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MAFF spends about £5 million per year on crop physiology-based research.  A Foresight meeting was held on 2
 
March 2000 to review the potential of crop physiology research to support MAFF policies.  The meeting was attended by representatives of research funders, the industry, and the research community, including some from overseas.  General features of crop physiology were identified which are particularly relevant to MAFF’s objectives.  There were also specific recommendations for research.

General considerations:

The physiology of crops is a key element in most of MAFF’s objectives: crops are the primary producers for the food chain whose efficiency must be maximised, they are the targets for the pesticides and fertilisers whose use MAFF seeks to minimise, their performance dictates the success of organic farming which MAFF seeks to promote, they will determine the impacts of climate change for UK agriculture, they are an important source of renewable energy, and they strongly influence UK landscapes.  Thus the workings of crops are highly pertinent to MAFF’s aims.

Crop physiology seeks to quantify, explain and predict the performance of crops in field conditions.  The processes concerned are common to all crops: rooting, leaf production, nutrient and water capture (particularly relevant say to fertiliser use and weed control), canopy formation and photosynthesis (particularly relevant to disease control), flowering and the distribution of assimilates to harvestable parts (relevant to all crop issues).  With the exception of rooting, there has been strong research effort directed at understanding these processes, providing valuable knowledge for MAFF.

There has been less recent research on integrating this knowledge, to predict crop outputs in UK conditions.  There is scope for MAFF to promote work which integrates knowledge of crop processes, and provides predictions of crop performance, especially so that, across a range of contexts, it can work out how to minimise environmental cost
,
 per unit of crop output.  Predictions of crop performance are vital to this objective.  For example:

Decisions on pesticide use (e.g. the Wheat Disease Manager module of DESSAC: Decision Support System for Arable Crops) depend on predicting the consequences for yield and quality of minimising applications.  Growers, manufacturers and legislators all depend on predicting yield formation according to the scale of possible crop damage.  

Decisions on fertilisers and manures, and the consequences of policies to minimise pollution, depend on predicting the consequences for yield and quality of varying nutrient supplies.

Models of performance of major UK crops are essential for the prediction of impacts of climate change.  Current crop models have been shown to be inadequate for several important species e.g. wheat.  

Thus MAFF should sponsor an investigation into the precision of predictions of arable crop performance, including both yield and quality, with a view to identifying the best means for their improvement.  

Genetic research is making dramatic progress, but it is leaving a ‘phenotype gap’.  There is much promise of new or improved crop types and products coming from the large investment in ‘new genetics’.  Many of these could be crucial to reducing environmental costs of cropping, but delivery will depend upon equivalent research to tailor improved genotypes to UK arable growing conditions: beneficial genes will fail, unless they have the necessary conditions and resources.  

In particular, MAFF needs to ensure availability of new techniques for genetic analysis of the more complex crop traits (e.g. durable disease resistance, or drought resistance).  There is a danger of poor progress with improvement of the more complex, environmentally-valuable traits without techniques for ‘fast screening’ of genetic lines under field conditions.

Several points were made at the meeting which emphasised ways of maintaining and improving the high quality of UK crop research.

Experience has shown that effective research on crops depends on effective communication between researchers and the cropping industry.  MAFF needs to foster an approach which (a) applies twin disciplines of science (by peer review) and of practice (by demonstrable industrial impacts), and (b) ensures effective communication between researchers and practitioners.

Crop physiology has an advantage over the more empirical approach of agronomy, in that it seeks explanations and predictions.  MAFF’s good offices should be used to encourage crop research which develops our capacity to predict crop behaviour under field conditions.

Laboratory-based research can provide insights into fundamental plant mechanisms such as photosynthesis, meristem development and nutrient uptake, but rates or timings of these processes can be very different in the field.  Where MAFF is considering laboratory-based proposals, it should favour those which aim to establish relevance to field conditions through quantitative comparisons of plant characteristics between lab. and field.

