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Session I  - Within-taxon population interactions








Population consequences of vegetative (in)compatibility in fungi.


Rolf F. Hoekstra, Fons Debets and Maarten Nauta


Wageningen University, The Netherlands.  E-Mail:  Rolf.Hoekstra@PopGen.EL.WAU.NL





Work from our laboratory on three topics related to vegetative incompatibility in fungi will be discussed: 





(1)  Causes of  the high levels of polymorphism for vegetative incompatibility found in many species. Theoretical population genetic models assuming homogeneous populations indicate that selection against transmission of a harmful cytoplasmic element is a more plausible explanation than is selection against a nuclear gene to explain the extent of incompatibility observed. These models predict only moderate levels of polymorphism. However, even genetic drift alone may produce large numbers of incompatibility types under certain conditions. 





(2)  Transmission rates of cytoplasmic genetic material in incompatible confrontations. Both in Podospora anserina and in Neurospora crassa low frequency transfer of mitochondrial plasmids between vegetatively incompatible partners can be demonstrated. The potential consequences of low frequency horizontal transfer of plasmids associated with the fungal senescence phenotype will be discussed.





(3)  Interactions between vegetative incompatibility and the sexual cycle. Several observations point to an involvement of vegetative incompatibility in the sexual cycle. First, in species like Neurospora crassa vegetative incompatibility is associated with the mating type idiomorphs. We have shown that in the absence of mating type vegetative incompatibility transmission of plasmids from the conidial paternal parent was ten times higher than in normal crosses. We have evidence that conidia that are vegetatively compatible with the maternal parent may enter the maternal tissue by somatic fusion, thus obtaining access to the maternal resources and initiating new fruiting bodies.�





Why study the population genetics of plant associated bacteria?





Paul Rainey


Department of Plant Sciences, University of Oxford, South Parks Road, Oxford OX1 3RB, UK.  �E-Mail: prainey@worf.molbiol.ox.ac.uk





Population genetics is the study of evolutionary change.  It is concerned with natural genetic diversity, its causes, its distribution and its biological significance.  More specifically, population genetics is concerned with the basic forces of evolution, that is, mutation, recombination, migration, natural selection and genetic drift, and the contribution that these forces make to the nature and rate of evolutionary change.  Knowledge of the effects of these forces on populations can provide information on likely future directions of evolutionary change and, conversely, patterns of genetic variability can field information about the processes that generated.  The link between the effects of specific evolutionary forces and patterns of variation is provided by the theory of population genetics, which gives evolutionary biology its most significant and far-reaching body of theory.





The study of prokaryote populations represents a significant intellectual goal in itself, but in addition, it has real practical significance.  The rapid generation times and large population sizes of bacteria suggest that evolutionary change will be swift.  This is clearly evident in the rapid spread of antibiotic resistance genes in infectious bacteria and in the sudden outbreak of disease in plants.  An understanding of the genetic structure of microbial populations provides a framework within which epidemic outbreaks of pathogens can be monitored and traced.  It also enables the spread of drug and pesticide resistance to be managed, the efficacy and safety of genetically engineered micro-organisms intended for environmental applications to be assessed and biological control strategies to be rationally designed.  In addition, population genetics has a positive contribution to make to the debate on the "species concept" in prokaryotes and provides a guide to the practical problems of bacterial classification. 





The value of population genetics as a means of understanding changes in patterns of virulence and drug resistance is widely recognised by those concerned with infectious human pathogens.  It is also recognised by a small number of plant pathologists, most notably those concerned with pathogenic fungi.  However, with the exception of a small number of studies, the role and value of population genetics in the study of natural bacterial populations in the environment (both saprophytes and pathogens) is often neglected.  In this talk I will discuss basic concepts in bacterial population genetics using examples from our own studies on the genetic and ecotypic structure of Pseudomonas populations.
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Session II - Interactions with fungi








Epichloë grass endophytes and their interaction with a symbiotic fly.


Adrian Leuchtmann.


Geobotanisches Institut ETH, Zollikerstrasse 107, CH-8008 Zürich, Switzerland.  


E-Mail:  leuchtmann@geobot.umnw.ethz.ch





Epichloë grass endophytes (Ascomycota) and related asexual species form systemic associations with many pooid grasses in temperate regions of the Northern hemisphere. During sexual reproduction the fungus produces reproductive structures (stromata) on aborted host inflorescence referred to as choke disease. Host specific fungal species are self-incompatible (heterothallic) and need to be fertilized by spermatia of opposite mating type. The vector for transferring spermatia are specialized flies of genus Botanophila which ingest spermatia and pass them through their gut. Female flies lay eggs on young fungal stromata and after fertilization hatching larvae feed on developing perithecia as their exclusive food source. Thus, Botanophila flies live in a symbiotic relationship with Epichloë fungi, and dependence on stromata as food source should promote specialization (as a consequence of sexual incompatibility among different Epichloë taxa). Investigations were made to examine whether flies are specialized on host grasses and their Epichloë fungi, and how flies could recognize different hosts. Distribution of fly genotypes collected from different hosts did not indicate specific preference. However, field observations and the absence of mating among different host strains in experimental field plots clearly suggested specificity of flies. Volatile compounds collected and analyzed from infected host plants showed different patterns with each host association. Thus, volatiles could serve as specific attractants. We hypothesize that flies may be unspecific initially when hatching, then after first contact with a stroma learn to specifically recognize other stromata of the same host association.








Influence of virus spread on the outcome of interspecific hybridisation between fungal pathogens


Clive M. Brasier.  


Forest Research Agency, Alice Holt Lodge, Farnham, Surrey GU10 4LH, UK. E-Mail: c.brasier@forestry.gov.uk





Two highly destructive pandemics of Dutch elm disease have occurred across the Northern Hemisphere this century.  Each has been caused by the spread of a different, introduced ascomycete pathogen.  First to appear, in the early 1900s, was the moderately aggressive Ophiostoma ulmi.  This was followed, from the 1940s onwards, by the spread of the highly aggressive O. novo-ulmi,  which has rapidly replaced the O. ulmi in the process. Interspecific hybridisation in fungi is considered rare, but several lines of evidence show that interspecific hybridisation has occurred between O. ulmi and O. novo-ulmi during the replacement period;  although the resulting hybrids are transient and  unfit.  





When O. novo-ulmi arrived in Europe, the resident O. ulmi population was highly heterogenic with regard to vegetative compatibility (vc) loci and mating type.  In contrast, the immigrant O. novo-ulmi  spread initially as single vegetative compatibility type/single mating type clones. Thereafter, the O. novo-ulmi population rapidly (5-6 yr)  became heterogenic for vc types and mating type and the clones disappeared.  In North America, however, similar O. novo-ulmi  clones  survived much longer (50 yr); and the rate of appearance of new vc types/mating types has been slow.  In New Zealand, an immigrant vc clone has survived 10 yr without significant genetic change.  


Underlying differences between the European, North American and New Zealand situations indicate (i) that O. ulmi must be present for the heterogenenicity to occur in the O. novo-ulmi population; (ii) that deleterious fungal viruses must be abundant in the O. novo-ulmi clones for the change to heterogenenicity to be rapid; (iii) that it is the spread of the viruses that favours the survival of the new vc types over the original vc clone.





Research in progress (M. Paoletti, K. W. Buck and C. M. Brasier, unpublished) is consistent with a hypothesis that the new vc loci, and possibly also new mating type loci, are acquired by the O. novo-ulmi clones from O. ulmi through introgression. Virus pressure, therefore, appears to be a significant influence on  the outcome of a major fungal hybridisation event.  














Fungal endophytes and nematodes of agricultural and amenity grasses


1Roger Cook and 2Graham.C. Lewis


1Institute of Grassland and Environmental Research, Aberystwyth, Ceredigion, SY23 3EB, Wales, UK.  


E-Mail: roger.cook@bbsrc.ac.uk ; 


2Institute of Grassland and Environmental Research, North Wyke, Okehampton, Devon, EX20 2SB, UK.





In grasses, obligate mutualist fungal endophytes (Neotyphodium spp.) have ecological and economic significance because of the impact of fungal secondary metabolites on herbivores.  These endophytes infect leaves and stems of healthy plants but have no marked pathogenic effects.  A range of insect herbivores, including sap sucking aphids as well as biting herbivores, is affected by endophytes in tall fescue and perennial ryegrass.  Endophyte-infected grasses can also cause toxicoses in grazing livestock.  As well as protecting the plant from herbivory, these endophytes can increase plant yield, enhance root growth and modify water relations.





Evidence for the effects of grass endophytes on root feeding nematodes is equivocal, perhaps reflecting the variety of interactions.  None the less, there are striking examples of endophyte-infected grasses expressing very effective resistance to nematodes, not found in the endophyte-free host.  These examples include nematodes for which natural genetic host resistance has proven elusive or difficult to manipulate.  This article reviews relationships between Neotyphodium grass endophytes and root parasitic and other nematodes associated with grasslands.





