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1. The use of plant resistance to manage potato pests and
diseases

1.1. Introduction

This survey of literature reviews the use of host resistance in the control of potato diseases and
pests. All potato diseases and pests found in, and posing a threat to, the UK are reviewed.
Information is drawn from world scientific literature and other information sources. The review is
written for growers, agronomists and breeders and every attempt has been made to limit scientific
jargon. For breeders, it is hoped that the review may influence selection priority for new varieties
which will result in a wider availability of host plant resistance to many pests and diseases. Many
breeders only concentrate on potato blight, potato cyst nematode (PCN), common scab and
blackleg.

Host resistance is the most cost effective and environmentally benign way to control diseases and
pests. For some diseases, resistance is either complete or non-existent. With other diseases, and for
pests, resistance varies in its expression and the control of diseases or pests varies accordingly. In
addition to resistance, there is also the phenomenon of tolerance, which is the ability to endure
infection by disease or pest attack without showing severe effects (that is severe disease or pest
symptoms or substantial reduction in yield or quality). At the extreme of tolerance, infected tubers
may carry disease symptomlessly and this results in difficulties in control (e.g. spraing, brown rot
and ring rot). At the other end of the tolerance spectrum, a tolerant variety may develop as much
disease or succumb to similar pest damage as another variety but loss in yield or quality is much
less. One example where tolerance occurs is in relation to potato cyst nematodes. Some varieties
exhibiting vigorous growth may not be as affected by attack by cyst nematodes as a less vigorous
variety and thus can be considered more tolerant.

The use of host resistance alone is considered in this review but it is also considered in conjunction
with other control measures. These other control measures may be important in optimising the
effect of host resistance but the reverse may also true - that other control measures can be enhanced
where host resistance is improved.

Whilst host resistance is a cornerstone of integrated control the selection of varieties for production
is frequently dictated by quality characters for specific market outlets and not by resistance to
diseases or pests. Thus, for many growers, the option to select varieties for control of pests and
diseases may not be possible. However, there are opportunities for utilising resistance in modern
production such as targeting susceptible varieties for fields where risk of a disease or pest is the
lowest.

1.2 Breeding for pest and disease resistance

Whilst every effort is made to breed varieties with resistance to pests and diseases, it is not possible
to ensure resistance against all the main pest and disease problems. Diseases such as potato blight
and pests such as PCN are high priorities for breeding but often it is physical, nutritional or cooking
characteristics that take priority in a breeding programme.
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When a breeding company wants to introduce a new variety into GB it has to first gain acceptance
onto the European Catalogue of varieties. To achieve this it has to go through National List testing.
This can be done in any country of the EU as there is a standardised procedure for testing. Most
varieties bred in GB tend to go through National List testing in this country. National List testing is
carried out by SASA in Edinburgh and besides the standard tests for distinctiveness, uniformity and
stability (DUS) and variety conformity (VCU) there are also tests to establish resistance to various
pests and diseases.

To complement the National List pest and disease resistance tests, the BPC pay for a further range
of tests to be carried out in their IVT (Independent Variety Trials) project. This latter testing is
carried out by SASA, SAC and SCRI in conjunction with BioSS who perform the statistical
analyses. The range of tests carried out on varieties under both the NL and IVT testing is shown in
Table 1.1 below. (Tests carried out in the IVT project are indicated by *)

TABLE 1.1 LIST OF RESISTANCE TESTS CARRIED OUT FOR NL AND IVT

Field foliage late

Foliage late blight blight *

Tuber late blight Blackleg

Common scab

Powdery scab

Internal damage

Skin spot *

Dry rot - Fusarium

Dry Rot - Fusarium

External damage

Black scurf *

coeruleum sulphureum
Globodera Globodera pallida * : *
rostochiensis Ro 1 Pal&?2/3 Bl SIVersCU

1.3 Determination of variety resistance ratings for potato pests and
diseases

In the IVT testing programme, resistance of a variety to a range of diseases is evaluated in a series
of standardised tests which each include a set of standard reference varieties whose reactions are
known. For each disease or pest, the resistance rating of a candidate variety is determined by
comparing the amount of disease or pest damage developing on the candidate variety with that on
the reference varieties over at least two years of testing.

Disease or pest resistance ratings are recorded on a 1 to 9 scale where 1 is highly susceptible and 9
very resistant. Thus the higher the value, the more resistant a variety is to a disease or pest.
Typically, varieties with a score of 1, 2 or 3 are considered highly susceptible. Those with a score 4
or 5 are susceptible. Those with a score 6 or 7 are moderately resistant and those with scores 8 or 9
highly resistant. However, in the case of PCN, full resistance or susceptibility, as measured by
multiplication of cysts on roots, is indicated by R or S in brackets after the rating.

In carrying out tests to determine variety resistance rating, it is not possible to use reference
varieties exhibiting the complete spectrum of resistance from highly susceptible to completely
resistant, except for a few pests and diseases such as PCN Rol. For most diseases and pests, all
varieties can be affected to a greater or lesser extent; a high resistance score should not be taken as
indicating that a disease or pest will be absent but that there is less risk of the disease or pest
developing on these varieties. This applies, in particular, to late blight, Rhizoctonia solani (the cause
of stem canker and black scurf), silver scurf and black dot. In consequence, the need for other
control measures such as fungicide application should be evaluated, based on other factors such as
the level of inoculum likely to be present and whether environmental conditions favour the
pathogen.
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It should be noted that pests and diseases are able to evolve and develop strains that can overcome
the resistance of a variety. The standardised tests carried out to determine potato disease resistance
ratings in the IVT programme use strains or isolates of pathogens that reflect the populations found
in the UK. The tests cannot predict the development of resistance breaking strains and when using
variety resistance as a control measure this fact should be borne in mind.

1.4 What do resistance ratings mean in practice?

The use of resistance ratings in practice depends on the pest or disease concerned. Of course, the
higher the rating the less risk there is but even where a rating is high care still needs to be taken. A
rating of 9 does not mean a variety is immune to the pest or pathogen, neither does a high resistance
rating mean that a variety will not be infected by a specific disease or succumb to pest attack. A
high resistance rating simply means that compared to reference varieties of known provenance it is
likely to be less affected by a specific pest or disease.

It is apparent for several diseases, e.g. erwinia soft rot, tuber blight and gangrene, that the relative
resistances of varieties depends on the method used to screen for resistance and which resistance
mechanism(s) it assesses (Wellving, 1975; Bain et al., 1988). Swiezynski et al. (2001) reported that
in a parallel screen of variety resistance to tuber blight involving 5 countries the relative resistances
ascribed to individual varieties differed by up to 8 grades (on a 1 to 9 scale) between some
countries.

Where there is no on-farm information on the susceptibility of varieties to a disease in practice then
there will always be some doubt concerning the accuracy of official resistance scores. Frequently
variety resistance screening tests are simplistic because they were devised by breeders who are
obliged to screen very large numbers of potato genotypes and therefore require straight forward and
rapid screening methods.

There are certain circumstances where even a resistant variety can be substantially attacked.
Where:

e High disease or pest pressure occurs

¢ Ideal environmental conditions tip the balance in favour of a specific pest or disease

e The pest or pathogen has changed genetically (e.g. mutated) to overcome the resistance

Additionally, there are other key factors that need to be borne in mind when utilising host
resistance. These are:

e The market place

e The achievement of quality

e The degree of effectiveness of host resistance

These circumstances and factors are discussed in section 3.
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1.5 Summary of current potential and limitations in the use of plant
resistance

Potential

1. To select varieties which generally offer low risk for a range of pest or disease problems

2. To use a variety or varieties to minimise specific pest or disease risks

3. To use host resistance to enhance the effectiveness of other control measures

4. To provide a degree of insurance that pest and disease attack will not be severe. In turn this
forms the backbone for a risk analysis

5. Plant resistance being inherent in the variety grown is cost neutral (that is, disease resistance
is part of the price)

Limitations

1. Varieties do not have a full spectrum of good resistances — most have weaknesses

2. Choice of variety is often outside the grower’s control — the market normally dictates variety
choice based largely on characteristics other than pest or disease resistance

3. Quality requirements sometimes mean even a little disease or pest damage is unacceptable
and use of host resistance to manage pest or disease alone is limited

4. There is limited good resistance available for some pest and disease problems (e.g. powdery
scab and slugs)

5. Under high disease/pest pressure or high favourable environmental conditions for the pest or
disease, varieties with even high resistance may require additional control measures

6. Some diseases do not necessarily express symptoms (e.g. certain viruses such as potato mop
top virus (PMTV) and tobacco rattle virus (TRV))

7. Plant resistance may mask the presence of certain undesirable pests or diseases (notably
quarantine organisms such as brown and ring rot)

8. Resistance may not be durable

1.6 Practical implications of host resistance for the seed potato industry

Seed growers only grow varieties that are likely to have a future market. Thus the market place
dictates which varieties they grow. However, unlike pre-pack or processing potato growers they
have to minimise pests and diseases over a number of generations. Thus, pest and disease control
must be sustained across the generations and must be contained (for the majority of pests and
diseases) below certain thresholds required for certification, and perhaps additional standards higher
than the certification ones for specific markets — including export.

As much as other sectors of the industry, seed growers must monitor disease and pest health
through the multiplication cycle in order to prevent a build up to unacceptable levels. A high level
of host resistance will provide re-assurance that specific pests and diseases will be contained

Seed producers, by the fact that they are not generally producing ware for consumption, and are not
restricted by protocols of production often use more agrochemicals for storage diseases during the
years of multiplication. These should be used judiciously where plant resistance is limited.

Seed producers have an advantage in that land must be certified free of potato cyst nematode and

they are forced to operate a wide rotation. Thus for certain soil-borne pests and diseases the absence
of a high level of resistance in a variety should be less of a problem. However, persistent soil-borne
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diseases such as common scab, powdery scab and spraing (PMTV & TRV) require careful
management. The use of resistant varieties in situations of risk is worthwhile.

1.7. Practical implications of host resistance for the pre-pack potato
industry

Standards for tuber quality, including freedom from surface and internal disease symptoms and pest
damage, are particularly high. Thus significant attention is needed to limit pests and diseases. This
requires a holistic approach in which risks from pests and diseases are considered carefully. Pest
and disease resistance plays a large part in the strategy of disease and pest control. However,
because even relatively low levels of blemish can detract from quality, attention is needed to factors
that affect utilisation of resistance such as inoculum pressure and favourable environmental
conditions.

Pre-pack producers mostly operate under strict protocols. In these protocols there is a preference to
avoid or minimise pesticide use. Thus the optimisation of plant resistance is important. This is
particularly so for soil-borne diseases and storage diseases. For example, assessing levels of black
dot soil contamination should permit either justification of the use of in-furrow Amistar application
for susceptible varieties, or the targeting of resistant varieties to higher risk fields. Similarly,
treatment of tubers with fungicides at harvest is discouraged in protocols and the risk of
development of storage diseases may be higher unless environmental conditions are manipulated to
reduce disease risk. Thus, on the rare occasions when into-store fungicide treatments are
considered for pre-pack crops, control measures may be targeted at those varieties where the
resistance is lowest for the risk diseases. An example, could be where through late lifting skin spot
is a high risk in a very susceptible variety (e.g. King Edward).

For any pre-pack outlet, there is a limited range of varieties that will be grown and this restriction in
choice can have an impact on the utilisation of plant resistance. However, although the choice is
limited, there should be sufficient flexibility to utilise specific host resistance to minimise specific
disease or pest risks, perhaps by targeting varieties to specific fields.

1.8. Practical implications of host resistance for the processing potato
industry

As with pre-pack potatoes, quality criteria for processing are strict. However, for processing where
the skin is removed, skin blemish issues are less critical. Nonetheless, pest and disease control is
important to ensure that they do not affect processing quality or increase the degree of peeling.
Thus whilst levels of surface diseases can be tolerated, where they cause deep lesions, such as pitted
common scab or skin spot lesions exacerbated by CIPC, losses through peeling can be increased.
Attention is thus required to limiting surface diseases even though they are of less importance
generally.

With processing, perhaps even more than pre-pack, internal tuber defects must be avoided. Some
diseases, symptomless in the tuber can have an effect on processing. Infection of certain viruses
(e.9. PVYYN) has been shown to result in sugar spotting in the final cooked product (e.g. crisps).
Some viruses result in internal symptoms (e.g. PMTV and TRYV) and these also should be avoided.
Where host resistance is high to viruses the risk is concomitantly lower. However, the integration
of testing fields for presence of TRV or PMTV with disease resistance rating is valuable.
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Choice of variety for processing tends to be even more limited than for pre-pack and the options to
utilise plant resistance by targeting varieties to specific fields correspondingly more limited. Thus a
strong appreciation of variety strengths and weakness in disease and pest resistance are key to
reducing pest and disease impact.

Processing crops are subject to protocols and whilst not quite as strict as pre-pack protocols, similar
limitations and consequences for utilisation of plant resistance apply.
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2. Basic concepts of host resistance

When plants are exposed to a pest or disease, resistance is the rule and infection the exception. For
example, virtually all other crops and weeds grow unaffected in, or close to, a potato crop severely
infected with potato blight. This demonstrates the idea of non-host resistance or species-specific
resistance. Host resistance occurs when a variety (or cultivar) of a species normally susceptible to a
pest or disease demonstrates resistance. Non-host resistance refers to interspecific variability in
resistance and host resistance to intraspecific variability in resistance. The validity and permanence
of non-host resistance has been questioned. For example, tree tomatoes, Solanum betaceum,
appeared to be unaffected by potato blight, Phytophthora infestans, until the 1980’s when they
started to suffer severely (Turkensteen & Flier, 2003).

Non-host resistance is poorly understood: most current theories suggest a mixture of specific
resistance and non-specific defence responses (Huitema et al., 2003). Understanding the
mechanisms involved could lead to practical progress in developing host plant resistance but some
authors question whether introducing resistance genes from non-host species to closely related host
species may provide a “bridge” for the target pathogen to the non-host (Turkensteen & Flier, 2003).

The scientific literature on host resistance is extensive with numerous monographs, papers and
conference proceedings on the subject (for example, Fraser, 1985). Many are extremely technical,
particularly in relation to the genetics and biochemistry of host resistance. Failure to standardise
terminology can add to the difficulties of interpreting this work, for example production of volatile
repellents to pests is sometimes considered an avoidance mechanism and sometimes resistance.
Terms such as “minor gene resistance”, “polygenic resistance” and ‘“quantitative resistance” are
sometimes used interchangeably or with subtle differences in meaning.

2.1 Types of resistance

Most plants have ways of either avoiding or lessening the impact of their potential pests and
pathogens. Avoidance, resistance and tolerance are the main mechanisms employed. A crop may
avoid contact with pest or pathogen. If contact with a pest or pathogen is unavoidable a resistant
crop will slow development of the pest or pathogen. A tolerant crop suffers only minor damage
despite being infected by a pathogen or grazed by a pest.

Avoidance mechanisms involve escape in time or space. They may be incompatible with economic
requirements to produce potatoes at certain times of year and in areas where potatoes are needed to
maximise profitability of a farm unit. Production of seed potato crops in areas with relatively low
aphid populations, such as Scotland, can be considered an avoidance mechanism. Some authors
(e.g. Ribeiro Do Vale et al., 2001) consider mechanisms such as volatile repellents, mimicry, hairs
and thorns to be avoidance mechanisms.

Resistance usually has a chemical basis. Chemicals produced by the host plant slow or stop
development of the pest or pathogen. The chemicals involved may already exist in the plant or they
may be produced in response to invasion.

Tolerance is poorly understood and may be confounded with some forms of resistance (Ribeiro Do
Vale et al., 2001).
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Resistance is the most important mechanism by which crop plants lessen the impact of pests and
pathogens.

2.2 Genetics of resistance

Most published research papers on host resistance describe resistance controlled by major genes,
usually inherited dominantly. Major gene resistance is effected by one or more genes (R genes)
with large effects. The resistance produced is qualitative: i.e. susceptible and resistant genotypes
can easily be separated (similar to Mendel’s crosses of purple and white flowered peas which
produced only purple and white flowered offspring without intermediate colours). Unfortunately,
major gene resistance (otherwise known as vertical resistance) is often temporary: new strains of a
pathogen can quickly evolve to overcome resistance specified by a single gene: all varieties relying
on that gene for resistance are then susceptible. A series of R genes for potato blight, Phytophthora
infestans, were introduced into potato varieties from the 1920’s: all were quickly neutralised by new
strains of the pathogen (Turkensteen & Flier, 2003).

For each major resistance gene (R gene) in the host there is a corresponding avirulence gene (Avr
gene) in the pathogen. This is the gene-for-gene concept (Flor, 1971). When challenged by the
avirulence gene in the pathogen, the resistance gene will be effective and prevent infection.
Normally the resistance gene and avirulence gene are inherited in a dominant manner. Where
aviruence in the pathogen or resistance gene in the host is absent, disease will develop. Major gene
resistance can be described, therefore, as specific to a strain (race) of the pathogen.

Where resistance is governed by a number of minor genes (polygenic), each with small effects, the
resistance is quantitative: host genotypes show a continuous range of variation from extremely
susceptible to fairly resistant (the hypothetical situation where crossing white and purple flowered
peas produces peas with flowers in varying shades of purple). This is also known as horizontal
resistance and functions equally against all strains of a pathogen. It is probably more common than
published research indicates, due to the difficulties of research into these traits (Ribeiro Do Vale et
al., 2001). It is durable and is unlikely to be overcome by a simple mutation or change of a
pathogen.

2.3 Mechanisms of resistance

When a pathogen successfully invades a plant it may then go on to infect that plant or it may induce
an incompatible response with the plant resisting infection. The resistance response may be
localised at the site of infection or it may be systemic, affecting remote and as yet uninfected parts
of the plant (systemic acquired resistance).

Localised resistance responses include cross-linking and strengthening of cell walls, synthesis of
antimicrobial compounds such as phytoalexins and induction of pathogenesis related proteins such
as chitinases and glucanases. Localised resistance to a pathogen is often associated with a
hypersensitive response, an induced cell death at the infection site. Hypersensitive responses trap
the pathogen in dead cells and stop it spreading from the original site of infection.

Infection may also induce similar defensive changes in parts of the plant away from the site of
infection. These changes are particularly interesting because they are regarded as non-specific and
long lasting (Heil & Bostock, 2002). Several lines of evidence suggest salicylic acid is a key
component in these systemic acquired resistance responses. Levels of salicylic acid increase locally
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and systemically after infection and it is also found in the vascular tissues. Mechanisms of systemic
acquired resistance are complex but lead to production of pathogenesis related proteins and
stimulation of mechanisms to inhibit virus replication or movement.

Insect feeding and wounding also causes local defence reactions and systemic responses through the
plant. Responses include production of anti-nutritive and toxic compounds (for example, alkaloids
and terpenoids), formation of physical barriers and indirect production of repellent compounds and
compounds which attract predatory and parasitic insects. The part played by jasmonic acid in
responses to insect feeding is thought similar to that of salicylic acid in responses to pathogens.

The salicylic acid and jasmonic pathways are not independent: there may be synergistic or
antagonistic effects.

2.4 Enhancing resistance: the use of elicitors

Use of agents which mimic natural inducers, or elicitors, of plant defence responses has been shown
to give good control of some crop diseases (Reglinski et al., 1994 a,b). These inducers or elicitors,
themselves, in the absence of living pathogens initiate plant defence responses.

Induced resistance may allow pesticides to be used less frequently and/or at reduced rates. At
present, however, the efficacy of these techniques may be inadequate for commercial use. Different
varieties may vary in their potential for inducible resistance suggesting prospects of breeding
varieties more responsive to elicitors in the future (Walters et al., 2005). This offers a possible
alternative mechanism for exploitation of host resistance in potato crops. Navarre et al. (2003) have
reported studies of systemic acquired resistance in potato but little other work appears to have been
undertaken on this crop.

2.5 GM technology and host resistance

The ancestors of cultivated potatoes developed in nature where those unable to survive the attack of
pests and pathogenic organisms were replaced by the mechanism of “survival of the fittest”. Plant
breeders, therefore, have been able to successfully source genes for resistance to many pests and
diseases from the wild ancestors of potatoes. Unfortunately, in many cases there are no sources of
resistance available or available resistance is tightly linked to undesirable traits.

Development of genetic modification technology means genes from non-related plant species, or
even non-plant sources, can be incorporated into potatoes. For example, genes may be transferred
from a bacterium controlling the production of proteins toxic to insect pests to provide resistance to
insects (for example, Bacillus thuringiensis delta-endotoxin as produced by the CrylllA(b) gene —
registered by Monsanto) Such transformed plants present a new situation, leading to concerns
about environmental impacts and safety for those consuming the crop.

The technical possibilities of these technologies, coupled to an increasingly sophisticated
understanding of the natural processes of host plant resistance, provide considerable future
opportunities, always provided concerns about potentially harmful consequences of this technology
can be addressed to the satisfaction of society.
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3. Key factors in utilising host resistance
3.1 The market place

Key criteria for variety choice for a specific market are usually quality or cooking/processing
qualities. Only in exceptional circumstances are varieties selected on the basis of pest or disease
resistance — and then these may be only secondary considerations. Thus for example, a crisp
manufacturer will require a variety that produces crisps of the correct fry colour consistently, even
if such variety has one or more pest or disease weaknesses. Similarly, a pre-pack company will
require tubers of a uniform size free from blemish or disfigurement of specific varieties for
supplying a supermarket. There may be a range of varieties that are supplied to a specific market
but the choice is usually limited. Where this is the situation, the opportunity to utilise plant
resistance to pests or diseases may be limited. However, even where a choice is unavailable, if
several fields are available to grow the crop, it may be possible to target the variety to a field where
the risk is lower for specific pests or diseases that a variety has weaknesses to.

Conversely, most varieties have some strengths in relation to pest and disease resistance which,
with careful planning, can be used to lessen risks in certain situations. For example, where a field is
known to be contaminated by TRV and the risk of spraing is high, a variety that has weaknesses in
other respects but exhibits resistance to spraing may be targeted to that field. An example might be
using the variety King Edward in a TRV contaminated field because it has a resistance rating of 6.
Its susceptibility to potato blight and skin spot can be coped with irrespective of the field location.
However, if this option was taken other agronomic criteria would need to be considered to ensure
the end market specification was met - such as whether the soil type was appropriate for the skin
finish required.

3.2 The achievement of quality

Quality standards for all sectors of the potato industry (seed, pre-pack and processing) have risen
substantially in the last two decades. Indeed, GB has among the highest quality standards in the
world. Thus to achieve the high standards required, even low levels of pest and disease attack may
be unacceptable. Whilst high resistance ratings do provide some reassurance that risk of disease
and pest attack will be lower, if the standards for certain pests and diseases are very high, the use of
variety resistance alone may be insufficient. In these circumstances other control measures, applied
in an integrated way, will be required.

For example, the blemish disease black dot can diminish the value of even a resistant variety if
other control measures are not taken. Thus, whilst a resistant variety may be planted in a field
where a risk of black dot is evident, in order to minimise disease occurrence, harvest must be
carried out timeously otherwise the benefit of the resistance can be lost. Similarly, even where a
variety is considered moderately resistant to slug damage, where the crop is destined for the fresh
pre-pack market, the additional use of slug pellets is likely to be required.

3.3 The degree of effectiveness of host resistance

As described in section 1, for certain diseases and pests, the resistance rating is an expression of
relative susceptibility and even varieties determined as having high resistance may still be attacked.
Where diseases and pests may have a significant effect on marketability and where host resistance
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is not necessarily fully effective, other control measures may be required. This can be illustrated
with reference to Rhizoctonia solani. Even resistant varieties can be affected by the pathogen, not
necessarily by producing black scurf on daughter tubers but by stem and stolon canker and the
effect on emergence and tuber size distribution and through disfigurement of tubers as they develop.
The judicious use of seed tuber fungicide treatments and soil-applied fungicide treatments might
also be needed to achieve market, even where a variety described as highly resistant is used.

3.4 The risk of resistance being overcome

The potential of pests and diseases to evolve in order to overcome host resistance (and efficacy of
agrochemicals) is well understood and should be considered when planning control strategies.
However, examples of potato pests and diseases overcoming host resistance are relatively rare. The
most well known example is that of potato blight and its ability to evolve to overcome major gene
resistance. This has occurred despite the attempt to stack major genes together and has resulted in
increased effort to breed varieties with polygenic or field resistance.

Potato blight is polycyclic pathogen (that is, it goes through several cycles of reproduction in a
season) and within a season the opportunity for genetic changes in the pathogen is high. Most other
pests and diseases are monocyclic or have limited cycles annually and thus the opportunity to
change is much less limited than for potato blight.

There are some good examples of host resistance proving effective for many years. Most notable is
that of resistance to wart disease which was introduced into varieties around a century ago, at a time
when wart was a major problem. To date, this resistance is still fully effective.

Complacency that plant resistance will remain effective should not be held for whilst plant
resistance to most of the pathogens and pests discussed in this review appears stable, it is known
that for some diseases and pests, development of resistance to agrochemicals has occurred.
Examples of changes in sensitivity to agrochemicals include:

Resistance to thiabendazole in Helminthosporium solani and Polyscytalum pustulans
Resistance to thiabendazole in Fusarium sulphureum

Resistance to pyrethroids and pirimicarb in aphids

Resistance to acylalanines in Phytophthora infestans and P. erythroseptica

3.5 An overview of strategies for the use of plant resistance

Potentially, plant resistance should be the first line of defence for control of pests and diseases.
However, when utilising plant resistance, a range of factors need to be taken into consideration.
The first four factors are described above in sections 3.1 to 3.4. Thus, for each stock to be grown a
grower or agronomist will need to consider the market for which the crop is being grown and assess
the quality and other criteria which the crop will be required to meet. In doing this pest and disease
risks should be evaluated and the potential to which the plant resistance will reduce the risk. The
value of the disease or pest resistance rating should be considered in this process. Where resistance
ratings are sufficiently low that host resistance alone may not provide sufficient control, other
control measures will need to be considered. Similarly, where quality criteria are particularly high
and even low levels of damage threaten the ability tto achieve market criteria, the inclusion of other
control measures will be required.
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In addition to the factors listed above, considerations of disease or pest pressure, favourable
environmental conditions and practical factors require to be taken into account. As explained in
section 1, where inoculum levels are particularly high for a particular pathogen or pest, even highly
resistant varieties may succumb to attack. In these circumstances, other control measures will be
required. Judging the inoculum level is sometimes difficult. However, there are now available a
range of tuber and soil tests which can provide quantification of inoculum. Table 3.1 provides a
summary of those pests and pathogens for which tests or monitoring are available. It also provides
an assessment of the value of host resistance in strategies for their use in control of pests and
diseases.

The measurement of inoculum may not require a diagnostic test or results of monitoring, it may
simply require visual assessment (e.g. of disease on seed) or judgement based on past or present
knowledge. Thus, for example, if a field has a history of a soil-borne disease, care will be required
in selecting an appropriate variety or applying extra control measures.

A further factor to be considered is the favourability of environmental factors for the disease. If
conditions are highly conducive for a pest or disease, irrespective of host resistance further control
measures may be required. This may apply in the store or in the field. Thus, for example, if
conditions are wet prior to harvesting a seed crop of a skin spot susceptible variety, fungicide use
may be required to reduce development of the disease.

Finally, as part of a strategy for utilising host resistance, the grower or agronomist needs to consider
practicalities. These in themselves may over-ride the utilisation of host resistance alone and
encourage the use of other control measures. An example of this is planning blight programmes.
As much as a grower may wish to utilise host resistance to reduce blight fungicide applications, if
there is a large acreage to treat, it is unlikely that individual fields will be treated separately. Thus a
blight programme will be established to cater for the highest risk and will be applied across all
fields irrespective of variety resistance available.

