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Chapter 9: Consolidated, Overall Report 
 
Introduction 
 
 
Late blight (caused by Phytophthora infestans) infects both foliage and tubers and is the most 
devastating disease affecting organic and conventional potato production in the EU. Copper-
based fungicides are �considered to be traditional organic farming practices� and usually, but 
not always effective, and use is restricted by national legislation and/or organic certification 
standards.  
 
Replacement of copper-based fungicides with other methods for disease control is a priority 
in EU organic farming policy. This reflects concerns about potential toxic effects of copper-
based fungicides on plants, beneficial soil and other organisms, biodiversity and human health 
and that their use is not compatible with the underlying principles of organic farming. They 
were due to be prohibited for use in organic farming from March 2002 (EU Regulation No. 
2092/91). However, the ban was delayed because of the increased risk of disease damage and 
losses of profitability for organic producers in the medium to long term without effective 
alternative control methods in place. A maximum application of 8 kg of elemental 
copper/ha/year was imposed for annual crops until the end of 2005, decreasing to 6 kg per 
year thereafter. (Regulations may be changed at any time as viable alternatives are developed 
or if approval for use of copper-based fungicides is withdrawn on safety grounds under the 
EC Review programme for existing active substances).  
 
On average, organic potato crops treated with copper-based fungicides for late blight control 
yield about 25% more than untreated ones because the foliage is protected and the growth 
period extended for about 2 to 4 weeks (and tuber blight may also be reduced). This 
additional growing period and hence extra yield is worth between 15 and 45 million EUROS 
per year to EU organic-potato growers (calculated on the basis of 10000 ha of organic potato 
production, a tuber growth rate of 0.5 t/ha/day and a price of 270 EUROS/t). Without these 
fungicides or effective alternative control methods, this income would be lost and threaten the 
economic viability of organic potato production and/or whole organic farming businesses 
(especially those which rely heavily on the income from potato crops) in many areas of the 
EU. Since EU policies are aimed at supporting an expansion of organic production, a 
replacement for copper containing and other chemical fungicides is urgently required to avoid 
such consequences. In addition, any increase in late blight incidence on organic farms 
resulting from poorer control could also influence blight epidemics in neighbouring 
conventional farms and threaten conventional production systems. 
 
An integrated systems approach to late blight management in organic systems that eliminates 
or reduces the need for copper-based fungicides could solve these problems. Such an 
approach should integrate use of (i) resistant varieties, (ii) agronomic strategies (iii) 
alternative treatments and (iv) optimise their effectiveness by utilising existing blight 
forecasting systems and aim to maximise synergistic interactions between these components. 
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Aims and Objectives of the research programme 
 
Blight-MOP�s aim was �Development of a systems approach for the Management of potato 
late blight in EU Organic Potato production in the absence of copper-based fungicides� to 
maintain yields and quality at levels currently obtained where copper fungicides are used. 
 
Objectives were: 
 
1) Assessment of socio-economic impact of late blight and �state of the art� blight 
management practices in EU organic potato production systems.  
 
The effect of the EU Regulation No 2092/91 ban on the use of copper-based fungicides in 
organic potato production was difficult to predict because of the lack of reliable data for 
organic potato production in different regions of the EU. Therefore, detailed information was 
required about:  (i) blight incidence and resulting yield losses (ii) blight management 
strategies currently used and (iii) the potential socio-economic impact of the ban on copper-
based fungicides on EU organic potato production and its competitiveness in an international 
market. An initial, comprehensive survey was conducted in seven European countries (CH, D, 
DE, F, NO, NL, UK) in 2001, relating to the 2000 cropping year, to provide this information.  
 
 
2) Assessment of varietal performance in organic production systems in different EU 
regions and interactions with local blight populations. 
 
Suitability of potato varieties with race specific (highly effective resistance based on R-genes) 
and race non-specific resistance (partial resistance/tolerance) as part of a blight management 
strategy has mainly been evaluated in conventional crops reliant on synthetic fungicides for 
protection. Such results may not be directly applicable to organic systems because overall 
resistance may be influenced by other components of the production system apart from the 
disease control regimes, such as differences in nutrient availability to the crop which may 
affect variety ranking order. Another major issue is breakdown of resistance resulting from 
growing the same resistant potato varieties frequently in the same geographic area leading to 
new races or more aggressive strains of P. infestans.  
Field assessments were made of: 
(i) agronomic and economic suitability of a range of varieties for organic potato 

production in different areas of the EU 
(ii) race structure and aggressiveness of local P. infestans populations (to assess the risk 

for breakdown in variety performance in different EU-regions) 
(iii)   potential suitability of varieties for within field diversification strategies to 

prevent/delay blight epidemics 
 
3) Development of within field diversification strategies to prevent/delay blight epidemics 
 