We review Lolium spp. and Festuca arundinacea and F. pratensis all native to Europe, temperate Asia, and North Africa.  The more interesting phenomena involving endophytes are reported from countries where such grass species have been introduced, for example, from tall fescue in the United States of America and from perennial ryegrass, L perenne, in New Zealand.  The review of nematode/endophyte interactions is grouped according to the mode of parasitism of the nematode concerned.  It seems clear that to be affected by endophytes, nematodes must feed on endophyte-infected plants, perhaps ingesting toxins.  Some nematodes may be tolerant of the toxins or may through their feeding habits or sites, avoid exposure to translocated toxins.  In some case, the responses of plants to endophyte, such as wall thickening or anti-drought responses, may indirectly affect their host status for particular nematodes.





The endophyte associations are maintained in USA and New Zealand grasses because of their beneficial features.  In contrast, European bred forage grass cultivars generally have little or no endophyte infection.  The symbiotic interaction is very complex with a good deal of variability.  Future studies of endophyte impacts on nematodes should take account of the causes of variability in the interactions.  This requires standardisation of grass genotype and fungus strain as well as biochemical characterisation of the combination.  Environmental conditions need either to be controlled or at least measured to relate to effects on alkaloid production.  It is also important to describe the feeding site and processes of the nematodes being studied.  Control of these aspects will allow the development of experimental systems to test hypotheses about the relationship between parasite attributes and susceptibility to endophytes.  Such studies have clear potential economic value, given that some combinations of grass and fungus provide fully effective resistance to nematodes not readily controlled either by natural genetic resistance or by other means.  The use of selected endophytes on heterogeneous grass populations may offer durable control of nematodes to the benefit both of forage and amenity grass and to crops grown in rotations.








Feeding on plant-pathogenic fungi by invertebrates: relationships to saprophytic and mycorrhizal systems 


Terence P. McGonigle & M. Hyakumuchi.  


Faculty of Agriculture, Gifu University, Gifu 501-1193, Japan.   


E-Mail:  tmcgonig@cc.gifu-u.ac.jp





What is the significance of grazing on plant-pathogenic fungi by invertebrates? Such grazing certainly occurs, but the extent to which it modifies pathogenic interactions is unclear. Here, we consider feeding on fungi in broad terms by arthropods, nematodes, annelids, and protozoa. Understanding the impact of feeding is important when extending laboratory data on plant-pathogen interactions into the field. A summary of relevant published studies from pathogenic systems will be made. These studies will then be evaluated in terms of what can be learned from saprotrophic and mycorrhizal systems, as outlined below. Grazing can affect ecosystem function and fungal community structure. Effects on saprotrophic and mycorrhizal systems can be direct, such as by the excretion of nitrogen from the bodies of the grazers, which contributes to mineralisation. Indirect effects are possible as by the action of comminution and mixing of substrate, inoculum dispersal, and changes in vigour of the grazed fungus, all of which can modify mineralisation or immobilisation by the microbes. These indirect effects on mineralisation are important for saprotrophic fungi, but they may also be relevant for certain mycorrhizal fungi with limited saprotrophic capabilities. Effects of grazing on the collection of nutrients from soil and the transfer of them to the plant in mycorrhizal systems are mostly negative. However, at low animal densities a stimulation of mycorrhizal function can occur, which is perhaps related to a stimulation of fungal activity. Available data for effects on fungal community structure are mostly for saprotrophic systems. Under controlled conditions, selective grazing has been shown to modify fungal communities by either suppression of a fungus that was otherwise dominant, or by further polarising competitive interactions by grazing on less-dominant fungi. These processes serve to increase and reduce fungal diversity, respectively. Further, grazing can act to facilitate the transition of fungal communities from early to late stages of succession. Conclusions relevant to pathogenic systems will be drawn, and these will be discussed in terms of the co-occurrence of pathogenic, saprotrophic, and mycorrhizal fungi through the connected pathway of soil, root, shoot, and air.








�
Session III - Interactions with prokaryotes








Plant interactions with endophytic bacteria 


Johannes Hallmann.  


Institut für Pflanzenkrankheiten, Bonn University, Nussallee 9, D-53115 Bonn, Germany.  E-Mail: j.hallmann@uni-bonn.de





The past years were associated with an increasing interest in endophytic bacteria especially those providing economical interesting features such as plant growth promotion and stimulation of plant defence mechanisms. But what do we really know about plant/endophyte interactions, especially with regard to plant pathology? Endophytic bacteria are defined as bacteria that reside within living plant tissues without doing substantative harm to the plant. The plant/endophyte association expresses a very close interaction were the plant provides nutrients and residency for the bacteria which in exchange can improve plant growth and health. From the evolutionary point of view it can only be speculated if endophytic bacteria originally derived from plant pathogens which lost virulence in favor of an extended growth period within the plant or if endophytic bacteria are potential pathogens just unable to express disease-specific genes. Well known are those plant/endophyte associations based on nitrogen fixation as in the case of the Rhizobia/legume complex or some free-living bacteria of various grass species. However, the plant pathologist probably favours a third group of endophytic bacteria, those which improve plant health. Major traits of how endophytic bacteria can affect plant health include: 1) direct antagonism or niche exclusion of the pathogen, 2) induction of systemic resistance, and 3) increasing plant tolerance towards biotic stresses.  Besides these obvious effects, plants are often colonized by endophytic bacteria not showing any effect at all. The bacteria form either a neutral association with the plant or they reside latent until becoming active in later stages of plant development. Over the past years we gained a fairly good understanding of culturable endophytic bacteria but our knowledge regarding non-culturable bacteria is still very limited. What makes a bacterium an endophyte and why are plant defense mechanisms not activated? Why does the plant tolerates these intruders? These are all questions not yet been answered sufficiently and in the future will hopefully help to understand plant/endophyte interactions. With respect to the natures complexity this paper can only focus on some of the plant/endophyte interactions of which the following will be discussed in detail: recognition, specificity, localization, biocontrol potential and mechanisms. Besides own work, this paper will also review the recent literature to provide a more general view of plant/endophyte interactions. In addition, provocative as well as speculative questions will be raised, especially in those areas not yet covered by the literature. The papers main emphasis is to stimulate discussion as well as research interest in this exciting and still unexplored research area. Maybe not to far from now endophytic bacteria will be applied to improve plant health in a way N-fixing bacteria are currently used to enhance plant growth.








Molecular mechanisms underlying GroEL-mediated retention of plant viruses in their insect vectors.


J.F.J.M. van den Heuvel*, S.A. Hogenhout, V. Ziegler-Graff, K. Richards, S. Morin, H. Czosnek, and F. van der Wilk 


*Plant Research International, P.O. Box 9060, 6700 GW Wageningen, The Netherlands.  


E-Mail: vandenHeuvel@IPO.DLO.NL ; in collaboration with IBMP-CNRS, Strasbourg, France and Hebrew University, Jerusalem, Israel





Affinity for GroEL homologues is a common characteristic of viruses from the family Luteoviridae (genera Luteovirus, Polerovirus and Enamovirus) and has  recently also been demonstrated for Tomato yellow leaf curl virus (genus Begomovirus; Geminiviridae). The GroEL homologues are produced by endosymbiotic bacteria of their vector aphids or whiteflies (Bemisia tabaci), and are released into the insect's hemolymph. In vivo interference in the virus-GroEL interaction coincides with reduced capsid integrity and loss of infectivity. Using a full-length luteovirus cDNA clone it has been demonstrated that the readthrough domain (RTD) of the minor luteovirus capsid protein, which is present on the surface of a virus particle, contains the determinants for GroEL-binding. The virus attachment site of GroEL is located in the equatorial domain and not in the apical domain which is generally involved in polypeptide binding and folding. Here we report on the key amino acids in the RTD and in Buchnera GroEL implicated in recognition and attachment.














Are chitinolytic rhizosphere bacteria really beneficial to plants?


Wietse de Boer & J.A. van Veen


Netherlands Institute of Ecology, Centre for Terrestrial Ecology, Department of Plant-Micro-organism Interactions, P.O. Box 40, 6666 ZG Heteren, The Netherlands.  


E-Mail:  wdeboer@cto.nioo.knaw.nl





The observations of mycolysis by chitinolytic bacteria have stimulated research on possible application of these bacteria for biocontrol purposes.  The focus has been on rhizosphere bacteria as they should be adapted to the environment where plant-pathogenic fungi infect roots.  Chitinolytic rhizosphere isolates, showing in vitro antifungal effects have therefore been tested for their ability to protect plants against infection by plant pathogens.  In several cases these strains reduced disease symptoms significantly under controlled greenhouse conditions.  However, application of such strains under field conditions has been far less successful, and it is not at all clear that mycolytic activities should be expected under field conditions.  Before this issue can be resolved information is needed about the ecological function of bacterial chitinases including environmental conditions that might promote chitinase production and mycolytic activity.