In order to illustrate some of these points relating to the strategies of using host resistance,

Appendix 1 provides illustrations of how knowledge of host resistance might be used in practice by
growers and agronomists.
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TABLE 3.1 AN ASSESSMENT OF THE VALUE OF HOST RESISTANCE IN STRATEGIES FOR THEIR USE IN CONTROL

OF PESTS AND DISEASES

Pest or pathogen

Value of host resistance

Tests measuring inoculum

High Medium Low

Potato leaf roll virus + Tuber test — incidence

Potato mop top virus + Tuber test — incidence
Soil test - +/-

Potato virus X + Tuber test — incidence

Potato virus Y + Tuber test — incidence

Tobacco rattle virus + Tuber test — incidence
Soil test - +/-

Other viruses + Tuber test — incidence

Blackleg and soft rot + Tuber test — quantitative

Brown rot + Tuber test - +/-

Common scab + -

Ring rot + Tuber test - +/-

Black dot + Soil test — quantitative*
Tuber eye plug test -
guantitative

Black scurf + Soil test — quantitative*
Tuber eye plug test -
guantitative

Dry rot + Tuber test — risk**

Gangrene + Tuber test — risk**

Pink rot ? -

Potato blight + -

Powdery scab + Soil test — quantitative*
Tuber eye plug test -
guantitative

Silver scurf + Tuber eye plug test -
guantitative

Skin spot + Tuber eye plug test -
guantitative

Wart disease + -

Watery wound rot ? -

Potato cyst nematodes + Soil test — quantitative

Wireworm + Various tests — risk

Aphids + Aphid trapping

Slugs + -

Notes: Tubers can be visually examined for most diseases over and above the tests listed
* Soil tests not yet commercially available
** Tests not validated and of limited availability
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4. Overview of existing knowledge on plant resistance to
potato pests and diseases

4.1 Viruses

The European Cultivated Potato Database (www.europotato.org/menu.php) has been used to
provide an overview of the resistance of potato varieties to the main viruses discussed below.
Ratings for a number of potato variety characteristics, including virus resistance, are collated from
up to 18 sources and presented on a searchable database. Table 4.1 shows basic data on virus
resistance derived from this database in June 2006.

TABLE 4.1 RESISTANCE RATINGS TO POTATO VIRUSES ON THE EUROPEAN CULTIVATED POTATO

DATABASE.

PLRV PMTV PVX PVY TRV
Number of records 2330 51 1491 2293 296
1. % Very low 14 5.9 2.5 2.5 3.0
2. % Very low to low 0.9 0.0 1.4 3.2 2.0
3. % Low 12.9 17.6 25.0 12.2 12.5
4. % Low to medium 13.9 7.8 4.0 9.0 55
5. % Medium 25.8 9.8 10.5 15.8 9.5
6. % Medium to high 19.3 3.9 12.8 16.7 12.5
7. % High 18.2 7.8 23.5 19.5 25.7
8. % High to very high 4.8 19.6 4.6 10.5 24.7
9. % Very high 2.7 27.5 15.6 10.6 4.5
Mean Score 5.33 6.21 5.67 5.77 6.08
Median score 5 7 6 6 7

Care is needed when utilising the data in this and subsequent summaries of results from the Eurpean
Cultivated Potato Database. Different testing methods may give different results for individual
varieties. It may be more appropriate to classify varieties into three broad groups, resistant (7-9),
moderately resistant (4-6) and susceptible (1-3) to iron out testing differences and examine trends
but the presentation of all 9 categories will permit the reader to do this.

The relatively large number of ratings of “Low” resistance compared to neighbouring categories
(for all viruses except PLRV) appears anomalous and suggests some ratings may be subjective.
Some discrepancies in the ratings of varieties, even very important ones, are discussed below but
the large amount of data included suggests much interest in this subject. Hopefully, in view of the
very considerable work involved, these ratings are put to frequent and practical use, and do not only
provide material for literature reviews.

Except for PLRV over 40% of ratings are of high resistance or better. For PMTV and TRV over
50% of resistance ratings are high or better. This suggests there is little need to use susceptible
varieties unless they have other characteristics sought in the market. The narrow range of varieties
(mostly Scandinavian) rated for PMTV means these results should be treated cautiously.

Organic growers are usually particularly keen to use varieties with good host resistance to diseases.
The important varietal characters organic potato growers should consider are “rapid establishment,
good ground cover, early bulking yield potential and a good resistance to pests and diseases,
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especially late blight” (Anon., 2003). A comparison of virus resistance ratings of varieties
recommended for organic cultivation (Anon., 2003) with resistance ratings of the most commonly
grown varieties and the wider range of varieties listed on the BPC website (www.potato.org.uk) is
given in Table 4.2.

TABLE 4.2 MEAN VIRUS RESISTANCE RATINGS FOR THE MOST COMMONLY GROWN VARIETIES™ , VARIETIES
RECOMMENDED FOR ORGANIC CULTIVATION AND A BROADER RANGE OF SECOND EARLY AND MAINCROP
POTATO VARIETIES.

PLRV PVY Spraing
All varieties listed by BPC 5.09 4.76 4.24
Six most widely grown varieties 4.66 3.33 4.83
Varieties recommended for organic growers | 5.04 5.04 4.66

“Source BPC: Estima, Lady Rosetta, Maris Peer, Maris Piper, Pentland Dell, Saturna
Ratings on a 1 to 9 scale where 9 = high resistance.

Despite the apparent availability of large numbers of varieties with good host resistance to virus
diseases the results suggest there is currently little attempt to select varieties with good virus
resistance, even by organic growers. Purchase of classified seed is the main control method for
virus diseases advocated to organic growers (Anon., 2003).

4.1.1 PLRV
4.1.1.1 Introduction to PLRV

The consequences of Potato Leaf Roll Virus (PLRV) infection depend on variety, the strain of the
virus, environmental conditions and time of infection. Plants may be stunted and the number and
size of daughter tubers is reduced, so ware yields are smaller. In some varieties infection may also
cause internal net necrosis making the potatoes unmarketable.

Potato leaf roll virus (PLRV) occurs in ware potato crops as a result of planting infected seed
(secondary infection) or by the infection of healthy plants by aphids carrying the virus (primary
infection). When healthy plants are infected in the field, symptoms (inward and upwards rolling of
the youngest leaves) may not be seen that year unless infection occurs early in the season. In
contrast, when infected tubers are planted symptoms appear about four weeks after emergence. Loss
of ware yield due to primary infection is often slight (unless infection occurs early in the season)
and much less than yield loss due to secondary infection. PLRV, and the resistance of varieties to
it, is, therefore, of less concern to ware potato growers (provided they purchase healthy seed) than
seed potato growers whose product can only contain insignificant numbers of tubers infected by
PLRV.

PLRV is transmitted by aphids. The peach potato aphid (Myzus persicae) is the most important but
other aphids such as Macrosiphon euphorbiae can also transmit PLRV (Robert, 1999). PLRV is
persistent in the aphid vector. Aphids become infective after feeding on an infected plant for
around two hours but cannot transmit infection for around a further day. They remain viruliferous
for life. The persistent nature of the virus in the vector means PLRV can be carried long distances
by viruluferous aphids carried on wind currents. Applications of aphicide are used to control the
aphid vectors of PLRV. This can prevent spread of the virus within a crop but may not prevent
some plants being infected by aphids blown into the crop over long distances. However, control of
PLRV by control of the aphid vector is easier than control of non-persistent viruses such as PVY
(Harrison, 1999)
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4.1.1.2 Disease resistance ratings for PLRV

Tables of the relative resistance of potato varieties to PLRV are available in many published
booklets and on internet sites. These are too numerous to review in detail. The European Cultivated
Potato Database collates 2330 assessments of the resistance of potato varieties to PLRV from many
European countries. Using essentially a 1-9 scale, the average resistance rating is 5.33 (Table 4.1),
numerically very similar to the BPC (Table 4.2) and representing slightly above medium resistance.
The distribution is fairly normal about the mean: much more so than for the other viruses in Table
4.1. This may indicate quantitative resistance controlled by many minor genes.

There is a low percentage of records of very high resistance (Table 4.1). Some Dutch lists of potato
varieties (e.g. www.potato.nl) classify some varieties as resistant on the basis of possession of major
gene resistance: no varieties are given this rating for PLRV.

Of the six most widely grown varieties the different ratings for Maris Peer, Maris Piper, Pentland
Dell and Saturna are reasonably consistent, but the ratings for Estima vary from low (France) to
medium/high (Netherlands) and for Lady Rosetta from very low (Spain) to medium/high
(Netherlands). Tables from the Plant Breeding and Acclimatisation Institute, Poland
(www.ihar.edu.pl/gene_bank/potato/new/potato.html) are particularly useful in allowing
comparison of the highest and lowest resistance ratings from eleven different assessors. The widest
differences in scoring are less for PLRV than PVY or spraing but 13 varieties have extreme scores
differing by three units (1 — 9 scale): Adora, Agria, Bintje, Charlotte, Duke of York, Estima, Maris
Piper, Nicola, Obelix, Ostara, Premiere, Saskia and Spunta. It is questionable whether the different
assessments represent real differences in resistance to PLRV in different environments or
inconsistencies in assessment.

4.1.1.3 The value of resistance to PLRV

The two possible approaches to preventing infection of field potato crops by PLRV using host
resistance techniques are to select resistance to the PLRV virus or to the aphid vectors. Mndolwa et
al. (1984) evaluated potato varieties and breeding selections for resistance to M. persicae and
PLRV. They concluded that resistance to M. persicae colonisation was not directly related to
resistance to PLRV infection and that breeding for resistance to PLRV was a more promising
method of PLRV control than breeding for resistance to aphid colonisation. Other work suggests
host resistance to aphids may have an important role in PLRV control: Rizvi and Raman (1983)
working with two accessions of the wild potato species Solanum berthaultii showed 84% spread of
PLRV in an accession with one aphid resistance mechanism (A hairs) but only 22% spread in an
accession with two aphid resistance mechanisms (A and B hairs).

Planting resistant varieties is not an important method for controlling PLRV (Barker & Waterhouse,
1999; Hill, 1990; Slack, 2001a). Barker & Waterhouse (1999) and Foxe (1992) attribute the failure
to develop varieties with good resistance to PLRV to a difficulty in identifying strong sources of
resistance, lack of knowledge about the genetics of available sources of resistance and long winded
screening and selection procedures. A small number of varieties react to PLRV infection by
developing a systematic necrosis which is controlled by a single major gene and modifying minor
genes (Ross, 1986; and discussion in Foxe, 1992; and Barker & Waterhouse, 1999). Most forms of
resistance to PLRV in commercial potato varieties, however, are controlled by several genes
(polygenic) (references in Foxe, 1992; Solomon- Blackburn & Barker, 1999b). Additionally, high
resistance to PLRV is often inversely correlated with culinary quality (Bagnall, 1977a; Davidson
1980). PLRV resistant seedlings tend to be “horticulturally substandard” (Bagnall & Tai, 1986a).
Consequently, it is perhaps not surprising that only 2.7% of assessments on the European Cultivated
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Potato Database classify varieties as having “very high” resistance to PLRV (Table 4.1) — a much
lower percentage than for the other major viruses reviewed here. The mean and median resistance
scores on the database are also lower than for the other viruses discussed here (Table 4.1).

Nevertheless, Robert et al. (2000) see value in the available resistance levels: citing reports that the
incidence of viruses is less in virus-resistant varieties than susceptible ones in epidemic years or
when grown in places with large aphid populations. For example, Howell (1977) reported that in
1976 (an epidemic year for PLRV) only 1.5% of Scottish seed crops of the PLRV resistant variety
Pentland Crown were rejected because of PLRV but more than 10% of King Edward and Desiree
and 24.4% of the highly susceptible Maris Piper were rejected. This observation is particularly
interesting: resistance ratings listed by the BPC do not fully reflect these differences (Pentland
Crown 7; King Edward 5; Desiree 4; Maris Piper 4) and Maris Piper is rated medium resistance
(Germany) and medium to high resistance (Scotland) to PLRV by sources on the European
Cultivated Potato Database. Barker and Harrison (1985) and Marshall et al. (1988) trialled some of
these varieties and concluded that Pentland Crown had high resistance and King Edward and Maris
Piper low resistance. The effect of a possible climatically mediated cycle in the incidence of PLRV
was also put forward by Bagnall (1977b) following a PLRV epidemic in North East Canada in
1972-75. Such cycles could be “dampened down” by use of PLRYV resistant varieties. Barker and
Harrison (1985) concluded that the effectiveness of resistance depends on the infection pressure
which in turn depends on the abundance of virus sources and the activity of vector aphids.

Bantarri et al. (1993) give a North American example of the value of PLRYV resistance, claiming use
of varieties such as Kennebec and Katahdin, which have generalised resistance to PLRV, has
reduced the severity of this virus in several N. American production areas. Although varieties with
superior resistance such as Abnaki and Penobscot are available these have not been widely grown
because of inferior market characters. Bagnall (1977b) considers there has been a slight shift
towards varieties with some resistance to PLRV, but that several important varieties have resisted
the trend such as Russet Burbank in N. America and Bintje in Europe. Howell (1977) identified a
similar trend in Scotland: in the 1976 PLRYV leaf roll “epidemic” 11% of the certified seed area was
lost, but if the varieties certified had remained the same as in 1965 the loss would have been over
13%.

Bagnall and Tai (1986a) classified 36 potato varieties into groups based on their resistance to
PLRV. Group B was taken as representative of a New Brunswick commercial variety “susceptible”
to PLRV. Using this as a standard group A varieties were considered 157% susceptible, group C
57% susceptible and group D only 6% susceptible. Using more resistant varieties would not only
reduce current season spread but would lower the disease reservoir reducing disease incidence in
future years. If only group D varieties were grown PLRV could be virtually eliminated.

The most significant cost of PLRV, however, is that of the strict regimes necessary to ensure
production of seed potatoes largely free of PLRV (Solomon —Blackburn & Barker, 2001b). This
includes the procedures of seed potato production (such as control of virus vectors and roguing) and
the certification procedures (field inspections etc) necessary to assure the quality of the seed
produced. The development of potato varieties with PLRV resistance could therefore reduce the
barriers to seed potato production, increase the potential geographic production areas and may not
be viewed favourably by existing seed growers. Additional benefits would also accrue through
reductions in insecticide use for aphid control. A further conflict between the interests of ware and
seed potato growers may arise with varieties carrying low-level resistance to PLRV: this may be of
benefit to ware growers, but could increase the difficulty of roguing for seed producers (Barker &
Harrison, 1985). Resistance to PLRV may benefit seed growers by preventing the losses they suffer
through failing to get crops certified in epidemic years (described by Howell, 1977) or reductions in
yield when crops have to be burnt down early to prevent infection by viruliferous aphids. If isolated
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production areas, periodic re-introduction of high grade virus-tested stock and rigorous roguing and
certification procedures remain necessary for the control of other viruses then PLRV resistance
could contribute to yield stability for seed potato producers.

Some caution is needed in interpreting trials on PLRV transmission and host resistance as the
sources of viruliferous aphids differ in different countries. In the UK groundkeepers are potentially
important sources of PLRV but not in countries where winters are sufficiently severe to kill them.

4.1.1.4 Problems in the adoption of resistance to PLRV

Jayasinghe et al. (1989) suggested that potato clones with good resistance to PLRV were less
resistant if already infected by PVX or PVY. Subsequently, Brandolini et al. (1992) suggested
varieties bred for PLRV resistance should also possess extreme resistance to PVY and PVX.
Although the significance of this is not fully understood (discussion in Barker & Waterhouse, 1999)
there appears a possibility that varieties resistant to some viruses will behave in unexpected ways
when infected by other viruses (Valkonen, 1994). Ideally, varieties would be developed with
resistance to a broad range of viruses. Varieties with resistance to PLRV but which develop
obvious symptoms when infected might be favoured by seed growers.

Resistance, such as that to PLRV, controlled by many genes is unlikely to be broken down by
mutation of the pathogen.

4.1.1.5 Integration of host resistance and other control methods

Difonzo et al. (1995) working in the United States studied the action thresholds for M. persicae
necessary to prevent transmission of PLRV on susceptible and resistant varieties. They concluded
that lower action thresholds could be used on resistant than susceptible varieties. This work may
not be directly applicable to the UK where potato groundkeepers are a potential source of PLRV
inoculum and aphids may fly into a crop already carrying infection.

In the absence of aphid control by insecticides the observed resistance of susceptible and resistant
varieties will vary according to the population of viruliferous aphids. Where infection pressure is
light it will be difficult to distinguish between moderate and high resistance and if infection
pressure is heavy it will be difficult to distinguish between susceptible and moderately resistant
varieties. Immune varieties, however, will remain free of the virus (Bagnall, 1977b).

In the UK at present, PLRV is of much less concern that PVY. The low inherent levels of virus in
seed stocks, roguing during seed production and the use of insecticides have eased problems with
this virus.

4.1.1.6 Genetic modification

The production of potato varieties resistant to PLRV is particularly attractive because of the
worldwide importance of the disease (Solomon — Blackburn and Barker, 2001b) and because of the
scarcity of alternative mechanisms such as the Rx and Ry genes for PVX and PVY.

In the United States, Russet Burbank Potato and PLRV may be the most important crop/virus
combination (Kaniewski & Thomas, 2004). Monsanto have produced Russet Burbank
NewLeaf®Plus Potato lines resistant to Colorado Potato Beetle (CPB) and infection by PLRV.
Apart from their lack of susceptibility to CPB and PLRV these clones behave normally and have
unchanged susceptibilty to other pests and diseases.(www.agbios.com/dbase.php). When grown

22 © British Potato Council 2007


http://www.agbios.com/dbase.php)

Research Review: The use of plant resistance to manage potato pests and diseases

commercially the NewLeafPlus clone produced healthy potato crops free of net necrosis and with a
markedly reduced or zero need for insecticide treatment. In the Idaho and Basin growing areas the
financial benefit to the grower through the absence of net necrosis (caused by PLRV) was estimated
at $86 —102/acre. Additional benefits accrued from the savings in insecticide due to Colorado
Potato Beetle resistance (potentially “equivalent to 30,000 spray plane sorties”) (Kaniewski &
Thomas, 2004)

The use of genetically modified potatoes in the United States demonstrates the potential value of
PLRYV resistance to ware potato growers, however, the consequences for seed growers appear more
uncertain.

4.1.2 PMTV

4.1.2.1 Introduction to PMTV

Potato Mop Top Virus (PMTV) is important as one cause of spraing symptoms. Symptoms may be
present in the tubers at the time of harvest in the year of primary infection, however, no symptoms
develop on the haulm in the year of infection. When tubers from infected plants are grown some
may show secondary symptoms: mop top of the haulm, chevrons in the foliage (mediated by low
light levels and moderate temperature) and malformed tubers. The movement of PTMV in potato is
relatively poor and the virus may not invade every stem on an individual plant. In addition, a
proportion of tubers formed from an infected plant are virus free. Furthermore, the virus may be
passed to only 20% of plants grown from infected tubers (Barker et al., 2000).

PMTYV is transmitted by the powdery scab fungus Spongospora subterranea, and resting spores
from lesions on seed tubers may be viruliferous. Resting spores formed on the roots of PMTV
infected plants can carry the virus for up to 18 years (Weingartner, 2001).

4.1.2.2 Disease resistance ratings for PMTV

Disease resistance ratings for PMTV are much rarer than for the other important potato viruses,
possibly because of the difficulties in testing. Some sources, such as BPC, NIAB and the Polish
Plant Breeding and Acclimatisation Institute, give resistance ratings to “spraing” which may be
caused by PMTV or TRV. The European Cultivated Potato Database has only 51 entries (mostly
Scandinavian) for resistance to PMTV (Table 4.1) with none of the six most widely grown varieties
included.

Some further data is available from the scientific literature, for example, Germundsson et al., (2002)
report Saturna unacceptably sensitive; Appell and Desiree more resistant; and Bintje tolerant with
symptomless infected tubers. Unusually, whilst Saturna appears susceptible and exhibits severe
PTMV spraing in Scandanavia, in the UK symptoms rarely occur despite powdery scab being
relatively common. Sandgren (1995) states “to avoid an outbreak of spraing in a PMTV infected
field only Bintje can be recommended among the Swedish varieties”.

4.1.2.3 The value of resistance to PMTV

Spraing symptoms can appear following primary infection by PMTV so resistant cutivars would
allow ware potato growers to plant fields harbouring viruliferous resting spores of powdery scab.
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New sites can be infected by planting tubers carrying viruliferous lesions of powdery scab (Jones
and Harrison, 1969).

According to Weingartner (2001) “There is presently no good source of resistance or tolerance (to
PMTV) in commercially acceptable potato varieties” and Germundsson et al., (2002) state
“sufficiently effective natural resistance to PMTV is not yet available in potato varieties”. In view
of this observation it is surprising that the mean resistance score for PMTV on the European
Cultivated Potato Database is the highest of the viruses reviewed here, as is the proportion of
ratings in the very high resistance rating. This is probably an artefact arising from the small number
of observations for this virus: nearly all listed varieties are of Scandinavian origin with assessment
by the Nordic gene-bank in Sweden.

The value of a moderate level of resistance varies from year to year as weather conditions affect the
ability of the vector to infect the host. Resistance may also vary with location: in Sweden the
varieties Lady Rosetta and Hulda are just as sensitive to PMTV as Saturna but in Denmark they
appear more tolerant of PMTV (Sandgren, 1995)

4.1.2.4 Genetic modification

The shortage of naturally occurring sources of resistance to PMTV has led to interest in the use of
genetic modification, particularly in Scandinavia where PMTV causes significant losses
(Germundsson et al., 2002). Work has also been undertaken at SCRI (Barker et al., 1998).

4.1.3 PVX

4.1.3.1 Introduction to PVX

Potato Virus X (PVX) differs from the two viruses discussed above in being mainly transmitted
mechanically, rather than by a vector. It is spread by contact of healthy and infected leaves or by
contaminated machinery, people or large animals moving through a crop. Symptoms are the same
whether the infection arises through planting infected seed or through infection in the field. There
are many strains which produce symptoms of varying severity. However, the virus is sufficiently
homogeneous that polyclonal antibodies can detect all strains (Slack, 2001b). Typical symptoms are
mild mosaic and yield loses may be up to 15 — 20% (Slack, 2001b). Mixed infections with other
viruses, such as PVA or PVY, may result in higher yield losses. The occurrence of the disease has
been reduced greatly in the last few decades by the action of seed certification schemes. The
infection of many varieties by many strains produces no symptoms and infection remains latent.
PVX can infect a number of weed species and these may provide a source of inoculum, together
with potato groundkeepers.

4.1.3.2 Disease resistance ratings for PVX

Many of the disease resistance tables for potato varieties do not include PVX (for example BPC,
NIAB and the Plant Breeding and Acclimatisation Institute, Poland). Nevertheless, there are 1471
ratings of varieties for resistance to PVX on the European Cultivated Potato Database. These have
an erratic distribution (Table 4.1) compared to the more normal distribution of ratings for the other
viruses.

Considering the assessments for the most commonly grown varieties, Maris Peer, Maris Piper, Lady
Rosetta and Pentland Dell are all reasonably consistent but Estima varies from Low (Scotland) to
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Medium/High (Netherlands) and Saturna from Medium/High (Germany and Hungary) to Very High
(France).

Dutch sources (www.potato.nl) list 12 varieties (out of a total of 104) as having resistance to PVX.
These varieties have 33 ratings for PVX resistance on the European Cultivated Potato Database:
76% are very high resistance and a further 18% are high or high to very high. However, two
varieties (Minerva and Timate) have low resistance ratings from Germany. These anomalous
results appear puzzling, particularly in the absence of climatic effects on a vector.

4.1.3.3 The value of resistance to PVX

Some varieties have extreme resistance, determined by a single dominant gene Ry (Slack, 2001b).
The varieties Alcmaria, Astarte, Barbara, Cara, Saco, Saphir and Serrata Inta all possess at least one
Rx gene to PVX (www.scri.sari.ac.uk/TiPP). All are rated with at least high resistance to PVX on
the European Cultivated Potato Database except Cara and Saco which also have low ratings (in
addition to high or better) and Serrata Inta which is not rated. The Rxadg gene in Cara is considered
by most sources to confer resistance to all four strains of PVX (Solomon-Blackburn & Barker,
2001a). Additionally, some PVX strains induce a hypersensitive reaction in some varieties:
infected cells die quickly and the virus is unable to spread further. The varieties King Edward,
Epicure and Pentland Dell are hypersensitive to common strains of PVX (Brenchley & Wilcox,
1979). Whilst these varieties are usually rated at least high on the European Cultivated Potato
Database, Epicure has one rating of Low (Germany). The varieties Arran Victory and Craigs
Defiance also possess hypersensitive resistance to PV X (www.scri.sari.ac.uk/TiPP). Arran Victory
(resistance to strain group 2) is not listed on the European Cultivated Potato Database but Craigs
Defiance is rated very high resistance. This suggests field experience generally correlates well with
the genetics of a variety — but with a small number of discrepancies.

Davidson (1980) considered good control of PVX had been achieved by seed certification but also
“the abundance of varieties with resistance to PVX”.

4.1.3.4 Problems in the adoption of resistance to PVX

The Rx gene is highly specific to the pathogen and potentially could be overcome by a simple
mutation of the pathogen (Ghislain, 2000). Major gene resistance in potato has proven quite
durable (Solomon-Blackburn & Barker, 2001b), in some cases it has already withstood 50 years of
field exposure (Bagnall, 1977b). Nevertheless, a South American strain of PV X that can overcome
all known resistance sources is known. That it has not become more widespread suggests it has
other weaknesses and less fit to survive (Foxe, 1992; Hill, 1990).

4.1.3.5 Integration of host resistance and other control measures

Resistance to PVX can only be achieved through resistance to the virus itself and not through
resistance to a vector. Use of PV X free seed is an effective control for ware growers. Resistance to
PV X would mainly assist the production of healthy planting stocks (Slack, 2001b).

4.1.3.6 Genetic modification

Genetic modification for resistance to PV X has received less attention than other viruses which are
less easily controlled by other means (Ghislain, 2000; Kaniewski & Thomas, 2004). Nevertheless,
genetically modified varieties for PV X resistance may be of interest in developing countries, such
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as Mexico, where seed certification schemes are poorly developed (Kanieswki & Thomas, 2004;
Qaim 1998).

4.1.4 PVY

4.1.4.1 Introduction to PVY

Potato Virus Y (PVY) causes particularly variable symptoms, depending on the virus strain and
variety infected. “Textbook™ symptoms of primary infection by the common strain PVY © are “leaf
drop streak”. Black necrotic stripes appear on the lower leaves which eventually drop off. The
effect on yield depends on when infection occurs, the strain of virus involved, the potato variety and
environmental conditions. Losses may reach 50% but are usually smaller (Hill, 1990). Secondary
infection causes symptoms described as severe mosaic — plants are dwarfed with small, crinkled and
twisted leaves. Affected crops give very poor yields. The PVY" strain causes milder symptoms. It
can infect tobacco, so is important if seed potatoes are to be exported to tobacco growing areas.

PVY °and PVY" are transmitted non-persistently by a range of aphid species but particularly Myzus
persicae. Use of aphid host resistance is less likely to be effective for a non-persistent virus such as
PVY than a persistent virus such as PLRV. Indeed frequent probing and movement by aphids on a
distasteful resistant host may spread a non-persistent virus at a faster rate than on an aphid
susceptible host (Valkonen, 1994). Moreno & Mosquera (1983) demonstrated more rapid spread of
PVY on an aphid resistant variety than three susceptible ones, but PLRV spread more rapidly on the
aphid susceptible varieties.

4.1.4.2 Disease resistance ratings for PVY

Disease resistance ratings to PVY accorded to different potato varieties by different authorities
appear more variable than for the other major viruses discussed here. The tables of the Polish Plant
Breeding and Acclimatisation Institute have ten varieties where the highest and lowest ratings given
by different authorities vary by five or more units (1-9 scale). Even the ratings of commonly grown
varieties can vary widely. On the European Cultivated Potato Database (resistance to PVY — strain
not specified) the ratings for Estima vary from low resistance (France) to high resistance
(Netherlands), for Pentland Dell from very low (Scotland) to high (Netherlands) and for Saturna
from low/medium (Germany) to high/very high (Scotland).

The difference in resistance ratings could be due to the occurrence of different strains of the disease
or different effects of environment on disease development or aphid activity. Both explanations
seem doubtful given the scale of reported differences within Northern Europe and the accuracy and
usefulness of published resistance ratings for PVY may be questionable.

In contrast, Bagnall & Tai (1986b), found good agreement between assessments of PVY resistance
in America and in Holland, despite the use of different strains of PVY (PVY? in America and PVY"
in Holland)

In theinformation listed by the BPC (www.potato.org.uk) the mean score of the six most widely
grown varieties is 3.33 compared to a mean of 4.76 for all varieties (Table 4.2). The most widely
grown varieties are therefore more susceptible to PVY than average suggesting this is not an
important consideration in variety selection.
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4.1.4.3 The value of resistance to PVY

Comprehensive (effective against several strains of the virus) extreme resistance genes to PVY are
available (Foxe, 1992; Solomon- Blackburn & Barker, 2001b) but are included in relatively few
varieties. To date no UK-bred varieties are known to include an Ry gene (Solomon- Blackburn &
Barker, 2001b) but the gene has been included in varieties from Germany, Holland, Hungary and
Poland where breeders afford resistance to PVY a higher priority. Foxe (1992) points out that
immunity is inherited as a single dominant gene and considers it “relatively simple to breed for”,
however, Solomon-Blackburn and Barker (2001b) point out a number of difficulties including an
association of the resistance genes with wild characteristics, male sterility and difficulties in
selection when hypersensitive resistance genes are also present. Inclusion of the Ry gene in
continental varieties but not UK varieties suggests this character is not sought by UK growers. Of
the potato varieties listed at www.potato.nl only one (Sante) has claimed resistance to PVY" strain.