Through its own funding and its co-ordinating role with other funders (from BBSRC and other research councils, through to the levies and commercial companies) MAFF can assist in putting crop physiology research to best effect.  Currently, ‘rooting’ and ‘sensing’ are areas where HGCA is seeking initiatives from other funders.





Specific 
recommendations
:



Additional specific research topics which the meeting proposed as suitable for MAFF funding were as follows:



‘Smart screens’ could be developed for the production of novel varieties, e.g. with durable disease resistance, or efficient water use, based upon current knowledge of crop processes, and measurements currently used for their research.

New concepts of water and nutrient capture by roots should be sought; just as Beer’s Law provides a robust basis for Canopy Management, so a new incisive summary of resource capture by roots is needed as a basis for manipulation of rooting (e.g. to minimise effects of drought, disease, compaction, or waterlogging).

New techniques for measurement of root system activities are highly desirable, and should be sought.  Root ‘signalling’ (detectable changes above ground, attributable to stimuli below ground) may provide a way forward.

Nutrients (especially nitrogen) have close involvement in the formation and functioning of crop canopies.  There are indications that closer study of canopies could lead to reduced requirements for nutrients.  There may also be scope to reduce water requirements.

There should be research on restricting (either genetically or chemically) the redistribution of N from canopies to storage organs.  Generative organs (e.g. seeds and tubers) develop significant protein deposits at the expense of foliage, such that leaves die whilst storage organs are filling.  These proteins are often of little importance in staple or oil crops, so decreased or delayed protein formation might reduce significantly the N requirements of cereals, potatoes, beet and OSR, and provide scope for manipulation of end-use quality in crops sold for protein e.g. wheat.  Crop N uptake and partitioning are generic to many crop quality attributes, so this research should also have value in food science.

An investigation of oilseed rape physiology should be undertaken, to underpin current and future crop protection work, and to support work to improve the crop in the longer-term, especially to meet emerging industrial uses.

The scope for additional crop phenotypes should be explored for the UK (e.g. crops suited to organic farms, or with new specific end-use qualities), both to guide the modification of existing crops, and to guide efforts to introduce new crop species.



�
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Scientific report (maximum 20 sides A4)�To tab in this section press the tab key and the Control key together�Press the DOWN arrow once to move to the next question.���Introduction

UK agriculture has been highly successful in reaching self sufficiency for UK foods.  Now that its challenges have changed, the need for crop research is less obvious.  How can crop physiology research help UK agriculture adapt to lower levels of support and lower prices?  Can crop physiology research help to reduce agriculture’s dependence on harmful inputs such as pesticides, fertilisers and fossil-based fuels?  How can crop physiology research best improve the quality, competitiveness and safety of UK crop products?  These questions have no obvious answers, so they are the subject of this report.

Crop physiology is the science of crop behaviour.  It deals with crops in a practical, commercial environment, whilst developing rigorous explanations for, and predictions of, their performance.  Crop physiology uses a few principles to predict crop behaviour on a general scale: temperature and daylength govern crop development, light energy and water drive photosynthesis, nutrients are required in amounts relating to their specific roles, and the different functions of plant organs determine an optimum crop structure.  Quantitative versions of these principles provide the basis from which crop physiologists can seek to design crop genotypes, cropping systems and management practices to meet future requirements of the industry, the public and government.  

A meeting was sponsored by MAFF at the Royal Society, London on 2 March 2000 to consider how MAFF’s policies can best be supported by future research in crop physiology.  The meeting was attended by representatives (see Appendix) of research funders, the industry, and the research community, including some from other countries.  The meeting comprised an introduction by MAFF, a series of six papers by researchers, then four workshop sessions and a final session for comment.  The six papers described the defining features of crop physiology (Leigh), set out the opportunities presented by the ‘new genetics’ (Snape), outlined the challenges of sustainable crop protection (Paveley), showed how laboratory discoveries must be realised through field research, taking roots as an example (Bingham), and described experimental (Allen) and theoretical (Day) approaches that are required to identify the principles that underlie the performance of field-grown crops.  Each workshop session was used to identify two specific areas where MAFF’s research funds could be used to support its objectives, through crop physiological research.  Full versions of these papers may be obtained from MAFF or ADAS (see page
 
13
).  This report provides edited extracts from the papers, a summary of the workshops, and a general discussion of the issues raised by the meeting.