In this paper it will be argued that chitinases of  rhizosphere bacteria are most likely involved in mycoparasitism and defence against lysis by fungi.  Obviously, mycoparasitic growth of chitinolytic rhizosphere bacteria could be an important mechanism to control plant-pathogenic fungi.  However, chitinase production in soil bacteria, including potential biocontrol strains, is repressed by small organic substrates like sugars and amino acids.  This indicates that mycolytic activity does only occur when no other growth substrates are available i.e. under starvation conditions.  Hence, the release of organic compounds by the root is expected to repress mycolytic activities of most chitinolytic rhizosphere bacteria.  This does, however, not suggest that the search for biocontrol strains is futile, but indicates that knowledge of chitinase expression and repression must be taken into account during this process.





A potential negative effect of chitinolytic bacteria may be exterted on mycorrhizal development.  In fact, the starvation conditions in the bulk soil, into which mycorrhizal hyphae are extending from the root, should promote mycolytic activities.  Therefore, study of interactions between chitinolytic strains and mycorrhizal fungi should be part of biocontrol studies. 











Garrett Memorial Lecture 





Aphid transmission of potyviruses: the complexities of a seemingly simple process.


Thomas P. Pirone


Department of Plant Pathology, University of Kentucky, Lexington KY 40502, US.  E-Mail: tpirone@pop.uky.edu





Potyviruses are transmitted by aphid vectors in the “non-persistent” manner.  These viruses can be acquired in brief (less than 1 minute) probes into epidermal cells and can be inoculated just as rapidly; the ability to be transmitted is lost in a matter of minutes to hours, hence the term non-persistent. The rapidity of the transmission process and the fact that these viruses can also be transmitted “mechanically”, by manual inoculation, initially led to the concept that transmission occurred as the result of contamination and decontamination of the stylets, although this did not account for several other features associated with this type of transmission.  





The availability of mutant potyviruses that have lost the property of aphid transmissibility but retain mechanical transmissibility, combined with the tools of molecular biology, has allowed the dissection of the viral components of the transmission process and the analysis of their functions.  In order to be aphid-transmissible, virions must have a transmission-competent coat protein and the virus must produce a functional non-structural protein “helper component”. Current evidence indicates that the helper component acts as a “bridge”, binding to the virion and to components of the stylet food canal, allowing virions to be retained at a site(s) from which they can subsequently be inoculated.  At the molecular level, a three amino acid sequence “DAG” or an equivalent motif near the N-terminus of the coat protein is required for virion binding to the helper component.  In the helper component, a “PTK” motif is involved in binding to the virion coat protein and a K or R in the first position of a highly conserved “KITC” motif is required for interaction with the stylets.





Electron microscopy of immunogold-labeled sections of stylets, and autoradiography of radioactively labelled virions within the stylets show that for transmission to occur the helper component-virion complex must be retained in the stylet food canal, most probably near the tip of the stylets. The processes involved in inoculation are not known with certainty but inoculation could occur as the result of egestion of food canal contents or by salivation, if virions are retained in the joint salivary/food canal near the tip of the stylets.





The relative ability of specific helper components to interact with the stylets of particular aphid species can account for some examples of differences in vector specificity/efficiency. 





Aphid species that are unable to transmit certain potyviruses are able to do so if they acquire the helper component of a potyvirus that they are able to transmit.  Hypotheses to explain this phenomenon include differential ability of specific helper components to interact with stylets and differential effects of salivas on helper component retention or activity.  








�
Session IV - Virus-Vector associations: homoptera








The evolution of virus vectors within the leafhoppers and whiteflies.


Peter G. Markham.  


John Innes Centre, Norwich Research Park, Norwich, NR4 7UH, UK. E-Mail:  peter.markham@bbsrc.ac.uk





Although unknown millions of species of insects inhabit the planet only about 400 species are known to transmit plant viruses. The majority of these are in the Order Homoptera divided into the two main clades of Auchenorrhyncha and Sternorrhyncha. The former includes, as vectors, the plant-, tree- and leafhoppers while the latter includes aphids, whiteflies, psyllids, scale insects etc. Leafhoppers and whiteflies both contain species that are significant pests to the world’s economic crops. 





The majority of man’s crops have been developed in recent times, in the evolutionary sense, in the last 10,000 years. Insects with their ability to rapidly adapt to their environment have successfully colonised man’s evolving crops. Some of these associations are measured in thousands and some in hundreds of years, while others in several decades. For example, the co-evolution of maize and Dalbulus maidis probably occurred over 7-10,000 years, while the association in Africa of cassava with whiteflies and maize with Cicadulina species developed over 300-400 years; while more recently the green revolution in rice has encouraged the increase of insects such as the Brown Planthopper and the Rice Green Leafhopper. In the last few decades the whitefly, Bemisia tabaci, with the assistance of modern agricultural practice, has devastated crops on a worldwide basis. In each of these cases one species within a genus appears to have become a “superpest”. This status is often associated with high fecundity, extreme mobility and exacerbated by the association with viruses and other plant pathogens, often giving rise to well documented epidemics of considerable economic impact. 





The relationships between virus, plant host and vector is a complex of interactions. However for this talk, the emphasis will be on factors that contribute to specificity and will focus on hosts (varieties and crops), the coat protein gene, and viral movement proteins. The key issues with the vectors are taxonomy (and molecular markers) and the evolution of feeding strategies. The dependence of some viruses on their vectors for dissemination in the field has resulted in highly specific interactions and may give insights into the co-evolution of the virus and the insects. One such interesting virus group is the Geminiviridae, with examples of different vector specificities and virus interactions. If the virus genes are highly conserved there may be clues to the evolution of vector species. L.R. Nault suggested that geminiviruses evolved before the Sternorrhyncha and the Auchenorrhyncha diverged (about 250mya), which suggests that 150 mya the geminiviruses and vectors all shared a common land mass. Conversely geminiviruses and their vectors could have radiated from a common geographical region and undergone speciation in the process.  Suitable molecular markers may offer a means to resolve these issues; not only for phylogenies but to investigate genetic evolution. We need to know a great deal more about the vectors and their lineages.  Preliminary data will be presented on the use of molecular markers (such as ITS, 16S and COI) to explore the evolution of some important vector groups, such as Nephotettix, Cicadulina and Bemisia.  The evolution of Bemisia species (or species complex) and the usefulness of studying vector genetics within the homoptera will be discussed. 








Biotic interactions and whitefly-borne virus epidemics.


John Colvin.  


University of Greenwich, Natural Resources Institute, Chatham Maritime, Kent ME4 4TB, UK.  E-Mail: j.colvin@gre.ac.uk  /  j.colvin@nri.org





The epidemiologies of plant-virus diseases are the product of interactions that occur between viruses, host-plant species, the environment and, if present, vectors.  Changes in any one of these factors, such as the introduction of a non-indigenous vector biotype or virus strain, can affect the system dynamics significantly and cause epidemics.





In this presentation, two whitefly-borne virus disease epidemics are described and data presented that suggests that they are driven by different mechanisms.  In the first case, in May-July 1999, an unusually severe outbreak of tomato leaf curl virus (ToLCV) caused failure of the tomato crop in the Kolar district of Karnataka State in South India. ToLCV disease incidence reached 100% in most fields only 30 days after transplanting and unusually high populations of Bemisia tabaci were observed on the infected tomato plants.  B. tabaci collected from eight sites within the epidemic area were characterised by RAPD-PCR and the non-indigenous B-biotype, responsible for spreading plant-virus disease outbreaks in many parts of the world, was found to be present at all sites.  





In the second case, an epidemic of cassava mosaic disease has been spreading steadily southwards across Uganda since the late 1980s, and has recently moved into the cassava growing areas of Kenya and Tanzania. Within the epidemic and at its leading edge, infected plants expressed very severe symptoms and unusually large B. tabaci populations were associated with rapid disease spread.  Molecular analysis of diseased plants collected from within the epidemic region revealed the presence of a hybrid geminivirus, termed the Uganda variant (Harrison et al., 1998).  Unlike the Indian situation, in this case the epidemic and non-epidemic zone B. tabaci were not different biotypes and readily interbred. To investigate whether an interaction effect might account for the increased B. tabaci numbers associated with the epidemic, either virus-free or Uganda variant-infected B. tabaci were used to colonise three-week-old, healthy cassava plants (var. Ebwanateraka).  Vector fecundity increased on plants infected successfully with the Uganda variant, as did the concentration of the amino acid asparagine, which was ca. five times higher in diseased plants, irrespective of the presence or absence of whiteflies. In the field, the density of B. tabaci per unit green leaf area was significantly higher on symptomatic than on non-symptomatic plants, indicating a preference for feeding on infected plants. Uganda variant virus and the cassava biotype B. tabaci, therefore, apparently interact in a mutually beneficial manner that provides an important component of the mechanism responsible for driving this epidemic.


Reference


Harrison et al. (1998).  Ann. Appl. Biol. 131, 437-448.