The varieties Barbara, Corine, Fanal, Pirola and Szignal all possess extreme resistance (Ry gene) to
PVY (www.scri.sari.ac.uk/TiPP) as do Roeslau and Sante (Robert et al., 2000) and all are classified
as having at least high resistance to PVY on the European Cultivated Potato Database. The
varieties Cara, Desiree and Pentland Crown all possess hypersensitive resistance genes to PVY (Ny
gene) (wwwe.scri.sari.ac.uk/TiPP). All have at least high ratings for PVY resistance on the
European Cultivated Potato Database: Desiree also has a medium/high rating. The Ny genes are
variable in expression and appear dependent on the virus strain that dominates (Foxe, 1992). The
varieties Epicure, King Edward, Maris Piper and Pentland Dell have hypersensitive resistance to
PVY strain C (N¢ gene) (wwwe.scri.sari.ac.uk/TiPP). These varieties have much lower PVY
resistance ratings on the European Cultivated Potato Database: King Edward and Epicure are low
resistance, Maris Piper medium or low and Pentland Dell very low/low, medium or high. The C
strain of PVY is now rare and is not effectively transmitted on its own (Hill, 1990). Where different
genes confer resistance to different strains of a virus it is therefore necessary to ensure appropriate
ones are chosen. One recent UK-bred variety with a high resistance to virus Y is Isle of Jura (rated
9).

Bagnall and Tai (1986b) classified potato varieties into five groups based on their susceptibility to
PVY. They estimated circumstances leading to 100 PVY infected plants in group A would lead to
73.3 infected plants in group B, 25.6 in group C, 12.5 in group D and only 1.4 in group E. If A and
B group varieties were withdrawn the virus would spread sufficiently to infect C and D group
varieties only in years of high aphid activity and would not infect group E varieties at all. This is
consistent with the review of Ribeiro Do Vale et al. (2001) which found that quantitative resistance
reduces the incidence of diseased plants in a single season and also over several seasons.

4.1.3.4 Problems in the adoption of resistance to PVY

Similarly to the Ry gene for PV X (section 4.1.3.4) the Ry gene could potentially be overcome by
pathogen mutation although there are no records of this to date. Davidson (1980) considered the
introduction of new strains was the most likely cause of resistance breaking down, giving the
introduction of PVY" from South America as an example.

4.1.3.5 Genetic modification.

Russet Norkotah and Shepody are important potato varieties in the Pacific Northwest of America.
They are susceptible to PVY but express only slight foliar symptoms making production of healthy
seed difficult. Consequently, genetic engineering of these varieties for PVY resistance was
undertaken at Oregon State University. One Russet Norkotah and two Shepody clones have been
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identified with high resistance to PVY and similar yields and quality to standard clones of the same
varieties (Rykbost et al.,1998)

Monsanto have also produced two clones of Shepody resistant to PVY (strain PVY®) and Colorado
Potato Beetle (CPB) and one clone of Russet Burbank with similar resistance. These lines have
been shown to grow normally and to have unaltered resistance to pests and diseases other than PVY
and CPB (www.agbios.com/dbase.php).

4.1.5 TRV

4.1.5.1 Introduction to TRV

Tobacco Rattle Virus (TRV) is transmitted by trichodorid nematodes and causes the symptoms
known as “spraing” in tubers of some varieties. “Stem mottle” symptoms may also develop after
secondary infection. Precise symptoms vary widely with the virus strain and potato variety. The
virus is persistent in the vector nematodes: they can also infect a range of weed species which act as
a reservoir for the virus.

4.1.5.2 Disease resistance ratings for TRV

Resistance rating values may not be wholly reliable. Many sources, for example BPC, NIAB and
Polish Plant Breeding Institute and Acclimatisation give resistance ratings to “spraing”, which may
be caused by PMTV as well as TRV. Differences in the ratings for individual varieties listed by the
Polish Plant Breeding and Acclimatisation Institute differ less than those for PVY, but more than
those for PLRV: three varieties (Colmo, Desiree and Kondor) have ratings differing by five or more
units. The European Cultivated Potato Database has 296 ratings for resistance to TRV. There are
some large differences in the resistance ratings for well known varieties: Maris Piper has medium
(Germany) and high (Scotland) ratings and Estima low (Germany) or high (Scotland) ratings.

In general, resistance to spraing does not appear a major consideration when selecting a potato
variety. The mean resistance score for all varieties listed by the BPC (www.potato.org.uk) is 4.2.
The mean score of the six most widely grown varieties is slightly higher (Table 4.2) at 4.8 (more
resistant) but the mean includes a very wide variation. Pentland Dell is only rated 1 (highly
susceptible) whereas Lady Rosetta scores 8.

In the UK, varieties fall into three groups:

Resistant: varieties show no symptoms and virus cannot be recovered or detected (ratings 7-9)
Sensitive: varieties exhibit spraing symptoms but virus particles are difficult to detect. Only limited
transmission occurs to progeny tubers. Nematodes feeding on roots so not acquire the virus (ratings
1-3)

Susceptible: varieties show few symptoms in the tuber flesh but can be systemically infected and
nematodes are able to acquire the virus when feeding (ratings 4-6)

4.1.5.3 The value of resistance to TRV

TRV produces symptoms in the year of infection and is present in many fields. Evans et al., (2006)
found the virus in 30% of tested fields in Scotland. Varieties which are immune to infection, or
which do not develop economically damaging symptoms, would therefore be beneficial. An
increase in the number of Trichodorid virus-vectors found during routine soil testing (Evans, 2006)
may suggest an increasing likelihood of infection by TRV in potato fields.
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Resistance to TRV in potatoes appears to be controlled by a single major gene (Nt) and modifying
major genes (Foxe, 1992)

4.1.5.4 Problems in the adoption of resistance to TRV

Trichodorid nematodes move only short distances so TRV populations in different areas are isolated
and as a result different strains have developed (Robinson & Dale, 2004) According to Maas
(1975) growing resistant varieties is of little benefit in avoiding spraing because of these regionally
different strains of TRV. However, Robinson and Dale (2004), assessed spraing symptoms caused
by TRV in 15 potato varieties at three sites and found no evidence of differences attributable to the
virus isolates at the different sites. They suggest the durable resistance of variety Record should be
further investigated as a source of resistance for breeding TRV resistant varieties.

TRV in potato varieties which develop spraing symptoms tends not to be systemic and is
transmitted to a very limited proportion of daughter tubers. In contrast TRV infection of potato
varieties which are susceptible but do not usually develop spraing symptoms, such as Wilja, is
systemic and transmitted to all daughter tubers. In these varieties the virus can persist through
many generations (Xenophontos et al., 1998). Planting TRV infected susceptible varieties is
therefore an important means of spreading TRV to uninfected ground. This is not a problem with
varieties such as Record which are resistant to infection by TRV (www.scri.sari.ac.uk/TiPP).

4.1.5.5 Integration of host resistance and other control measures

The main use of nematicides (apart from potato cyst nematode control) on potatoes is to control
TRV vectors, such as in Scotland (Evans et al., 2006). The vectors may cause damage by direct
feeding and where numbers are high this alone may justify nematicide treatment. Where direct
feeding damage is not of concern measurement of TRV levels in the virus vector population will
indicate when nematicide treatment to prevent TRV induced spraing is necessary (Evans et al.,
2006). The degree of host resistance to TRV in the variety grown will be an additional factor
affecting the need for nematicide treatment. Given that control of spraing using nematicides is
incomplete and the potential concern by supermarkets over residues, the use of host resistance to
limit infection will become more important.

4.1.6 Other viruses

In addition to the major viruses discussed above numerous others have been reported in potato.
Plant Viruses Online (//image.fs.uidaho.edu/vide/refs.htm) lists 54 viruses to which Solanum
tuberosum is susceptible. Fortunately, most are only of academic interest.

In addition to those described above the European Cultivated Potato Database gives resistance
ratings for potato viruses A, B, C, M and S. These are summarised in Table 4.3. Nomenclature of
these viruses can be inconsistent: some are often considered strain groups of other viruses
(Valkonen et al., 1996).
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TABLE 4.3 RESISTANCE RATINGS TO POTATO VIRUSES ON THE EUROPEAN CULTIVATED POTATO

DATABASE.

A B C M S
Number of records 1586 144 135 716 219
1. % Very low 0.9 0 0 3.8 23.3
2. % Very low to low 0.8 0 0 1.8 6.4
3. % Low 12.5 36.7 31.1 18.9 27.4
4. % Low to medium 3.1 0 0.7 7.8 4.6
5. % Medium 8.9 3.5 3.0 20.5 19.6
6. % Medium to high 10.5 47.9 60.7 16.3 2.7
7. % High 24.5 13.9 4.4 27.4 13.2
8. % High to very high | 10.3 0 0 1.0 0.4
9. % Very high 28.5 0 0 2.5 2.3
Mean Score 6.70 5.06 5.07 5.18 3.68
Median score 7 6 6 5 3

Apart from PVA the mean and median resistance scores for these viruses are lower than for the
major viruses (Table 4.1). In particular, with the exception of PVA the proportion of records of
high resistance or better is much lower than for the major viruses in Table 4.1. This illustrates the
importance of relating host resistance to the occurrence of the disease and its economic effect: the
above viruses occur rarely or have little effect on yield. For example, PVS where Table 4.3
suggests a worrying lack of available resistance is rarely of economic significance, gives normally
undetectable symptoms and has comparatively little effect on vyield (Hill, 1990). Similar
considerations apply to the adoption of host resistance to viruses where this is strain specific, for
example PVY — section 4.1.4.3.

The Seed Potatoes (England) Regulations 2006 additionally have requirements for Tobacco Veinal
Necrosis and the Scottish Agricultural Science Agency also offer testing for Tomato Black Ring
Virus.

In view of the limited importance of these viruses, the complexity and limited availability (many
papers in difficult to locate sources) of the literature they are not reviewed in detail here. Further
information and references on these less important viruses is available in standard works such as
Brenchley and Wilcox (1979); Hill (1990); Stevenson et al. (2001); and Valkonen (1994). The
review of Solomon-Blackburn and Barker (1999b) includes information on PVA, PVV, PVM and
PVS.

4.1.7 Conclusions on viruses

In general, virus diseases of potatoes have been controlled by seed certification schemes, rather than
the introduction of host resistance. This has generally been highly successful but such schemes are
expensive to operate. Host resistance to potato viruses may be of particular value in less developed
countries where the infrastructure may not exist for effective seed certification schemes. Major
resistance genes are available for viruses such as PVX and PVY and appear to be much more
durable than resistance genes for fungal pathogens. Introduction of varieties with improved
guantitative resistance to viruses should reduce the incidence of those viruses over a number of
growing seasons (Ribeiro Do Vale et al., 2001). It will also slow the rate of epidemic build up and
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possibly allow more time for the use of other control measures such as chemical control of aphid
vectors. An improvement in yield stability would be a significant benefit.

Tables and databases on the characteristics of potato varieties suggest good availability of
worthwhile resistance to most potato viruses. Resistant varieties are often not widely grown:
presumably because they lack other characters essential in the marketplace. There is reasonable
agreement between data on resistance of potato varieties to virus from different sources but with
sufficient discrepancies, even between major varieties, to be worth investigating.

Growing existing, or newly introduced, varieties with improved virus resistance would provide
benefits to ware potato growers at little, or no, extra cost. If potato varieties with market
acceptability and wide ranging effective resistance to viruses become available the effect on seed
potato growers is less clear. In the extreme case ware potato growers may simply retain their small
tubers and use them to establish next year’s crop. More virus resistance may also permit production
in wider geographic areas. A parallel exists with the daffodil crop (grown in a similar way to
potatoes) where virus diseases are relatively unimportant, and the crop is a poor host to virus-vector
aphids. Daffodil growers merely grade out their small bulbs after lifting and use them to establish
the following crop. Roguing is carried out to maintain the health of stocks and a certification
scheme is available in Scotland but there is not the same separation of propagation and ware stocks
as with potato. Although benefits from virus-tested daffodil bulb stocks have been demonstrated
(Sutton et al., 1988) they have been insufficient to cause their adoption into commerce.
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4.2 Bacterial diseases

The European Cultivated Potato Database (www.europotato.org/menu.php) has been used to
provide an overview of the resistance of potato cultivars to the main bacterial diseases discussed
below. Ratings for a number of potato cultivar characteristics, including disease resistance, are
collated from many European sources and presented on a searchable database. Table 4.4 shows
basic data on resistance to bacterial diseases derived from this database in October 2006.

TABLE 4.4 RESISTANCE RATINGS TO BACTERIAL DISEASES ON THE EUROPEAN CULTIVATED POTATO

DATABASE.

Bacterial Blackleg Common Ring rot

soft rot scab
Number of records 275 748 2364 17
1. % Very low 0.7 0.7 0.9 0
2. % Very low to low 0 0.4 1.1 0
3. % Low 8.7 55 11.4 58.8
4. % Low to medium 8.7 6.0 13.1 0
5. % Medium 26.5 15.4 25.9 11.8
6. % Medium to high 15.3 18.0 24.0 0
7. % High 35.6 47.6 19.6 23.5
8. % High to very high 3.6 5.2 3.0 0
9. % Very high 0.7 1.2 1.0 5.9
Mean Score 571 6.13 5.34 453
Median score 6 7 5 3

The ratings for bacterial soft rot and blackleg follow a similar distribution: the causal organism of
both is given as Erwinia spp. on the database so this seems unsurprising. Ratings for common scab
have a fairly normal distribution with a mean slightly above medium. There are few records
available for ring rot. For all the above diseases at least 20% of records are for high or better
resistance suggesting that suitable sources of resistance are available.

4.2.1 Blackleg

4.2.1.1 Interpreting published disease and pest resistance

Three erwinias, Erwinia carotovora subsp. atroseptica (Eca), E. carotovora subsp. carotovora
(Ecc) and E. chrysanthemi (Echr) are pathogenic on potato plants (Perombelon & Kelman, 1980).
All three can rot seed tubers or pieces, causing non-emergence (Molina & Harrison, 1977; de Lindo
et al., 1978; Cother, 1980; Perombelon et al., 1987) but blackleg is caused by the bacterial species
Eca and Echr in cool and hot climates respectively (Perombelon, 1992). Ecc does not cause
blackleg because it apparently fails to compete with the other erwinias and other pectolytic bacteria
on seed tubers (Perombelon, 1992). Blackleg is a stem rot, or plant wilting and desiccation, that
originates at the point of attachment to the seed tuber; aerial stem rot, which is caused mainly by
Ecc, originates from infections of stems above ground level (Perombelon & Kelman, 1987). Most
of the information available in the literature on blackleg refers to Eca blackleg and not that caused
by Echr. In this section of the review, where information or comments refer to Echr this will be
clearly stated.
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4.2.1.1.1 Background to resistance breeding

Many test methods for assessing resistance to blackleg have been developed over the years. Most
involve testing in the field. One main difference between tests is whether or not it is the seed tuber
that is challenged by the pathogen (Hossain & Logan, 1983; Lapwood & Gans, 1984) or whether
the stems are inoculated directly (Hossain & Logan, 1983; Lapwood & Read, 1986). For tests
involving tuber inoculation there are many ways of inoculating the seed tubers. For example, Maas
Geesteranus & Vruggink (1976) and Logan & Copeland (1979) dipped undamaged tubers in
inoculum. Other tests involved damaging tubers (Hossain & Logan, 1983; Logan, 1969; Wastie,
1984). In other tests inoculum was introduced into tubers by vacuum infiltration (Perombelon &
Lowe, 1979) to simulate infection of lenticels. Some of these methods were compared in a multi-
site experiment conducted in two consecutive years using Eca (Gans et al., 1991). The main
comparison was between inoculation of seed tubers using a needle compared with a jet-injector.
Overall, the results for both methods were similar. Very significantly, the authors obtained 8 years
of data (1979-1986) on the incidence of blackleg recorded in seed crops entered in the Scottish Seed
Classification Scheme and therefore they could make an all-too-rare comparison of variety
resistance ratings in practice and as determined by testing methods. The needle-inoculation method
correlated well with the SSCS results (r=0.85, P<0.01) whereas the corresponding correlation
coefficient for the jet inoculation method was not significant.

Allefs et al. (1996) developed an inoculation method that assesses the resistance to spread of
Erwinia rots from seed tubers into the sprouts. They termed this component of resistance “stem base
resistance”. When 12 varieties were screened differences in stem base resistance were clearer for
Echr than Eca. Allefs et al. (1996) recommended that for blackleg resistance screening was not
carried out in the field, this component of resistance should be concentrated on rather than the
resistance of stem tissue or of mother tubers.

There are few reports of the relative resistance ranking orders of varieties for Eca and Echr
blackleg. However, Allefs et al. (1995) reported that ranking orders were consistent over locations
and years when seed tubers were vacuum infiltrated with the bacterial pathogens.

Reports of the relationship between variety resistance to blackleg and tuber soft rot are not
consistent. Zimnoch-Guzowska et al. (1999) stated that it should be possible to breed for genotypes
resistant to blackleg and tuber soft rot. They observed a positive relationship between tuber and
stem resistance to Erwinia species. However, Carputo et al. (1997) found that correlations between
blackleg and tuber soft rot were never significant. Allefs et al. (1995) found that blackleg resistance
in the field was not related to the tissue resistance of tubers in the laboratory, and stated that seed
tuber resistance changed substantially within weeks of planting.

4.2.1.1.2 What resistance is available?

In the last 10 years many potato genotypes with enhanced resistance to blackleg have been
identified or produced, using either wild or cultivated Solanum spp. or through genetic
modification. Bradshaw et al. (2006), writing about potato breeding in general, stated that only a
very small amount of the available biodiversity in wild and cultivated species of potato has so far
been used by breeders and that new technology will allow much greater use of it in future.

Hybrids between Solanum tuberosum and four wild species of Solanum were screened for
resistance to blackleg (Eca). Hybrids of S. tuberosum with S. multidissectum or S. tarijense gave the
highest number of genotypes resistant to both blackleg and tuber soft rot. Some clones derived from
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S. tuberosum x S. tarijense crosses were susceptible (Carputo et al., 1997). Bains et al. (1999)
screened hundreds of accessions of six wild species of Solanum for stem resistance to Eca. A high
percentage of the accessions of S. boliviense, S. chacoense and S. sancta-rosae were resistant or
highly resistant. In total 65 resistant or highly resistant clones of wild Solanum species were
identified. In addition, the study identified three clones that were resistant to both stem rot and tuber
rot. Stem bases of interspecific hybrids and somatic hybrids of S. tuberosum and S. brevidens were
challenged with Eca to assess blackleg resistance (Zimnoch-Guzowska et al., 1999). In two years of
evaluation three diploid hybrids and a derivative of one of the somatic hybrids did not develop any
blackleg symptoms. Zimnoch-Guzowska et al. (2000) reported that new sources of resistance to
Eca have been selected in genotypes originating from crosses of Solanum tuberosum with the wild
species Solanum chacoense and Solanum yungasense. Lees et al. (2000) assessed long-day-adapted
Solanum phureja clones for resistance to blackleg (Eca). Many of the clones were as resistant to
blackleg as the most resistant control variety, Ailsa, which was rated 7 (on a 1 to 9 scale) (Anon.,
2002). Chen et al. (2003) identified accessions of S. circafolium and S. bulbocastanum that had
significantly higher resistance to blackleg (Eca) than the existing varieties or wild Solanum spp.
tested. However these accessions were more susceptible to late blight.

Desiree plants were genetically modified to include the chicken lysozyme gene. Approximately one
fifth of the modified clones had increased resistance to Eca blackleg (Serrano et al., 2000). Arce et
al. (1999) reported that transforming potato clones with either the gene encoding the acidic attacin
protein or the cecropin analog peptide SB-37 resulted in about one fifth of the clones having
increased resistance to Eca.

4.2.1.2 Practical use of host resistance

The evidence from the blackleg (Eca) resistance ratings of the most popular 31 varieties in GB is
that varieties are not selected because of their resistance to blackleg (Table 4.5). At present too
many of the potato crops have a rating of 5 or below. There is considerable scope to make much
greater use of variety resistance to control blackleg. Zimnoch-Guzowska et al. (2000) also stated
that the level of genetic resistance currently present in varieties is insufficient to protect the crop.

TABLE 4.5 THE PERCENTAGE CROP AREA (2004) OF POTATO VARIETIES WITH EACH
RESISTANCE RATING FOR BLACKLEG

Blackleg resistance rating
1 2 3 4 5 6 7 8 9 None

% of crop
area for 31 19 | 138 | 125 | 203 | 310 | 7.0 0 3.8 15 8.2
varieties?

4.2.1.2.1 Use of resistance as a sole method of pest and disease control
Varietal resistance is infrequently used alone (see 4.2.1.2.4)
4.2.1.2.2 Assessing risks when utilising host plant resistance

The risk of blackleg developing in a crop can be determined from a blackleg risk assessment. This
uses one of several diagnostic tests to determine the number of Eca cells on the seed tubers at, or
close to, the time of planting. The information on the extent of seed tuber contamination by Eca is
used firstly to determine the market for a seed stock. The information can also be used in
conjunction with information on variety resistance and field information, e.g. how free-draining the
field is, to select fields for particular seeds stocks.
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There are reports of interactions between the blackleg pathogen and some other potato pathogens.
The interactions have generally not been studied in sufficient detail to indicate whether the blackleg
resistance ranking order of varieties is significantly different where variety resistance to the second
pathogen alters the incidence or severity of the second disease. However, it is possible that variety
resistance to other pathogens could substantially affect blackleg development. Kelly et al.
(unpublished) found in 2 years that seed tubers, naturally infected with Eca, when inoculated with
P. infestans prior to planting produced plots with significant incidences of blackleg whereas none
developed in plots grown from non-inoculated seed tubers of the same stock. Plants produced from
gangrene infected seed were more prone to infection by Eca (Griffith et al., 1974). Davis et al.
(1983) reported that Fusarium spp. in combination with Eca on seed pieces increased seed piece
decay and also the incidence of blackleg. An earlier report (Boyd, 1972) stated that blighted tubers
(and also those with dry rot or pink rot) were more likely to develop secondary bacterial soft rot.
Sicilia et al. (2002) confirmed the predisposition to soft rotting of tubers infected with blight. They
observed that P. infestans promoted tuber rotting by Eca much more than Fusarium coeruleum or
Phoma foveata. The impact of any second pathogen on blackleg development will be determined to
a large extent by its incidence and severity of infection.

4.2.1.2.3 Relationship of inoculum level and environment to effectiveness of host
plant resistance

The incidence and severity of blackleg is affected by soil moisture content (Perombelon et al. 1989)
temperature (Aleck & Harrison, 1978; French & de Lindo, 1979; Molina & Harrison, 1980;
Perombelon et al., 1987) and soil nutrient status (Graham & Harper, 1966) as well as variety
resistance and the synergistic or antagonistic effects of other pathogens and micro-organisms
(Perombelon et al., 1989). However, the number of viable cells of Eca contaminating the seed
tubers at planting is of primary importance, as first proposed in the 1970s (Perombelon, 1973; Maas
Geesteranus & Vruggink, 1976; Aleck & Harrison, 1978; Perombelon et al., 1989; Bain et al.,
1990). Bain et al. (1990) observed that for the blackleg susceptible varieties Desiree, Maris Bard,
Spunta and Estima, blackleg incidence in two countries in 2 years was significantly correlated with
the number of Eca on the seed tubers. This was not the case for the more resistant variety Pentland
Crown. For this variety the incidence of blackleg was too low to test the relationship. However, it is
interesting to note that at one site in one year the relationship between seed contamination and
blackleg was very similar for P. Crown and the more susceptible varieties. This suggests that
variety resistance can occasionally not be effective if environmental conditions strongly favour
development of the pathogen.

4.2.1.2.4 Integration of plant resistance with other control measures

Varieties that are highly resistant to blackleg are not yet widely available. Therefore, at present, the
control of blackleg combines variety resistance with cultural control methods to avoid tuber
contamination (e.g. use of seed of limited field generations, use of diagnostic tests to identify seed
stocks with no, or very few, Eca or Echr, early desiccation and harvest, and decontamination of
equipment between seed stocks) and reducing the numbers of erwinias on the seed after harvest
(e.g. positive ventilation of seed stocks, avoidance of condensation on tuber surfaces and
refrigerated storage of seed). Seed stocks with high numbers on blackleg bacteria should not be
grown in fields likely to have prolonged periods with a high soil moisture content.

In spite of considerable research effort over many decades, control of erwinias on seed tubers using
bactericides has not been possible because of the difficulty of accessing the erwinias in tuber
lenticels and healed wounds. Erwinias can survive potato storage in a latent state in the lenticels of
tubers and also in healed wounds (Perombelon, 1992).
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4.2.2 Brown rot (Ralstonia solanacearum; synonyms: Pseudomonas
solanacearum, Burkholderia solanacearum)

Strains of R. solanacearum have been informally grouped into 5 races based primarily on host
affected (Buddenhagen, 1986) or into 5 biovars based on the catabolism of certain sugars and sugar
alcohols (Haywood et al., 1990). The common strain in Europe is race 3 which is a variant of
biovar 2, known as biovar 2A (Stead et al., 1996). This strain has a narrower host range including
potatoes, woody nightshade (Solanum dulcamara) and black nightshade (Solanum nigrum) and is
adapted to lower temperatures. It is responsible for brown rot outbreaks in Europe and North
Africa.

In GB, where R. solanacearum is a quarantine organism
(http://www.defra.gov.uk/planth/checklst/solanace.htm), consideration of resistance in potato
varieties is of less relevance than preventing its introduction. Plant health orders (e.g.
http://www.defra.gov.uk/planth/phnews/legi.htm) specifically restrict the import of seed and ware
into GB carrying the pathogen and statutory notification requirements exist (currently for Germany,
The Netherlands and Poland). From these countries imported seed tubers require to be tested for
presence of the organism and are also tested in GB before planting. Because of its high health
status Scotland operates a voluntary notification arrangement for all seed potato imports from
countries other than those where statutory notification exists
(http://www.scotland.gov.uk/Topics/Agriculture/plant/17937/newpotatobrownrot/notificationbrown
rot).

Because of its absence in the UK there is no information available on the relative susceptibility of
commonly grown GB varieties to brown rot.  Differential resistance (and tolerance) to R.
solanacearum has been identified in varieties of Solanum tuberosum (e.g. Weingartner &
Shumaker, 1987; Fahmy & Mohamed, 1990) and evaluation of host resistance is carried out where
the pathogen is endemic (e.g. USA)

In countries where the organism is endemic host resistance can play a major part in restricting the
development of the organism during production. However, in these countries host resistance alone
cannot ensure eradication of the disease.

Whilst symptoms may be suppressed, a large population of the pathogen may build up on resistant
varieties and they may transmit the pathogen. In a field trial in Germany, inoculated potato plants
showed a high degree of latent infection in stems and tubers (Abdel-Kader et al., 2000).
Cultivation of the progeny resulted in a decrease in infection. Maciel et al. (2004) found no
relationship between the population density of the pathogen and resistance of 7 varieties in Brazil.
This has implications for the spread of disease. In the UK, if infected seed of a resistant or tolerant
variety is imported and planted it is possible for the pathogen to reach high levels without symptom
expression. The disease may thus go un-noticed with implications for further spread. Additionally,
artificial fertilisers may decrease disease incidence (Fahmy & Mohamed 1990) thus masking the
presence of the pathogen. Solanum phureja is more resistant than S. tuberosum but has been shown
to transmit the pathogen.

In the UK, current control measures, governed by national and European Union plant health
legislation, rely on i) accurate detection and reporting of brown rot outbreaks and distribution of the
pathogen ii) prevention of importation of potatoes from known infected areas and iii) restrictions on
use of infested land and irrigation water for potato production (Stead et al. 1996). Avoidance and
control of bacterial plant diseases when using pathogen tested (certified) planting material has been
reviewed by Janse and Wenneker (2002).
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4.2.3 Common scab (Streptomyces scabiei; synonym. Streptomyces scabies)

There are 10 validly named pathogenic Streptomyces species for which pathogenicity has been
clearly demonstrated in the recent literature. S. scabiei is perhaps the most widespread and
common. As species other than S. scabiei are not recorded in GB, this review is confined to this
species.