The meeting was prompted by Professor Keith Scott who was unable to attend the meeting through illness, and sadly has since died.  The concerns of the meeting were very much those of Professor Scott; his contribution was sorely missed. 

Abstracts of papers

MAFF funding of Crop Physiology research (by Donal Murphy-Bokern)

The Ministry of Agriculture, Fisheries and Food (MAFF) spends approximately £126 million per year on scientific research to support the making and implementation of policy.  Of this, about £5 million per year funds research based upon crop physiology, its overall aims being to support the development of efficient markets, and to protect public health and the environment.

MAFF uses its funding to support policy formation, to provide independent information to support statutory work, and also to assist, where ‘market-failure’ may exist i.e. necessary knowledge could not reach end-users without government support.  In agriculture, the fragmentation of the farming industry, and the high technical risk associated with much research and development, tends to result in market failure.

MAFF-funded research plays a significant role in reducing the environmental impact of production, in developing sustainable farming systems, in reducing pollution from agriculture, and in protecting agriculture from pollution.  The Pesticide Safety Programme aims to ensure safe and minimal use of pesticides.  The Organic Farming Programme also comes under this aim as an option for environmentally friendly production.  Evaluating the impacts of climate change also requires the support of crop physiology research. 

The importance of crop physiology to UK agriculture (by R A Leigh)

Crop physiology is concerned with quantitative measures of processes that govern the growth and development of crops, and how these are altered by environment (including agronomic treatments) and genotype.  Ultimately, it aims to understand how these processes contribute to the yield and quality of harvested products.  Crop physiology occupies a space between agronomy and plant physiology but is distinct from both in its aims and approaches.  It also has close links with plant breeding where it can inform decisions on selection of genotypes. 

Legitimate concerns of crop physiologists include:

The acquisition and use of resources such as light, water and nutrients;

The way in which developmental processes are affected by environment;

The partitioning of resources within crops e.g. dry matter and nitrogen during grain filling;

The tools of the crop physiologist include analysis of growth and development, measurements of environmental parameters (light quality, water availability etc.), and mathematical modelling.  Measurements will usually be made frequently, throughout the growth of a crop, so that a full picture of behaviour emerges. 

As a minimum, crop physiology can explain why different agronomic treatments result in particular outcomes in terms of crop yield or quality of harvested product.  However, at its best, crop physiology can be predictive and is able to guide changes in agronomy based on the underlying physical and biological principles.  Also, if the principles are correct, they should be applicable to a range of crops.

Implications of Genetic Advances for Crop Physiology (by J Snape)

Most of the selection for improved genotypes has been based on empirical selection of observed phenotypes, rather than on selection for the specific, desirable genes known to improve those traits.  Breeders are generally not aware of the types of traits, or the underlying genes, that are required to breed improved varieties.  The resources of plant breeders are insufficient to investigate new plant ‘models’ for UK agriculture.

There are a few notable exceptions, where known genes have had a dramatic effect.  The dwarfing genes (enabling the ‘Green Revolution’) allowed the provision of greater resources without lodging, but these genes also produced an unexpected side-effect: they increased grain numbers.  This could have been predicted if proper physiological experiments had been carried out.

There is still a large knowledge gap, even in how the few known genes influence the physiology of the whole crop, as well as in how to optimise the many less well defined genetic effects.  Full benefits of plant breeding are rarely achieved, because of the limited characterisation of varieties and their interactions with the environment.