A theoretical assessment of the effects of vector-virus transmission mechanism on plant virus disease epidemics 


Larry V. Madden


Department of Plant Pathology, Ohio State University, Wooster, OH 44691-4096 USA.  E-Mail: madden.1@osu.edu





There are four general transmission classes of plant viruses transmitted by Homopteran insects, 1) non-persistently transmitted (stylet-borne [NP]), 2) semi-persistently transmitted (foregut borne [SP]), 3) circulative-persistent (CP), and 4) propagative-persistent (PP). These classes are characterized by rate of acquisition of the virus by the insect from an infective (and infectious) host plant, rate of inoculation of host plants by infective insects, and length of the latent period in the vector. The influence of these three factors on virus disease dynamics was explored using the linked-differential-equation deterministic model of the host and vector populations developed by Jeger, van den Bosch, Madden and Holt (IMA Journal of Mathematics Applied in Medicine and Biology 15, 1-18 [1998]).  During an epidemic, four categories of plant-host status are considered, namely healthy (disease-free; H), latent (L), infectious (S), and removed (R); diseased plants “move” through the categories at rates specified in the model. Three categories of vector status are considered, namely virus-free (X), latent (Y), and infective (inoculative; Z), although Y may be, by definition, zero for the non-persistent and semi-persistent classes. Rate of change of new diseased plants is a function of the density of disease-free plants (H), infective insects (Z) and a contact rate, with the rate being a function of number of plants visited by a vector per time period and the probability of transmitting the virus per plant visit (a function of feeding time per visit and mean time that a vector must feed to inoculate a plant). Rate of change in infective insects is a function of density of infectious plants (S), number of plants visited per time by an insect, and the probability of acquiring the virus per plant visit (also a function of feeding time per visit and mean time that a vector must feed to acquire the virus). 





Numerical solutions of the differential equations were used to determine transitional and steady-state levels of disease incidence (d*); d* was also determined directly from the model parameters. Clear differences were found in disease development among the four transmission classes, with the highest disease incidence (d) for the semi-persistent (SP) and circulative-persistent (CP) viruses relative to the others, especially at low insect density, when there was no insect migration or when the vector status of emigrating insects was the same as immigrating ones. The persistent viruses (PP and CP) were most affected by changes in vector longevity and rates of acquisition and inoculation of the virus by vectors, whereas the persistent-propagative (PP) viruses were least affected by changes in insect mobility. When vector migration was explicitly considered, results depended on the fraction of infective insects in the immigration pool and the fraction of dying and emigrating vectors replaced by immigrants.  The persistent viruses (PP and CP) were most sensitive to changes in these factors, where d could change from ~0 to ~1 with small changes in these migration terms.





Based on model parameters, the basic reproductive number (R0)—number of new infected plants resulting from an infected plant introduced into a susceptible plant population—was derived for some circumstances and used to determine the steady-state level of disease incidence and an approximate exponential rate of disease increase early in the epidemic. Results can be used to evaluate disease management strategies.
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Identification and characterisation of virus genes implicated in interactions with their fungal vectors 


1Michael J. Adams, 1Apio Diao & 2Jonathan Mullins.


1Plant Pathology Department, IACR-Rothamsted, Harpenden, AL5 2JQ, UK.  E-Mail: mike.adams@bbsrc.ac.uk ; 2Department of Biology and Health Science, University of Luton, Park Square, Luton, Beds LU1 3JU, UK.





The fungus vectors of plant viruses are all obligate root-infecting plant parasites and plant viruses have been shown to associate with these vectors in two distinct ways. 





Some viruses, leached from plant roots into soil water, are adsorbed to the outside of fungus zoospores and resting spores and are transmitted to the plant host when the zoospore infects a root cell.  With such “externally-borne” viruses, mostly members of the family Tombusviridae, there is evidence that the virus coat protein interacts with specific receptors on the zoospore membrane. 





In the second type of association, viruses can only be acquired by the vector when it is growing inside a plant host and the virus is carried inside the fungus spores (“internally-borne”). Most of these viruses have particles that are rod-shaped (genera Benyvirus, Furovirus, Pecluvirus or Pomovirus) or filamentous (genus Bymovirus) and are transmitted by plasmodiophorid fungi. Mutants of rod-shaped viruses with deletions or mutations in the coat protein readthrough domain, or of filamentous viruses with deletions in the P2 protein, occur frequently and, when tested, have been shown to be deficient in fungus transmission. Following recent sequence analysis of some members of the genus Furovirus, we have identified two transmembrane regions in almost all CP-RTs and P2 proteins of the internally-borne viruses. These regions show evidence of compatibility between their amino acids, suggesting that they could be closely paired within a membrane. In non-transmissible mutants, the second of these regions is either missing or re-aligned in a way that could affect its function. It therefore seems possible that these regions become embedded in the zoosporangial plasmalemma and that their proteins assist virus particles to move between the cytoplasm of the plant host and that of the fungus vector.








Investigating the interaction between tobraviruses and their vector nematodes 


Stuart MacFarlane. 


Department of Virology, SCRI, Invergowrie, Dundee DD2 5DA, UK.  


E-Mail:  s.macfarlane@scri.sari.ac.uk





Viruses belonging to only two genera, Tobravirus and Nepovirus, are transmitted between plants by nematodes. Recently, the application of recombinant DNA technology has made it possible to investigate the molecular basis of the interaction between virus and vector nematode. The tobraviruses (tobacco rattle virus [TRV], pea early-browning virus [PEBV] and pepper ringspot virus) have two positive sense, single stranded genomic RNAs. Studies with pseudorecombinant isolates showed that the smaller RNA, RNA2, most likely encoded the virus genes that were involved in transmission by Trichodorus spp. and Paratrichodorus spp. nematodes. Infectious cDNA clones of RNA2 have been constructed for four different nematode-transmissible tobravirus isolates. Mutagenesis studies have shown that part of the coat protein (CP) and the non-structural, 2b protein are intimately involved in the transmission process. In addition, a third (2c) protein is involved in the transmission of PEBV but not TRV. There is considerable specificity in the association between virus/virus isolate and particular vector nematode species. Current investigations aim to understand how the sequence diversity in the tobravirus RNA2 influences vector selection. Results will be presented of an electron microscopy study of the sites of virus retention in different species of vector nematode, and an “in vitro” study of CP:2b:2c interactions will be described.








Eriophyid mite transmitted viruses and virus-like agents of plants
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Eriophyid mites are the smallest known arthropods, measuring less than 0.2 mm. They are generally cryptic on plants, though some can induce serious feeding damage on crop plants. Most eriophyid mites have a very restricted host range, and often adapted to only a few species in a single plant genus. All eriophyid mites that are known, or believed to be, vectors of plant pathogens belong to the family Eriophyidae. Because of their tiny size, the mites have very short stylets (c. 20 µm) that are capable of reaching only the epidermal cells of their plant hosts. They can therefore acquire disease agents from, and transmit them to, only these plant cells. By analogy with the properties of viruses with a similar distribution in their plant hosts, this would suggest that viruses transmitted by eriophyid mites should be transmitted mechanically using sap from infected plants. Indeed, more than 60% of the agents (viruses) of the 26 plant diseases with which eriophyid mites are associated have been transmitted in this way, although some only with great difficulty. 





All the agents isolated and characterised from diseases associated with mites are viruses and all but one of them has filamentous particles. Most of the viruses infecting monocotyledonous plants are members of the genus Rymovirus or Tritimovirus in the family Potyviridae, or of the newly described genus, Allexivirus. Until very recently, none of the agents causing 9 different diseases in dicotyledonous plants had been characterised. However, two of these are now known to have filamentous particles c. 750 nm long, to be related serologically and to show some affinities with tricoviruses. A third has isometric particles c. 30 nm in diameter and is assigned to the genus Nepovirus, family Comoviridae, and a fourth has very narrow flexuous particles resembling tenuiviruses. 





The location of these different viruses in epidermal cells of their plant host and their relationship with viruses in the four virus genera given above, might suggest that the mode of transmission by their mite vector should be of a non-persistent or semi-persistent type. However, the limited data available from studies made with some of these mite/virus associations indicate that some may be of a persistent (circulative) type. 








Plant virus and insect interactions that determine the specificity of virus transmission by leaf-feeding beetles
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Leaf-feeding beetles in the order Coleoptera are a significant factor in the dissemination and occurrence of six genera of plant viruses.  Viruses transmitted by beetles are all small (25-30 nm), icosahedral, RNA-containing viruses that are easily mechanically transmitted.  Beetles acquire virus very quickly when feeding on an infected plant, and beetles transmit the virus immediately after acquisition suggesting that circulation within the beetle is not required for transmission to occur.  The length of time a beetle retains virus is dependent on their feeding activity: actively feeding beetles lose their ability to transmit virus after several days, but quiescent beetles may retain virus for several months.  





In contrast to other plant virus vectors such as aphids, leafhoppers, whiteflies and nematodes that have piercing-sucking mouthparts, beetles have chewing mouthparts that cut the leaf and remove entire sections of plant leaves during feeding.  Plant viruses are acquired by beetles when the beetles ingest leaves of virus-infected plants, and these viruses are transmitted when they are deposited in regurgitant on the edges of feeding wounds.  However, some stable plant viruses not vectored by beetles are also acquired by beetles and deposited in regurgitant on the edges of beetle feeding wounds.  This suggests that the determinants of vector specificity function after acquisition and deposition of virus by viruliferous beetles, and that specificity is controlled by virus-plant interactions rather than the virus-vector interactions characteristic of other plant virus vectors. 





