envisaged would be needed to produce impact Ia
Vsca = Value of current varieties used in the scenario for character (a).

Vca  = Value of the candidate variety for character (a) 

10.5 The values of I are supplied in this paper but the values of Vi, Vsc and Vc all depend on how each character is measured and the units that are to be used. In the example below Vsc is defined as the value for the 5 most widely grown varieties. Vi and Vsc will then be constants while Vc will remain to be determined in tests and trials for each candidate. An example of how the figures in the formula would be assembled are shown in Table 13.5

Table 10.1 Example of the formation of a sustainability index with winter wheat

	
	
	Septoria

1-9
	Yield %
	Adaptation to later sowing 1-9
	Aggregate index value

	Mean of 5 most widely grown varieties
	(Vsc)
	5.5
	99
	4
	

	Value required to make impact
	(Vi)
	9
	109
	7
	

	Candidate value
	(Vc)
	8
	105
	6
	

	Candidate impact
	((Vc-Vsc)/(Vi-Vsc))
	0.7
	0.6
	0.7
	

	Impact values (from Table 8.5)
	Cost
	20
	48
	11
	

	
	Energy
	1
	15
	2
	

	
	Eco-rating
	8
	11
	23
	

	
	water pollution
	4
	3
	2
	

	Index value for candidate
	Cost
	14
	29
	7
	50

	
	Energy
	1
	9
	1
	11

	
	Eco-rating
	6
	7
	15
	28

	
	water pollution
	3
	2
	1
	6


10.6 The numbers will have to be standardised for changing environments over years by the use of controls or more broadly based matrices, in the same way as NL data is now combined. Furthermore, the formula presumes that improvements in the character change the amount of input required in a linear fashion, which may not always be true unless the data is transformed. 

10.7 The use of such a formula implies a precision that does not at present seem to exist without further work. The alternative of a committee, albeit of experts, simply sitting down to make a decision with each individual applying his/her own (often undeclared) weightings is even less desirable. This is both because it leads to inconsistencies over time and because it is difficult to justify to the wider world. An index for sustainability provides a basis for explaining how a committee takes decisions. The discussions that take place round it, focus committee members views on the relevant issues to be taken into account when considering sustainability. It was for these reasons that the 'preliminary judgement' was introduced for the present NL decision making process. The 'preliminary judgement' is effectively a starting point from which modifications can be made if they can be technically justified. Similarly, the process outlined above can be used to produce a “preliminary judgement” for each sustainability parameter to act as an objective starting point from which the experts may wish to justify deviating because of other factor.

10.8 This study has considered which varietal characters have most impact on some aspects of sustainability which have value parameters. Other aspects such as biodiversity lack 'value' parameters which are clear enough to enable the judgement of a variety which by its very nature, requires the balancing of strengths and weaknesses. It does not review the value of varietal characters in meeting the current parameter used for NL decisions which is (tacitly) growers economic return (i.e. output minus costs). For example a disease which adversely affects quality (for example powdery scab in potatoes) but against which no treatment is currently applied, has no influence on the sustainability parameters considered here. Only if it has an effect on food safety is it considered (e.g. ergot or fusarium in wheat).

11 CONCLUSIONS 

11.1 The calculations presented indicate that the overall impact achieved by breeding for improved sustainability could be very large. This even after the double accounting that may arise because more than one character makes the same saving in input.

11.2 In order to maximise the degree of sustainability achieved by plant breeding, it is necessary to put the greatest emphasis on those characters which have the most potential to beneficially impact on sustainability. These characters are listed at the end of each crop section. However the potential importance of characters varies with the aspect of sustainability being considered. Note that the potential of a character to reduce the 'unsustainability' impact of an operation, is partly a reflection of the total impact of the operation, and partly a reflection of the degree to which the varietal character can reduce that impact. 

11.3 A reduced N requirement for optimum yield is typically one of the characters having most impact on energy use in all the crops considered (c.11%), except peas where no N fertiliser is applied. Characters which reduced the amount of energy needed for harvesting and drying, such as sprouting resistance in winter wheat or combinability in peas also have a relatively large impact, which is comparable to that of reduced N requirement. The effect of a 10% increase in yield on energy input per unit output is also relatively high at 7-9%.

11.4 For ecotoxicity and water pollution by pesticides, the characters making the largest savings are directed towards reducing applications of herbicide, fungicide and pesticides. Typically the most effective character has an impact of about 20% of the total ecoratings/water pollution used on the crop. However for potatoes the impact is reduced by almost 50% by good resistance to blight. Otherwise, the most influential character for reducing ecoratings varies with the crop, but herbicide tolerance allowing the use of a more benign chemical in place of the existing weedkillers, scores highly for winter oilseed rape, spring barley, winter wheat and in one of the potato scenarios. 

11.5 Placing the greatest emphasis on those characters which have the most potential for improving sustainability will have two influences on progress;

· The sustainability of varieties added to the NL will improve.

· Breeders will be encouraged to target new ideotypes with improved sustainability.

11.6  What it will not do, is to persuade farmers to use varieties with improved sustainability characteristics unless they can see benefit in economic terms. In some cases, it may be that sustainability savings could, in the present economic circumstances have a beneficial impact. That raises the question of why they have not already been adopted? However it is also possible that the cost-benefits of sustainability improvements have not been fully recognised, both by the farming community and its advisors. Consequently the testing system, whose decision making has been aligned towards passing varieties which best meet the perceived needs of growers, has not been aligned to recognise and stimulate the production of sustainable candidate varieties. 

11.7 There seems little point in introducing a policy of testing for sustainability if it results in market failure. The data presented in this paper should be of assistance in deciding on what changes in fiscal policy might be necessary to encourage the use of varieties which improve sustainability. In addition, the methods used in this paper offer a technique for analysing the effect of changing inputs where plant breeding has little or no perceived relevance.
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				Table 5.1 Winter Wheat: Potential of characters for savings per unit output.

				The figures below are taken from tables included in Appendix 1 which should be consulted

				Character conferring sustainable advantage		Cost		Energy		Eco-rating		Water pollution

		Wheat 1		'Normal' expenditure		604		191		129		31

		Wheat 2		Using best sustainable characters		339		112		28		7

		Barley 1		'Normal' expenditure		439		116		95		22

		Barley 2		Using best sustainable characters		307		77		41		10

		wor 1		'Normal' expenditure		564		152		288		37

		wor 2		Using best sustainable characters		253		92		3		0

		potatoes		'Normal' expenditure		2284		329		786		68

		potatoes		Using best sustainable characters		1364		216		215		22

		peas 1		'Normal' expenditure		404		61		130		16

		peas 2		Using best sustainable characters		217		33		0		1
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