Advances in molecular biology are now showing the genetical makeup of plants with a precision which was previously impossible.  As well as the prospect of producing transgenic crops (GMOs), it has become possible to unravel the inheritance of all traits, whether they are controlled by single (major) genes, or many genes (of smaller effect) acting together (quantitative trait loci: QTL).  With combined genetical and physiological approaches, it should now be possible to predict the genes necessary to maximise agronomic performance in a particular environment.  Clearly, if we are to interpret the vast amount of genetical information, we will need to understand the most important traits.  Physiologists need to develop ‘smart screens’ to identify advantageous traits in the early generations of breeding programmes.

Transgenic crops will undoubtedly impact on UK agriculture in the coming years.  But first, these will require extensive characterisation, not just from safety viewpoints, but to establish the agronomy necessary to optimise their advantages.  Genetic engineering offers the possibility of producing completely new and novel crops for industrial uses, as well as for food.  We will require research to understand how such crops should be grown, their nutrient and water requirements, their photosynthetic requirements, etc.  As with conventional breeding, we must expect pleiotropic effects on metabolism and/or performance due to the presence of transgenes and their products; these must be resolved through crop physiology.

Soil-root-canopy interactions (by I Bingham)

Especially with climate change, a major factor limiting crop productivity in the UK will be a shortage of water.  Further increases in yields, will therefore require greater access to, and more efficient exploitation of, sub-soil water and nutrients.

Soil management can be expensive and may have an adverse environmental impact.  For example, soil tillage accelerates the oxidation of organic matter and the release of CO2 and NO3- to the environment, and has deleterious effects on soil micro-organisms and invertebrate numbers and diversity.  Thus, deeper rooting may best be achieved by genetic means.

There has been considerable recent progress in understanding the development and function of roots.  New insights have come from the application of molecular biology techniques to model species such as Arabidopsis thaliani.  These highlight the potential for direct manipulation of the nutrient and water uptake capacities of roots.  Also, signalling mechanisms are being shown between roots and shoots, but there is little information on how signalling regulates canopies in the field.  These new concepts must be integrated with current thinking on nutrient and water capture in order to design effective crop management strategies for the UK. 

Many root characteristics are known to differ between varieties, and selection for specific traits has sometimes been successful, but a major limitation to breeding for root characteristics is in measuring root traits.  Molecular markers are enabling genetic loci associated with particular root characteristics of rice to be mapped, but there is currently little work on root traits of the major UK crops.

Physiology in support of the potato industry (by E J Allen)

The market for potatoes is changing such that quality criteria, particularly tuber sizes, are more important than yield in determining growers’ returns, and all tuber types are now required year-round.  Inputs of fertilisers and agrochemicals for potato production are high, so they demand close justification.  

The two most fruitful improvements in understanding potatoes have been re-growth of the mother tuber, and the effect of tuber initiation on subsequent development and growth.  The practical benefits have been that:

N applications can be reduced (for many indeterminate varieties).

Determinate, shallow rooted varieties were shown to respond to improved soil conditions, hence later planting.  They also required most frequent irrigation.

Timing of irrigation treatments to control common scab could be improved, by predicting tuber initiation.

In addition, growers are better placed to adjust their production processes to meet the changes in quality specifications that are likely to occur.

Taking this summary of research into potato physiology as an example, some more general lessons can be drawn concerning research into crop improvement:

funding tends to be all short-term, yet crop-centred research must be sustained on a long-term basis, so that discoveries in specific areas can be integrated into agronomic management.  

future progress will depend on a more integrated approach than has been used in the past, providing a direct link from the scientific disciplines to practice.

research physiologists should be required to rapidly and effectively communicate their research to the intended beneficiaries, often growers.  There is considerable confusion in the industry about the state of knowledge on most subjects, which indicates that methods of communicating with the industry need to be reviewed, and improved.  

Crop Physiology to Improve Crop Protection (by N D Paveley)

At a strategic level, the range of durable mechanisms for crop protection must be widened, in order to reduce the erosion of genetic and chemical resources through the development of resistances, but durable mechanisms are more challenging to develop, as they depend upon increased understanding of crop-pathogen interactions.  