An important step toward understanding the mechanism of vector specificity for beetle vectors was the development of the gross-wound inoculation technique.  This technique produces a wound site and introduces the virus in a manner similar to viruliferous beetles.  The addition of regurgitant or RNase to purified virus in gross-wound inocula demonstrated that regurgitant, and specifically the RNase in regurgitant, can selectively prevent the infection of those plant viruses not transmitted by beetles. 





Ribonuclease is a powerful inhibitor of virus infection that prevents infection of wounded cells that are bathed in regurgitant at the edge of the beetle feeding wound.  Fluorescent-antibody labelling to determine the location of virus deposited in beetle feeding wounds demonstrated that beetle-transmitted viruses translocate in the xylem of leaf veins surrounding feeding wounds, and that the site of virus infection is distant from the edge of the wound.  We propose that beetle-transmitted viruses are unique in that they are mobile within the xylem of plants and are capable of infecting unwounded cells.  These two virus interactions with a host plant are postulated to be the basis for vector specificity of virus transmission by leaf-feeding beetles.
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Diversity and interactions among strains of Fusarium oxysporum: application to biological control 
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The species Fusarium oxysporum is well represented among the communities of soil fungi, in every type of soils all over the world. Some strains are pathogenic on different plant species; they provoke either root-rot or tracheomycosis. These pathogenic strains are characterised as formae speciales in relation to the plant species they are able to infect. But soils also harbour very large populations of non-pathogenic strains of F. oxysporum, which play an important role in the soil microbial balance, especially in the soils suppressive to fusarium wilts. Indeed, it has been well established that non-pathogenic F. oxysporum competing with the pathogen are responsible for the suppressiveness of several soils to fusarium wilts.





The paper will address first the characterisation of diversity among strains of Fusarium oxysporum.  Then the paper will focus on interactions among strains of F. oxysporum in soil and the rhizosphere. Competition at the root surface and indirect interaction through the plant will be described.  Finally the application of F. oxysporum to biological control will be discussed in relation to screening and modes of action of efficient strains and mass production, formulation and delivery of effective inoculum.








The Use of Avirulent Mutants of Ralstonia solanacearum to Control Bacterial Wilt Disease
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Bacterial wilt disease affects a large variety of hosts, is geographically widely distributed, of considerable economic importance and yet remains one of the most intractable bacterial plant diseases. Although a great deal of information currently exists on the causative organism, Ralstonia (Pseudomonas) solanacearum, disease control is hampered by our, as yet, incomplete knowledge of infraspecific diversity, modes of dissemination, infection and disease development. Certainly, at present no effective control measures exist for bacterial wilt disease in a large number of economically significant crops. Studies are currently underway to develop and evaluate biological control agents for this disease using avirulent mutants of the pathogen itself. In particular, efforts have been directed against one of the most homogeneous pathosystems; R. solanacearum Race 3 on potatoes. Indigenous populations of R. solanacearum affecting potato in Kenya have been extensively characterised using a multifaceted approach.  From these studies a number of centres of diversity have been described within the indigenous population. Representative of each group has then been selected and avirulent mutants constructed by transposon-induced mutagenesis, directed towards the hrp gene cluster.  These strains are currently being evaluated and results will be presented from greenhouse and controlled, field-testing which demonstrate the potential of this approach in the control of bacterial wilt disease.








Cross Protection in Cucurbits: Problems and Prospects
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The zucchini yellow mosaic potyvirus (ZYMV) is considered the most damaging virus in cucurbits.  This virus is a newly emerging aphid-borne virus that was first reported in Italy only in 1981.  Then, in less than 10 years, it became a limiting factor for most cucurbits-growing regions in the world.  Breeding for resistance, in squash, melons and watermelons did not yield commercial cultivars.  The major control measure presently adopted to curb epidemics is based on frequent applications (once or twice a week) of mineral oils.  Unfortunately, mineral oil treatments are not preventive in cases of very high infection pressure.  In the late 1980s, a weak strain of ZYMV (ZYMV-WK) was isolated in France (Lecoq et al., 1991).  This strain has been tested and found stable and protective in squash-growing regions of the world mainly for squash.  Despite the successful experimental results, the commercial use of ZYMV-WK for cross protection remained limited.  The limited use of cross protection is attributed to labor costs involved in large-scale inoculation of seedlings and to the concern of growers from introducing a virus in their crops.  In Israel, successful application of cross protection in squash, watermelons and melons was attained.  The total area that has been protected between 1996 and 1999 exceeded 2,500 hectares.  This large-scale protection was achieved by developing an automated inoculation machine that ensures between 75% (in watermelons) to 90% (in squash and melons) mild virus infection.  In addition, the farmers were offered professional advice throughout the growing season.  The automatic inoculation was tailored for application on cucurbit seedlings in the nursery.  Optimization of the cross protection conditions was needed.  The factors tested included the buffer type and pH, the seedling stage to be inoculated and the duration of inoculation of the mild virus prior to exposure.  This procedure ensured exposure of protected seedlings in the field, ready to resist severe infection.  In last five years, cross protection was tested in regions that differ in climate, soil or growing conditions.  In squash, the mild virus (in absence of severe infection) caused up to 15% reduction in yield.  Surprisingly, in watermelons, there was a slight (10-15%) addition in yield in protected plots compared to non-protected (in absence of virus epidemics).  As expected, in cases of severe epidemics, cross protection greatly added to the income of the growers.





Several problems were encountered in the process of developing cross protection: spread in cases where the rate of protection was incomplete (less than 50% of the seedlings), increase in severity of the mild virus when plants were co-infected with cucumber mosaic virus or when plants were grown in stress conditions.  Other risks of heteroencapsidation were recorded in the past in the laboratory.  The ways to reduce these risks are discussed.








�
Session VII - Biological Control: across taxon








Ecological interactions between plant pathogens and biocontrol bacteria
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Root-colonizing Pseudomonas fluorescens produce 2,4-diacetylphloroglucinol (PHL) which is a potent growth inhibitor of the tomato pathogen Fusarium oxysporum f.sp. radicis-lycopersici. PHL production by Pseudomonas is a primary mechanism in the biological control of Fusarium root rot of tomato in hydroponic production systems. Interestingly though, we recently found that a phyto-/mycotoxin produced by Fusarium, fusaric acid, specifically represses bacterial biosynthesis of PHL. In other words, the pathogen protects itself by blocking the main biocontrol mechanism of its antagonist. The end result is that the biocontrol efficacy of Pseudomonas is greatly reduced. This is the first, and so far only, example of direct signalling from a fungus to a bacterial antagonist.





Two approaches we have taken to short-circuit this defence mechanism of the pathogen have promise for stabilizing biocontrol of Fusarium diseases. 





By amending hydroponic nutrient solution with certain trace-elements (i.e., zinc), Fusarium is no longer able to produce fusaric acid. This creates an environment where Pseudomonas is then able to produce PHL and control tomato root rot. 





By screening an ecologically and genetically diverse collection of PHL-producing Pseudomonas, we found that strains sensitive or resistant to fusaric acid repression fall into two distinct groups. Sensitive strains (e.g. CHA0 from Morens, CH) produce PHL plus another antibiotic, pyoluteorin. Resistant strains (e.g., F113 from Ireland) produce only PHL. We can now select biocontrol bacteria not only for having PHL biosynthetic genes (using a PCR probe), but also for the ability to produce PHL in specific environments. This presents an excellent opportunity for prescription biocontrol; using fusaric acid resistant bacteria to control Fusarium diseases.





Together with the group of Dieter Haas and Christoph Keel (UniL), we have begun to elucidate the molecular mechanisms behind fusaric acid’s action on PHL biosynthesis. Early data implicate the bacterial autorepressor phlF as the target site, since PhlF mutants are no longer sensitive to the toxin. This suggests that the fungus has hijacked the bacterium’s own regulatory network. We are currently looking at the possible co-evolution of biocontrol pseudomonads and pathogenic fusaria. Analysis of biosynthetic gene diversity indicates that an evolutionary divergence among PHL-producing pseudomonads may have been driven by fusaric acid sensitivity.