Blight epidemics can be prevented or at least delayed by growing potato varieties with 
different forms of resistance in mixtures or alternating rows. Intercropping rows or beds of 
potatoes with other crops that can provide physical barriers for spore dispersal is another 
approach. However, there may be increased costs associated with the establishment, harvest 
and processing of crops grown in these systems. Effects of these three diversification 
strategies on late blight incidence and crop yield and quality were assessed in different EU 
countries. 
 
4) Optimisation of agronomic strategies for the management of late blight 
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Other agronomic strategies may reduce or evade crop infection with late blight such as:  
 
(i) effective methods of removal of volunteer/groundkeeper potatoes which are  a 

primary source of P. infestans inoculum. 
(ii) crop planting dates, seed densities and irrigation schedules (to avoid periods of high 

blight pressure in the growing season and influence yield irrespective of blight 
infection). 

(iii) fertility management regimes (to avoid susceptibility or increase resistance to late 
blight and influence yield irrespective of blight infection)  

(iv) methods and timing of defoliation (to maximise yield while avoiding tuber infection)  
 
By assessing and seeking to optimise these treatments, the aim was to develop "locally 
adapted" agronomic management systems for late blight in EU-organic potato production.  
 
5) Development of alternative control treatments to copper-based fungicides, which comply 
with organic farming standards 
 
Alternative treatments against fungal pathogens include microbial antagonists, plant and 
compost extracts that have direct antifungal effects or stimulate competitor micro-organisms 
and/or induce resistance via �plant strengthening� activities. However, information about 
such treatments for late blight control in the field is limited. Alternatives including microbial 
preparations, plant, seaweed and compost extracts and other materials that might be adopted 
in commercial crops for late blight control were assessed. 
 
6) Evaluation of novel application and formulation strategies for copper-free / alternative 
and copper- based late blight treatments. 
 
Directed, air-assisted and electrostatic sprayers give more complete and uniform spread of 
active ingredient on leaves than conventional, overhead hydraulic machines. Consequently, 
reduced rates of copper-based fungicides and other materials may be used. This could reduce 
releases of copper into the environment and also reduce costs (alternative treatments are more 
expensive than copper-based fungicide). However the more sophisticated application 
equipment is more expensive than the standard. Application methods were compared and also 
the efficacy of reduced inputs and different formulations of alternative and copper-based 
fungicides (i.e. less than 8 or 6kg/ha/yr). This was in case the current derogation to apply 
reduced doses (but with further reductions below the current 6kg/ha/yr of elemental copper 
limit), were extended until effective alternative treatments are registered and licensed for 
commercial use. 
 
7) Integration of optimised resistance management, diversification, agronomic and 
alternative treatment strategies into existing organic potato management systems 
 
The systems approach to late blight management involves integrating components of variety 
resistance, agronomic practices and/or novel treatments. Through survey and laboratory and 
field evaluations, the Blight-MOP project identified the major components with potential to 
contribute to an effective disease management system in the absence of copper-based 
fungicides (or with much reduced doses). Some have direct effects on the onset and severity 
of disease; others advance tuber-bulking so that an acceptable marketable yield can be 
achieved before infection results in the death of the crop.  
The physical and financial performance of crops grown with an increasing numbers of 
individual component strategies to provide an integrated late blight management system was 
assessed on MODEL (Research) Farms in the seven participating countries.  On commercial 
or LINK farms, optimised blight management systems were compared with existing systems. 
This approach was designed to construct blight management systems that are customised / 
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adapted to organic production systems in different regions of the EU and beneficial to 
growers, consumers and the industry as a whole. 
 
The Blight-MOP programme  
 
The Blight-MOP consortium included 13 partners from 7 European countries (CH, D, DE, F, 
NO, NL, UK) representing a range of environmental conditions and approaches to potato 
production in organic systems. Commercial growers were closely involved by providing 
information, sites and facilities for field experiments. Additional inputs were received from 
advisors, certifying authorities, processors, retailers and potato industry organisations. 
 