At a tactical level, the precision of prediction of response to pesticide treatment must be improved, so that just the appropriate dose can be applied.

A simple quantitative framework has been created to link the effects of foliar fungicides on disease, through to their predicted impact on crop growth and yield.  The approach was based on earlier work using the concepts of light capture to explain the effects of nitrogen on wheat.  These are the principles underlying the Wheat Disease Manager module of DESSAC (Decision Support System for Arable Crops).

Several messages arise from undertaking this analysis, pertinent to MAFF’s research priorities.

Precise measures of crop development and growth are expensive, but are crucial to the quantitative analysis and improvement of crop protection.  Extant data should be respected and exploited.

Hypothetical frameworks linking crop protection to crop physiology could be derived for pests and weeds, using extant information.  This would show how pesticide use should be researched and optimised.

Durable mechanisms for disease control, identified through the linkage of pathology with physiology, might be applied to organic farming systems.

It will be crucial that pathogen measurements are compatible with the analysis of crop growth.  Just as disease measures had to be related to measures of leaf area, so pest and weed infestations must be reconciled with physiological parameters.

There are physiological processes which are relevant across all disciplines of crop protection; these deserve particular attention.

Modelling crop physiology for integrated decision making (by W Day)

Models may be intended for educational purposes (which implies that the main interest will be in the interconnections between processes), or for practical use (which implies that their predictive precision is of most interest).  Educational models often attempt simulation of many component processes using computers, but their compounded uncertainties preclude use to support practical decisions.  Practical models are generally simpler than educational models, and they are of most use in situations where it is only a subset of processes that are expected to dominate the effects.  The best approach appears to be the description of crop performance at one level of detail below yield production.  Part of the difficulty in achieving good predictions may be the heterogeneity of ‘real’ crop conditions.

Few, if any, computerised crop models yet support decision-taking.  Currently, most computerised support comes through provision of information, rather than prediction of performance.  

�Summaries of Workshops

Workshop One: Exploitation of genetics and novel crop species

(Chairman Graham Jellis; Reporter John Foulkes)

Research Priority One: 

Existing knowledge of crop physiology could be used to specify additional crop phenotypes which might be met by:

modification of existing crops, e.g. to improve end-use quality, or

introduction of new species, e.g. legumes and oilseeds.

Research Priority Two: 

The science of crop processes, and their methods of measurement, could be improved with the aim of 

providing ‘smart screens’ for use in the production of next generation of varieties, e.g. with efficient water use, and 

developing management packages for specific genes, or combinations of genes. 

Issues raised in discussion

UK farmers will need to focus on increasing yield and decreasing variable costs, in addition to maximising quality.  In the future ‘added value’ may be the way that breeders protect their share of the world market. 

UK is well equipped to investigate gene ( environment interactions.  We should aim to optimise genetics and agronomy at least for the macro-environments.  MAFF should assist in determining genotypes suited to particular farming systems, and agronomy may need to be adapted for particular genes and growing conditions e.g.: 

modification of existing crops to suit organic systems,

maintenance of quality attributes in variable environments,

GM crops bred for an industrial use may need different agronomy, or

introduction of new crops such as lupins, soya, sunflower, fodder maize, and durum wheat.

With new crop models there is often market failure, due to lack of funding for regulatory work for agrochemical licences.

‘Smart screens’ must be developed to assess large numbers of lines for physiological traits; surrogate measurements may be suitable e.g. the canopy temperature screening method for drought resistance, developed by Reynolds at CIMMYT.  

MAFF needs to investigate possible distinguishing characteristics of GM crops, in order to protect public health and the environment, for example the presence of secondary metabolites.  This could complement the BBSRC’s programme looking at ‘Gene flow in plants and micro-organisms’.