4.2.3.1 Interpreting published disease and pest resistance

Variety resistance is an important tool in controlling common scab of potatoes and tables of variety
resistance are published, for example by the National Institute of Agricultural Botany (NIAB)
(Anon., 2004). Mishra and Srivastava (2001) working in India consider that satisfactory and eco-
friendly control cannot be achieved without genetic resistance, which is not only cheaper but also
stable and thus acceptable to farmers. Rich (1983) is unequivocal: “The most effective method of
scab control is to plant resistant cultivars”.

Numerous varieties with different levels of resistance have been identified worldwide through
useful field screening programs. Both durable horizontal resistance (Gergely et al., 2003) and
simply inherited sources of resistance (Murphy et al., 1995) appear to be available. Solanum
phureja has been identified as a useful source of scab resistance in the production of S. tuberosum
varieties (Maine et al., 1993) although resistance levels tend to decrease on backcrossing with S.
tuberosum.

Although many new potato varieties come with resistance to common scab, no commercially
important potato varieties are immune to infection and the level of resistance is usually not high.
One early study of resistance levels amongst 684 potato varieties from a world collection indicated
that none was immune and only 1.3% were strongly resistant. The remainder could be allocated to
seven categories of lower resistance, and almost 75% of the total showed intermediate levels of
resistance (Zadina et al., 1975).

In multi-location trials on 23 potato clones in the USA (Haynes et al., 1997) significant
environment, genotype and genotype x environment effects on heritability of resistance to common
scab were observed. It was concluded that scab resistance was unstable whereas scab susceptibility
was stable across environments and that new sources of scab resistant germplasm would be required
to obtain genotypes with high levels of scab resistance that are stable across environments. The fact
that even resistant varieties will become infected given high inoculum levels or favourable
environments, means that currently available resistant varieties will best be used as part of an
integrated control system.

The value of common scab resistance in different varieties may vary with a number of variables
including Streptomyces species or isolate, soil moisture content and soil pH (Haynes et al., 1997).
Mishra and Srivastava (2001) found good correlation between the resistances of 27 potato varieties
to common scab over two years. Hooker (1981) reports that physiological specialisation of
subculture isolates of S. scabies has been demonstrated in glasshouse trials. However, selective
pathogenicity by biotypes in the field is of little importance and relative resistance of potato
varieties remains relatively constant over a wide range of natural soil populations.

The limits of currently available sources of genetic resistance to scab are demonstrated by the
French fry processing industry in Tasmania where incidence of common scab has steadily increased
since the late 1980°s. This is despite Russet Burbank, which is recognised as possessing moderate
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resistance dominating production (more than 80%) (Wilson, 2001a). Trials by Wilson (2001a) have
demonstrated differences in the resistances of clones of Russet Burbank to common scab, although
differences between varieties were greater than differences between the Russet Burbank clones.

Future development of higher levels of resistance will largely depend on an increased understanding
of the host-pathogen interaction. Recent research on the mechanisms and genetic control of
pathogenicity in the scab-forming streptomycetes is relevant in this respect. Pathogenicity of
Streptomyces spp. on potato is largely dependent on the ability of strains to produce at least one of
two major phytotoxins, thaxtomins A and B (Lawrence et al., 1990; King et al., 1991).
Interestingly, glucosylation appears to be a mechanism of thaxtomin A detoxification and is related
to scab resistance and susceptibility in potato (Acuna et al., 2001). Therefore, there may be useful
marker genes in potato related to an ability to glucosylate the toxins which will aid in effective
selection of resistant genotypes. In a more direct approach, scientists at the Tasmanian Institute of
Agricultural Research are aiming to develop extreme resistance to common scab within existing
potato varieties through exposure of cell lines to the toxins and regeneration of potato plants from
those which survive the treatment (Wilson, 2001a; Wilson 2001b). Goto (1981) concluded that the
concentration of reducing sugars in peel extracts is positively correlated with scab severity and may
therefore be a useful indicator during screening of new breeding material for resistance.

The ability to cause scab symptoms is believed to be inherited between Streptomyces spp. by
horizontal transfer of a pathogenicity island containing the gene necl (which is involved in
pathogenicity and physically linked to the thaxtomin A biosynthetic genes) and a transposase
pseudogene ORFtnp (Bukhalid et al., 1998; Healy et al., 1999). Resistance in potato genotypes to
thaxtomin activity may therefore be expected to be broad-based across all scab-forming
streptomycete strains. However, phytotoxin production was found to vary differently between scab-
forming isolates of Streptomyces scabiei and acidiscabiei in response to changes in pH, temperature
and calcium or phosphate availability (Natsume et al., 2001). It may therefore be important to
ensure stability of resistance in potato across the range of variability within the pathogenic
streptomycetes.

4.2.3.2 Use of resistance as a sole method of disease control

As no variety is immune to common scab, the reliance on varietal resistance alone depends on the
market outlet. For sectors of the processing industry where peel is removed before processing,
common scab can be tolerated provided the lesions do not penetrate deeply. Thus, in these
processing sectors, where varieties are resistant, there is a general acceptance that varietal resistance
alone is sufficient.

By contrast, where skin finish is critical to achieving the market standards, such as in the washed
pre-pack sector and certain parts of the processing sector, varietal resistance as the sole method of
disease control represents a high risk. Achieving acceptable levels of skin finish largely depends on
weather conditions during the critical phase of tuber initiation being wet and not conducive to
infection. Thus in the sectors of the industry where skin finish is critical, irrigation is considered
vital to limit common scab. This applies even to varieties with a relatively high resistance rating (7,
8 or 9) as the market standards are so high.

4.2.3.3 Assessing risks when utilising host plant resistance

The risk will depend on the market outlet and knowledge of the history of the field. Some fields are
known to exhibit suppressiveness and develop little common scab even in dry seasons where no
irrigation is applied. The nature of this suppressiveness is largely unstudied although recent
research in Japan has suggested it is related to the concentration of water soluble aluminium
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(Mizuno et al., 1998; Mizuno et al., 2003). The level of aluminium availability is much higher in
soils with low pH’s (5 or less) and this concurs with experience that common scab is less in acid
soils. However, whether the level of water soluble aluminium explains suppressiveness in soils of
higher pH’s in the UK is largely unknown. The influence of pH on common scab means that soil
pH can be taken into account when assessing risk. Where soil pH is low (but not as low as 5.0)
artificial and temporary reduction of soil pH has been used to reduce the risk of common scab.

4.2.3.4 Relationship of inoculum level and environment to effectiveness of host
plant resistance

Studies on the relationship of inoculum level to common scab development are limited. They are
discussed in a recent review (Stead & Wale, 2004; Wale & Sutton, 2004) and the conclusion drawn
that soil-borne inoculum was more important than tuber-borne inoculum. This will depend on
several factors including the relative levels of inoculum on tubers and in the soil and the level of
antagonists to the pathogen. A recent study using pasteurised soil demonstrated that where soil
inoculum was low or insignificant, tuber-borne inoculum would be important (Wang & Lazarovits,
2005).

The effect of environment, and particularly soil moisture on the development of common scab was
ably demonstrated over 30 years ago and has been the foundation of irrigation scheduling ever since
(Lapwood et al., 1973). The role of antagonists in suppressing the common scab pathogen has
received scant study to date.

4.2.3.5 Integration of plant resistance with other control measures

A recent review (Stead & Wale, 2004; Wale & Sutton, 2004) investigated non-water control
measures for the control of common scab. It was concluded that no method was as consistent as
modifying soil moisture content at critical times in reducing common scab. In addition, besides
varietal resistance, other non-water control measures tended to be inconsistent. As indicated above,
some non-water control measures have indirect effects on common scab. Thus treatments that
reduce soil pH (e.g. fertilisers such as ammonium sulphate, high levels of pig slurry or additives
such as sulphur) may have an effect on common scab. A recent study has suggested that sulphate
fertilisers may also act by increasing the biodiversity of organisms in the root zone thus
encouraging antagonists to the pathogen (Sturtz et al., 2004).

Thus, there may be non-water control measures that can be used in addition to varietal resistance or
irrigation that may enhance control of common scab. However, their use in an integrated
programme has been little studied.

Studies on control of common scab have been hampered by a restricted ability to measure the
pathogen population and their antagonists and understand how water and non-water control
measures work. In consequence, identifying how resistance can best be utilised, for example by
improvements in irrigation scheduling to reduce water use further, have not been carried out.

4.2.4. Ring rot (Clavibacter michiganensis subsp. sepedonicus (Spieck. et
Kotth.) Davis et al.; synonym Corynebacterium sepedonicum)

In GB, where Clavibacter michiganensis subsp. sepedonicus is a quarantine organism
(http://www.defra.gov.uk/planth/checklst/solanace.htm), consideration of resistance in potato
varieties is of less relevance than preventing its introduction. Plant health orders (e.g.
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http://www.defra.gov.uk/planth/phnews/legi.htm) specifically restrict the import of seed and ware
into GB carrying the pathogen and statutory notification requirements exist. From these countries
imported seed tubers require to be tested for presence of the organism and are also tested in GB
before planting. Because of its high health status Scotland operates a voluntary notification
arrangement for all seed potato imports from countries other than those where statutory notification
exists
(http://www.scotland.gov.uk/Topics/Agriculture/plant/17937/newpotatobrownrot/notificationbrown
rot).

Because of its absence in the UK there is no information available on the relative susceptibility of
commonly grown GB varieties to ring rot. In any case it is considered that resistance of any
substance to Clavibacter michiganensis subsp. sepedonicus is not available in cultivated varieties of
Solanum tuberosum (Janse & Wenneker, 2002) and cannot be practically used to control the
disease. Despite this breeding and screening to select resistance is commonly reported in the
scientific literature and immunity has been identified in some accessions of the tetraploid Solanum
acaule (Kriel et al., 1995).

In countries where the organism is established, the use of zero tolerance for disease in seed potatoes
plays the most important role in reducing the impact of disease (De Boer & Slack, 1984). Whilst
host resistance is not a feature of disease control, the differential appearance of symptoms in stocks
grown from infected or contaminated seed can result in establishment of the pathogen before its
occurrence is recognised. The latency of symptom development adds weight to the need for
effective testing of all seed entering a ring rot free country. Symptom expression is affected by the
strain of Clavibacter michiganensis subsp. sepedonicus (Bishop & Slack, 1982a), inoculum
concentration (Bishop & Slack, 1982a; Nelson, 1982; Starr, 1947), variety (Bishop & Slack, 1982a;
Bond & Covell, 1950; De Boer & Slack, 1984; Manzer & Mckenzie, 1988; Sletton, 1985) and
environmental conditions notably temperature (Bishop & Slack, 1982b; LaChance & Genereux,
1963; Logsdon, 1967; Nelson & Kozub, 1983 & 1987; Sherf 1944).

A series of detailed experiments in the USA by Westra & Slack (1994) and Westra et al. (1994)
showed that inoculum dose was positively correlated with expression of foliar and external tuber
symptoms and affected by location. However, the relative effect of variety on the relationship of
inoculum dose and disease expression was constant across a range of locations, variety affecting the
time of onset of symptoms. The effect of variety was not consistently related to maturity class
(Westra et al., 1994). The impact of variety on development of symptoms is unknown for GB
varieties. In Canada, disease symptom development was examined in 108 potato varieties
inoculated uniformly with the C. michiganense subsp. Sepedonicus. Considerable variation in the
incidence of foliar and severity of tuber symptoms was observed in all varieties, from no foliar or
tuber symptoms to complete necrosis of the haulm or complete breakdown of tubers (Kawchuk et
al., 1998). In an earlier test on 156 accessions from a collection selected as highly resistant to ring
rot based on symptom expression, 57 yielded plants with 100% plants producing symptoms. The
remaining 99 accessions yielded some plants which failed to show symptoms but even with these
detectable numbers of C. michiganense subsp. sepedonicus were recorded (Kurowski & Manzer,
1992).

In the UK, current control measures, governed by national and European Union plant health
legislation, rely on i) accurate detection and reporting of ring rot outbreaks and distribution of the
pathogen ii) prevention of importation of potatoes from known infected areas and iii) strict hygiene
measures (Stead et al., 1996). Avoidance and control of bacterial plant diseases when using
pathogen tested (certified) planting material has been reviewed by Janse and Wenneker (2002).
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4.3. Fungal and fungal-like diseases

The European Cultivated Potato Database (www.europotato.org/menu.php) has been used to
provide an overview of the resistance of potato cultivars to the fungal and fungal like diseases
discussed below. Ratings for a number of potato cultivar characteristics, including disease
resistance, are collated from many European sources and presented on a searchable database. Table
4.6 shows basic data on resistance to fungal diseases (other than potato blight) derived from this
database in October 2006.

TABLE 4.6 RESISTANCE RATINGS TO FUNGAL DISEASES OF POTATOES (OTHER THAN POTATO BLIGHT)ON THE
EUROPEAN CULTIVATED POTATO DATABASE.

Dry rot Gangrene Powdery scab

Number of records 696 464 454
1. % Very low 0.7 3.7 3.5

2. % Very low to low 1.9 4.3 1.1
3. % Low 10.5 20.0 9.0

4. % Low to medium 15.9 15.7 12.3

5. % Medium 26.7 25.2 27.3

6. % Medium to high 23.7 14.2 24.2

7. % High 15.8 11.0 16.1

8. % High to very high 3.9 3.2 4.6
9. % Very high 0.9 2.6 1.8

Mean Score 5.25 4.73 5.30
Median score 5 5 5

The resistance ratings for all these diseases follow a fairly normal distribution with the mean around
medium resistance. Between 15% and 25% of assessments suggest high resistance or better to the
appropriate disease.

The European Cultivated Potato Database includes separate assessments for resistance to potato
blight on foliage and tubers. The assessments are further broken down according to the method of
assessment (unspecified, laboratory, artificial inoculation in field and natural inoculation in field).
The distribution of these assessments is shown in tables 4.6 and 4.7.
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TABLE 4.6 RESISTANCE RATINGS TO POTATO BLIGHT ON FOLIAGE ON THE EUROPEAN CULTIVATED POTATO
DATABASE WITH DIFFERENT ASSESSMENT METHODS.

Method Laboratory Artificial Natural
unspecified test inoculum inoculum
field field
Number of records 3099 591 146 49
1. % Very low 1.0 0 0 2.0
2. % Very low to low 1.6 5.4 9.6 0
3. % Low 18.4 23.7 11.6 4.1
4. % Low to medium 12.6 22.2 19.2 6.1
5. % Medium 36.1 18.8 28.8 26.5
6. % Medium to high 12.4 15.1 10.3 10.2
7. % High 15.9 11.5 13.7 30.6
8. % High to very high 1.1 2.9 5.5 12.2
9. % Very high 0.9 0.5 1.4 8.2
Mean Score 4.93 4.63 4.88 6.18
Median score 5 4 5 7

TABLE 4.7 RESISTANCE RATINGS TO POTATO BLIGHT ON TUBERS ON THE EUROPEAN CULTIVATED POTATO
DATABASE WITH DIFFERENT ASSESSMENT METHODS.

Method Laboratory Artificial Natural
unspecified test inoculum inoculum
field field
Number of records 2645 581 146 51
1. % Very low 1.1 0.5 0 2.0
2. % Very low to low 1.4 9.1 0 15.7
3. % Low 7.4 18.6 2.7 13.7
4. % Low to medium 6.7 12.4 2.7 17.6
5. % Medium 355 15.3 15.1 2.0
6. % Medium to high 11.3 13.8 18.5 5.9
7. % High 29.3 14.3 28.8 3.9
8. % High to very high 4.9 13.1 24.7 29.4
9. % Very high 2.3 2.9 7.5 9.8
Mean Score 5.64 5.14 6.72 541
Median score 5 5 7 5

For resistance to foliage blight the results of the unspecified, laboratory and artificial inoculation in
the field methods are similar. However, the assessments based on natural inoculation in the field
generally suggest higher levels of resistance. It is not clear if this is meaningful, or simply relates to
the relatively small number of assessments carried out by this technique.

For resistance to tuber blight the results differ more widely depending on the method of assessment.
The unspecified results give most assessments between medium (5) and high (7); laboratory testing
gave a fairly even distribution of results between low (3) and high to very high (8); artificial
inoculation in the field suggested a higher level of resistance with most observations either of high
(7) or high to very high (8) resistance. There were relatively few observations based on natural
inoculation in the field but these were clustered between very low to low (2) and low to medium
(4) and at high to very high (8).
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Regardless of the assessment technique at least 30% of assessments for resistance to tuber blight
were of high or better resistance.

4.3.1. Black dot (Colletotrichum coccodes)

Until recently, black dot, caused by Colletotrichum coccodes, was considered to be a disease of
little importance. The growth in demand for washed fresh produce has meant that blemish diseases
are now a serious problem. One reason, for black dot being overlooked in the past is that its
symptoms are similar to those of silver scurf so the degree of infection may have been
underestimated (Errampalli et al., 2001).

Black dot is both a seed and soil-borne pathogen, but in the UK the soil-borne inoculum is more
important in terms of causing disease (Wale et al., unpulished). Initial infection by C. coccodes
occurs on developing tubers in the field. Once in store, further symptoms of black dot can occur
(Peters et al., 2005).

4.3.1.1 Interpreting published disease and pest resistance

As the interest in black dot is recent, little work has been done on breeding for resistance. The work
that has been done has focused on identifying differences in susceptibility to black dot, in field
experiments (Read, 1991) and development of methods for screening for resistance (Hilton et al.,
1999; Gans et al., 2002). Testing for resistance has developed using assays on growing plants
(Hilton et al., 1999; Gans et al., 2002; Thomas et al., 2005).

Early information on resistance to black dot relied on data obtained from field experiments. In the
UK differences between 15 varieties to susceptibility to black dot were observed where healthy seed
was planted at sites where potatoes had previously grown (Read, 1991). To ensure symptoms
developed these workers added additional inoculum to the soil in some experiments. Desiree and
Maris Piper were the most susceptible, whilst Romano and Cara were the most resistant. In Israel,
field experiments showed that Cara and Nicola were less susceptible than Alpha, Desiree and Agria
(Tsror et al., 1999)

Further, information on variety resistance has been obtained from surveys on the incidence of black
dot in the national crop in England and Wales (Read et al. 1995) with Cara being the least affected
variety and Maris Piper being the most affected. In the USA, black dot symptoms were more
common on tubers from thin-skinned, than russett-type varieties (Hunger & Mclintyre 1979).
However, as these types are not popular for table consumption in the UK so this source of resistance
is unlikely to prove a useful control option.

In order to test a larger number of varieties cheaply without having to perform expensive field trials
simple assays had to be developed (Hilton et al., 1999; Gans et al., 2002). These tests involve
planting healthy seed tubers into soil amended with inoculum of C. coccodes. Pots are placed in a
glasshouse or growth cabinet and grown to maturity, harvested and then assessed for disease. These
tests used either used inoculum of C. coccodes grown on sand-corn meal media (Hilton et al., 1999)
or microsclerotia (Gans et al., 2002) added to the compost at the start of the test. These simple tests
have demonstrated differences in susceptibility between varieties. In general these tests have proved
reliable with ranking of varieties between tests being consistent. However, in some experiments
ranking of varieties between tests has been inconsistent (Thomas et al., 2005). For recent
independent variety testing in the UK, testing of resistance to black dot now uses a standard
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inoculum concentration. This has resulted in variation between replicate pots being reduced
(Carnegie et al., 2006).

Although these tests give good differentiation between varieties much of the variation is due to
physiological maturity. As with testing for resistance to silver scurf in a growing crop, earlier
maturing varieties tend to be more susceptible than maincrop types (Read, 1991). In a study, on
initial symptom development of black dot on roots, stems and tubers more symptoms developed on
the second early variety, Bintje compared with the maincrop variety Roseval (Andrivion et al.,
1998). These authors believed this was due to the more vigorous growth of Roseval which enabled
stems and stolons of plant parts to grow away from the source of inoculum.

4.3.1.2 Use of resistance as a sole method of pest and disease control

Although no immunity exists some good levels of resistance are available among commercial
varieties. Among commercial varieties in the UK, Cabaret and Celia are rated with 8 and Saxon 7.
The majority of varieties are more susceptible with Estima scoring 5, Maris Piper 4 and Lady
Christl, Isle of Jura and Hunter rated at 2 (Anon. 2005). Although some good resistance does exist,
the lack of immunity means that black dot can still occur on resistant varieties if favourable
conditions exist. Therefore resistance is best utilised in conjunction with other control measures.
However, the majority of UK pre-pack varieties do not yet have resistance rating for black dot.

To use resistance as the sole method of control the level of resistance to black dot would have to be
improved. Among some of the new varieties tested as part of the IVT testing in 2005, both
Annabelle and Vivaldi were more resistant than the resistant control Saxon (Carnegie et al., 2006).
It has also been shown that resistance to black dot is a heritable character and that by crossing
commercial varieties more resistant progeny can be produced (Hilton et al., 1999).

4.3.1.3 Assessing risks when utilising host plant resistance

Where a resistant variety is planted at a site with a high concentration of soil-borne inoculum black
dot can still develop. Further, disease will be encouraged if wet conditions exist during the growing
season (Wale et al., unpublished)

4.3.1.4 Relationship of inoculum level and environment to effectiveness of host
plant resistance

Although seed infected with C. coccodes can cause black dot on daughter tubers, it is soil-borne
inoculum which is more important in terms of causing disease. In field experiments, where seed
tubers with different amounts of black dot were planted at a site not contaminated with C. coccodes
little effect was observed on incidence and severity of disease on daughter tubers at harvest. In
contrast, a strong relationship was found in controlled environment studies and a crop monitoring
exercise between degree of soil contamination and disease on daughter tubers (Wale et al.,
unpublished). In 2004 and 2005 using data from 4 field trials the degree of soil-borne inoculum
measured using real-time PCR (Cullen et al., 2002) was compared to the incidence of black dot on
daughter tubers at harvest. A significant association was observed in both years (R?= 0.81 — 2004
and R?= 0.82 — 2005) although the angle of slope differed between years and it is believed that this
was due to the more favourable for disease development in 2004. Although little disease developed
on the more resistant variety Sante where little inoculum existed an incidence of 70% black dot on
daughter tubers were observed where 100 pg DNA / g soil were found in 2004. In 2005, although
higher levels of inoculum were found less disease occurred due to the drier soil conditions.
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In general, it is believed that black dot is a disease favoured by warm and damp conditions (Lees &
Hilton, 2003). In studies performed under controlled environmental conditions disease incidence
was greatest at harvest when plants were grown at 22°C than at 18°C. Further disease developed
when the soil was kept damp instead of dry (Wale et al., unpublished)

4.3.1.5 Integration of plant resistance with other control measures

As the predominant source of inoculum in the UK is soil-borne a knowledge of which fields are at
risk from the disease is vital. A real-time PCR assay has been developed (Cullen et al., 2002) and
subsequently modified (Wale et al., unpublished) which has enabled C. coccodes inoculum to be
quantified. Using this method on soil prior to planting, 45 and 34 fields in 2004 and 2005,
respectively were assessed for contamination and related to the incidence of black dot at harvest. In
both years where the results of the soil test were greater than 75 pg DNA / g soil then the incidence
of black dot was moderate to high, with the risk of black dot occurring being lower below this
figure. Although this is only an arbitrary figure at present the concept of setting a threshold figure
would greatly assist with deciding which varieties to grow in a particular field. Thus at a site where
there is a high risk of black dot developing a more resistant variety could be grown, and conversely
at a low risk site a more susceptible variety could be grown, although care must be taken not to re-
introduce the pathogen on the seed.

Integrating control measures provides the best opportunity of controlling this disease where the soil
is contaminated. In a series of field experiments in England and Scotland in 2004 and 2005 variety
choice, azoxystrobin application in furrow at planting, early harvesting and reducing irrigation all
reduced both the incidence and severity of black dot. In 2004, variety choice caused the largest
reduction in disease, compared with the other measures, when the resistant variety Saxon and was
compared with the susceptible variety Maris Piper were grown. Disease reduction was less in 2004
when the intermediate variety Sante was compared with Maris Piper (Wale et al. unpublished).

4.3.1.6 Avoidance of resistance breaking races developing in populations of potato
pests and diseases

No reports of isolates of C. coccodes overcoming host resistance have been reported. As only
partial resistance exists to black dot it is unlikely that resistant isolates will occur.

4.3.2 Rhizoctonia solani (Perfect stage: Thanetophorus cucumeris)

Infection by Rhizoctonia solani causes a number of diseases of potato including black scurf on the
surface of tubers and stem and stolon canker in the growing crop. Black scurf is characterised by the
formation of irregular black sclerotia which can range in size from 0.5 to 5 mm in size. The
presence of black scurf on fresh pre-pack tubers reduces quality and can result in crops being
rejected. Similarly, black scurf can affect certification and marketability of seed potatoes.

Stem canker develops prior to emergence and is evident as dark brown elongated lesions on stems.
Stolon canker can occur throughout crop growth and in severe cases stolon pruning can occur. This
can result in an uneven tuber size distribution. The fungus is also capable of causing malformation
of tubers. R. solani can be both seed- and soil-borne.

The species R. solani is complicated by the existence of several intraspecific sub groups, which are
often related to host plants. The main criterion to delineate these groups is hyphal anastomosis
(fusion) (Parmeter et al., 1969). Although a number of anastomosis groups (AG’s) affect potatoes
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AG-3 is believed to be the most important. In a survey in the UK, AG-3 was identified as the
predominant group (92%) in potato crops, followed by AG 2-1 (7%) and AG-5 (less than 1%)
(Woodhall, 2005). When assessing resistance to stem canker and black scurf workers have focussed
on AG-3.

4.3.2.1 Interpreting published disease and pest resistance

Field experiments evaluating resistance to R. solani have been performed either at sites naturally
contaminated, amended with R. solani or where seed has been inoculated.

At a naturally contaminated site, severity of stem and stolon infection was found to be more severe
in two early varieties than two late ones (Scholte, 1989). They believed this was due to late
maturing varieties emerging much later and hence escaping R. solani attack. In field experiments
where soils were naturally contaminated with R. solani in Ireland (Dowley, 1972) and in Scotland
(Parker, 1986) significant differences in disease severity were observed among forty and sixteen
varieties respectively with early varieties again showing more disease. Gilligan et al. (1996) also
working in soil naturally contaminated with R. solani found rapid emergence enabled plants to
avoid infection. In later experiments these workers pre-sprouted seed tubers, so that differences in
date of emergence were small and found significant differences between varieties not related to
physiological maturity

When seed tubers of 10 varieties were planted in soil amended with R. solani no significant
differences in stem lesions or shoot pruning were observed (Chand & Logan, 1982).

Over two years, 1983 and 1984, Hide et al. (1989) inoculated seed of 12 varieties with R. solani.
Mean disease scores of stem and stolon infection were greater for five early than seven maincrop
varieties. However, within each of these groups significant differences between varieties were
observed with Maris Peer showing a consistently lower mean disease score than early varieties;
whilst Record showed consistently lower mean disease than other maincrop varieties. From these
results it was concluded that although physiological maturity does affect severity of R. solani there
is a significant genetic component. In the USA, artificially inoculated field experiments have also
revealed differences in susceptibility to black scurf with russett skinned varieties showing less
disease than white skinned types (Leach & Webb, 1993). For example, incidence of malformed or
with sclerotia was an average of 13.7 on seven table varieties and 10.1 on eight russett genotypes.

Although varietal differences for both stem canker and black scurf have been established the
relationship between the two diseases is inconsistent. When seed of 10 varieties was planted in a
field experiment in soil amended with R. solani all but Desiree and Ulster Sceptre showed a
significant correlation between stem canker severity and incidence of black scurf (Chand & Logan,
1982). A more extensive investigation found that when seed of 12 varieties was inoculated with R.
solani and planted in the field, those varieties with most stem canker did not have most black scurf
(Hide et al., 1989). It can be concluded that the mechanisms of resistance to R. solani on the stem
and tuber are different and should be assessed separately.