 
1) SOCIO-ECONOMIC IMPACT & �STATE OF THE ART� BLIGHT 
MANAGEMENT 
 
 
The economic impact of late blight in organic production systems varies between countries 
and regions of the EU because of different climatic and market conditions, potato varieties 
used and agronomic techniques. Consequently, the impact of a ban on copper-based 
fungicides for late blight control and hence overall farm incomes will also vary. To quantify 
this, a survey was made of economic variables, agronomic techniques, late blight incidence 
and late blight management systems and their efficacy in organic potato crops. The survey 
was conducted in Denmark, France, Germany, Netherlands, Norway, Switzerland, and United 
Kingdom and related to crops grown in 2000 on 118 farms. Survey data, in combination with 
field trials� results were used to make cost/benefit (margin over cost) analyses of current and 
�optimised� late blight management systems later in the research programme. This approach 
helped to quantify the economic importance of blight in different regions of the EU under 
various scenarios, notably after the ban on copper fungicides has been implemented and to 
provide a focus for the target efficacy/activity of blight management and treatment systems to 
be developed in the project.  
 
The area of organic potato production increased between 1998 and 2000 in all countries 
(ranging from 11% in Denmark to 89% in Norway). Yields varied from 15t/ha in Norway to 
30t/ha in Switzerland, the Netherlands and United Kingdom and on average were 50 to 80% 
of conventional yields. Farm gate prices for organic potatoes were between four and one and 
a half times higher than for conventional. However, premia varied between countries and 
seasons and occasionally, organic potatoes were sold through the conventional market. 
Further expansion of organic potato production was predicted by experts, but associated with 
decreasing profitability. Consumers are interested in the system of production (priorty 1) and 
demand for organic food is expanding but price is an issue for many (priority 2). And they are 
also interested in variety (priority 3). Organic and conventional growers use different varieties 
and the choice for organic systems is often a compromise between robustness in production 
and market acceptability. 
 
 
Organic producers in Germany, Switzerland and United Kingdom considered their potato 
crops to be relatively profitable, but those in Norway, Netherlands and especially Denmark 
that profitability was unsatisfactory. Surprisingly, subjective assessments of profitability were 
not directly correlated with yield or farm-gate price. 
 
Late blight was serious in 2000 in Netherlands, Germany and United Kingdom followed by 
Norway, France, Switzerland and Denmark. Between 1996 and 2000 some growers did not 
suffer losses due to late blight but impact varied from year to year. At least 70% of growers in 
Germany, Netherlands and United Kingdom experienced losses every year. In most countries, 
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organic growers were criticized by conventional growers concerned about the prevailing 
levels of blight infection in their organically grown crops. 
 
National legislation prohibits use of copper-based fungicides in Scandinavian countries 
(Norway and Denmark) and the Netherlands (with exception in 1998) and state and label 
organizations set a limit to quantities used in Switzerland (4kg/ha) and Germany. In France 
and the UK, use was unrestricted until 2001.Copper use was then limited in the EU by EU 
regulation 2092/91 to 8kg copper/ha/year until 31 December 2005 and 6kg copper/ha/year 
thereafter and is subject to further reduction or withdrawal. In the Netherlands, defoliation of 
potato crops is compulsory as soon as late blight incidence exceeds 5% of leaf surface 
infected.  
Between 1996 and 2000, copper was used at least once by 60% of German, 65% Swiss, 80% 
United Kingdom and 100% French organic growers (and 45% of Dutch growers in 1998 with 
exceptional permission of the authorities) and never in Norway or Denmark. Some French 
and United Kingdom growers had used 16kg/ha, most used <7kg/ha. Swiss growers applied 2 
to 4kg/ha and German growers generally < 2kg/ha. 
Thirty to sixty % of growers had used alternatives to copper-based fungicides selected from a 
range of about 40 products and preparations but with very limited success. 
Overall, if the copper ban is introduced, about two-thirds of growers (including Denmark and 
Norway where use is already prohibited) expected no change in organic potato production, 
one third a decrease (mainly amongst countries where copper can be allowed up to the EU 
defined limit) and less than 3% an increase. However, 11% of Dutch farmers predicted an 
increase, possibly to compensate for decreased production and considered that in this 
scenario, there would be an opportunity to expand their markets. 
 