Workshop Two: Crop physiology to improve crop nutrition and optimise soil-root-canopy interactions

(Chairman Peter Costigan; Reporter Peter Berry)

Research Priority One: Rooting

Improved manipulation of rooting depends primarily on developing new concepts of water and nutrient capture; just as Beer’s Law provides a robust basis for Canopy Management.

Practical research on roots is much harder than on canopies; differences of less than 20-40% cannot be detected at a statistically significant level.  Better techniques are needed for measuring roots and their function.

Take-all, compaction and waterlogging each result in poor root function.  Optimum root systems could be designed for these conditions.  Root signalling may be of value in indicating poor root function, as abscisic acid has been shown to ‘signal’ water stress; there is scope for a review.

Research Priority Two: Nutrient uptake, use efficiency and requirements.

Many crops (other than wheat for breadmaking) have no minimum level of nutrient supply according to crop quality.  This may indicate scope for genetic intervention in redistribution of N from canopies to storage organs e.g. grain, and identify large potential advantages of a Canopy Management approach for non-wheat cereals, potatoes, beet and OSR.

Variability in nutrient requirements of canopies needs to be explained, and ways found of reducing nutrient requirement, e.g. by varying size and structure of potato canopies, and perhaps other crops. 

Issues raised in discussion

In relation to pollution, MAFF’s interests include Nitrate Sensitive Areas (under review), P pollution and organic farming, Agri-Environment cross compliance, and rotational issues relating to MAFF’s need for sustainability, hence an holistic view of farming.  Rationales for the two priorities above are that both would (i) underpin levy-funded work, and (ii) improve competitiveness by improving nutrient use efficiency, (iii) encourage sustainable and organic farming systems, and (iv) reduce pollution.

If appropriate industry support were available, MAFF could support a re-analysis of many historical fertiliser trials to provide new insights into the supply, use efficiency and requirement of nutrients.

MAFF could investigate whether canopy management principles apply to nutrients other than N, but there may not be a large pay off here because, for example, K content of crops is strongly related to N content.   

MAFF could usefully improve understanding of the demand, supply and use-efficiency of water.  Research on nutrients and canopy formation / function must consider the role of water.  The water lost from crops via transpiration is so large that manipulation of water use efficiency provides a major opportunity.  Nutrient uptake is implicitly linked with water uptake, and water supply is an important cause of yield variation.  Climate change may exacerbate this.  Water extraction for irrigation is an important environmental concern.

Workshop Three: Crop physiology to improve crop protection

(Chairman David Cooper; Reporter Peter Kettlewell)

Research Priority One:

With the apparent success in linking Septoria epidemics with yield formation, a generic framework could be attempted for take-all of wheat.  (This needs to be dependent on the successful derivation of new concepts for water and nutrient capture, given Priority One by the Workshop on Roots & Nutrition).

This priority relates closely to the EU policy of reduced support for break crops under Agenda 2000, hence the greater representation of second and later wheat crops in arable rotations, and greater risk of take-all.

Research Priority Two:

An investigation of oilseed rape physiology should be undertaken, to underpin current and future crop protection work and help ensure the long-term future of the crop, especially for emerging industrial uses.

This priority will assist the MAFF policy of encouraging non-food cropping, as a means of diversifying farming away from surplus food production.

Issues raised in discussion

First, the transferability of the Septoria-wheat model (described by Paveley) to other diseases, weeds, or pests was questioned; application of the generic framework to other situations should be tested through a desk-study.

Second, the best crop, disease, weed, or pest combination was assessed.  The potato crop was rejected because farmers were thought unlikely to deviate from protective approaches.  The two areas felt to be of most value were (i) cereal root and stem-base diseases, especially take-all, and (ii) oilseed rape diseases.  In the latter case, however, it was considered that insufficient was known about basic physiology to apply the framework yet.