Although differences in susceptibility to Rhizoctonia diseases in potato have been observed in
naturally and artificially inoculated field experiments such methods are time consuming when
testing a large number of varieties or breeding lines. No rapid tests have been described for
assessing stem canker, although Kyritsis & Wale (2002a) describe an experiment performed in a
growth cabinet where soil was amended with R. solani and differences in stem canker incidence and
severity were detected between 7 varieties when plants were assessed soon after emergence. Such a
test could be used to screen varieties. There has been no evaluation of varietal resistance to other
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disease symptoms resulting from infection by R. solani (elephant hide, tuber distortion, dry core
etc.).

More experiments have been done to screen for resistance to black scurf in vitro. These tests, have
involved inoculating a sand and cornmeal (Hilton et al., 1999) or a vermiculite and cornmeal (Gans
et al., 2002) mixture with isolates of R. solani and incubating for 6 weeks. The inoculum is then
added to compost into which healthy seed tubers of test varieties are planted. Plants are then grown
to maturity and black scurf is assessed on daughter tubers after harvest. These have produced
significant differences in severity between varieties but results have not always proved repeatable
(Hilton et al., 1999). In independent variety trials in the UK ranking of varieties between tests was
consistent between 1999-2001, but inconsistent between 2002-2004 (Thomas et al., 2005). In IVT
testing in 2005-2006 the concentration of inoculum added to the compost has been standardised and
it is hoped that this will improve consistency between tests (Carnegie et al., 2006).

4.3.2.2 Use of resistance as a sole method of pest and disease control

Some useful resistance is available among commercially grown GB varieties with a number having
good resistance (ratings of 7 and above) (Anon. 2005). However, there is a wide variation in
resistance to black scurf from the highly susceptible variety, Rembrandt (rated 1) several varieties
with good resistance (Lady Christl, Lady Felica). The majority of varieties have intermediate
resistance with King Edward and Maris Piper scoring 6 and Nadine 7 (Anon. 2005). In contrast, the
variety Sante which is widely used in organic production is very susceptible (rating of 3).

However, all varieties can be infected to some degree and the testing methodology only describes
relative resistance to black scurf. Thus to rely entirely on host resistance is not advisable. However,
using this resistance as part of an integrated programme of control would be valuable.

No independent variety testing for stem canker is performed at present and as it cannot be simply be
related to black scurf it is not possible to use black scurf resistance rating to judge reaction of
commercial varieties to risk of stem canker. However, among varieties that have been examined in
the past all can be considered to be susceptible. When seven varieties were compared for their
susceptibility to stem canker under controlled environmental conditions only marginal differences
were seen with Pentland Dell being most resistant to stem canker (incidence of 48%) and Estima
being most susceptible (incidence of 59%) (Kyritsis & Wale, 2002a). Other reports also suggest that
differences between varieties in susceptibility to stem canker are limited (Hide et al., 1989). It is
suggested that the value of using resistance to stem canker is limiting.

4.3.2.3 Assessing risks when utilising host plant resistance

When discussing resistance to stem canker and black scurf in the UK most workers have focussed
on AG-3. However, a number of other AGs have been associated with potato plants including AG 1
(Chang & Tu, 1980), AG 2 (Chand & Logan, 1983), AG 4 (Anguiz & Martin, 1989), AG 5 (Carling
& Leiner, 1990) and AG 8 (Balali et al., 1995). In general AG-3 is more pathogenic on potatoes
than other AG’s. Balalili et al. (1995) showed that although AG 3, AG 4, AG 5 and AGS8 all cause
stem and root cankers, only AG 3 and AG5 can cause black scurf.

At present there is no indication how isolates from these other AG’s perform against varieties with
good host resistance to AG 3.
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4.3.2.4 Relationship of inoculum level and environment to effectiveness of host
plant resistance

The ability for disease to occur is dependent on availability of inoculum, whether that be seed or
soil, the status of the crop, the susceptibility of the host and a set of suitable environmental
conditions for infection and disease development.

Both seed and soil-borne inocula can be important. Seed-borne inoculum is probably the more
important of the two, but with shorter rotations fields have become increasingly contaminated and
soil-borne inoculum has increased in importance. Due to the proximity of the fungus on seed
potatoes to the growing stem, early symptoms of canker are most likely to come from this source
(Adams et al., 1980). Selecting seed stocks with as little R. solani inoculum as possible and treating
seed with a fungicide application will reduce serious damage. In contrast, soil-borne inoculum must
grow towards the developing plant to cause infection and hence has been associated with later
infection. Increasing soil contamination will increase the likelihood of all plant parts becoming
infected.

Resistance to infection is also dependent on the status of the crop. Stems and stolons are most
susceptible to pruning before emergence (Hide et al. 1985). Therefore planting chitted seed or early
varieties in al highly contaminated sites to encourage rapid emergence will diminish to likelihood of
stem pruning or canker.

R. solani AG-3 can infect potato plants in a wide range of environmental conditions. Infection can
occur at soil temperatures from 9-27°C, with an optimum of 10-15°C (Kyritsis & Wale, 2002b) and
moisture content of 40%WHC (Kyritsis & Wale, 2002b). In contrast, other AG’s have more
specific requirements and it is believed this is one reason why AG-3 predominates in the UK.

4.3.2.5 Integration of plant resistance with other control measures

In the control of Rhizoctonia it is important to consider both soil- and seed-borne phases of disease.
Visual assessment of seed can be made to judge whether seed should be treated with a specific
Rhizoctonia fungicide treatment. Where high-grade seed is required for ‘virgin’ sites or specific
export markets eye-plug tests can be performed to identify if any microscopic infection exists
(Lapwood et al., 1979).

Quantifying inoculum in soil is far harder and in the past this relied on knowledge of the rotation
and past disease experience. However, a new bioassay (Kyritsis, 2003) and a real time PCR assay
(Lees et al., 2002) have enabled inoculum of R. solani in soil to be quantified. Using these tests it is
possible to highlight which soils have high levels of contamination. Whilst selecting more resistant
varieties for growing in these fields, many growers are now using azoxystrobin (Amistar) as an in-
furrow treatment to control soil-borne Rhizoctonia (Wale et al., 2004). Thus decisions on whether
to use this product should take into consideration the degree of soil-borne contamination and the
resistance of the variety to be grown in that field.

4.3.2.6 Avoidance of resistance breaking races developing in populations of potato
pests and diseases

No reports of isolates of R. solani overcoming host resistance have been reported.
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4.3.3 Dry rot (Fusarium coeruleum, F. sulphureum, F avenaceum, F.
culmorum)

4.3.3.1 Interpreting published disease and pest resistance

Dry rot can be caused by a number of Fusarium species. In a survey in the UK, Fusarium
coeruleum was the most commonly isolated species (49%), followed by F. avenaceum and F.
culmorum and then F. sulphureum (about 13%) (Peters & Lees, 2004). Inoculum of Fusarium can
survive in soil or in dust found in store. However, infection can only occur following wounding of
tubers, which can occur either at harvest or grading. In storage susceptibility to infection is lowest at
harvest but increases with time (Boyd, 1952a).

Resistance testing takes the form of making a standard wound to a specific depth in a tuber and
inoculating with a spore suspension (Jellis & Starling, 1983) or mycelium grown in sand and
cornmeal (Wastie & Bradshaw, 1993) of the relevant Fusarium species. After 4-6 weeks of
incubation tubers are cut in half through the wound and the degree of infection assessed (Boyd,
1952b). Two types of resistance can be recorded; resistance to penetration, which is recorded as the
incidence of infection, whilst resistance to colonisation is measured as width and depth of necrosis.

When testing varieties for resistance, factors which affect test results include incubation
temperature (Boyd, 1952b), inoculation method (Boyd, 1952c) and the time of year (Boyd, 1952a).
As a consequence it has been suggested that the tests should be repeated over 2 years (Wastie et al.,
1989). Such tests have shown differences in susceptibility and good correlation between tests
(Jellis, 1975; Jellis & Starling, 1983; Wastie et al., 1989).

4.3.3.2 Use of resistance as a sole method of pest and disease control

At present no variety has been identified with good resistance to all Fusarium species. As resistance
to dry rot is Fusarium species dependent, although a variety may have good resistance to one
pathogen it may be susceptible to another. Relying on host resistance is therefore difficult especially
when it cannot be certain which species is prevalent.

Good resistance to individual Fusarium species does exist. Differences in resistance to F.
coeruleum and F. sulphureum have been observed both in term of penetration and colonisation
(Wastie et al., 1989). Arran Banner and Pentland Ivory were among the most resistant varieties to
F. coeruleum, whilst Catriona and Dunbar Standard were among the most susceptible. For F.
sulphureum, Desiree and Maris Piper were the most resistant and Arran Pilot and Doon Star were
most susceptible. In the NIAB list of varieties, ratings for both F. coeruleum and F. sulphureum are
provided (Anon, 2005) although results are not available for all varieties. Varieties with good
resistance to F. coeruleum include Asterix (8) and Tay (7), with more susceptible ones being Estima
and Maris Piper (3), Nectar (2) and Savanna (1). Varieties with good resistance to F. sulphureum
include, Romano, Sante, Saxon and Marfona (7) and Tay (8). The susceptible varieties include
Nadine and Cara (2).

In future breeding for resistance could improve variety resistance against specific species (Wastie &

Bradshaw, 1993; Lees & Bradshaw, 2001). Other workers, have identified common sources of
resistance to both F. coeruleum and F. sulphureum (Leach & Webb, 1981).
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4.3.3.3 Assessing risks when utilising host plant resistance

As the susceptibility to each Fusarium species differs between varieties it is important to know
which species might be present. In a survey of species causing dry rot in GB, the pathogenicity of
isolates of F. coeruleum, F. sulphureum, F. culmorum and F. avenaceum was determined. The
isolates were tested on tubers of 10 varieties. Results showed that differences were not consistent
between species. In general, the least common of the four species, F. sulphureum, was the most
aggressive (Peters & Lees, 2004). F. coeruleum was the most common species GB wide, with F.
culmorum, F. avenaceum and F. sulphureum being more common in England.

TABLE 4.8 ASSESSMENT OF VARIETY SUSCEPTIBILITY TO FOUR SPECIES OF FUSARIUM. ROT VOLUME (CM®)
INDUCED BY INOCULATING TUBERS WITH CONIDIA OF FUSARIUM SPP. DATA ARE THE MEANS ACROSS FOUR
ISOLATES FOR EACH SPECIES (PETERS & LEES, 2004).

Fusarium species
Variety* F. avenaceum F. coeruleum F. culmorum F. sulphureum
Russett Burbank 0.1 5.0 3.2 67.8
Hermes 15.6 24 11.9 29.2
Marfona 2.9 13.9 0 37.9
Estima 16.4 55 6.1 26.3
Desiree 11.0 6.8 0.1 12.6
Cara 4.5 7.7 0 16.0
Maris Piper 3.1 13.1 0.1 11.6
Lady Rosetta 4.3 0.1 2.0 17.3
Sante 11.2 2.8 0 4.2
Saturna 1.3 3.9 1.2 7.1
LSD 5.4 3.3 11.5 16.5

* The variety order is ranked by total dry rot

4.3.3.4 Relationship of inoculum level and environment to effectiveness of
host plant resistance

In storage, infection occurs when inoculum is present at sufficient levels and if the right
environmental conditions exist. For F. coeruleum the frequency of infection was found to increase
when duration of surface wetness was raised from 3 to 9 hours and temperature increased from 5 to
10°C. However, reducing infection by F. coeruleum by preventing condensation only occurs when
inoculum levels are low (Hilton & Blackwood, 2001). The effectiveness of host resistance under
high inoculum levels and under conditions that favour disease is not known.

4.3.3.5 Integration of plant resistance with other control measures

In order to optimise host resistance to dry rot, it is important to know which Fusarium species are
present. Identification of Fusarium spp. can be made by either isolating the fungus and growing on
media and identifying the subsequent culture (Booth, 1971) or by PCR diagnostics (Cullen et al.,
2005). However, by the time symptoms have developed on tubers it is too late to take preventative
action and as the make-up of species may change between years it is difficult to predict which is
present in store. Trying to select a variety resistant to the relevant pathogen is therefore difficult. In
future, use of diagnostic tools to predict which are the predominant Fusarium species present in a
particular field may assist in selecting varieties to be grown at a particular site (Cullen et al., 2005).

Control options other than host resistance are very important. Infection can be reduced by
preventing damage, rapid drying after harvest and ensuring that rapid wound healing occurs by dry
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curing. As some damage is always likely to occur, keeping stores clean to reduce inoculum
(Clayton et al., 2001) and keeping conditions dry and cool will reduce risk of disease development.
Into store fungicide treatments including imazalil (Carnegie et al., 2001) and thiabendazole
(Carnegie et al., 1990) also provide good control options. Although thiabendazole is effective
against most species, all isolates of F. sulphureum are considered insensitive to this compound.

4.3.3.6 Avoidance of resistance breaking races developing in populations of potato
pests and diseases

No reports of isolates of Fusarium overcoming host resistance have been reported. However, as
more than one Fusarium species may be present in storage, variety choice and use of thiabendazole
are likely to encourage specific species.

4.3.4 Gangrene (Phoma exigua var. foveata)

4.3.4.1 Interpreting published disease and pest resistance

A considerable amount of research into potato gangrene was carried out in the 1970s and 1980s.
The disease is now considered to be of much less significance. The research conducted on this
disease has been much less in the last 20 years.

4.3.4.2 Background to resistance breeding

As with some other potato diseases, there is an issue with the methods used to screen potato
varieties for resistance to gangrene. The first main problem is the relative lack of information on the
relative incidences of gangrene on varieties in commercial practice. Such information would help
enormously by providing a benchmark against which to assess the usefulness of the many different
screening methods that have been devised by breeders. The second problem concerns how close
conditions in the tests are to those the crop experiences when at risk of infection. Screening tests are
likely to be more relevant where breeders are regularly updated by agronomists on current
appropriate aspects of current potato production. For example, what is the most appropriate
temperature when tubers are challenged by the pathogen and during subsequent storage?

The method used to inoculate tubers with P. exigua var. foveata affected the variety resistance
ranking order (Wellving, 1976). The best inoculation method is the one that accurately predicts the
relative resistances of varieties in practice. Bain (1985) concluded that an appropriate inoculation
method in screening for gangrene resistance was that which consisted of damaging
artificially-contaminated tubers on a commercial grader since it incorporated an assessment of
variety resistance to tuber damage in addition to assessing the resistance of tuber tissue to infection.
Greater differences in resistance were evident among varieties when their damage resistance was
assessed in the inoculation method. Wellving (1976) and Jellis (1982) also found that when the
inoculation procedure assessed damage resistance varieties were more easily discriminated.

One drawback with the grader damage inoculation method is that a large number of tubers per
variety is required. Therefore, this inoculation method could only be used late on in the breeding
programme when the number of clones to be screened has been reduced and more tubers of each
clone are available. This means that, for the early screening of varieties, methods that only assess
tissue resistance to infection will have to be used (Langton, 1971b; Wiersema, 1977). Bain et al.
(1987) found that point inoculation methods could give misleading results. For example, when
assessed using a point inoculation method the variety Record was frequently classed as a
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susceptible variety whereas due to this variety’s good damage resistance it is likely to be fairly
resistant to gangrene in practice.

The physiological, or biochemical processes of the tuber responsible for variety differences in tissue
resistance to P. exigua var. foveata are unknown.

4.3.4.3 What resistance is available?

No potato variety has tubers that are completely resistant to gangrene. However, varieties differ
markedly in their degree of susceptibility. There are reports that gangrene incidence tends to be
higher in early than in maincrop varieties, but Malcolmson (1958) found that susceptibility was not
correlated with earliness in tests on 39 varieties.

Varieties differ in the resistance of their tuber tissue to infection and colonisation by P. exigua var.
foveata (Malcolmson, 1958; Jellis, 1975b; Pietkiewicz & Jellis, 1975; Wellving, 1976). Wellving
found that resistance to infection was closely related to resistance to colonisation in varieties.
Walker and Wade (1976) demonstrated that there were three phases of tissue resistance following
infection by P. exigua var. foveata: the retardation of lesion development, its arrest and lesion
rejection. It was found that tuber incubation temperature influenced which of the phases operated.
At 2 °C none operated whereas at 6°C only lesion retardation occurred but at 10°C lesion arrest
followed lesion retardation.

4.3.4.4 Practical use of host resistance

Bain (1985) reported that selection for tuber tissue resistance may not necessarily be reflected in a
large reduction in gangrene incidence in practice. He found that, over a wide range of inoculum
densities, the level of tissue resistance in different varieties had only a moderate effect on the
incidence of gangrene at 4°C. However, two of the varieties used in the experiment, namely
Pentland Crown and Maris Piper, are generally accepted to differ greatly in resistance: Pentland
Crown is reported to be susceptible and M. Piper recognised to be much more resistant (Logan &
Woodward, 1971; Anon. 1980; Anon. 1981).

It could be argued that although variety tissue resistance level appears to have little practical
influence on gangrene incidence at 4°C it may do at higher incubation temperatures. However, Bain
(1985) found that at 10°C lesion arrest occurred in all varieties irrespective of their tissue resistance
level. It is surprising, therefore, that an incubation temperature of 10°C has been used by breeders
when screening clones for gangrene resistance (Jellis, 1975b) and that variety differences are
reported to be greater at 10°C than 5°C (Langton, 1971a). The results obtained by these authors
probably arose because the pathogen was favoured by the inoculation techniques used: tubers were
inoculated with actively growing mycelium whereas Bain (1985) used pycnospore suspensions.

At 4°C, the temperature at which gangrene development is widely accepted to be greatest
(Malcolmson, 1958; Malcolmson & Gray, 1968; Langton, 1972; Adams & Griffith, 1983), lesion
development was not arrested in varieties with a high level of tissue resistance: the difference
between varieties with high and low tissue resistance at 4°C was simply that in the more resistant
varieties lesion development was slower. Thus over a normal storage period lesions that detract
from the commercial value of the crop could well have appeared in resistant varieties. The above
findings suggest that gangrene could be controlled more effectively through the use of resistant
varieties if the methods employed to screen for resistance placed less emphasis on tissue resistance
and more on other resistance components, e.g. resistance to damage. The greater use of resistance
screening methods which assess variety resistance to damage, such as that developed by Jellis
(1982), is desirable.
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4.3.4.5 Relationship of inoculum level and environment to effectiveness of host
plant resistance

Inoculum level

Bain (1985) concluded that when varieties are being screened for resistance to gangrene the variety
ranking order is likely to be the same irrespective of the level of inoculum with which the tubers are
inoculated. The extent to which varieties can be discriminated will however be greatly influenced
by the inoculum density.

Bain et al. (1988) found that the higher the level of inoculum on tubers the greater the development
of gangrene in storage given suitable conditions for its development. However, the response to
increased inoculum density was shown to be markedly affected by variety and the amount of tuber
damage. The increase in disease incidence resulting from raising the inoculum density was greater
for damaged compared with undamaged tubers.

There is not enough information to determine whether variety differences in the extent to which
seed-borne inoculum is transmitted to the progeny tubers are large enough to affect the variety
ranking order based on tuber resistance to damage and infection by the gangrene pathogen (see
below). However, this aspect of variety resistance to gangrene has generally not been assessed,
most probably because the benefit is unlikely to be worth the extra effort involved. The amount of
gangrene inoculum on the progeny tubers can be more easily reduced using other control methods,
e.g. the use of limited generation seed and fungicide seed treatments.

In a very limited study, Bain (1985) found that potato varieties differed in the extent to which they
transmitted P. exigua var. foveata from seed to progeny tubers in the field, although this occurred
with only one of the two isolates used in comparing Maris Piper and Pentland Crown. Adams
(1980Db) found that the degree of transmission of P. exigua var. foveata from seed to progeny tubers
depended on variety. In his experiments, to examine the role of seed-tuber and stem inoculum in
gangrene development, the two varieties Pentland Crown and Ulster Sceptre were used. It was
found that the contamination of Ulster Sceptre progeny tubers was greater than that of Pentland
Crown. Ulster Sceptre is a first early whereas Pentland Crown is a maincrop variety, therefore the
difference in progeny tuber contamination levels for these two varieties may have been due to the
earlier senescence of, and hence greater build-up of P. exigua. var. foveata, on Ulster Sceptre. The
results of Bain (1985) show that varieties of a similar maturity class also differ in the degree of
inoculum transmission to progeny tubers, but that this may be again related to the rate of haulm
senescence: Maris Piper showing a higher degree of haulm desiccation when sampled than Pentland
Crown. The extent of haulm senescence appeared to be more important than seed infection in
relation to transmission.

There is evidence that variation in tuber resistance among varieties is of little significance as far as
the transmission of inoculum from the seed to progeny tubers is concerned. It was found the level of
progeny tuber contamination was generally greater when the seed had only been contaminated with
P. exigua var. foveata rather than having had gangrene lesions at the time of planting (Adams,
1980b; Bain, 1985).

Wellving (1976) reported considerable variation among varieties in tissue resistance to infection.
He found that, following point inoculation and incubation at 4°C, the level of infection in the most
susceptible variety used was many times greater than that in the most resistant and exceeded the
range found by Bain (1985).
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Tuber damage

As P. exigua var. foveata is primarily a wound pathogen the resistance of a variety to gangrene is
greatly influenced by the resistance of its tubers to damage. Since different types of wound differ in
their susceptibility to infection (Adams, 1980a), it is the level of resistance to the wound types
which particularly predispose tubers to gangrene which has the greatest influence on resistance.
Varieties differ greatly in their susceptibility to damage (Blight & Hamilton, 1974) but the damage
resistance ranking order of varieties varies with damage type (Jellis & Haslam, 1980). Wounds
which incorporate crushing of the tuber tissue are more susceptible to infection by P. exigua var.
foveata than cuts, splits or scuffs (Griffith, 1970; Bak Henriksen, 1975; Jellis & Howard, 1975;
Adams, 1980a). There are two components of resistance to tuber damage, namely resistance to
wound number and resistance to wound severity. Differences in wound size are important, since
severe wounds are more susceptible to gangrene than slight wounds of the same type. Adams
(1980a) confirmed that it is a genuine difference in susceptibility and that larger wounds do not
simply trap more inoculum. Furthermore, deeper wounds which expose the tuber's more susceptible
medullary tissue are more likely to become infected than more superficial wounds which only
penetrate the more resistant cortical tissue (Pietkiewicz & Jellis, 1975).

Although the basis of variety differences in susceptibility to damage is not fully established, variety
susceptibilities have been linked with specific characters that are genetically determined. Varieties
with large tubers are generally more susceptible to damage (Blight & Hamilton, 1974). However,
Jellis & Haslam (1980) found that varietal differences in susceptibility to wounds which exposed
the medulla were not accounted for by tuber size alone. Tuber shape also affects susceptibility to
damage. Hughes (1980) stated that tubers with small radii of curvature tend to damage more easily
than those with large radii of curvature. Blight & Hamilton (1974) found that, although low skin
hardness is generally associated with high damage, the susceptibility of the tuber to mechanical
damage appears to be affected by other characters. Umaerus (1975) from a study with 54 clones,
reported that those with tubers of high elasticity, as measured by the rebound pendulum, were more
resistant to shatter cracks and splits than those with less elastic tissues. Wellving (1976) also found
that varieties with tuber tissue of low elasticity more often sustained wounds severe enough to allow
infection by P. exigua var. foveata than did varieties with a higher elasticity.

Since the susceptibility of tubers to gangrene is related to their susceptibility to damage, as well as
to infection, then factors that influence resistance to injury need to be considered in addition to
those which affect tissue resistance to infection. Some of the factors identified as affecting
resistance are the availability of nutrients (nitrogen and magnesium) to the growing crop, tuber age,
tuber temperature, relative humidity and site of infection on the tuber (Bain 1985).

Other factors

Jellis (1978) found that the relative susceptibility of varieties to infection of the medulla tissue by P.
exigua var. foveata was affected by the site at which the tubers were grown. Wellving (1976)
demonstrated that the resistance ranking order of varieties was greatly influenced by the method
used to inoculate the tubers, since different resistance characteristics were assessed by the various
methods used. Pietkiewicz & Jellis (1975) observed that the ranking order of varieties could be
different for cortical inoculations compared with inoculations of the medulla.

The evidence is conflicting as to whether the resistance ranking order of varieties is affected by the
temperature at which the inoculated tubers are incubated. Wellving (1976) observed no difference
in ranking order at 3°C and 10°C. However, Seppanen (1982) observed at differences at 6°C, 12°C
and 18°C.
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4.3.4.2.5 Integration of plant resistance with other control measures

Adams (1980a) suggested that priority should be given to controlling gangrene by reducing the
incidence of tuber damage, through the breeding of damage-resistant varieties and better husbandry,
rather than by reducing the level of daughter tuber contamination. However, it is unlikely that
gangrene could be effectively controlled by minimising tuber damage alone since damage is
unlikely to be completely eliminated either through breeding of resistant varieties or by better
production methods (although destoning has had a very positive impact). The best approach would
be to minimise damage through breeding and better husbandry coupled with the use of fungicides
and cultural control methods (e.g. limited generation seed, rotation, prompt desiccation and early
harvest) to reduce the amount of inoculum on progeny tubers at harvest time.

4.3.4.6 Avoidance of resistance breaking races developing in populations of potato
pests and diseases

There are reports that the relative susceptibilities of varieties can vary with different isolates of P.
exigua var. foveata. Jellis (1978) found that, with one isolate, the normally resistant variety Maris
Piper was sometimes more susceptible than the generally susceptible Pentland Crown. Rogers and
Killick (1974) also reported a variety X isolate interaction. Of three varieties tested, Pentland Falcon
was the most susceptible to three isolates but the most resistant to one other. This interaction
occurred only for gangrene lesion length, not breadth or depth. In studies on the infection of potato
varieties with different field isolates of the gangrene pathogen, Bain et al. (1987) found that variety
X isolate interactions, were not substantial enough to affect variety ranking order. However, variety
rank was markedly affected by pathogen isolate when both field and culture collection isolates were
compared. This suggests that the complications of variety X isolate interactions in screening tests
can be avoided by the use of recent field isolates of high pathogenicity.

4.3.5. Pink Rot (Phytophthora erythroseptica)

4.3.5.1 Interpreting published disease and pest resistance

Pink rot is believed be an increasingly common disease of potato. Although no survey on its
incidence or severity hase been carried out, it is a disease that is being reported more frequently by
agronomists. The disease is named after the pink colour that develops in infected tubers when cut
and exposed to air for 20 to 30 minutes. Often infected tissue has a distinct smell of vinegar.
Knowledge of resistance to this disease is restricted to a number of papers written in Scotland
(Lennard 1980), USA (Salas et al. 2003) and Canada (Peters et al. 2004; Peters & Sturz 2001).

As a soil-borne disease one method of assessing disease resistance in varieties is to have plots of
different varieties at a site with a history of pink rot. This method was used to assess field resistance
to pink rot in Scotland and at harvest, tubers were dug and incidence of infected plants and tubers
determined (Lennard 1980). Differences in susceptibility were found between a number of varieties
over a three year period. Among the varieties tested, Home Guard developed most infection, in the
two years it was tested and Record and Stormont Enterprise developed little pink rot. There was
some inconsistency in the response of varieties between years with King Edward showing little
disease in 1975 and only moderate infection the following year. Results from these tests are
dependent on time of harvest as disease becomes increasingly frequent with later harvests (Lennard
1980).

55 © British Potato Council 2007



Research Review: The use of plant resistance to manage potato pests and diseases

Host resistance testing can also be performed in storage. Early tests involved taking daughter tubers,
removing a circular core and inserting a plug of mycelium into the wound. Tubers were incubated
under warm damp conditions for one week and cut longitudinally and the depth of lesion measured
(Lennard 1980). The results from these post-harvest tests corresponded well with those found in
field tests. In USA and Canada, daughter tubers have been inoculated by placing drops of spore
suspensions onto the eyes (Peters et al. 2004; Salas et al. 2003). This second method of post-harvest
testing also resulted in significant differences in susceptibility. Differences between varieties in
depth of symptoms (colonisation) have also been observed (Salas et al. 2003). The relationship
between incidence and severity was weak so that some varieties were more resistant to infection but
not colonisation of tissue and vice versa.

4.3.5.2. Practical use of host resistance

Although differences in susceptibility to pink rot have been shown no variety with a high degree of
resistance has been found. In the UK, resistance to pink rot on the recommended list of potato
varieties is not known (Anon. 2005).

4.3.5.3 Assessing risks when utilising host plant resistance

As no variety has been identified with high resistance it is likely that where there is a high risk of
infection even the more resistant varieties will be at risk. Variety resistance must therefore be used
in-conjunction with other control measures.