The contribution of agronomic and regional disease pressure on the overall success of organic 
potato enterprises was assessed objectively. Data analysis revealed that early planting and 
harvest, defoliation, use of increasing levels of copper-based fungicide application use of 
more resistant varieties contributed to the success of achieving higher �gross yields�. Most of 
these factors, together with the intensity of fertilizer input contribute to N-use efficiency and 
crop profitability. These production factors are mainly under the grower�s control and 
therefore account for some of the differences in performance between farms. The implications 
are that some growers do not fully exploit currently available production technology and have 
potential to stabilize and improve yields simply by adopting existing production strategies and 
this was revealed by the grower interviews as well as by the data analysis. They would benefit 
by : 
 
 

• Planting early and chitting or pre-sprouting seed to bring tuber bulking forward and 
produce an acceptable yield before blight attacks 

• Use a fertility management strategy that supplies sufficient nutrients ( nutrient supply 
is generally sub-optimal in organic systems) 

• Growing resistant/robust varieties 
• Protecting crops efficiently 

 
In practice, the extent to which these strategies can be included on the farm may be limited. 
For example, growing resistant varieties may be an effective strategy to manage late blight 
but will be limited if there is limited acceptance by the market. Soil fertility management 
affects yield directly and also crop susceptibility to late blight. There were consistent reports 
that nutrient deficient plants lacking in vigour were more susceptible to disease, possibly 
because of physiological imbalances. However, exploiting yield and improved resistance 
benefits will be limited if fertility inputs are in short supply and needed for other crops in the 
rotation as well as potatoes.  
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Most growers farming according to organic standards were not primarily motivated by 
expectations of high levels of farm income. Over 70% listed non-economic motives first 
including the desire to produce healthy, safe food (priority 1), conserve natural resources 
(priority 2), live and work in harmony with nature (priority 3), leave a viable farm for the next 
generation (priority 4). Economic motives such as high or reasonable income, achieving good 
market prices for products, retaining farm ownership although ranked less important that the 
environmental and food quality ones, were of second or third importance. This suggests that 
the altruistic motives maintain priority for a long as economic viability is maintained. 
Concerns of consumers about food safety in Europe are seen as a major opportunity to expand 
and develop organic food production but expansion and increased supplies could put pressure 
on premiums and prices and are seen as a threat and/or challenge to the future of organic 
farmers. 
 
 
 
The survey indicated that: 
 

• Region-specific optimization and integration of technologies should lead to a 
substantial improvement of yields and yield stability in organic potato production 

• Copper has been a key component of organic potato production systems 
• A ban on copper in the absence of effective alternatives could be expected to 

destabilize organic potato production by decreasing the production area and market 
supply 

• There are key factors for successful potato production that need further development, 
exploitation and evaluation under various regional conditions 

o Crop resistance management strategies 
o Agronomic strategies 
o Soil fertility management 
o Novel crop protection strategies 

• No fully successful production strategies are currently available that can be adopted 
into current potato management systems to solve all problems 

• Further efforts to improve the efficacy of the key factors are worthwhile: any 
improvement will contribute to security of production and supply and decrease 
dependency on copper-based fungicides 

• There are tremendous differences in performance of potatoes in organic cropping 
systems under similar environmental conditions and scope to improve productivity on 
some farms, simply by implementing current �state of the art� technology 

• Distribution of existing know-how and novel technologies will increase the success of 
organic potato production considerably 

 
Blight-MOP aimed to address the key factors involved to address the major issues and to 
disseminate the know-how and novel techniques to fully exploit the benefits.  
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2) VARIETY PERFORMANCE 
 
Assessment of variety performance in different EU regions and organic production 
systems: 
 
Resistant varieties are an important component of an integrated disease management strategy, 
but the suitability of many for organic production in different EU regions is unknown. Whilst 
variety evaluation trial data from conventional agriculture is comprehensive, it may be of 
limited usefulness for organic cropping because the ranking order of variety performance may 
differ between conventional and organic production systems. Therefore, resistant varieties 
should be evaluated within organic rotations in different regions of the EU to assist variety 
choice. This would also help to formulate appropriate within field diversification strategies 
with varieties (grown in mixtures or alternate rows) with different types/ levels of resistance.  
 