Workshop Four: Modelling; predictive precision in crop physiology

(Chairman Donal Murphy-Bokern; Reporter Mike Gooding)

Research Priority One:

MAFF should assess the current level of precision of models designed to predict crop yield at the field scale.  There is concern that extant models have inadequate predictive precision for MAFF’s and the industry’s purposes.  

Research Priority Two:

MAFF should fund the formation of models which explain and predict quality of arable crop products.  Crop nitrogen uptake and partitioning would be generic to many crop quality attributes, and could provide an interface with food science.  (This proposal complements Research Priority Two proposed by the Workshop on Nutrition.)

Modelling of crop function can be justified against most of MAFF’s objectives since the crop mediates between resources (weather, water, nutrients, agrochemicals) and outputs, hence modelling enables optimisation in relation to environment and scarce resources.  

Issues raised in discussion

From a farming perspective, models are needed which (i) can support real-time decision-taking, either by farmers or policy makers, (ii) could assist in information transfer, especially in support of agronomic advice, (iii) enable plant breeders to predict genetic effects.  The most useful models may have quite simple construction.



Review & Conclusions 



(by Roger Sylvester-Bradley, Organiser)

The meeting was chaired by Dr John Sherlock of MAFF; in his concluding remarks, the chairman asked contributors to provide reflections on the meeting, particularly those relevant to MAFF’s concerns.  It is the task of this review to consider the proceedings on 2 March 2000, to draw conclusions, and provide examples of how crop physiology research can support MAFF’s policy aims.  The review begins with some general reflections concerning MAFF’s best approach to research on crop physiology.

The broad applicability of crop physiology

Leigh explained how crop physiology seeks to explain the behaviour of crops, and crops mediate agricultural competitiveness, pesticide use, fertiliser use, organic production, climatic impacts, and agricultural sustainability.  Thus the physiology of crops plays an essential part in all of MAFF’s crop-related concerns (Murphy-Bokern).  

Of other crop-related sciences, genetics generally aims to support plant breeding, pathology supports pesticide research, and soil science supports fertiliser research, and soil management.  Crop physiology has a more general relevance; its principles tend to underpin these other disciplines, so physiologists must work closely with the other disciplines, and promote their work widely.  

As an example, our MAFF- and HGCA-funded work on soluble carbohydrates in wheat stems (Foulkes et al. 1997) has proved relevant to (i) varietal resistance to drought, hence the use of UK water resources, (ii) durable disease tolerance, (iii) aphid damage, hence the use of pesticides, and (iv) breeding for improved cereal performance, hence agricultural competitiveness.

The value of particular proposals for crop physiology research should be assessed according to the range of their relevance, as well as their resolution of specific questions.

Predictive power of crop physiology

Physiologists aim to predict crop performance. 
 
The ability of physiologists to predict performance of most UK crops at the field scale is generally poor compared to the needs of government and industry.  However, predictive power has not been assessed well (Passioura 1996), compared to related disciplines (e.g. meteorology), so there is no consensus about what crop physiology can offer, 
and what it cann
o
t
, 
in practical terms.

Sugar beet is the best exception, and can be taken as an example of how a crop’s physiology can be modelled to predict yield, so that both production and research are well supported.  With the adoption of a crop physiological approach at Broom’s Barn Experimental Station in the late 1970’s (Scott & Jaggard 1993), sugar beet performance is now improving faster in the UK than in any other country. 

MAFF could promote similar integrated approaches to the physiology of other major UK crops; these could then provide broad support across many MAFF objectives.  For instance, predictions of overwinter growth of cereals are equally relevant to weed competition (hence minimising herbicide use), to recovery of soil nitrogen (hence reducing nitrate leaching), and to minimising the need for plant growth regulators.  Similarly, predictions of canopy expansion are relevant to fertiliser and fungicide minimisation, 
to weed control in organic systems 
and to impacts of climate change.