4.3.5.4 Relationship of inoculum level and environment to effectiveness of host
plant resistance

Little is known about how pink rot develops in the field. It is a disease associated with warm damp
soil conditions. Infection occurs through stolons but infection may also occur through wounds
created at harvest or grading. The later crops are harvested the greater the risk of pink rot
developing (Lennard, 1980). How inoculum levels and environmental conditions interact with field
resistance is not known.

Further disease can develop in storage. In an experiment looking at effect of wounding, temperature
and inoculum on development of pink rot in store, severe wounding, temperatures of 15-25°C and
high inoculum densities all encouraged infection. Infections in unwounded tubers occurred at 15°C
whilst on wounded tubers infection occurred at 10°C. Incidence of infection was high where all
factors were favourable but reduced where only one factor was present (Salas et al., 2000). It is not
known how storage conditions or inoculum level in storage may affect host resistance.

4.3.5.5 Integration of plant resistance with other control measures

Where fields are contaminated with P. erythroseptica, avoiding susceptible varieties would be
advisable but differences in resistance in current varieties is unknown. This should be done in-
conjunction with early harvest of the crop (Lennard, 1980). At harvest and grading care must be
taken to avoid damage in order to avoid further infection. In storage, varieties which are susceptible
to colonisation by the fungus may be at risk of rotting. Special care must be taken with these stocks
to ensure diseased tubers are removed at grading to avoid spread to non-infected tubers.

In other countries, including USA and Australia, mefenoxam and metalaxyl have been used in-
furrow at planting to effectively control pink rot (Wicks et al., 2000). However, mefenoxam and
metalaxyl strains of P. erythroseptica now exist in USA (Taylor et al., 2002) and Canada (Peters et
al., 2001).
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4.3.5.6. Avoidance of resistance breaking races developing in populations of potato
pests and diseases
No reports of host resistance being overcome by P. erythroseptica have been reported.

4.3.6 Potato Blight (Phytophthora infestans)

4.3.6.1 Background to resistance breeding

There are two types of resistance, i.e. race specific resistance (conferred by R-genes) and race non-
specific resistance. This distinction has been recognised for decades. Consequently there are many
different terms for the two types of resistance (Table 4.9).

TABLE 4.9 TERMS USED FOR DESCRIBING TYPES OF RESISTANCE TO FOLIAR LATE BLIGHT IN POTATO

Resistance type 1 Resistance type 2
Race specific Race non-specific
Vertical Horizontal
Immunity Field resistance
Qualitative Quantitative
Complete Partial
Monogenic Polygenic

R-gene or major gene Minor gene
Specific (compatible versus | General (rate reducing)
incompatible)

R-gene based Maturity related

Extracted from Allefs et al. (2005)

Resistance genes (R genes) have been identified in many wild Solanum species. In the early 20™
century genes from Solanum demissum were introduced into Solanum tuberosum to produce more
resistant varieties. This strategy was not successful because the R-genes were overcome when the
pathogen developed races that could overcome the R-genes. R-gene resistance was abandoned in
the 1970s. At that time there were 11 ex-demissum R-genes (R1 to R11). Failure of the R gene
breeding system coincided with development of better blight fungicides. This development reduced
the pressure on breeders to produce varieties with high resistance levels. After the R gene system
breeders switched to using race non-specific resistance because it was considered that this would be
more durable (Wastie, 1991). The problem with race-non-specific resistance is that it is strongly
linked to foliage maturity. Potato genotypes that are more resistant tend to be later maturing.

Allefs et al. (2005) were highly critical of potato breeders’ attempts to add significantly to late
blight disease management. They presented two main facts as evidence for their criticism. Firstly,
the cost of fungicides required for an optimal spray programme for a susceptible variety is
estimated at 1.7 billion Euros per year for the top 38 potato producing countries in the world.
Secondly, in The Netherlands the average yield loss for the most important varieties when grown
organically, with no fungicide protection, between 2002 and 2004 was 45 percent.

There is clear evidence from some European countries that epidemics are starting earlier. For
example, the start of the blight epidemic at Jogeva in Estonia has been recorded since 1922. There
is a very clear trend that the epidemic starts much earlier now than decades ago. In the 1920s the
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epidemic generally started in mid-August whereas now it generally starts in mid- to late-July. The
reason for this is not clear. However, whatever the cause, crops appear to be more at risk earlier in
the growing season. In the absence of weather favourable for medium to long distance spread of P.
infestans, earlier initiated epidemics are most likely due to either soil-borne oospores, infected seed
or infected groundkeepers. If outbreaks are earlier in relation to crop development then presumably
early varieties will require as good resistance to blight as later maturing varieties. This was not the
case previously when early maturing, rapid-bulking varieties could be more susceptible.

It is interesting to compare the average resistance ratings for varieties in 1988 and 2004 (Table
4.10). Wastie (1991) presented the average resistance ratings for the 23 recommended varieties in
the UK in 1988. The comparison with the 31 most widely grown varieties in 2004 confirms that the
industry is certainly not making more use of variety resistance in the management of potato late
blight. Of course there are exceptions. For example, the first early variety Orla with resistance
ratings for foliar and tuber blight of 8 and 8, respectively is available to the pre-pack and general
ware market.

TABLE 4.10. AVERAGE RESISTANCE RATINGS IN 1988 AND 2004

First early Second early Maincrop

1988

Number of varieties 6 5 12
Foliage blight 3.8 5.4 4.8
Tuber blight 3.2 5.6 4.6
2004

Number of varieties 3 11 17
Foliage blight 4.3 3.5 4.5
Tuber blight 4.7 4.0 4.5

1988 data from Wastie (1991)

Lammers et al. (1998) found that in field trials there was no correlation between leaf blight and
stem blight assessed separately on six cultivars. In general, stem blight is not assessed separately in
cultivar screening tests. However, cultivar resistance to stem blight could be more important where
oospores or infected seed tubers are the primary source of inoculum and stem infection is prevalent
in disease development.

4.3.6.2 What resistance is available?

Breeding lines and varieties with much greater resistance than that generally utilised in the industry
today are available. They have been produced by a variety of breeding techniques.

In response to new populations of P. infestans spreading from Mexico into Europe and North
America, SCRI breeders have carried out fresh screenings of germplasm collections and identified a
large number of resistant accessions (Bradshaw & Birch, 2006). Currently these are being held in
reserve.

It was clear in the late 1960s that R genes would not provide durable resistance therefore the
strategy at SCRI for producing varieties with greater resistance has been to combine R genes with
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race non-specific resistance. This approach was taken because defeated R-genes, or genes for field
resistance linked to the R-gene, do contribute to variety resistance (Stewart et al. 2003).

Other research groups are screening for R genes from Solanum species other than S. demissum.
Trognitz (1998) reported an unknown R gene, R-T, in S. tuberosum ssp. andigena clone TPS67.
This was the first report of an R gene from this subspecies. It is considered that novel R genes could
contribute substantially to late blight management (Allefs et al. 2005). In 2004 the first potato
cultivar, called Biogold, that had resistance derived from Solanum bulbocastanum was released
(Bradshaw et al., 2006).

A conventional breeding programme in Hungary has produced several clones showing high levels
of rate-limiting, isolate non-specific resistance (Shaw & Kiezebrink, 2005). The clones are
particularly suited to low-input systems of potato production because in addition to their resistance
to potato blight they also have good resistance to virus, slugs and wireworm in addition to weed
suppression and long dormancy. It is stated that the source of resistance was eight Solanum species.
The blight resistant varieties were selected from the very large numbers of genotypes screened for
foliar and tuber resistance. Many of these ‘Sarpo’ clones have a higher level of blight resistance
than any of the reference varieties, e.g. Cara, Valor, Stirling. The Sarpo varieties are not immune to
blight. When infected, Sarpo clones have a low infection efficiency, slow lesion growth and limited
sporulation. Sarpo clones tend to have a high dry matter. Two varieties Sarpo Mira and Axona are
on the National Lists in the UK and Denmark.

Genetic modification techniques have been used to produce more resistant varieties. Filippov et al.
(2006) reported that some clones of Russian potato varieties that were transformed with the
thaumatin Il gene were significantly more resistant to foliar and tuber blight compared with the
non-transgenic plants of these varieties. Genetically modified plants (normally fully susceptible)
containing the RB gene from the wild diploid species, Solanum bulbocastanum, had broad-spectrum
resistance to late blight (Staples, 2004). A modified, small, naturally occurring cationic peptide,
temporin A, was expressed in potato plants and gave strong resistance to late blight, pink rot and
Erwinia carotovora (Osusky et al. 2004).

Variety resistance to blight obviously contributes to blight control but it is also considerably
underused as a control measure. For it to be used more it needs to be present in varieties with the
agronomic and quality characteristics currently sought by potato buyers. In addition, for it to
complement fungicide control then extensive, robust information on the necessary fungicide inputs
for different levels of variety resistance is required. This work has started in The Netherlands. What
is also required are reliable and up to date resistance ratings for varieties.

There are contradictory reports regarding the genetic link between foliar and tuber blight resistance.

Evidence for:
e Stewart et al. (1994) reported that in a screen of 50 clones of each of 5 progenies from
crosses where one parent was resistant to foliage and tuber blight and the other susceptible,
foliage and tuber resistance were correlated.

Evidence against:
e Collins et al. (1999) stated that in contrast with previous findings, a negative correlation was
found between foliage and tuber blight resistance.
e Wastie (1991) stated that resistance to P. infestans in tubers does not correlate with
resistance in the foliage.
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Mixed evidence:

e In a comparison of foliage and tuber blight resistance in four mapping populations of potato,
Park et al. (2005) found that tuber blight resistance was inherited independently from foliage
blight resistance in one population but in two others tuber and foliage blight correlated
significantly.

Most evidence suggests that non race-specific foliar resistance and foliage maturity are genetically
linked.

Evidence for:

e The most important locus for foliage resistance and foliage maturity was found on
chromosome 5 near marker GP21: the allele of marker GP21 that is associated with
resistance to late blight is also associated with late foliage maturity (Visker et al. (2005).

e Field resistance, earliness and vigour were examined in a diploid segregating potato
population grown in replicated trials over three consecutive growing seasons by Collins et
al. (1999). There was co-localisation of QTL for resistance, vigour and earliness.

e Allefs et al. (2005) stated that under long day conditions race non-specific resistance is
strongly correlated with foliar maturity. These authors stated their belief that varieties with
better scores for foliar resistance require more fungicides in ware potato production than
early maturing, more susceptible varieties. This is because little account is taken of cultivar
resistance rating but the longer growing season for later maturing varieties results in a
greater number of fungicide applications.

Evidence against:
e None

Mixed evidence:

e Visker et al. (2004) reported that of six progenies with race non-specific resistance, i.e. free
of the 11 known R genes, for five there was a significant correlation between resistance to
foliage blight and foliage maturity. The results suggest that it should be possible to have
some selection for late blight resistance without affecting foliage maturity type.

4.3.6. Practical use of host resistance

How extensively is variety resistance used? A comparison of the areas of crop planted with varieties
with ratings across the range (1 to 9) in Great Britain for 1996 and 2004 (Tables 4.11 and 4.12)
suggests that this is not the case. The area of varieties more susceptible to foliar blight (resistance
ratings of 2 to 4) has increased considerably over that 8-year period. The situation for tuber blight
resistance is not much better. Admittedly, the acreage of varieties with a rating of 1 or 2 has
declined considerably. However, the crop area of rating 6 or 7 has declined even more. There has
been an increase in the popularity of varieties with ratings of only 3 or 4. At present, 23 of the top
31 varieties have a foliar resistance rating of 4 or less. The corresponding number for tuber blight is
better at 15 of the top 31. With so many varieties of similar resistance there is little incentive for
growers to match fungicide inputs to crop resistance.
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TABLE 4.11 AREAS OF VARIETIES WITH DIFFERENT RESISTANCE RATINGS FOR FOLIAR BLIGHT GROWN IN GB

IN 1996 AND 2004
Variety
resistance Change in
rating 1996 areas (ha) 2004 areas (ha) hectares % change
2 (susceptible) 2563 5178 +2615 +102 %
3 10659 15519 +4840 +45 %
4 74481 77377 +2896 +4 %
5 8676 868 -7808 -90 %
6 31058 15389 -15669 -50 %
7 (resistant) 5489 3409 -2080 -38 %

TABLE 4.12 AREAS OF VARIETIES WITH DIFFERENT RESISTANCE RATINGS FOR TUBER BLIGHT GROWN IN GB

IN 1996 AND 2004
Variety
resistance Change in
Rating 1996 areas (ha) 2004 areas (ha) hectares % change
1 (susceptible) 4289 3024 -1265 -29%
2 3114 622 -2492 -80%
3 3955 4843 +888 +22%
4 27786 35410 +7624 +27%
5 73355 68822 -4533 -6%
6 11131 3277 -7854 -711%
7 (resistant) 9296 1742 -7554 -81%

Potato breeders continue to improve the resistance of breeding lines and varieties (some very
resistant varieties have been made available in recent years, most notably the Sarpo varieties) but as
we have seen the more resistant varieties are not being utilised much, presumably, and
understandably, because the combination of characteristics offered by these varieties does not meet
what the market requires. The failure to make use of better resistance was obviously not a deliberate
decision but probably reflects changes in the market for potatoes, e.g. the move away from late
maturing varieties in the pre-pack sector due to poor skin finish or the significant growth in demand
for salad potatoes. Salad crops are in the ground for a very short time compared with general ware
and baker crops and therefore a high rating for blight resistance is less critical. The comparison of
years 1996 and 2004 did not take account of the time period that different crop types are in the
ground.

Swiezynski et al. (2001a) note that in Europe many varieties and advanced breeders selections have
been obtained with tuber resistance to P. infestans, but in the last decades no progress is noted in the
mean level of this resistance in varieties.

4.3.6.4 Use of resistance as a sole method of pest and disease control

There have been several studies examining whether mixtures of varieties with different levels of
resistance offer better protection of susceptible genotypes compared with pure stands. Based on 3
years of field trials with natural epidemics Andrivon et al. (2003) concluded that the resistance of
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host varieties is either not effective enough, or is too easily overcome by the pathogen, to be used
alone. The authors did observe that the severity of late blight in a susceptible variety growing in
rows alternating with partially resistant varieties was significantly lower than in unmixed plots of
the susceptible variety alone. There was a significant yield increase for the susceptible variety in
mixture compared with pure stands. Phillips et al. (2005) reached a similar conclusion after four
experiments over 3 years. These scientists found that mixtures of potato varieties do not offer any
improvement on the average of the disease resistance of the component varieties.

Initially the greatest use of variety resistance to blight is likely to be by the organic sector of the
industry. Varieties with considerably better resistance than most conventional ones have been
identified and trialed across Europe (Speiser et al., 2006), for example, Sarpo Axona, Eve Balfour,
Lady Balfour, Sarpo Mira and Sarpo Tominia in the UK. With these varieties the effectiveness of
the resistance is not in question, it is whether their other characteristics meet market requirements.

4.3.6.5 Integration of plant resistance with other control measures

At a potato blight conference in Dublin in 1995 there were several papers demonstrating the value
of using variety resistance to blight to reduce fungicide inputs. The principle of substituting variety
resistance for some fungicide input was established long before the Dublin conference. Since 1995
there have been several reports of satisfactory foliar blight control on more resistant varieties with
reduced fungicide inputs. For example Kirk et al. (2005) in 3 years of field experiments in the US
demonstrated that varieties with greater resistance to late blight could be managed with reduced
fungicide rates and/or longer application intervals. In The Netherlands current commercial decision
support systems (DSSs) take account of variety resistance when making fungicide
recommendations. However, Dutch researchers are improving the DSSs by taking even more
account of foliar resistance to blight. The aim is to reduce the fungicide inputs required to control
blight for both environmental and economic reasons. Three different systems have been evaluated,
1.e. modified versions of the two commercial systems ‘Plant Plus’ and ‘Prophy’, plus a Wageningen
University Research system. In the research carried out so far (Wander et al., 2006) for two more
resistant varieties, Seresta (foliar resistance rating 7) and Aziza (foliar resistance rating of 8), the
dose of fluazinam could be reduced considerably, except at the end of the growing season.

There have been many studies demonstrating the principle that variety resistance can replace some
fungicide input with blight control remaining acceptable. For example, Clayton et al. (1995) found
that AUDPCs (AUDPC is the abbreviation for “area under the disease progress curve”. The
AUDPC is a measure of disease control throughout the epidemic. The larger the area the less good
the control) offered more reliable indications of required fungicide doses than final disease ratings
or apparent infection rates. The epidemics were controlled using 20-80% of the recommended rate
of mancozeb on plots of Brodick, Cara and Torridon compared with full rates on Maris Piper. Also,
in 3 years of field experiments using fluazinam, Kirk et al. (2005) demonstrated that potato varieties
with greater resistance to late blight can be managed with reduced fungicide rates and/or longer
application intervals. It is vital that these studies evaluate the impact of such an approach on the
incidence of tuber infection. Where fungicide inputs are tailored more closely to variety resistance
then tuber resistance also needs to be considered. A harvested crop with no tuber blight is unlikely
if fungicide inputs are matched to a variety’s foliar resistance rating without also considering the
tuber resistance rating. Naerstad (2002) showed that exploiting high foliage resistance to reduce
fungicide input was risky when field resistance to tuber blight was low. In contrast when resistance
to tuber blight was high, use could be made of medium to high foliage resistance to reduce
fungicide inputs. Toxopeus (1958) stated that a slow spreading and sporulating infection on a
resistant variety may produce inoculum over a much longer period than would a more rapidly
spreading and heavily sporulating infection on a susceptible genotype
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The resistance of leaves at different positions in the crop canopy varies significantly (Visker et al.,
2003). Unfortunately, leaves at the top of the plant are considerably more resistant than those lower
in the canopy, meaning that the most resistant leaves intercept most of the fungicide spray when
sprayed conventionally. Visker’s work examined five varieties with race non-specific resistance in
field and controlled environment experiments. Apical leaves were far more resistant to late blight
than basal leaves. Plant and leaf age had only minor effects. The resistance of a specific leaf was
similar during its lifetime.

The Dutch are the furthest ahead in incorporating variety resistance into DSSs. Their systems are
most likely to be the most appropriate for GB. Duvauchelle et al. (2006) in France are also
developing a DSS to take account of varietal resistance. The system is called DSS MILPV.
Grunwald et al. (2002b) found that the DSS SimCast recommended too many fungicide sprays for
Mexican varieties with high levels of field resistance. A modified SimCast that took account of
variety resistance, evaluated in 1999 and 2000, resulted in good disease control on varieties with a
range of resistances. More resistant varieties required fewer fungicide applications. No account is
made of the mechanism of host resistance in developing DSS’s but such knowledge could allow
improvement in the forecasting schemes.

The organic sector of the potato industry has shown greater interest in the new more resistant
varieties than the non-organic sector. Blight control in organic systems using these more resistant
varieties and copper fungicides has been evaluated (Speiser et al., 2006). The following varieties
were trialed in four countries. Appell, Derby, Innovator and Naturella (in Switzerland), Derby,
Eden , Escort and Naturella (in France), Sarpo Axona, Eve Balfour, Lady Balfour, Sarpo Mira and
Sarpo Tominia (in the UK) and N89-1756 and N92-15138 (in Norway). The varieties were far less
susceptible to foliar and tuber blight than most of the varieties currently grown. However, it was
commented on that they might not meet market requirements.

Allefs et al. (2005) have proposed a novel blight management strategy using new R genes. These
scientists consider that race non-specific resistance, which is related to foliage maturity, will not
make a substantial contribution to integrated control of potato late blight under long day conditions.
They believe that the use of as yet unknown R-genes could be more effective in the long term. They
propose that a system of real-time monitoring of virulence factors be set up which would allow
warnings to be used for protective spraying of only those varieties with the R-genes for which a
matching virulence is detected. This is an interesting concept but may prove difficult operate in
practice.

4.3.6.6 Avoidance of resistance breaking races developing in populations of potato
pests and diseases

Wastie (1991) stated that the requirement for stable resistance must eventually preclude the use of R
genes. Swiezynski et al. (2000) reported that all 11 virulence factors were found in both the old and
new populations of P. infestans.

The evidence for race non-specific resistance being stable is mixed.
Evidence indicating that resistance is stable:
¢ Inan international trial series the stability of resistance of seven and fourteen host genotypes
was evaluated in seven and eight different locations worldwide. Overall, resistance to P.
infestans was robust; resistant genotypes were consistently resistant in all locations and
trials. Specific genotypes were stable across sites for resistance (Forbes et al. 2005).
e Grunwald et al. (2002a) reported that field resistances to potato late blight of 12 Mexican
varieties released between 1965 and 1999 were durable. At least two of the varieties, i.e.
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“Sangema” and “Tollocan” have been grown on at least 4 to 5% of the acreage and over
long periods of time without loss of field resistance.

In an evaluation of 16 potato clones in 8 locations in the United States in 1996 there was no
genotype x environment interaction on the ranking of the clones in the different locations
(Haynes et al. 1998).

At two locations in the united States in 1993 and 1994 variety rankings, based on AUDPC,
in response to infection by new immigrant isolates of P. infestans were nearly identical to
rankings obtained previously with isolates prevalent prior to 1990 (Inglis et al. 1996).

Colon et al. (1995) field tested 22 R gene-free varieties introduced between 1900 and 1954
and concluded that resistance was durable because 1) disease assessments (AUDPCs)
closely correlated to resistance ratings given between 1929 and 1954 and 2) the stability
over time since 1929 of the ratings in the Dutch Descriptive List of Varieties of Field Crops.
The most resistant varieties were Robijn, Populair, Pimpernal, Libertas and Surprise. These
five varieties were among the latest maturing of the 22.

Evidence indicating that resistance may not be stable:

In studies in two consecutive years local populations of P. infestans in France were adapted
for virulence and aggressiveness to host resistance (Montarry et al. 2006).

In an international field trial over 4 years there were four standard varieties, i.e. Sava, Oleva,
Danva and Kuras. The resistance of the first three varieties to foliage blight was stable but
that of Kuras was not. 1 to 9 scores were estimated and these were similar to, or slightly
lower than, those from official variety lists or from the European Cultivated Potato Database
(Hansen et al. 2005)

Flier et al. (2003) identified differential variety by isolate interactions for both foliage and
tuber blight resistance, i.e. changed variety resistance ranking orders for different pathogen
genotypes. In general, the severity of late blight epidemics in field plots was not closely
related to the foliage blight resistance ratings in the National List of Recommended Potato
Varieties. There was no significant correlation between variety resistance to tuber blight
(field protocol) and tuber blight ratings in the National List. There was no relation between
tuber blight resistances assessed in the field and in the laboratory. The presence of
differential interaction, independent of R-gene-based resistance, indicates some adaptation
of P. infestans to race non-specific resistance. This has consequences for the stability and
durability of race non-specific resistance to late blight.

When tuber blight incidence was screened in 2 successive years there was a highly
significant variety x year interaction. Variety ranking orders were not the same for different
aggressive isolates of P. infestans (Flier et al. 2001).

Stewart et al. (1996) reported that when the tuber resistance of 10 varieties was tested twice
in 2 years there was good agreement between the mean of field and glasshouse-grown
tubers. For the field tests, but not for the glasshouse tests, there were variety x harvest date
and variety x year interactions.

There has recently been concern in The Netherlands that official resistance ratings have not
been appropriate for decision support systems. For example, in the research to improve
DSSs it was found that the variety Karnico had a much lower level of foliar resistance than
the official resistance rating of 8 (Wander et al., 2006). Resistance ratings are not set in
tablets of stone; they can change with changes in the pathogen population. For example,
Carlisle et al. (2002) found highly significant variation for disease parameters among a wide
range of isolates of the blight pathogen and the variation was greater on the varieties with
higher levels of resistance. There was a significant interaction between isolate and variety
for all parameters assessed indicating that variety resistance ranking order can depend on the
pathogen population.
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At present, in some years it can be very difficult to keep crops blight-free. This was the case in 2004
because of periods of severe high risk coupled with difficult spraying conditions. There is growing
evidence that the pathogen population in Europe has undergone rapid change, and continues to do
so. This is likely to make blight control more difficult, not easier, in future. It is difficult to envisage
satisfactory control of blight in future without making greater use of variety resistance. This is
especially the case if fungicide inputs are to be optimised/reduced for environmental reasons.

4.3.7. Powdery scab (Spongospora subterranea f.sp. subterranea)

4.3.7.1 Interpreting published disease and pest resistance

The methods of disease resistance testing used in the UK to develop resistance ratings require
maintaining wet conditions suitable for infection over the period of tuber initiation in a uniform and
heavily contaminated field soil or artificially contaminated beds. Test varieties are compared to
standard varieties of known resistance/susceptibility. Currently, the standard varieties and their
resistance ratings are Accent (2), Estima (3), Cara (3), Pentland Crown (4) and Sante (8).

However, because of differences in physiological age and inherent varietal differences in crop
development, different varieties may emerge at different times and/or develop tubers at different
times. It can be difficult to achieve a uniform comparison of susceptibility to powdery scab as
small differences in environmental conditions over the critical period can lead to differences in
disease development or result in increased variability. Artificially contaminated beds often produce
more uniform results than in the field (Wastie et al., 1988).

Measuring root infection for rapid screening of varieties for tuber susceptibility has produced mixed
results. Falloon et al. (2003) using glasshouse and field studies found the method to be effective. In
their screen of varieties, all those tested developed zoosporangia and root galls and root infection
was usually related to tuber infection. On the other hand, Hughes (1980) whilst finding a positive
correlation between root infection and tuber infection suggested a few abnormal results made the
technique less valuable. Falloon et al. (2003) identified one exception (the variety Swift) where
high levels of root infection did not result in high levels of tuber infection. Similar notable
exceptions between root and tuber infection have been found with Russet Burbank (noted in New
Zealand, GB, the USA and elsewhere — for example Eraslam & Turham 1989) and in Pentland Dell
(reported in Harrison, 1997).

A laboratory bioassay (Merz et al., 2004) using tissue cultured plantlets and cystosori as inoculum
was found valuable as an initial screen. Differences in relative trends of susceptibility between root
infection and tuber infection of five selected varieties were found when using naturally infested soil
instead of prepared inoculum in the bioassays. This method is not suggested as an alternative to
conventional screening, rather it makes the process more efficient.

Screening for resistance under field and glasshouse conditions has given broadly similar results (De
Boer, 1991) although the level of disease developing was higher in the glasshouse.

In GB, resistance ratings to powdery scab are given on the standard 1- 9 scale with 1 as highly
susceptible. Whilst there is variability in the tests as suggested above, the ratings do provide a
valuable guide to risk of powdery scab developing. However, because little is known about
variability in populations of S. subterranea or whether races or strains exist, as with all disease
resistance testing, some caution is required.
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4.3.7.2 Use of resistance as a sole method of pest and disease control

Whilst most references to control of powdery scab refer to the need for integrated control (e.g.
Burgess & Wale, 1994; Zambolim et al., 1995; Wale et al., 2004; Genet et al., 2005), there is
acceptance that host resistance is by far the most important single control measure (Wale et al.,
2004; Merz et al., 2004). This is because other individual control measures only contribute in a
minor way to overall control.

However, in GB the spectrum of varietal resistance is poor, with 75% of varieties susceptible or
moderately susceptible to powdery scab (Wale, 2002). In addition, the choice of variety grown,
particularly in the pre-pack sector, may be dictated by the market.

Extensive evaluations of powdery scab resistance have taken place in countries across the world and
in most countries the proportion of susceptible varieties is often high. Thus in New Zealand
Falloon et al. (2003) when testing 99 varieties and 13 breeding lines found 52% to be moderately or
very susceptible. In Peru, Torres et al. (1995) when testing 467 varieties and advanced clones
found around two thirds were susceptible. In India, Bhattacharya et al. (1985) found the majority of
513 varieties or lines were susceptible or moderately susceptible. The predominance of susceptible
varieties confirms that historically there has been no specific breeding for resistance.

4.3.7.3 Assessing risks when utilising host plant resistance

The most effective use of host resistance is to target varieties according to risk. The risk of disease
developing will depend on the level of inoculum but particularly the occurrence of environmental
conditions favourable for infection. Soil-borne inoculum is the most important source of the
pathogen and, currently, judging the level of inoculum and interpreting the result is difficult. Some
use of previous field history has proved useful but a survey in Northern Scotland suggested that
where potatoes had been grown previously the risk was high (Burgess & Wale, 1996).
Quantification techniques for soil-borne inoculum are being developed, including PCR assays (van
der Graaf et al., 2003), although none are yet commercially available. Once field soil can be tested
for contamination by S. subterranea, more objectivity in field selection and selection of varieties to
grow in them can be made. However, environmental conditions are considered the major driver in
disease development rather than level of inoculum (Wale et al., 2005) and knowledge of soil-borne
inoculum alone is not sufficient to minimise risk.