Experiments were designed to determine whether growing more resistant varieties is a 
promising strategy to eliminate or reduce the need for applications of copper-based fungicides 
in organic potato production. The potential reduction of foliar blight infection at local and 
regional level gained from substituting a currently grown variety with a new, more resistant 
one was assessed and compared with the effect of a copper-based fungicide. Resistance of 
selected varieties to foliar and tuber blight and their yield under organic growing conditions 
were assessed in Switzerland, France, England and Norway in 2001 and 2002. In each country, 
five �novel� test varieties were compared with a standard or reference pair of varieties (Bintje � 
susceptible and Sante � resistant) and with two other varieties popular in organic production in 
that specific country. In addition, the effect of copper fungicides was assessed for all varieties 
in the United Kingdom, which ranged from very susceptible (Bintje) to highly resistant (Sarpo 
Axona, Sarpo Mira, Sarpo Tominia). 
 
It was clear that in all four countries, some of the new potato varieties were much less 
susceptible to foliar and tuber blight than most of the varieties currently grown: 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 England; N89-1756 and 
N92-15138 in Norway. However, they are only commercially viable in organic farming if their 
agronomic characteristics e.g. adaptation to local climate; freedom from physiologically caused 
quality defects; resistance to major pests and diseases and tuber characteristics e.g. shape, size, 
skin finish, storage and culinary or processing properties, are comparable or superior to those 
of the varieties that are currently grown for the organic market sector. However, acceptability 
of any variety may vary from country to country and also from region to region within a 
country.  
 
In the UK, copper-based fungicides (the only effective fungicides currently permitted for blight 
control in organic agriculture) reduced foliar blight and yield on average by between 20 and 
30%. However there were no significant effects on tuber blight. In the UK 2001, the most 
resistant varieties were Sarpo Axona, Sarpo Mira and Sarpo Tominia and these showed very 
low levels of foliar blight infection even where copper oxychloride was not applied so that 
applying copper-based fungicides to them gave virtually complete control. In practice, the 
limited benefits of using copper-based fungicides in such highly resistant varieties would be 
difficult to justify. However as copper-based fungicides are inexpensive, some growers may be 
reluctant to dispense with them unless forced to do so because they insure against the risk of 
disease in all varieties. Longer term, it is desirable to grow organic potatoes without copper-
based fungicides to meet the demands for their elimination. In the short term however, where 
severe blight pressure is the norm, limited use of copper-based fungicides may be necessary 
until other, effective blight management practices are available.  
 



 514 - 

The implications of these results would seem to be the same for all countries � growing more 
resistant varieties offers a significant reduction of late blight incidence and less need for 
fungicide treatments. However, the extent to which this can be achieved depends primarily on 
their market acceptability and availability of organically produced seed of these varieties. 
Nevertheless, taking Switzerland as an example, it was estimated that assuming resistant 
varieties require 0 to 33% of the copper-based fungicides used to protect currently grown 
susceptible varieties, an overall reduction of 16.5 to 50% of copper fungicides could be 
achieved by growing them instead of susceptible varieties to the maximum extent that the 
market could absorb. This represents a major opportunity to substantially reduce copper inputs. 
Growing varieties with better blight resistance than those grown currently which require little 
or no protection with copper fungicides - seems desirable in organic cropping systems and the 
trend should be encouraged. However, this strategy alone is unlikely to eliminate the need to 
use copper-based fungicides but should be further improved by combining it with other 
component strategies in an integrated system. 
 
Varieties with different levels of resistance to late blight were included in several other 
experiments in the research programme to test for interactions with other component strategies 
such as the agronomic strategies and their performance in alternating rows and variety 
mixtures. The more resistant varieties were consistently more robust than susceptible ones. 
However, it was clear that growing early but susceptible varieties such as Nicola and Charlotte 
(which are also popular with consumers) can be a useful component strategy in organic 
systems to produce reasonable marketable yields and profitable crops. They bulk earlier than 
more resistant but later maturing varieties and so may produce an acceptable yield before 
blight infection occurs. Planting early and chitting or pre-sprouting seed further enhances their 
earliness. However, because such varieties are more responsive to applications of copper-based 
fungicides than more resistant ones (i.e. there is a variety x copper based fungicide interaction), 
growers may be reluctant to stop applying them for fear of losing their crops to late blight 
 
Clonal diversity, race spectrum and aggressiveness of P. infestans 
populations found in organic production units in different areas of the 
EU: 
 