Interactions in the rhizosphere between plant parasitic nematodes and nematophagous fungi.
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The cereal cyst nematode, Heterodera avenae, has been controlled in monocultures of susceptible crops because of the build up of nematophagous fungi that parasitise females and eggs of the nematode in the cereal rhizosphere and prevent populations increasing.  This natural control caused by Nematophthora gynophila and Verticillium chlamydosporium is only effective after the fourth or fifth cereal crop and it has proved too difficult to manipulate these fungi with methods that are practical for a grower.  Attention has moved away from the manipulation of suppressive soils to the application of selected fungal isolates as biological control agents.  Research at Rothamsted has concentrated on the tri-trophic interactions between root-knot nematodes (Meloidogyne spp.), the facultative parasite V. chlamydosporium and vegetable crops.  Root-knot nematodes are major nematode pests that cause about $70b crop losses per annum.  They are major problems on vegetable crops in many countries and methyl bromide is frequently used to control then on these high value crops.  The planned removal of methyl bromide from the market before 2005 because it depletes the ozone layer has increased efforts to develop alternative strategies for the management of root-knot nematodes.  Verticillium chlamydosporium is a widespread fungus that parasitises the eggs of cyst and root-knot nematodes.  The fungus colonises the rhizosphere of some plants and switches to become a nematode parasite when the females and egg-masses appear on roots.  The host plant has a marked effect on these interactions and affects the growth of the fungus on roots and the numbers of nematodes infected.  Although a semi-selective medium has been developed to isolate the fungus from soil and on roots, there is a need for more discriminating techniques.  Molecular methods based on PCR techniques have been developed that enable the fungus to be monitored after its release and for variation between isolates to be studied.  Both molecular and immunological methods are being developed to visualise the fungus in the rhizosphere and enable detailed studies of its ecology to be made.  Although significant control of different species of root-knot nematodes has been achieved with applications of V. chlamydosporium in small plots, consistent control in a range of conditions will only be possible when the key interactions in the rhizosphere that affect the efficacy of the fungus are understood.








Biological control as a component of an integrated approach to managing lettuce big-vein.
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Lettuce big-vein virus is the most damaging virus affecting lettuce production in Europe.  It is transmitted by the soil-borne, root-infecting, fungal, obligate parasite Olpidium brassicae.  Intensification of production, lack of, or reduced rotations along with the increased use of irrigation have increased losses caused by lettuce big vein virus and other viruses vectored by root-infecting fungi and protists.





We are in the process of developing an integrated strategy for the control of big-vein disease.  The components of this strategy include improved hygiene, reduced fungicide applications, disease avoidance through vector and pathogen detection, plant resistance and biological control.





The criteria for selecting different potential biological control agents for testing was based on their possible across taxon interactions with the fungal vector O. brassicae and/or the virus itself.  These criteria will be outlined for each of the agents tested.





The effects of some of the biological control agents on three different aspects of big-vein disease development will be presented.





This work was funded by the Ministry of Agriculture, Fisheries and Food, UK.
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Plant pathogenic fungi and insects are among the most abundant consumers of plants, and thus it is not surprising that they should occur together on their hosts.  As the study of plant-consumer relationships has mainly been the concern of either the plant pathologist or entomologist, little attempt has been made to consider insect-fungus interactions, which span these disciplines.





The study of insect-fungus interactions is complicated because along with two-way interactions, a new, indirect interaction, the effect of the fungus on the insect (and vice-versa) as mediated by the host plant needs to be considered. 





There has been interest in using insect-fungus combinations for the biological control of weeds, and we illustrate this with our study on the interactions between the chrysomelid beetle Gastrophysa viridula, the rust fungus Uromyces rumicis and their hosts Rumex crispus and Rumex obtusifolius.





Gastrophysa viridula grazing significantly inhibited U. rumicis infection around the site of feeding damage and also inhibited infection in undamaged leaves, the latter a systemic effect.  A similar systemic effect was observed in field experiments with natural infection by the rust.  Likewise, U. rumicis infection of leaves reduced the suitability of leaves for G. viridula: mortality of larvae was reduced, larval development was delayed, and the fecundity of adults was reduced in insects feeding on infected leaves.





However, the effect of this insect-fungus combination on the host plant was significantly greater than was expected from these negative interactions. The combination of insect and fungus often had an additive effect (equivalent to the sum of the effects of insect and fungus alone) on the host.  We suggest that this is due to resource partitioning between insect and fungus, with the fungus confined to older leaves, due to younger leaves being resistant to the rust, and G. viridula selecting to feed on these young, uninfected leaves.  





We contrast this system with another on the related Emex australis, where the insect and fungus (which negatively affect each other) were unable to escape the effects of each other, with consequently less damage caused to the plant than expected (Shivas & Scott 1993).
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Traditionally, the interactions between plant parasitic fungi and host plants are regarded as closed, two-species systems. However, both parasites and their hosts are, in fact, components of complex multitrophic interactions in which parasitic fungi are often attacked and killed by hyperparasites or other antagonists. Parasites, by definition, have a negative effect on host fitness, so hyperparasitism should be favourable for plants infected with parasites. However, studies on the possible role of hyperparasites in the natural control of plant parasites are completely missing from the literature. There are a few quantitative studies even on the natural occurrence of hyperparasitism that represents only the first step towards evaluating the impact of hyperparasites on host fungal and plant populations in nature. This paper synthesizes the current knowledge on structural, physiological and evolutionary aspects of host-parasite-hyperparasite relationships. It is concluded that hyperparasites certainly add further complexities to host-parasite interactions, but detailed investigations are needed to elucidate their significance, if any, in the natural control of fungal plant parasites.
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Additive damage impact to the root system caused by the simultaneous activity of multiple species of plant pathogens and parasitic nematodes should consistently lead to severe crop loss. This is especially true if estimated losses reported for each individual organism are valid. However, when calculating additive damage impact the sum seldom reflects that extrapolated from data generated in greenhouse and/or pesticide based field trials. 





Furthermore, complex disease interrelationships that lead to synergistic interactions should be devastating and lead to syndromes and ultimately to chaos. This is at times the case, but only in isolated instances and on specific crops. The controversy over the existence of `interactions´ verses `interrelationships´ as it relates to root health also has led to heated debate in the past. Complex disease interrelationships and the disease syndromes they ultimately cause have been defined as: a group of signs and symptoms that occur together and characterize a particular abnormality. 





In the past a great deal of research was conducted on classical synergistic interactions that were based on statistical verification. A recent review of the literature resulted in only a small number of new reports on this important subject. The vast majority of studies dealt with interrelationships related to biological control which is a logical development of this subject. 





The term `chaos´ has been recently used to described a complex disease and the `edge-of-chaos´ for the buffering capacity or antagonistic potential of an ecosystem. When the `edge-of-chaos´ in the soil of an agro-ecosystem is established, the buffering capacity is fully expressed and the impact of individual pathogens and/or parasites alone or in combination is significantly reduced. 





However, when the `edge-of-chaos´ is overstepped, complexity is out-of-control and complex disease syndromes result.  The following questions  need to be addressed: 1)  what factors are responsible for the shift from a healthy root exhibiting symptoms of minor additive disease impact to a disease syndrome 2) does the buffering system or antagonistic potential play a major roll in root health or are only individual antagonists important and 3) what are the causes of the breakdown in root health? 





It seems logical that: 1) the development of a complex disease syndrome in the root system is closely associated with the level of the antagonistic potential in the system 2) the level of antagonistic potential varies from non-existent to full disease suppressiveness in all soils and 3) a community of beneficial organisms living in or on the root system is the driving factor responsible for sustainable root health. Furthermore, it can be hypothesized that shifts in both structure and density of rhizosphere microbial communities specific for a plant species are responsible for the presence of or lack of disease in susceptible cultivars. Complex disease syndromes result when the level of distortion within these microbial communities is greatest. 





A number of crops that are considered highly sensitive to root pathogens and parasitic nematodes are initially produced in sterile tissue culture or under near sterile conditions in seedling production systems. These seedlings lack `rhizosphere specific microbial communities´ that form the buffering system that prevents complex disease syndromes from forming. Advanced plant breeding also has led to new problems. New resistant cultivars that have been shown be resistant to nematodes, are often intolerant to early root infection. What importance do `rhizosphere specific microbial communities´ play in the expression of tolerance in such cultivars? 





In principle `chaos´ begins at the root surface or the `cutting-edge´ of the plants defence system and expands into the root tissue of plants lacking natural defence mechanisms.  Disease can be offset by using inside-out and/or outside-in strategies of biological system management. These two approaches attempt to re-establish parts of the microbial community defence system that is eliminated by these production technologies. Model strategies being followed to offset the impact of complex diseases syndromes in modern banana tissue culture and vegetable transplant production systems will be outlined. The advantages and disadvantages of the approaches will be discussed. 
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Symbiosis may be defined as: “the acquisition and maintenance of one or more organisms by another that results in novel structures and (or) metabolism”.  Relationships among symbiotic organisms may change over time and ranges of resources.  Other organisms may indirectly facilitate or interfere with these relationships.  Interactions among bark beetles and their associated fungi and mites are complex examples of the manner in which symbioses change and are indirectly affected by other organisms.  These complex relationships have been extensively studied in the southern pine beetle (SPB), a bark beetle that kills healthy living trees through mass colonization.  The SPB is consistently associated with three main fungi.  Two of these fungi (Ceratocystiopsis ranaculosus and Entomocorticium sp. A.) are carried in a specialized structure (mycangium) in female SPB.  The third fungus is carried phoretically on the exoskeleton.  Both C. ranaculosus and Entomocorticium sp. A are also carried by phoretic mites of SPB.  Due to the effects of these fungi on SPB larval development, their competitive interactions have significant implications.  The two mycangial fungi provide nutrition to developing larvae, while the phoretic fungus interferes with larval development.  These interactions appear to be mediated by phoretic mites which have mutualistically symbiotic relationships with the SPB associated fungi they vector.  The multiple interdependencies in this system provide novel opportunities for control of, and further research on, this damaging forest pest complex.
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The role of soil-borne diseases in the spatio-temporal dynamics of natural vegetation is receiving increasing attention of ecologists. In natural vegetation, disease phenomena are often less pronounced than in agro-ecosystems. I will start with a brief overview of examples of soil-borne diseases thus far known. Then, I will continue with an overview of research on coastal sand dunes and soil-borne diseases contributing to succession.