4.3.7.4 Relationship of inoculum level and environment to effectiveness of host
plant resistance

Studies on the relationship between inoculum level and disease development are difficult where
inoculum cannot be quantified. Thus there are few unequivocal studies suggesting a clear
relationship. Wale and Clayton (2002) showed there was no clear relationship between seed-borne
inoculum and disease developing on a progeny crop. The same is believed to be true for soil-borne
inoculum as environmental conditions are a major driver in disease development rather than level of
inoculum (Wale et al., 2005). Where environmental conditions are less ideal (e.g. where
temperatures are sub-optimal or free water in the soil matrix is limited) inoculum level is likely to
take on greater importance.

4.3.7.5 Integration of plant resistance with other control measures

Although variety resistance is the most effective single control measure, integration of control
measures is considered essential to optimise control. However, there are few studies that
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demonstrate how such integration improves control more than the additive effect of the individual
control measures. One study that does demonstrate this was reported by Burgess and Wale (1994)
In a series of field experiments, the use of zinc seed and soil treatments were more effective when
used in conjunction with moderately resistant varieties than susceptible varieties.

4.3.7.6 Avoidance of resistance breaking races developing in populations of potato
pests and diseases

Little is known about the structure of populations of powdery scab. No races have been identified,
or demonstrated although their existence is suspected. In a recent research project (Wale et al.,
2004) genetic variation within S. subterranea from different sources in Scotland was investigated
using the AFLP technique. The results were difficult to interpret since no methods were found to
obtain enough clean DNA of the pathogen. In consequence, the mutability of S. subterranea and
potential to overcome resistance is unknown. However, whilst in general resistance ratings appear
to change little over years, on occasions the resistance rating has changed substantially. For
example the variety Nadine was initially rated as resistant (8 — Anon. 1992) but was subsequently
rated susceptible (3 — Anon. 1997). This fall in rating may have been a consequence of the method
of disease resistance testing. Merz et al. (2004) when evaluating a bioassay to screen varietal
resistance tested inoculum from different countries and noted a genotype x pathogen interaction.
That such an interaction occurs is exemplified by the results of screening under Andean conditions
(Torres et al., 1995) where Pentland Crown was considered resistant. In the UK this is a highly
susceptible variety.

Breeding for resistance to powdery scab has now been incorporated into breeding programmes
where the disease has proved to be a major importance (e.g. New Zealand - Genet et al., 2005). It
has been shown that resistance is heritable but because it appears to be under polygenic control
(Wastie, 1991), breeding for resistance is not straightforward. However, Falloon (1997) in a
summary of control measures for powdery scab concluded that it may be possible to breed resistant
varieties when one parent is resistant. When testing individual seedlings of 19 progenies involving
11 parental varieties, Wastie (1991) found a significant correlation between the mean resistance of a
progeny and the phenotypic resistance of its parents.

Mechanisms of resistance are not known but there is some evidence that the mechanism of
resistance can be expressed in both roots and tubers. Jellis et al. (1987) and Thomson et al. (1987)
believed there were differences in resistance of root hairs to primary infection and the development
of zoosporangia in root hairs. Mechanisms for resistance in tubers have been suggested as related
to skin thickness (Wild, 1929) and ability to form a cork layer beneath lesions (Bonde, 1955) but
the evidence to support these contentions is limited.

4.3.8. Silver Scurf (Helminthosporium solani)

Silver scurf, caused by the fungus Helminthosporium solani, is a common disease of potatoes (Read
et al., 1995) which causes metallic silvery lesions on the surface of tubers (Errampalli et al., 2001).
These symptoms are mainly cosmetic and they reduce the quality for the fresh-packed market where
good appearance is vital. In the processing sector silver scurf can cause excessive water loss leading
to shrivelling and shrinkage of tubers (Errampalli et al., 2001). In the past, little effort has been
made in improving resistance to this disease. The work that has been performed has focussed on
developing methods for screening commercial varieties (Mérida et al., 1994; Hilton et al., 2000;
Thomas et al., 2005) and among wild species (Rodriguez et al., 1995).
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The disease epidemiology of silver scurf falls into two distinct phases, field (growing crop) and
storage. Infection by H. solani initially occurs through infected seed, with conidia infecting newly
formed daughter tubers (Jellis & Taylor 1977). This phase provides the initial inoculum. Once in-
store, secondary infection takes place (Rodriguez et al. 1996) and if condensation events occur then
the fungus can sporulate encouraging further infection (Hardy et al. 1997). As the conidia are air-
borne then infection can spread through out the store.

4.3.8.1. Interpreting published disease and pest resistance

When screening varieties for resistance, testing falls into two categories representing the two phases
of the disease cycle. They include tests that occur on the growing crop and assays performed under
storage conditions.

Testing under field conditions involves planting seed naturally (Mérida et al. 1994) or artificially
(Gans et al., 2002) infected with H. solani into soil. Other tests have used seed tubers planted into
soil amended with inoculum of H. solani (Mérida et al., 1994; Thomas et al., 2005). In tests of
varieties for GB independent variety trials, healthy seed tubers are dipped in spore suspensions
which are then planted into compost and grown in pots in a glasshouse. Symptoms of silver scurf
are then assessed on daughter tubers after harvest (Gans et al., 2002). Similar methodology is being
used in the present independent variety testing, except that after harvest daughter tubers are stored
at 12-15°C and high humidity until symptoms develop (Carnegie et al., 2006). These methods have
been used effectively to detect differences in susceptibility. However, ranking of varieties in order
of susceptibility has not always proved repeatable between tests (Gans et al., 2002). One problem
associated with this sort of testing is that many of the differences in susceptibility can be related to
physiological maturity of the variety, with earlier maturing varieties being more susceptible than
main crop varieties. When daughter tubers of different varieties are harvested at the same time,
because tubers develop quicker in earlier varieties, they have a longer period of time for infection to
occur. Despite this, Mérida et al. (1994) showed differences in scores between varieties in
individual maturity categories suggesting that genetic resistance, independent of physiological
maturity does exist.

In storage, testing involves placing tubers in a store and relying on natural infection to occur (Peters
& Saunders, 2005) or dipping daughter tubers in a spore suspension of H. solani and incubating in
humid conditions (Mérida et al., 1994; Hilton et al., 2000). These tests have also detected
differences in susceptibility between varieties. Ranking variety order between tests has also proved
possible (Hilton et al., 2000) suggesting results from such tests are reliable. When results from such
a test on 6 varieties in the USA were compared to maturity of the variety no relationship was found
(Mérida et al., 1994). These workers speculated that storage assays could be a more reliable way of
screening for resistance as factors like physiological maturity can be eliminated.

4.3.8.2 Use of resistance as a sole method of pest and disease control

When using resistance as the sole method of control, high levels of resistance are needed for silver
scurf as the tubers are susceptible to infection from tuber initiation through to the end of storage.
Among published data there is little evidence that high levels of resistance exist and no reports of
complete immunity have been made. In GB, there are no varieties described in the recommended
list which have a high resistance rating (Anon. 2005). Ratings vary from 2 for Lady Christl to 7 for
Cara (where 1 = very susceptible and 9 = highly resistant). Most varieties including Maris Piper (4)
and King Edward (3) are considered susceptible to the disease. Not all GB varieties have resistance
ratings for silver scurf. Other work in the UK (Hilton et al., 2000) and the USA (Mérida et al.,
1994) have confirmed a lack of useful resistance among commercially grown varieties.
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To be able to use resistance to silver scurf, varieties must be improved through breeding. Good
potential sources of resistance to silver scurf do exist among tuber-bearing Solanum species
(Rodriguez et al. 1995). When 212 accessions were screened, a number from species including
Solanum chacoense, S. acaule, S. stoloniferum, S. oxycarpum and S. hondelmanni consistently
exhibited low sporulation of the pathogen in laboratory tests.

4.3.8.3 Assessing risks when utilising host plant resistance and relationship of
inoculum level and environment to effectiveness of host plant resistance

Factors affecting the development of silver scurf include inoculum level and environmental
conditions. In the field, the seed tuber is the main source of inoculum (Jellis & Taylor, 1977) and
even a low percentage of silver scurf (<5%) can result in severe infection (Firman & Allen, 1995).
More silver scurf developed on daughter tubers grown from seed with newly formed lesions than
from tubers where the whole of the periderm was colonised with H. solani (Jellis & Taylor, 1977).
It is believed that as lesions age sporulation is reduced. How variety resistance and inoculum level
on seed interact is not known, but it is possible that where highly susceptible varieties are grown
and the majority of tubers are covered in lesions then less symptoms of silver scurf may develop on
daughter tubers at harvest.

In storage, high relative humidities and temperatures provide an ideal climate for silver scurf to
infect and develop. In order for resistance to be effective in storage, conditions must be regulated.
When developing a test for assessing silver scurf under storage conditions, the effect of inoculum
and environmental conditions were examined to optimise differences between varieties (Hilton et
al., 2000). Where tubers were inoculated with a high concentration of spores (10° spores per ml™?)
no differences in disease score was observed between the more resistant variety Shelagh and the
susceptible variety Shula. When the inoculum concentration was lowered (10* spores per ml?)
differences between the two varieties were found. It was speculated that resistance could be
overridden under high inoculum pressure. Similarly, favourable environmental conditions may also
override resistance. Following inoculation a high relative humidity (RH 95%) is needed for
infection to occur, but if humidity was maintained at this level for over a month then no differences
between varieties were observed (Hilton et al., 2000). It was concluded that resistance testing
should be conducted by inoculating tubers with a conidial suspension of 10* spores per ml* and
then incubated at a temperature of 15C and 95%RH for 1 month followed by 2 months at 85%. In a
practical situation this means that resistant varieties will only be effective in storage where
inoculum levels are low and environmental conditions do not favour fungal development

4.3.8.2.4 Integration of plant resistance with other control measures

As levels of resistance among commercial varieties are generally low it is vital that available host
resistance is used only as part of an integrated approach to controlling silver scurf. Use of host
resistance must involve reducing inoculum and maintaining environmental conditions which are not
conducive to disease development.

As the main source of initial inoculum is the seed tuber (Jellis & Taylor, 1977) chemical treatment
of seed is advisable where silver scurf is found. Fungicide treatments are widely discussed by
Errampalli et al. (2001). Much of the seed in conventional crops in the UK is treated with imazalil
or thiabendazole, which have proved effective in controlling silver scurf on daughter tubers (Tsror
& Perelz-Alon, 2002; Carnegie et al., 1998). In ware production, into-store treatments also provide
good control. To advise UK growers on whether to use a seed or in-store fungicide treatment to
control various storage diseases, including silver scurf, a decision tree has been developed (Wale,
2005). It suggests that where variety resistance is good (7-9) then no fungicide need be applied.

69 © British Potato Council 2007



Research Review: The use of plant resistance to manage potato pests and diseases

However, as only one GB variety meets this criterion this option is limited. It recommends that
varieties with a resistance rating of less than 7 should be treated with fungicide.

In storage, to prevent resistant varieties developing silver scurf, residual inoculum must be
minimised. As spores of H. solani can survive on dust particles, good store hygiene must be
maintained through regular cleaning (Clayton et al., 2001). If store conditions favour silver scurf
development then resistance will again prove ineffective. Holding tubers in cool conditions to
prevent condensation events (Hardy et al., 1997) will ensure better control.

4.3.8.2.5 Avoidance of resistance breaking races developing in populations of
potato pests and diseases

No reports of host resistance being overcome by specific isolates H. solani have been reported. As
there is only partial resistance to silver scurf it is unlikely that resistance would be overcome.
Resistant isolates to thiabendazole have been reported (Hide et al., 1988).

4.3.9. Skin spot (Polyscytalum pustulans)
4.3.9.1. Interpreting published disease and pest resistance

Potato varieties differ appreciably in their susceptibility to skin spot (Anon., 2005). Historically,
the assessment of varietal susceptibility by research workers has sometimes produced inconsistent
results depending on the method used (e.g. Nagdy & Boyd, 1965; Bannon, 1975). A relationship
was identified between the level of stem base infection and tuber eye infection (Bannon, 1975).
Carnegie & Cameron (1983) found that in the field susceptibility to stem base infection was related
to the percentage of eyes infected in progeny tubers. Hide and Adams (1980), found that stem
lesions and tuber eye infection was related to the level of infection on seed tubers for a susceptible
variety. There are complicating physiological factors that may influence the extent of disease
development such as stolon length. However, the standardised methodology now used to compare
the resistance of varieties in the UK uses pots to grow potatoes in thereby restricting stolon
development and incorporates inoculum uniformly into the growing medium. With at least five
control varieties and three years of testing, the methodology is believed to be robust enough to
produce reliable results.

Unfortunately, of the 97 varieties listed in the NIAB pocket guide 2005 (Anon. 2005), only 33 have
ratings determined for them. Several older varieties which are known to be susceptible do not have
ratings (e.g. Cultra, Desiree, Record, Kerrs Pink). Of the 33 varieties tested, 7 are rated susceptible
(score of 1, 2 or 3) and 9 are resistant (rated 7, 8 or 9). In practice, only those varieties rated 1, 2 or
3 are likely to warrant concern in most growing conditions, although those rated 4 may require
some careful attention.

4.3.9.2. Use of resistance as a sole method of pest and disease control

There is scant information in the literature indicating whether resistance to skin spot alone is
sufficient to reduce risk in production. However, commercially only a few susceptible varieties,
particularly King Edward, Pentland Squire and Sante (and more recently Lady Christl and Lady
Balfour) have caused concern in relation to this disease. Whereas, skin spot is detected on some
mainstream varieties during seed surveys (SAC commercial results) such as Maris Peer and Maris
Piper, the disease is seldom of any significance in the ware crop.
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4.3.9.3 Assessing risks when utilising host plant resistance and relationship of
inoculum level and environment to effectiveness of host plant resistance

It has been established that soil type affects the impact of P. pustulans on emergence and blanking;
the effect being worse in heavier soils (McGee et al., 1972). In a susceptible variety, King Edward,
transmission to the stem base, stolon and progeny tubers depended on the level of seed infection.
Dashwood et al. (1992) also found a relation between incidence of skin spot on tubers and seed
tuber-borne inoculum. However, in heavier soils even a minimum of inoculum caused stolon and
tuber infection, whereas transmission by severely infected seed was greatly reduced in light soils
(McGee et al., 1972).

Many stocks of seed sold for ware production are washed and inspected prior to sale. This is
carried out routinely by the larger vertically integrated potato companies. Experienced staff
carrying out this operation will usually identify skin spot even at low levels. However, individual
seed growers during multiplication may not have the experience to identify skin spot and, at low
levels, infection may be missed. For seed production of early or second early varieties, and even
many maincrop varieties, where stocks are lifted early, the risk of transmission from year to year
may be limited. But with susceptible late bulking maincrop varieties (such as King Edward, Cara,
Kerrs Pink, Cultra) which are lifted later, a build up of infection on seed is important to detect.

4.3.9.4 Integration of plant resistance with other control measures

In series of experiments Hide (1991) found that seed tuber treatments reduced stem base infection
by skin spot. Similarly, Carnegie & Cameron (1991) found that fungicide treatment of seed tubers
soon after harvest reduced the incidence of skin spot.

Because post-harvest treatment of ware with fungicide is restricted by protocols, because skin spot
may be exacerbated by CIPC treatment and because irrigation can increase the level of skin spot
(Hide, 1987), ware growers are increasingly demanding relative freedom from skin spot (well
below the thresholds for certification) on seed. Thus to remove risk, seed growers require to take
more care during seed multiplication to ensure the seed stocks to be sold for ware production are
free from disease. To achieve this, inspection of seed samples from stocks, particularly of
susceptible varieties, should be made and tuber treatments applied where required. In practice,
these tuber treatments will either be prophylactic (applied into store or 2-aminobutane treatment
early in storage — well before symptom expression) or at grading to reduce the risk of spread from
mother to daughter tubers.

Practicing wide rotations to allow inoculum of P. pustulans to decline in soil after a potato crop will
reduce infection (Carnegie & Cameron, 1990).

Seed growers should practice good hygiene by avoiding build up and spread of dust in store to
reduce contamination of seed stocks (Carnegie & Cameron, 1987).

4.3.9.5 Avoidance of resistance breaking races developing in populations of potato
pests and diseases

Although there is no published literature on races of P. pustulans, to date there has been little
indication from experience that strains have developed which can overcome host resistance.
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4.3.10. Wart disease (Synchytrium endobioticum)

Wart has been reported in most potato growing regions of the world. The disease, is caused by the
soil-borne fungus Synchytrium endobioticum, and is characterised by wart-like galls produced on
several plant parts, including stem bases, stolon buds and tuber eyes. Once contaminated, inoculum
in the soil can remain viable for more than 30 years. It is controlled by statutory measures and use
of immune varieties. The statutory measures include scheduling contaminated fields. In the early
part of last century wart disease was very important and damaging disease in northern Britain. It has
now declined in importance and outbreaks are now extremely rare.

4.3.10.1 Interpreting published disease and pest resistance

Field testing of varieties can only distinguish between susceptible and resistant varieties. Laboratory
testing can further distinguish between resistance responses. The main method for testing in the
laboratory is the Glynne-Lemmerzahl method (Glynne, 1925; Lemmerzahl, 1930) where a ring of
warm petroleum is applied to the germinating eyes of a seed tuber. Pieces of wart tissue with
abundant sporangia are then added inside the ring. After 2 days incubation the wart tissue is
removed and the seed tubers is planted in a pot containing compost. Symptoms are recorded after
18 days. Modifications of this method have also been used for testing resistance (Sharma &
Cammack, 1976). Varieties can be grouped into resistant (RG1) and less resistant (RG2) (Noble &
Glynne, 1970). Among less resistant varieties development of summer and winter sporangia, the
means by which the disease can spread, can develop even though wart symptoms do no develop
(Pratt, 1974).

4.3.10.2 Assessing risks when utilising host plant resistance

Most varieties grown in the UK and Europe are immune to this disease, although some of the older
varieties such as King Edward are susceptible. Simple testing using the Glynne-Lemmerzahl
method mean that susceptible genotypes can be removed from breeding programmes ensuring all
new varieties are resistant.

4.3.10.3 Assessing risks when utilising host plant resistance

A number of strains of S. endobioticum exist. In the UK, only one strain has been found. However,
new strains of the fungus capable of attacking potato varieties now exist in Europe (Anon, 1998)

4.3.10.4 Relationship of inoculum level and environment to effectiveness of host
plant resistance

The disease is spread on infected seed tubers or contaminated soil on machinery. It is a disease
favoured by cool, wet soil conditions. Most of the outbreaks have occurred in the Midlands or North
West England (Anon. 1998).

4.3.10.5 Integration of plant resistance with other control measures

Where outbreaks of wart disease control is managed through official measures. In infected areas no
potatoes may be grown and in the surrounding buffer zone only immune varieties can be grown. On
prohibited ground potato production can only resume after the pathogen is no longer found to be
present. Two fields were recently passed for potato production having been de-scheduled since
1927 and 1966 (Reed, 2004)
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4.3.11. Watery Wound Rot (Pythium ultimum, P. debaryanum and P. splenens)

4.3.11.1. Interpreting published disease and pest resistance

Watery wound rot is an overlooked disease. In the literature it is also referred to as Leak (Priou et
al., 1997) or shell rot (Blodgett & Ray, 1945). Watery wound rot is a disease of the tubers which
causes the flesh to become brown to black with a wet, pulpy texture. Cavities often develop on the
inside of the tuber, with the outer flesh remaining firm. This disease is often incorrectly identified as
bacterial soft rot and as a consequence its incidence may have been under-estimated. The fungi that
cause this disease are common in soil but can only infect through damaged tissue. Infection is most
common after harvest particularly when warm and wet (Turkensteen, 2005).

In terms of assessing resistance to watery wound rot only two papers have been published; one from
Tunisia, which looks at resistance to P. aphanidermatum the pathogen in tropical areas (Priou et al.,
1997) and one from USA (Salas et al., 2003). In both studies tubers were given a standard wound
and then inoculated with either oospores (Priou et al. 1997) or mycelial plugs (Salas et al., 2003).
After a period of incubation the depth and width of necrosis was measured. Significant differences
between varieties were observed with correlations between different tests (Priou et al., 1997).
Differences in susceptibility to P. ultimum were also observed (Salas et al., 2003).

There are no resistance ratings to this disease known for varieties grown in GB.
4.3.11.2 Use of resistance as a sole method of pest and disease control

All varieties tested with P. aphanidermatum were susceptible to different degrees (Priou et al.,
1997). These authors put the varieties into groupings of moderately susceptible, susceptible and
highly susceptible. Among the varieties grown in the UK, Desiree and Spunta were susceptible
whilst Nicola was highly susceptible.

Similarly, all varieties tested for resistance to P. ultimum were susceptible and differences between
varieties were limited. Among russett and white varieties significant differences in disease severity
were observed but no differences between red varieties were observed. Among the varieties grown
in the UK, Kennebec and Atlantic were more susceptible than Shepody and Yukon Gold.

No study, on resistance to P. ultimum on varieties grown in the UK has been performed. The value
of resistant varieties as a control measure is therefore not known.

4.3.11.3 Assessing risks when utilising host plant resistance, relationship of
inoculum level and environment to effectiveness of host plant resistance and
integration of plant resistance with other control measures

Control options for this soil-borne pathogen include, crop rotation, planting in a well drained field
and avoiding excess irrigation particularly late in the season. Avoiding damage to tubers at harvest
will prevent entry points for infection.

4.3.11.4 Avoidance of resistance breaking races developing in populations of potato
pests and diseases

No data available
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4.4 Pests

Ratings for the resistance of potato varieties to common pests on the European Cultivated Potato
Database (www.europotato.org/menu.php) were reviewed. Ratings for a number of potato cultivar
characteristics, including pest resistance, are collated from many European sources and presented
on a searchable database. There were no ratings available for slugs or wireworm and only one for
aphids (the variety Chernigovskii). Ratings are available for five pathotypes of Globodera
rostochiensis and three pathotypes of Globodera pallida. A summary of the ratings for the three
pathotypes of G. pallida and race 1 of Globodera rostochiensis derived from this database in
October 2006 is presented in Table 4.13. Races 2 to 5 of Globodera rostochiensis are unimportant
in the UK and have many fewer records than race 1 (up to 548 for race 5) so have not been
included.

TABLE 4.13 RESISTANCE RATINGS TO GLOBODERA SPP ON THE EUROPEAN CULTIVATED POTATO

DATABASE.
G. pallida | G. pallida | G. pallida | G. rostochiensis
race 1 race 2 race 3 race 1

Number of records 270 343 78 2353
1. % Very low 0.4 0.6 0 0.2
2. % Very low to low 8.9 14.9 16.7 5.2
3. % Low 77.8 53.3 23.1 56.5
4. % Low to medium 4.1 2.0 3.8 0.1
5. % Medium 1.1 2.3 6.4 0.5

6. % Medium to high 6.3 5.2 7.7 0.4
7. % High 0.4 7.3 26.9 25.2
8. % High to very high 1.1 13.1 154 5.4
9. % Very high 0 1.2 0 6.5

Mean Score 3.23 4,08 5.08 4,63
Median score 3 3 5 3

There appears to be a lack of host resistance to G. pallida race 1 with only 1.5% of records
indicating high or better resistance. For all the other pathotypes at least 20% of records indicate
high or better resistance. However, for all pathotypes except G. pallida race 3 the majority of
records indicate low resistance.

4.4.1 Potato cyst nematodes (Globodera rostochiensis and Globodera pallida)

Often there is confusion between the use of ‘resistance’ and ‘tolerance’ of potato varieties to PCN.
‘Resistant’ varieties of potato are those that limit or prevent PCN from completing its life cycle,
whist ‘tolerant’ varieties are those that can grow and withstand the damage inflicted by PCN (Dale
& de Scurrah, 1998).

PCN resistance is now an everyday component of integrated management of PCN, through the use

of varieties that are fully resistant to G. rostochiensis, and with some varieties that are partially
resistant to G. pallida, mainly through reducing multiplication rates.
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Resistance genes have been identified from a variety of Solanaceous species, and potato breeding
specifically for PCN resistance has been underway since the 1940’s (Ellenby, 1948). Matters are
complicated by each PCN species having several pathotypes (Fleming & Powers, 1998), and some
pathotypes within a species being able to ‘break’ resistance in varieties that were thought to be
resistant to a particular species of PCN. There are at least 5 pathotypes of G. rostochiensis, and at
least 7 pathotypes of G. pallida (Canto Saenz & de Scurrah, 1977; Franco & Gonzalez, 1990).
Because of this genetic diversity within the two PCN species, finding genes that confer resistance
against every pathotype has proved difficult, and pathotyping of PCN populations needs to go hand
in hand with potato breeding programmes so that resistance to as many PCN pathotypes as possible
is achieved for commercially grown potatoes (Fleming & Powers, 1998).

One of the major sources of PCN resistance was derived from Solanum tuberosum ssp. andigena
(Toxopeus & Huijsman 1953), and is referred to as the Hi resistance gene (Kort el 1977; Mulder &
Van der Wal 1997). Subsequently the potato varieties Maris Piper and Saturna were produced by
plant breeders and were the first commercially available varieties with PCN resistance. Since the
mid 1960’s over 50 potato varieties have been bred for commercial sale which contain the Hi gene.
Further sources of G. rostochiensis resistance have been identified in S. kurtzianum, S. spegazzini
and S. vernei (Momeni et al., 1969; Rouselle-Bourgeois & Mugniery, 1995; Jacobs et al., 1996).

The widespread planting of H; resistant varieties led to selection for G. pallida populations ahead of
G. rostochiensis in land routinely used for potato production (Dale & de Scurrah, 1998). Polygenic
resistance to G. pallida and G. rostochiensis had been discovered in S. vernei in the 1950’s (Mai &
Petersen, 1952). Commercial varieties incorporating S. vernei derived resistance to both PCN
species were available from the mid-1970s, but only a handful of other varieties such as Valor and
Sante have been made commercially available since then (Dale & de Scurrah, 1998). Other sources
of resistance have been identified, such as the Hs gene in S. tuberosum ssp. andigena (Dale &
Phillips, 1982), and a range of other Solanum species (Hawkes, 1994). There is some hope that
varieties containing the Hs resistance gene will become acceptable in the near future, with Vales
Everest showing some promise in the processing potato sector.

The natural decline of PCN through spontaneous cyst hatch in the absence of potatoes has been
used as a means of managing PCN populations. However, the rates of decline vary between the two
species of PCN, and soil type and other environmental variables can influence the amount of
spontaneous hatch that occurs. The development of the BPC “Integrated control of potato cyst
nematode (PCN) Globodera pallida, the white potato cyst nematode” CD-ROM in 2005, brings
together the interactions between resistance, rotations and nematicide so that growers can evaluate
for themselves the best management for minimising yield loss and reducing the build up of G.
pallida populations in individual fields.

4.4.1.1 Interpreting published PCN resistance ratings

There is often some confusion regarding PCN resistance ratings within the UK. In the ratings
published by the BPC the ratings are only given for resistance to G. rostochiensis (Rol), and are
given as ‘r’ for resistant or ‘s’ for susceptible. Consequently it can be unclear whether there any
varieties that may also have resistance to G. pallida. For example, the varieties Nadine, Sante and
Valor have resistance to G. pallida, but this is not explicitly stated in the ratings.

4.4.1.2 Practical use of PCN resistance

Use of PCN resistant varieties is now a standard course of management for most potato growers in
the UK and Europe. However, there is still some misunderstanding regarding the often grey area
between ‘resistance’ and ‘tolerance’. If there is a high enough PCN population in the soil, damage
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will be caused to the crop as the resistance mechanism in most varieties is in preventing
multiplication through the production of cysts. Nematode feeding will still happen so there can be
significant yield loss (Whitehead, 1998). There is also the problem of low rates of G. pallida
multiplication in ‘resistant’ varieties, which can lead to more G. pallida cysts after cropping than
there was beforehand. Yield of the current crop may well be protected but problems for future
cropping can be caused through this multiplication of PCN. Consequently it is recommended that
where G. pallida is present, and a resistant variety is to be grown, a nematicide treatment should
also be used so that the combination of potato resistance and nematicide will lead to a significant
reduction in G. pallida population in that field, safeguarding future cropping.