With the predicted increase of organic potato production in Europe, and a preference for 
growing more late blight resistant potato varieties (encouraged by results reported in the 
previous section), it is of strategic importance to assess the risk of possible shifts in 
regional/national late blight populations towards increased pathogenicity that can be linked 
with a shift towards the growing of more resistant cultivars. The chance of infection and 
disease progress is affected both by varietal resistance and by the genetic make-up of the 
pathogen. Plant-RI (NL) assessed the late blight populations collected in the field from a 
susceptible (cv. Bintje) and a moderately resistant (cv. SantØ) cultivar in the variety 
evaluation experiments made in 2001 in France (F), Norway (N), The United Kingdom (UK) 
and Switzerland (CH). Isolates of the late blight populations were characterized using neutral 
DNA markers, virulence testing and aggressiveness assays. This made it possible to compare 
their diversity and pathogenicity, and test whether isolates collected from SantØ were more 
pathogenic (virulent and/or aggressive) than those from Bintje.  Insight in the pathogenicity 
traits of these populations could help to identify potato varieties that are best suited for use in 
organic systems in these countries. 
 
Isolates from the 4 countries were fairly complex, but less so than the population found in the 
Netherlands. Clearly, populations of Phytophthora collected from the four countries differed 
in virulence spectrum and race complexity. However, no difference in race complexity could 
be related to the two cultivars (Bintje and SantØ) from which the isolates were collected; 
indicating that no population sub-structuring based on virulence is to be expected when more 
susceptible varieties are replaced with more resistant ones. These results suggest no 
significant shifts towards increased pathogenicity are to be expected when more resistant 
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potato cultivars are grown on a wider scale as a component of an integrated late blight 
management system in organic systems. However as future shifts towards virulence to new R-
genes bred into new cultivars (e.g. Biogold), cannot be predicted on the basis of these results, 
they should not be excluded. To minimize the risk of resistance breakdown and its adverse 
consequences, growers should further diversify within a season wherever possible, by using 
varieties with genetically different resistance. 
 
 
3) DIVERSIFICATION STRATEGIES 
 
Diversification can make an important contribution to plant protection as a potential 
component of an integrated systems approach. Rotation is the traditional diversification 
method, but a different approach is to grow mixtures of varieties and species within a field. 
Mechanistic effects such as distance, barrier and microclimatological effects and complex 
ecophysiological interactions such as competition, induced resistance and allelopathy may 
reduce disease pressure. Previous work has shown that late blight development in susceptible 
varieties can be reduced by growing them with varieties with different types and levels of 
resistance in alternating rows or in random mixtures or intercropped with different species 
that are unaffected by late blight. 
 
Alternating rows: 
 
 Late blight infection in susceptible varieties has been shown to be reduced and their yields 
increased significantly by growing these varieties in rows alternating with other varieties 
displaying a partial (non-race specific) resistance to the pathogen. Potential mechanisms 
include: physical barrier to inoculum dispersal caused by rows of resistant plants; progressive 
adaptation (during the course of the epidemic) of the pathogen genotypes to one or the other 
variety used in the association, thus restricting pathogen movement between varieties; 
compensatory growth effects between varieties. However, performance of potato varietal 
associations has not been assessed with different densities of partially resistant and 
susceptible varieties or with mixtures of partial and complete resistance (mediated by 
undefeated, race specific R-genes).  Better knowledge and understanding of the underlying 
mechanisms for improved performance of such �associations� and influence of environmental 
conditions is required to improve their reliability. Field experiments investigated the 3 
potential mechanisms by i) modeling the spread of late blight epidemics in pure and 
associated plots. ii) measuring variety-specific adaptation of P. infestans genotypes to 
determine to what extent any observed temporal adaptation of the pathogen population 
structure contributes to the performance of associations in controlling late blight. iii) 
quantifying competition between varieties in associated crops which may account for yield 
benefits that are independent of the effect of associations on disease control. 
 