In coastal foredunes, thus far, we assume that soil-borne disease complexes consist of combinations of plant-parasitic nematodes and plant-pathogenic fungi. Both surveys, selective elimination studies and inoculation trials have been carried out and results will be discussed. New results and plans for future developments in our research will be presented concerning possible contributions of plant parasitic nematodes to the functioning of natural soil disease complexes. Finally, we may discuss possible interactions and synergism of phytopathology studies in agro-ecosystems and those in natural vegetation.
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The ancestral home of citrus is south-eastern Asia, but citrus is now grown throughout the world wherever the climatic moisture and temperature conditions are appropriate. Major centres of citriculture today include Argentina, Australia, Brazil, China, Cuba, Egypt, India, Israel, Italy, Japan, Mexico, Morocco, South Africa, Spain and the United States. For vector-borne citrus pathogens, quarantine situations may arise when a vector is present but the pathogen is absent; when the pathogen is present but a vector is absent; when both a pathogen and its vector(s) are absent; or when severe isolates of a pathogen or efficient vectors are absent. Quarantine procedures such as confiscation of material at ports of entry, inspection of ships’ cargoes at ports, and inspections at border crossings and airports can reduce the rate of introduction of exotic species that are harmful to agriculture, but international borders will always be leaky as far as pathogens and pests are concerned and efficiency of detection of introductions is often very low. Once an exotic species is introduced into an agro-ecosystem, the ability to detect it at very low incidence is fundamental to its containment. This involves the development of survey strategies that are often unique to the species being surveyed, and requires knowledge of the biology and spatial distribution of the exotic species within the crop. 





The assessment of citrus tristeza virus (CTV) incidence by sampling involves laboratory assay of plant material collected in the field. CTV incidence may be assessed by sampling groups of citrus trees, recording the groups as ‘CTV-positive’ (one or more infected trees) or ‘CTV-negative’ (no infected trees), and then calculating disease incidence at the individual tree scale by means of a formula involving incidence at the group scale and the number of trees per group. This procedure works well when the CTV status of a tree can be regarded as independent of the CTV status of other trees in the same group. This is the case when the main vector species is Aphis gossypii and groups comprise four adjacent trees, because the spatial pattern of CTV incidence at the within-group scale can be regarded as random. However, when the main vector species is Toxoptera citricida, this simple procedure is not appropriate because the spatial pattern of CTV incidence at the within-group scale cannot be regarded as random. An alternative procedure for assessment of CTV incidence when the main vector species is Toxoptera citricida is operationally identical to that used when the main vector species is Aphis gossypii, but the calculation of CTV incidence at the scale of the individual tree is based on incidence at the group scale and ‘effective sample size’.





Virus and virus-like diseases of citrus are a dynamic system. Dispersal of existing pathogens to new areas, changes in the properties of existing viruses or vectors, and introduction of new cultivars are all factors. New problems may involve ingress of a pathogen from other hosts, or changes in vector dynamics associated with other crops. Citrus is a long-lived perennial reservoir into which viruses from outside sources can be introduced and accumulated. The impact of these ingress events is determined by the potential for secondary spread, and the pathogen and vector reservoirs in other crops. The development of detection methodology, and the deployment of this methodology in sampling protocols founded on epidemiological models, will play an important part in the management of citrus disease problems as they continue to arise. 
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Biological and environmental interactions which make pathogen populations intrinsically unpredictable will be briefly reviewed.  Two causes of unpredictability will be discussed through examples:  chaotic dynamics and evolutionary change resulting in different responses to the same environmental feature ("hidden variables").  The trophic relationships, spatial distributions and functional forms likely to lead to such unpredictability will be discussed.








Modelling the epidemiology of Dutch elm disease.
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Epidemiological analysis of Dutch elm disease is complicated by the interactions amongst the host, beetle vector and the parasitic and saprophytic phases of the fungal pathogen. Further difficulties arise from the long time scale of many of the demographic processes and by large distances over which epidemics occur, often in heterogeneous regions. We describe some recent modelling of the temporal and spatial dynamics of Dutch elm disease in order to: (i) identify key epidemiological parameters; (ii) predict the fate of the elm in the U.K. and (iii) analyse strategies for biological control of the disease. The model is first formulated as a simple deterministic system to describe the temporal dynamics of saplings, healthy trees, recently killed trees and dead trees colonised by the saprophytic phase of the pathogen. We use data from the detailed surveys of the Forestry Commission of the 1970s epidemic of Dutch elm disease in England to estimate key parameters for the transmission of infection and pathogenicity. The model is capable of mirroring observed data over short timescales, such as a decade, but also demonstrates over century-long timescales a wide variety of outcomes ranging from pathogen extinction to substantial loss of elm, depending on the relative magnitudes of the transmissibility and pathogenicity parameters. Some consequences of these results for the impact of the combined saprophytic and parasitic life cycle on the evolution of pathogenicity are described and some inferences about the competitive exclusion of Ophiostoma ulmi by O. novo-ulmi are explored. Further progress requires construction and analysis of a spatial version of the model and we illustrate this in the analysis of the putative control of Dutch elm disease by d-factors, hyperparasites in the form of dsRNA elements. We characterise the range of outcomes likely to follow the introduction of such an agent by modelling the resultant population dynamics as an ecological interaction between the wild-type, 'target' fungus  and the hyperparasitised fungus. Finally, we discuss how the Forestry Commission data can be used to estimate the spatial scale of disease dispersal.
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A technique for screening soil samples for biocontrol agents of late blight of potato.
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A method was developed for the evaluation of biocontrol of potato late blight.  Communities of soil micro-organisms were tested for inhibition of Phytophthora infestans disease on whole tubers using a technique that eliminated the need for prior, time-consuming culture of single potential antagonists.  Soil samples from three different areas were incubated for 7 days in a medium of sterilised loam enriched with sterile powdered potato periderm, according to the method developed by Schisler et al. For isolating antagonists of Fusarium sambucinum [1].  The soil mixtures were applied to potato tubers that had been allowed to develop P. infestans infection for 2 days or, alternatively, the mixtures were inoculated with the pathogen and re-incubated for 2 days before application of the mix to tubers.  Disease severity was assessed by measuring necrosis after 2 weeks. Consortia of isolated micro-organisms from soils that inhibited late blight were then tested in aqueous suspension for disease control on infected tubers.





When inoculated with the pathogen before application to tubers, one soil prevented all disease in two-thirds of the inoculation sites and considerably reduced disease in the remainder (compared with controls, reduction in mean depth and width of lesions, 73% and 82%, respectively; P=0.001).  In tubers allowed to develop P. infestans infection for 2 days, there was a small reduction in necrosis after incubation with the same soil, and some mixtures of ten and five isolates randomly selected from this sample significantly reduced blight.  All three soils yielded potent antagonists of P. infestans in agar-plate duel culture, the most active of which were identified as Pseudomonas fluorescens, Pseudomonas aeruginosa, Chryseomonas luteola and Flavimonas oryzihabitans.  The technique was therefore successful in identifying soils and micro-organisms that were inhibitory to P. infestans disease.  The method allows the evaluation of the activity of large populations of bacteria or fungi without previous culture or identification because a range of test soils, and the microflora within them, are cultured and applied to tubers in an identical soil medium.





[1]	Schisler, D. A., Burkhead, K. D., Slininger, P. J. & Bothast, R. J. (1998).  Selection, characterization, and use of microbial antagonists for the control of Fusarium dry rot of potatoes. In:  Plant-Microbe Interactions and Biological Control.  Edited by G. J. Boland & L. D. Kuykendall. New York: Marcel Dekker; 199-222.