Predictive precision needs to be assessed, before it can be improved, because the prime uncertainties will be highlighted, hence the most promising areas for research identified.  Some controversy about methods of improving predictions is likely, since predictive philosophies currently appear polarised, deterministic ‘simulation’ approaches (e.g. Porter et al. 1993) contrasting with agronomic empiricism (e.g. by farmer-sponsored crop centres). 

Realising the potential of the ‘new genetics’

Crop physiology deals with the phenotype, the product of the genotype and its environment.  The enormous challenges of developing new genetic technologies (Snape) have all but eclipsed their eventual dependence on phenotypic analysis and prediction.  Miflin (2000) has identified that a ‘phenotype gap’ is opening up, which presents an enormous challenge.  Conventional genetics show that intended effects of the new genetics are bound to be accompanied by unintended effects of single genetic changes (pleiotropism), interactions between genes
, and interactions between the resultant genotype and its environment.  

Crop physiology is thus the enabling discipline for the new genetics.  Agents of the new genetics may play down this task, to avoid distraction and maintain their impetus, but it is necessary to promote research that anticipates this vital role for crop physiology.

Ensuring applicability and application

The danger for an ‘underpinning’ discipline is that it becomes self-serving, through disassociation from practical concerns.  Best recent progress in crop physiology has been made when physiologists have been required to work with the ‘front-line’ disciplines (Allen; Paveley).  

Future funding should foster an approach which applies the twin disciplines of science (by peer review) and of practice (by demonstrable industrial impacts). 

Whilst ‘participative research’ in developing agriculture has been challenging the ‘technology transfer’ model (Farrington 1989), developed agriculture has been slow to adopt any meaningful measure of ‘vertical’ integration for its R&D.  Most applied scientists are able to justify their current or future research against practical ends, yet most find it difficult to cite the practical impact of their past research, or to show commercial validation.  Few embrace the concerns of industry sufficient to allow effective communication with the intended targets of their research (Allen).  

A test of communication between researcher and practitioner must increasingly be required as an integral component of funding arrangements for crop physiology research.

Explanations and predictions

Crop physiology is distinct from agronomy in that it offers explanations and predictions; it is distinct from plant physiology in that it deals directly with crops in fields (Leigh).  Crop explanations allow justifications for policies; crop predictions are essential to advice, decision-taking and genotype selection.  So some crop physiology is essential both to government and industry.

Proposals for crop physiology should be distinguished from more empirical research by the strength of its hypothetical framework (i.e. its predictive intentions), and the thoroughness with which this will be tested in the field. 

‘Joined-up’ research

Fundamental mechanisms such as photosynthesis, meristem development and nutrient uptake are the same, whether plants are grown in lab. or field, but their rates or timings are much affected by interplant competition, and by large differences between the lab. and field environments, such as in rooting medium, micro-climate and light intensity (Bingham).

The relevance of laboratory-based research to field conditions should be established by quantitative comparisons of relevant plant characteristics across the two environments.

MAFF currently spends about £5 million annually on research which depends upon crop physiology (Murphy-Bokern).  BBSRC, other research councils and the crop levies fund much related work.  Plant breeding companies, agrochemical manufacturers, fertiliser producers and the like also add considerably to the national effort to improve knowledge of crop function.


B
est efficiency of research on crop physiology 
can be much assisted through MAFF’s co-ordinating roles with Research Councils, levies and industry.  The HGCA’s commitments to promote research on ‘rooting’ and ‘sensing’ are current examples of areas for co-ordination.
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�Further Information

Full versions of the papers and proceedings of the workshop sessions summarised in this report can be obtained from:



Dr Donal Murphy-Bokern, 

MAFF Chief Scientist’s Group

1A Page Street

London SW1P 4PQ

Tel: 0171 290 6779

E-mail: J.Meekin@csg.maff.gsi.gov.uk

or from 

Dr Roger Sylvester-Bradley

ADAS Boxworth, 

Boxworth, 

Cambridge CB3 8NN.

Tel: 01 954 268 253 

Fax: 01 954 267 659

E-mail: m115163@adas.co.uk
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