During two consecutive years (2001 and 2002) in Brittany, France, Bintje, Desiree and 
Naturella showed no significant disease reduction in alternating rows of contrasting varieties 
compared with pure (single variety) stands  irrespective of the type of resistance used, 
whether they were grown in single or twin rows. Disease on the highly susceptible variety 
(Bintje) was reduced in alternating rows while the moderately susceptible variety (Desiree) 
suffered more disease in combination with Bintje, but the highly resistant variety (Naturella) 
was unaffected by alternating rows. There were no yield effects indicating that either the three 
varieties were very similar in competitive ability or the 75cm distance between rows was 
large enough to reduce competitive interactions.  
Similar results were obtained in Denmark in both years with the varieties Kuras (highly 
resistant), Danva (moderately resistant) and Oleva (susceptible). There were no competitive 
interactions when mixed or significant reductions of late blight in the susceptible variety 
grown alternately either partial (non-race specific) or race specific resistance varieties. 
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However in 2001, late blight infection was significantly delayed by about a week in the 
highly resistant variety Kuras (with high race-specific resistance) when alternated with the 
susceptible variety Oleva after the adjacent rows of Oleva were killed off by leaf blight. 
Yields were increased possibly due to the competitive advantage of the resistant variety 
following death of the foliage of the susceptible variety and/or changes in microclimate that 
benefited the resistant variety. Such an effect was absent in 2002 however. 
In France, pathogen populations differed according to host genotypes. Isolates virulent to 
Naturella (possessing the R2 resistance gene) were recovered almost exclusively from this 
cultivar, and proved weakly aggressive on Bintje (susceptible) or DØsirØe (partially resistant). 
Isolates collected from Bintje were most aggressive on both Bintje and DØsirØe. There was no 
clear indication of a strong correlation between pathogenicity characteristics and AFLP 
fingerprints. These patterns were similar in collections made over the two successive years. 
 It seems that alternating rows of susceptible and resistant potato varieties have a limited 
potential to control late blight in environments highly conducive to the disease, but may help 
manage the evolution of pathogen populations for virulence and aggressiveness. 
 

  
Variety mixtures:  
 
Much evidence shows that development of air-borne pathogen epidemics can be significantly 
restricted with variety mixtures with as few as three or four different forms of resistance. The 
mechanisms involve spatial separation of plants carrying the same resistance genes, barrier 
effects and induced resistance (i.e. plant A induces resistance in its neighbour B by plant A 
allowing the persistence of a pathogen race which is virulent to A, avirulent to but resistance 
inducing in B).  The latter two mechanisms should play a greater role when plants are mixed 
within rows than when planted in alternating rows. However, improvements in disease control 
in mixtures must be weighed against additional costs for separating the varieties prior to sale 
or restricted marketing opportunities 
Variety mixtures were tested in the United Kingdom (UK) and Germany (D) between 2001 
and 2003 to investigate growing mixtures of potato varieties as a diversification strategy for 
the management of late blight. In the UK, five varieties with differing resistances were grown 
in all possible mixtures and pure stands in two differently sized plots. Susceptible or 
moderately resistant varieties suitable for commercial cropping were infected to similar 
extents in mixtures and pure stands. In two of three years, infection in variety Sante 
(moderately susceptible variety) was slightly less when mixed with Cara (moderately 
resistant), but Cara was unaffected. Mixing a late blight immune/near immune partner 
(Tominia) with either Cara or Sante reduced disease in these latter two varieties. Mixtures of 
varieties did not suppress disease to an extent exceeding that provided by the average of the 
resistance of individual components/varieties within the mixture. Larger plots were more 
infected than small plots but the disease progressed more rapidly in small plots whilst 
planting density had no effect. Cara yielded better in mixtures than expected, demonstrating 
positive combining ability whereas Appell performed worse than expected, showing negative 
combining ability. The combining ability of other varieties depended on their companion 
varieties. Mixtures improved yields by about 5% compared with the yields of individual 
components (indicating better resource use). Cara�s advantage improved as the number of 
varieties in the mixture increased but Sante yielded progressively less (other varieties showed 
no response) and for Cara the relative benefit of mixtures over varieties was affected by plant 
density. 
 In Germany (D) in 2002 and 2003 � Agria and Simone (white skinned) and Laura and 
Rosella (red skinned) were grown in pure stands and four mixtures of a red and white skinned 
variety either following grass/clover or wheat to study effects of nutrient availability on late 
blight and plant-plant interactions. Yields were less after wheat but severity and rate of 
infection was less (but not significantly) following wheat than grass/clover. Effects of 
mixtures on disease were small compared with pure stands but the Laura-Simone mixture 
(these two varieties represented the upper and lower ends of the susceptibility spectrum) was 
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most effective, especially under low disease pressure after wheat than grass clover in both 
years. Whilst mixing varieties did not affect overall yield, the least competitive variety in the 
mixture produced fewer oversized and more undersized tubers than in pure stand. 
Competitive interactions between varieties were similar in both years and were unaffected by 
nutrient availability. 
 