Ideally varieties with resistance to both G. pallida and G. rostochiensis should be favoured,
however, there needs to be a significant shift in the demand for these varieties from the consumer
and processors for this approach to be embraced by potato growers in the UK. The problem
(particularly in England) of prime potato land being primarily infested with G. pallida means that
nematicides and soil fumigation are being over utilised to manage this problem. Better choice of
cultivars with G. pallida resistance coupled with targeted nematicide use and longer rotations can
provide a long term solution to this problem.

Some potato varieties show different levels of tolerance to PCN (primarily G. pallida), and trials
(Keer, 2006) have demonstrated differences between cultivars in terms of their tolerance to PCN
damage. Tolerance refers to the ability of the crop to yield well despite the feeding activity of the G.
pallida nematodes, and is often seen in varieties which produce extensive and vigorous roots.
However growing tolerant cultivars such as Cara and Maris Piper whilst not suffering yield loss at
low G. pallida populations, does lead to a significant increase in the PCN population post-harvest
and could make that field unsuitable for potatoes for many years afterwards. Growing tolerant
varieties which also have some degree of resistance to G. pallida through reducing multiplication
(e.g. Vales Everest) could allow field management of PCN without the need for nematicide use
(Keer, 2006).

It is essential that the species of PCN present in a field is determined, as this information is
needed to allow the correct choice of variety to be undertaken. If G. rostochiensis is the only
species of PCN present, then there is a wide choice of varieties that can be chosen from that will
allow a crop to be grown without the need for a nematicide (unless PCN populations are high)
without any threat from PCN multiplication. If G. pallida is present, then a smaller pool of resistant
cultivars is available, and nematicide use may also be desirable to prevent any significant
multiplication during the growing of the crop. There is a possibility that both species of PCN may
be present in the same field: for example, 1 in 4 fields positive for PCN in Scotland had both
species present (Evans, 1999), and in this case choice of a variety with dual resistance is preferable
coupled with nematicide use.

4.4.2 Wireworm (Larvae of Click Beetles including Agriotes spp., Athous spp.,
Conoderus spp., Ctenicera spp., Limonius spp., Melanotus spp.)

There are several species of wireworm in the UK, but they all cause the same damage to potato
tubers. Parker (2002) and Parker and Howard (1999, 2001) reviewed the current status of wireworm
in the UK and noted the change in the traditional perception of wireworm as being a problem after
grass to the so called ‘arable’ wireworm problem, where wireworms are being seen in fields that
have not been in grass for many years, but may have been in set-aside (Hancock et al., 1992; Parker
& Howard, 1999). Several approaches to assessing the risk of wireworm have been developed in
recent years, through the use of baiting traps (Parker 1994, 1996) and pheromone traps (Parker,
2004) and these have been utilised by potato growers in the UK.
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There has been some research into resistance of potatoes to wireworm damage (Jonasson & Olsson,
1994; Olsson & Jonasson, 1995; Kwon et al., 1999; Parker & Howard, 2000), and there is evidence
that some potato varieties are more resistant to wireworm damage than others. Resistance is linked
to glycoalkaloid and sugar levels in the tuber (Jonasson & Olsson, 1994; Olsson & Jonasson, 1995),
however high glycoalkaloid levels are undesirable in tubers because of their potential human
toxicity.

Recent trials in the UK with commercially available potato varieties have confirmed that some
varieties are more resistant to wireworm damage than others (Bayer Crop Science, 2006; Parker &
Howard, 2000), but the most resistant variety (Pentland Dell) still had 27% of tubers damaged with
a mean of 1.8 holes per tuber, which is commercially unacceptable (Parker & Howard, 2000). The
differences between varieties is in the relative amount of damage, as all varieties will be damaged if
wireworm is present, it is the magnitude of damage that varies. In all cases, the earlier the potatoes
can be harvested, the less time there is for wireworms to cause damage.

4.4.2.1 Interpreting published wireworm resistance ratings

There are no published potato variety resistance ratings to wireworm, only trials and laboratory data
that indicate which varieties are more susceptible than others. For example, Parker and Howard
(2000) found that Pentland Dell and Maris Piper were less susceptible to wireworm damage than
Marfona, King Edward, Estima, Charlotte and Cara. Trials carried out for Bayer CropScience in
2005 indicated that Pentland Dell, Maris Piper and King Edward were some of the least damaged
cultivars, whilst Maris Peer and Marfona were the most susceptible to wireworm damage (Bayer
CropScience, 2006).

4.4.2.2 Practical use of wireworm resistance

As the commercial tolerance for wireworm damage to tubers is virtually zero, it is not possible to
rely on wireworm resistance alone, especially as resistance is linked to glycoalkaloid content in the
tubers which itself is variable and dependent on season and soil nitrogen (Love et al., 1994). The
use of wireworm resistance/susceptibility needs to be linked with insecticide use, the risk of
wireworm damage (assessed via pheromone traps, bait traps, previous cropping) and early lifting, as
the longer the tubers are in the ground, the greater the damage.

4.4.3 Aphids

Whilst many aphid species may be found on potatoes, a few of these may not be breeding on the
crop, simply landing on the foliage, feeding briefly, then flying off to a suitable host-plant for
breeding. However, this may be a source of infection by non-persistent viruses such as PVY. Most
aphid species will fly into the crop from May onwards, and then begin to deposit live young,
forming groups of aphid colonies usually on the undersides of leaves.

The peach-potato aphid (Myzus persicae) is the most important aphid species affecting potatoes, as
it is an effective vector of viruses and can also cause direct feeding damage if numbers are allowed
to build up. The potato aphid (Macrosiphon euphorbiae) is usually the first species to appear on
potato crops, overwintering on weeds and roses. Whilst it is not as effective a virus vector as the
peach-potato aphid, its numbers can build up rapidly on the upper leaves of plants and cause ‘false
top roll' of the leaves. The glasshouse and potato aphid (Aulacorthum solani) may also be found on
potato crops. Numbers rarely rise to damaging levels, but it can be a vector of PLRV and PVY
viruses.
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Whilst these are the most common aphids found on potato crops, other species may occasionally be
seen, and the probing of winged aphids that do not breed on potato can transmit non-persistent
viruses.

Heavy infestations of aphids can significantly damage the haulm and reduce yield of potatoes. Most
damage occurs from July onwards when the tubers are bulking.

4.4.3.1 Interpreting published aphid resistance ratings

There are no resistance ratings published for aphid resistance in potatoes despite their being
research into identifying resistance genes and aphid-resistant breeding lines (e.g. Le Roux et al.,
2004; Pelletier & Clark, 2004; Flanders et al., 1997).

Genes and breeding lines have been identified that confer resistance to M. persicae and/or M.
euphorbiae in other solanaceous plants such as aubergines and tomato (L.i et al., 2006; Kohler & St
Clair, 2005; Cooper et al., 2004). Aphid resistance has been found in lines of the non-tuber bearing
species Solanum etuberosum (Novy et al., 2002) and use of this germplasm is being looked at to
introduce aphid resistance into potato breeding lines.

The resistance mechanisms that have been identified include the salicylic acid signalling pathway in
Mi-1 mediated aphid resistance in tomato (Li et al., 2006, Cooper et al., 2004), feeding deterrency
(Cooper et al., 2004; Kaloshian et al., 2000), presence of glandular leaf trichomes or dense hairs on
the leaf (Ashouri et al., 2001; Musetti & Neal, 1997; Flanders et al., 1992; Tingey, 1991)

Much of the research into aphid resistance in potatoes has centred on transgenic potatoes expressing
plant protease inhibitors such as oryzacystatin | (Azzouz et al., 2005; Rahbe et al., 2003), chitinase
(Saquez et al., 2005), snowdrop lectin (Birch et al. ,1999) and jackbean lectin (Gatehouse et al.,
1999). Transgenic potatoes expressing these traits have reduced fecundity and feeding in several
aphid pests of potato.

4.4.3.2 Practical use of aphid resistance

As the most consistent results of aphid resistance have been obtained from transgenic potato plants,
their adoption on a practical scale is dependent on the relaxing of government regulations and
public opinion on the planting of transgenic crops in the UK. The mechanisms of aphid resistance
do not prevent aphids feeding on the leaves; they affect fecundity and reduce (but not eliminate)
feeding activity, consequently virus transmission can still occur.

On a worldwide scale resistance to Colorado potato beetle and the aphid-borne viruses themselves
are considered a greater priority than a general resistance to aphids alone.

4.4.3.3 Use of resistance as a sole method of aphid control
It is unlikely that aphid resistance would be utilised as a sole method for managing aphids, as the
transmission of viruses is still possible using the current aphid resistance mechanisms present in

potatoes outlined above, which would make resistant crops impractical for growing seed. Resistant
crops could have a role to play in ware potato production in the future.
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4.4.4 Slugs

Slugs are a perennial problem in potatoes and there are interspecific differences in terms of the
damage that they cause to potato tubers. For example, the grey field slug (Deroceras reticulatum)
prefers feeding on damaged tubers, whereas keeled slugs (Tandonia spp.) quite readily feed on
undamaged tubers.

It has been known for many years that there are variety differences in susceptibility to slug damage,
and this is reflected in the ratings for slug resistance given in variety lists (Anon. 2005). Resistance
can be split into low, intermediate and high, but even varieties rated as having high resistance to
slugs can suffer damage, particularly at high slug populations. Also the longer potatoes are in the
ground, the greater the damage that can be inflicted by slugs.

Slug resistance in potatoes is thought to be due to the enzymatic oxidation of phenolic compounds
in the tuber in response to slug feeding. The activity of the phenolase enzyme was higher in
varieties such as Pentland Dell that show some resistance to slug damage. The phenolic compounds
present in the tubers are broken down by phenolase to quinones, which reduce slug feeding, growth
and survival. Note that it is not the total amount of phenolic compounds in tubers that confers
resistance, but the higher activity of the phenolase enzyme that is the important criteria for slug
resistance in tubers (Johnston, 1989; Johnston & Pearce, 1994).

The glycoalkaloids present in potato tubers that confer some resistance to wireworm (Jonasson &
Olsson, 1994) and snails (Smith et al., 2001) do not appear to have an impact on slugs (Johnston &
Pearce, 1994).

4.4.4.1 Interpreting published slug resistance ratings

Slug resistance ratings are measured on a scale of 1 (low resistance) to 9 (high resistance), however,
there are no potato varieties rated above 5. Varieties commonly referred to having high resistance to
slugs such as Pentland Dell, Lady Rosetta and Romano only have BPC ratings of 5; ‘low’ resistance
varieties have ratings of 1 (e.g. Maris Piper, Marfona, Claret), and varieties classed as having
‘intermediate’ resistance have ratings of 2-4 (e.g. Cara, Desiree, King Edward).

4.4.4.2 Practical use of slug resistance

Slug management in potatoes requires an integrated approach where the resistance rating of the
variety has a role to play, but needs to be considered in the context of other options such as the use
and timing of molluscicides (slug pellets), early lifting, irrigation and slug species and populations.
Choice of a variety which has some resistance to slugs such as Pentland Dell may well buy some
time when it comes to lifting of the crop, but reliance on variety resistance alone is not an option.
Molluscicide use is essential if slugs are present in a crop, and slug populations and activity can be
monitored through the use of slug trapping. Trials at SAC have demonstrated that the key timing for
application of molluscicides is just before the crop canopy meets between the rows. If this timing is
missed, slug damage will occur even if molluscides are applied several times after this point. They
key is to get the molluscicide slug pellets at the base of the plant just before the crop canopies meet.
The increase in humidity below the crop canopy brings slugs up to the surface and their increased
activity significantly increases the chance of them feeding on the molluscicide. Further molluscicide
applications after this point do reduce the amount of slug damage to tubers, but missing the crop
canopy application leads to only a small reduction in damage.
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5. Gaps in current knowledge
5.1 Completing the disease and pest resistance ratings for GB varieties

The current pocket guide to varieties of potatoes (Anon. 2005) is incomplete for information on pest
and disease resistance ratings. This is particularly true for the six pathogens:
e Black dot
Black scurf
Skin spot
Silver scurf
Dry rot (Fusarium coeruleum and F. sulphureum)

Determination of the resistance ratings for these six pathogens on relevant varieties is required. The
ratings for black dot and silver scurf are only required for pre-pack varieties, whilst the ratings for
the other diseases are probably required only for the top 50 GB varieties.

In addition, the pocket guide provides resistant ratings for ‘spraing’” which relate to Tobacco Rattle
Virus only. There are no ratings available for Potato Mop Top Virus. Ratings for TRV are
provided on the standard 1-9 scale and relate to symptom expression in field trials. Work at SCRI
has indicated that varieties can be grouped into three:

Resistant — They show no symptoms and virus is not present. These are generally rated 7 to 9 in
current variety lists.

Sensitive — They show typical spraing symptoms but virus is rarely found. These are generally
rated 1 to 2 in current variety lists.

Susceptible — They show few if any tuber symptoms but virus particles can be detected. These are
generally rated 5 to 7 in current variety lists.

Knowing which group a variety falls into is crucial to determine the risk of spread to daughter
tubers and which can introduce virus into new locations. SCRI have tested a limited range of
varieties but knowledge of the group into which other varieties fall is required particularly for those
which may be exported as seed.

In a similar way, resistance ratings for PTMV are required

There are no ratings for resistance to stem canker caused by Rhizoctonia solani. Differences in
susceptibility among varieties have been recorded in laboratory tests (Kyritsis & Wale, 2002a) and
this information would be valuable in assessing risks after planting.

Disease and pest resistance scores are sometimes viewed with suspicion by the potato industry if the
ratings do not match personal experience. Disease and pest resistance testing is carried out
uniformly at one inoculum level and under the same set of environmental conditions for control and
test varieties. Field experience usually relates to a disease or pest occurrence in a range of fields
and thus across a range of conditions. None the less, there would be merit in relating disease
resistance results to field experience, perhaps by using a grower or agronomist panel with extensive
field and QC experience.

5.2 Standardisation of disease resistance testing

The European potato database provides information on disease and pest resistance ratings for
varieties on the Common Catalogue. The ratings are provided from a diverse range of sources
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including breeders and national governments. Some discrepancy in the ratings are reported in this
review. It is apparent for some diseases (e.g. erwinia soft rot, tuber blight and gangrene) that the
relative resistances of cutlivars depends on the method used to screen for resistance and which
resistance mechanism(s) it assesses. Thus Swiezynski et al. (2001b) reported that in a parallel
screen of variety resistance to tuber blight involving 5 countries the relative resistances ascribed to
individual varieties differed by up to 8 grades (on a 1 to 9 scale) between some countries.
Discrepancies in testing methods may be a result of predominance of different strains in different
countries, differences in isolates or inoculum levels used in tests, differing testing procedures or
subjectivity in the method of assessment.

An attempt to standardise testing procedures would reduce variability across Europe in resistance
tests, although it may not stop individual countries continuing to carry out their own tests.

Screening tests used by breeders should be scrutinised by a panel of agronomists to check to what
extent the parameters used in the tests, e.g. incubation temperature, reflect current potato production
practices.

If the P. infestans population in GB changes sufficiently and oospores become significant in the
epidemiology of late blight then consideration should be given to amending the methods of
screening cultivars for foliar blight resistance to take account of this new source of inoculum,
especially at what growth stage and where it initiates infection and also its variability compared
with the single strains used currently.

5.3 Determination of strains of pathogens

For a number of pathogens, little is known about the population make-up of the pathogen. Without
an understanding of populations of pathogens, it is not possible to carry out disease resistance
testing effectively or interpret results of tests effectively. A case in point is that of powdery scab
where differences and changes in variety resistance have been recorded. These may be due to
changes in the population structure or other factors such as inoculum pressure. The species and
strains of common scab are similarly poorly understood. The reaction of a single strain with
different varieties can result in differing symptoms. Thus for some diseases there is a need to
understand population structure.

5.4 The interaction of inoculum level and resistance

The interaction of inoculum level and resistance rating is poorly understood for many diseases, yet
is important for understanding how effective resistance is and how it can be utilised practically. The
BPC-SEERAD joint funded black dot project (2004-2007) has demonstrated how knowledge of
inoculum can make a substantial difference to utilisation of resistance. Now that diagnostic
techniques are available to measure inoculum, further investigation of this relationship is required
for a number of key diseases, including common and powdery scab, dry rot and black scurf.

5.5 Understanding the impact of host physiology on disease and pest
development

In order to optimise the use of variety resistance, it is important to gain an understanding of the
relationship between the physiological status of the host and expression of resistance. The specific
aspects of study required depend on the pathogen or pest under consideration but some specific
examples include:
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e Understanding the link between host maturity and tuber susceptibility to blemish diseases.
How does the mechanism of resistance change over the life of the crop, does it vary
differently between stems, stolons and tubers?

e Do the chemical and physiological processes involved in skin set alter a variety’s
susceptibility or resistance to infection?

e Is there a relationship between speed of tuber development at tuber initiation and
resistance/susceptibility to infection by common or powdery scab?

e What is the explanation for a strong relationship between maturity and blight resistance?

e When is resistance operating during the growth of a crop, what periods in growth is the crop
at risk from infection and what is the effect of resistance on disease development?

e Is there a period when crops are more susceptible to virus transmission and is this affected
by differences in resistance?

5.6 Interaction of host nutrition and resistance

Whilst fertiliser rates are prescribed in documents such as RB209, a range of fertiliser rates may be
used depending on market (seed, punnet, general ware, baker, crisping etc). The impact of
fertiliser, especially nitrogen, on effectiveness of host resistance is poorly understood. Increased
nitrogen may increase susceptibility to blight but has been used to reduce blackleg expression.
Where appropriate, R&D on specific pests and diseases should incorporate studies of the effects of
nutrition on host resistance.

5.7 Integration of control measures

There are few clear examples in the literature how control measures, including plant resistance, can
be effectively combined. One exception is the control of potato blight in countries such as The
Netherlands in which sophisticated decision suport systems are available to integrate information on
variety resistance with other relevant potato crop information to tailor fungicide recommendations.
The benefits of such systems to GB growers should be evaluated. With more emphasis on
integration in an holistic way, better use can be made of resistance. Thus research into integration
of control measures is recommended.

5.8 Mechanisms of resistance

In the literature, there is often scant information on the mechanisms of resistance to pests and
diseases. Understanding the mechanisms of resistance is secondary to having the resistance
available but where resistance mechanisms are known, it is possible to understand the risks of that
resistance will be overcome and thus the durability of resistance. This is particularly true for
diseases such as powdery scab where tuber resistance to infection is polygenic but the precise
mechanism is not known.

5.9 Damage thresholds for free living nematodes in relation to host resistance
and transmission of TRV

The interaction of strains of TRV, weed hosts, population dynamics of vector nematodes and host
resistance is poorly understood. Controlled studies in this area will help to unravel the complexities
of the disease and how to best use host resistance.
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5.10 Understanding partial resistance to Globodera pallida

How resistance to G. pallida operates in suppression of the nematode and what impact it has on
decline rates is important to understand in commercial production. The differences between
varieties in their partial resistance and effect on population decline need to be incorporated into
Decision Support Systems to improve integrated control.

5.11 Modelling implications of adoption of varieties with good host resistance

If varieties with good host resistance to viruses are adopted what difference does this make to the
epidemiology as volunteer plants become increasingly poor sources of virus? Also what changes to
seed certification programmes could be made as a result of improved host resistance? Which
viruses would make the best targets?

6. Research priorities

The research priorities listed here are a subjective assessment of the gaps in current knowledge
(Section 5).

Priority Area of research

Completing the disease and pest resistance ratings for GB varieties

Integration of control measures

The interaction of inoculum level and resistance

Understanding partial resistance to Globodera pallida

Understanding the impact of host physiology on disease and pest development

Determination of strains of pathogens

N0 A WIN(EF

Determining damage thresholds for free living nematodes on potatoes in relation to
host resistance and transmission of TRV

8 Standardisation of disease resistance testing

9 Interaction of host nutrition and resistance

10 Determining mechanisms of resistance

11 Modelling implications of adoption of varieties with good host resistance
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Al Evaluating risk from variety disease and pest resistance ratings

The table below provides an interpretation of resistance ratings that may be made by a grower for
varieties for a specific market. It suggests how the information on plant resistance may be used and
what actions a grower may make to minimise risks.

Al.1 Maris Peer & Desiree for seed

Maris Peer Desiree
Rating | Comment Rating Comment

Foliage blight 4 Moderately  susceptible for both | 4 Moderately susceptible for both

Tuber blight 4 foliage and tubers. Little opportunity | 5 foliage and tubers. Little
for reducing blight programme in opportunity for reducing blight
relation to rating programme in relation to rating

Blackleg 4 Moderately susceptible.  Blackleg | 4 Moderately susceptible. Blackleg
could be an issue. Look out for could be an issue. Look out for
levels of blackleg in previous crop levels of blackleg in previous crop
and rotting of tubers in store. Avoid and rotting of tubers in store.
knocking off sprouts at planting Avoid knocking off sprouts at

planting

Common scab 5 Moderately susceptible. Cannot | 4 Moderately susceptible.  Lesions
avoid scab in a dry season in an tend to be large when they develop
unirrigated crop but of lower risk in a and very obvious. Place in heavier
dry seed field than Desiree soils to minimise risk of common

scab but be aware of later harvest.

Powdery scab 6 Moderately resistant. Can still be | 7 Moderately resistant. Can still be
infected if wet conditions occur at infected if wet conditions occur at
tuber initiation and inoculum is high tuber initiation and inoculum is
but risk is much lower than for many high but risk is much lower than for
varieties and could be considered for many varieties and could be
a field with known contamination considered for a field with known

contamination

Gangrene 6 Moderately resistant. As small round | 4 Moderately susceptible. When
seed tubers damage may be lower gangrene was a major disease
thus reducing risk. Take action with Desiree could be badly infected.
fungicides at harvest if disease seen Check seed for the disease at
in seed at planting planting and apply fungicide after

harvest if seen. Take care to avoid
damage at harvest.

PLRV 4 Moderately  susceptible. Aphid | 4 Moderately susceptible.  Aphid
control important and insecticide control important and insecticide
applications are crucial and best applications are crucial and best
timed when vector aphids arrive in timed when vector aphids arrive in
the crop the crop

PVY 3 Susceptible.  As PVY is rapidly | 7 Resistant. Risk of PVY is much
transmitted from aphids it is crucial lower than Maris Peer but because
to monitor the crop for aphid the  variety is  moderately
colonization and apply insecticides susceptible to PLRV careful timing
when the first vectors arrive of insecticide use will still be

required.

Spraing 3 Susceptible. Whilst not a major issue | 3 Susceptible.  Whilst not a major

for most seed crops, testing soil for
spraing prior to planting would be

issue for most seed crops, testing
soil for spraing prior to planting
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advisable.

would be advisable.

Black dot

No rating determined. However, as a
second early it is usually one of the
first crops to be lifted as the risk
would be lower. However, if seed
from the farm has a history of black
dot a soil test would be useful

No rating determined. Red skinned
varieties show silvering from black
dot more than white skinned
potatoes.  Desiree may also be
lifted latish. If seed from the farm
has a history of black dot a soil test
would be useful

Black scurf

No rating determined but known to
develop black scurf. Take action
against seed-borne Rhizoctonia if
threshold exceeded. Amistar for soil-
borne inoculum not advised on seed
crops which normally have a wide
rotation

No rating determined but known to
develop black scurf. Take action
against seed-borne Rhizoctonia if
threshold exceeded. Amistar for
soil-borne inoculum not advised on
seed crops which normally have a
wide rotation

Skin spot

No rating determined. Experience
indicates that Maris Peer can develop
skin spot and a careful watch is
needed during seed multiplication for
evidence of the disease. Effective
fungicide use is the key control
measure when present

No rating determined. Experience
indicates that Desiree can develop
skin spot and a careful watch is
needed during seed multiplication
for evidence of the disease.
Effective fungicide use is the key
control measure when present

Silver scurf

No rating known. Maris Peer can be
infected and whilst silver scurf is not
part of certification, disease may still
develop. However, as it is generally
harvested early, silver scurf should
not be a problem if drying and good
storage is available

No rating known. Silver scurf is
very obvious on the red skin.
Whilst silver scurf is not part of
certification, disease development
does mar a good sample. Seed
treatment and careful drying and
storage are crucial

Dry rot
(F. coeruleum)

No rating known. Experience
suggests that dry rot can be a problem
for Maris Peer. Watch carefully for
dry rot during multiplication and use
fungicides effectively when found —
even at low levels

Experience suggests that dry rot is
not a major problem with Desiree
(cf. Gangrene). Watch for dry rot
during multiplication and use
fungicides effectively when found —
even at low levels

Dry rot
(F. sulphureum)

No rating and little experience in
Scotland.  As for F. coeruleum,
watch for dry rot developing during
seed multiplication

No rating and little experience in
Scotland. As for F. coeruleum,
watch for dry rot developing during
seed multiplication

Slugs

Not a major issue for seed and the
variety matures earlier and is often
lifted earlier meaning lower risk

Not a major issue for seed but it is
later maturing and generally grown
on heavier land. Single dose of
slug pellets may be justified to
minimise damage if season is wet.

PCN Rol

Soil is tested for freedom from PCN
in seed production

Soil is tested for freedom from
PCN in seed production

PCN Pallida

Soil is tested for freedom from PCN
in seed production

Soil is tested for freedom from
PCN in seed production
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Al.2 Maris Piper for ware

Maris Piper

Rating | Comment

Foliage blight

4

Tuber blight

5 blight programme in relation to rating

Blackleg

5

Common scab

be effectively scheduled

Powdery scab

scab

Gangrene

planting

PLRV

to ensure it has low levels of virus

PVY

Very susceptible. As for PLRV above

Spraing

detected

Black dot

Susceptible.

considered high.

Black scurf

seed-borne Rhizoctonia if threshold (1%) exceeded.

the persistence of volunteers consider Amistar soil treatment

Skin spot

or CIPC use is planned

Silver scurf

not taken.
harvesting, ventilation after harvest and dry storage

Dry  rot
coeruleum)

(F.

Dry  rot
sulphureum)

(F. found — even at low levels

Slugs

pellets applications

PCN Rol

PCN Pallida

w0
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Moderately susceptible for both foliage and tuber blight. Little opportunity for reducing

Moderately susceptible. Blackleg can occur in Maris Piper but is not usually a major
issue. Check seed before planting for rots. Try to lift early and ventilate after lifting
before keeping dry during storage. A blackleg tuber test is probably of limited value

Very susceptible. In an unirrigated situation, select a field with a moisture retentive soil
and preferably a pH as low as possible. Otherwise, irrigation is the only way to limit
this disease. With restrictions on water use, ensure that the water is available and will

Susceptible. If the spring is wet, Maris Piper can be badly affected by powdery scab.
Like common scab, the key to reducing powdery scab is to select a field with a low risk.
This is not an easy task as it relies on a knowledge of field history. Effective scheduling
of irrigation should reduce risk of over-watering and hence development of powdery

Moderately resistant. This disease has declined in recent years and with this level of
resistance, there should be little concern about gangrene unless it was evident on seed at

Moderately susceptible. However, providing the seed is certified and has a low level of
virus the only need for aphid control is where aphid damage is likely or a portion of the
crop is being home-saved. If the seed to be planted is home-saved carry out a virus test

Moderately susceptible. Spraing is generally not a problem with Maris Piper but it may
be worth testing soil before planting and considering nematicide use if TRV spraing

If the farm has a history of black dot and/or the rotation is less than 7
years, aim to lift early to minimise risk. Consider a soil test to determine the level of
soil-borne inoculum. Careful scheduling of irrigation and use of azoxystrobin where the
risk is high will reduce black dot development. Consider swopping fields if the risk is

Moderately resistant. Whilst the rating is relatively high, this relates to black scurf and
the impact of Rhizoctonia can still be substantial on tuber quality. Take action against
If soil-borne inoculum is
considered a high risk, perhaps because of previous crop history, a short rotation and/or

Susceptible. A careful examination is needed of seed to be planted. Effective fungicide
treatment is the key control measure when found. Take greater care if long term storage

Susceptible. Maris Piper can be badly infected and disease may develop where care is
As with all varieties, silver scurf should not be a problem with early

Very susceptible. Dry rot (both species) can be very serious with Maris Piper. Watch
carefully for the presence of dry rot on seed and apply a fungicide seed treatment when
Very susceptible. Slugs are a major issue for ware growers. Plan a programme slug
Maris Piper is resistant to G. rostochiensis and this species of PCN presents no risk

Maris Piper is susceptible to G. pallida and soil should be tested prior to planting. If
low levels are present either consider an alternative field or use a nematicide
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