The effects of environmental factors on light leaf spot epidemics on winter oilseed rape in the UK.
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Pyrenopeziza brassicae can cause severe epidemics of light leaf spot on winter oilseed rape in the UK, but the severity of epidemics varies between seasons and regions. P. brassicae produces wind-dispersed ascospores and splash-dispersed conidia. Mature apothecia releasing ascospores have been observed on debris in the autumn. The ascospores could, therefore, have a role in causing primary infections, but are not known to be an infective inoculum. From infected plants within crops, light leaf spot is likely to spread by splash-dispersal of the conidia over short distances within crops. The effects of environmental factors on the maturation of apothecia and conidial infection of oilseed rape could explain the differences in severity of epidemics between seasons and regions, but have not been studied in great detail. In controlled environments, lesions were observed when less than 300 ascospores were inoculated on a leaf, but not when less than 700 conidia were inoculated on a leaf. On average, 50 lesions were observed on a leaf when c. 2(103 ascospores or c. 0.6×106 conidia were inoculated on a leaf. Apothecia matured on petiole debris at temperatures of 6 to 17°C, but not at 22°C. An interruption in wetness by a dry period of 4 days delayed maturation by c. 4 days. Light leaf spot symptoms developed on inoculated plants at temperatures from 4 to 20°C, but not at 24°C. Spore pustules developed only when leaf wetness duration was above a certain minimum and this was temperature dependant.
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A mathematical framework was developed for plant virus disease epidemics that involve cross protection between virus strains. Examples of pathosystems with continuous and discontinuous host availability were considered: citrus tristeza virus disease and barley yellow dwarf virus disease (BYDV), respectively. Analysis showed that competing strains could not coexist in the long term. The virus with the higher basic reproductive number, R0 = (transmission rate)/(loss rate), always excluded the other eventually. A change in either the transmission or the loss rates could shift the balance of dominance between competing virus strains. A mild strain could become dominant if phytosanitation led to preferential removal of hosts infected with the severe strain, or if the transmission efficiency of the mild strain was increased, e.g. by a change in vector genotype. As one strain replaced another over time, the strongest competition occurred when the incidence of both strains was similar: at this time disease incidence was lower than when either strain was present alone. Seasonal resetting of virus incidence to a low level to represent an annual, temperate cropping system made no important qualitative difference to dynamic outcomes. However, discontinuous host availability provided a greater opportunity for strains to replace each other than in more stable perennial cropping systems. The process by which one strain of BYDV replaced another in New York State was discussed.








The genetic control of resistance to turnip mosaic virus in Brassica.
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The Brassica A genome carries a number of genes that confer resistance to different spectra of the twelve distinct pathotypes of turnip mosaic virus (TuMV). Genetic mapping is identifying the genomic positions of individual resistance genes. This information will allow gene pyramiding and the marker-assisted selection of durable resistance to TuMV in Brassica. The genetic dissection of resistance determinants in near-isogenic lines carrying defined resistance genes will facilitate the biological evaluation of different resistance mechanisms. In combination with the ability to construct hybrid virus genomes carrying defined segments of two or more TuMV isolates, this represents an excellent system for resolving the molecular biology of pathogenesis and host resistance for an economically significant crop pathogen. High resolution mapping of Brassica genes for resistance to TuMV is also bringing the cloning of these genes within reach.
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Substantial reductions of wheat diseases by straw.
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Over a period of three years, winter wheat (cultivar Mercia) was grown in plots with or without straw added (1 kg/m2).  Plants from straw treated plots had consistently reduced diseases: Septoria tritici blotch (Mycosphaerella graminicola), mildew (Erysiphe graminis), brown rust (Puccinia recondita) and foot rot (Fusarium).  Early on M. graminicola was worse in straw treated plots.  Plant establishment and height, but not leaf area per tiller, were lower in straw treated plots.  Fertiliser regimes differed between years and soil and leaf nitrogen were recorded.  There was no obvious link between nitrogen and any disease.  The photosynthetic viability and numbers of leaves scored for disease were similar between treatments.  A fungicide, chlorothalonil, was applied in one crop; its effects did not interact with straw.  Late in the season straw treated plants had significantly higher leaf silica (P<0.01).  In the glasshouse, plants supplied with silicon had lower E. graminis (P<0.001) and higher leaf silica.  In pot experiments, silicon had inconsistent effects on M. graminicola.  M. graminicola was not suppressed by straw in pot experiments.  A prior inoculation of M. graminicola only primed plant defences against a subsequent attack in the presence of adequate silicon.
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Monilinia fructigena (Aderh. & Ruhl.) Honey is one of the main fruit rot pathogens in pome fruit culture. M. fructigena is endemic in Europe, Central Asia and the Far East including Japan. Previous research revealed that the rDNA ITS1-2 base pair sequence differed between European and Japanese M. fructigena strains by five transitions (1). It was our aim to investigate to what extent this genetic difference is expressed in phenotypic and biological differences between both geographical groups. A set of 5-6 representative isolates of each group was used in all experiments. Colony growth rate was compared on potato dextrose agar (PDA) at 22 oC under 12 h light/ 12 h dark regime (nuv). The size of conidia cultured on cherry agar (CHA) was determined, as well as that of conidia obtained from infected pear fruits (cv. Conference). The formation of stromatal (sclerotial) plates on CHA was quantified by an Image Analyser. The lesion growth rate and sporulation intensity of the pathogen on apple and pear were compared. The mean growth rate of Japanese strains on PDA was significantly higher than that of European strains (t-test, P < 0.05). Average length and width of conidia was significantly smaller in Japanese strains (t-test, P < 0.05). Intensive stroma formation occurred in all Japanese strains, whilst two of the European strains did not show any after 21 days incubation in darkness. Clear differences in lesion growth rate or sporulation intensity on fruits were not found.





Fulton, C.E., Van Leeuwen, G.C.M., and Brown, A.E., 1999. Genetic variation among and within Monilinia species causing brown rot of stone and pome fruits. Eur. J. Pl. Pathol. 105: 495-500
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Growth of soil-borne fungi is poorly described and understood, largely because non-destructive observations on hyphae in soil are difficult to make. Mathematical modelling can help in the understanding of fungal growth. Except for a model by Paustian & Schnürer, fungal growth models do not consider carbon and nitrogen contents of the supplied substrate, although these nutrients have considerable effects on hyphal extension in soil. We introduce a fungal growth model in relation to soil organic matter decomposition dealing with the detailed dynamics of carbon and nitrogen. Substrate with a certain carbon:nitrogen ratio is supplied at a constant rate, broken down and then taken up by fungal mycelium. The nutrients are first stored internally in metabolic pools and then incorporated into structural fungal biomass. Standard mathematical procedures were used to obtain overall-steady-states of the variables (implicitly from a cubic equation) and the conditions for existence. Numerical computations for a wide range of parameter combinations show that at most one solution for the steady-state is biologically meaningful, specified by conditions for existence. These conditions specify a constraint, namely that the 'energy' (in terms of carbon) invested in breakdown of substrate should be less than the 'energy' resulting from breakdown of substrate, leading to a positive carbon balance. The biological interpretation of the conditions for existence is that for growth the 'energy' necessary for production of structural fungal biomass and for maintenance should be less than the mentioned positive carbon balance in the situation where all substrate is colonised. In summary, the analysis of this complicated fungal growth model gave results with a clear biological interpretation.
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Turnip mosaic virus (TuMV), a member of the Potyvirus genus, is one of the most important viruses that infects field grown vegetable crops.  Its wide host range includes economically important Brassica crops e.g. cabbage, broccoli, swede, spring and winter oilseed rape.  The symptoms induced in TuMV-infected plants range from chlorotic spots to severe stunting and necrotic lesions, which significantly reduce the marketability of such plants.  It also reduces crop yield and can cause plant death, sometimes destroying crops completely.  The non-persistent stylet-borne manner in which TuMV is transmitted by aphids causes insecticides to be ineffective, as brief probes are enough to transmit the virus.  This, along with the wide host range of TuMV, makes it extremely difficult to control.  Natural plant resistance offers the most effective and environmentally friendly way of controlling this virus.  To use plant resistance efficiently in combating TuMV, it is important to characterise sources of resistance in terms of genetic inheritance and interaction with different TuMV isolates.  Markers linked to resistance genes and map positions of these genes must be identified to enable the production of crops, using marker-assisted selection, with combinations of genes that confer resistance to a broad spectrum of TuMV isolates.
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The cassava whitefly, Bemisia tabaci, is the vector of cassava mosaic viruses (family Geminiviridae) which cause cassava mosaic disease (CMD). In the past decade, an epidemic of severe CMD has been spreading steadily southwards across Uganda and now moved into neighbouring countries. Harrison et al. (1997, Ann. Appl. Biol., 131: 437-448) reported that a new recombinant geminivirus, called the Uganda variant (UgV) which was the driving force behind the epidemic. However, questions remain related to the association of unusually high numbers of B. tabaci with the epidemic zone (Legg & Ogwal, 1998, J. Appl. Ent., 122: 169-178). A possible explanation is that the B. tabaci population associated with the epidemic is a better adapted, more fecund, biotype causing an increased transmission rate and thereby the rapid spread of the severe CMD.





To investigate this, reproductive compatibility, fecundity, developmental period and random amplified polymorphic DNA (RAPD) variability were examined in cultures of B. tabaci collected from the epidemic and non-epidemic zone sites. In a series of reciprocal crosses set up between combinations of ten B. tabaci cultures from the two zones, results indicated that there was no mating barrier. The offspring of these crosses were self-crossed to confirm that the hybrids were fertile. Genetic fingerprints of the whitefly populations generated by RAPD-PCR amplification with six 10-mer primers were collated by cluster analysis and the epidemic and non-epidemic zone cultures clustered into a single large group. The fecundity and developmental period of the epidemic and non-epidemic zone B. tabaci were compared on four cassava varieties and no statistically significant differences were obtained either in their fecundity, nymphal development times or numbers surviving to adult eclosion.