As with alternating rows of different varieties, on the basis of these results it seems that 
substantial advantages are unlikely to occur in terms of reductions of blight infection, 
especially if disease pressure is severe. However, there may be some yield benefits with 
certain mixtures due to improvements in resource use that are not related to blight infection. 
Growing mixtures on a commercial scale would provide a number of practical challenges in 
growing, harvesting, grading, storage and marketing. 
 
Intercropping: 
 
Separation of single or multiple potato rows/beds by suitable crops of a different species 
should restrict late blight infection and hence improve yields  by reducing the amount of 
susceptible plant tissue per unit area (dilution), providing a barrier against spore dispersal and 
modifying the microclimate. Intercrops such as wheat should significantly delay the spread of 
blight and increase yields compared with shorter crops such as clover and the barrier effect 
should increase as the strips of wheat get wider. Resistance type (race-specific or race-non-
specific) of the potato variety will probably influence the epidemiological interactions in 
diversified stands. 
 
Effects of intercropping potatoes with either cereals or grass-clover on late blight severity and 
yield of two potato varieties were studied from 2000 to 2002 in large-scale field experiments 
in Germany. Orientation of the plots to prevailing winds (either parallel with, or perpendicular 
to the main wind direction) and effects of plot size (3 x 10 m in 2000 and 6 x 18 and 6 x 36 m 
in 2001 and 2002) were also investigated. Intercropping had no effects on late blight in 2000, 
but increasing plot size and distance between plots significantly reduced it in 2002. 
Reductions were highest in plots planted perpendicular to the wind grown next to grass-
clover. Yields of potatoes in rows directly adjacent to cereals were invariably significantly 
reduced in all three years because of competitive effects.  
 
Effects of the cropping strategy did not interact with variety. In 2000, the susceptible variety 
Secura was much more severely infected  with late blight than the more resistant variety 
Simone, but yields were very similar indicating that as far as yield is concerned in an organic 
system, early bulking might be more important than resistance. Lack of correlation between 
AUDPC and yield in 2002 can be explained by the very dry spring which impeded the 
mineralization of organic matter in the soil resulting in much reduced nutrient supply to the 
crop. Thus, nutrient limitation rather than disease was responsible for the reduced yields. 
 

 
Epidemiological effects of diversification strategies (alternating rows of varieties; variety 
mixtures; intercropping) are extremely dependent on the variety (level and type of resistance) 
used and spatial variation in disease pressure. In addition, potato yields will also be affected 
by competition between different varieties in the stand and from different barrier species. 
Therefore, in order to utilize diversification strategies effectively, reactions of different 
varieties to competition from other companion varieties and species have to be determined to 
identify varieties suitable for this approach. A useful additional breeding objective for organic 
farming would be to improve the competitive ability of varieties in mixed, diversified stands: 
weed suppression and use of limited resources for growth would be an additional benefit. 
Reduction in disease pressure from diversification in a potato cropping system may be 
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dependent upon the size of the plots or beds of the different varieties and species. The most 
effective sizes may be much larger than experimental plots. 
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4) AGRONOMIC STRATEGIES 
 
Agronomic practices (other than using resistant/tolerant varieties) may avoid, delay or 
reduce the incidence and/or  severity of late blight by affecting physiological age, the 
onset or rate of tuber bulking, canopy size, plant to plant interactions, micro-climate 
within the crop and disease susceptibility. As such they are important components of 
integrated "locally adapted" agronomic management systems for late blight in EU-
organic potato production. 

 
Volunteer removal strategies: 
 
Potato volunteers that survive over winter and grow spread late blight to newly 
emerging crops. Pigs excavate and eat volunteer tubers and recycle nutrients via their 
excreta but may damage soil structure. In the Netherlands sows (2001) and finishing 
pigs (2003) removed volunteer potatoes very quickly and effectively following 
harvest. However, this was offset by adverse effects:  many of the pregnant sows in 
2001 aborted after consuming volunteer tubers (but there was no conclusive proof that 
the potatoes were the cause): meat quality of the finishing pigs in 2003 was reduced 
substantially: soil was compacted in the top 6-18cm causing establishment problems 
in the succeeding cereal crop. Whilst �rooting� pigs control volunteers extremely well, 
the risk of adverse effects mean that it cannot be recommended unconditionally. In 
any case, this option will be restricted to a relatively few farms with access to pigs 
and a suitable soil type. 
 
Position in the rotation re: fertility building grass/clover crops: 
 
Crop rotation is a crucial element of soil fertility management strategy (although there 
are also crop protection benefits). In organic rotations, potatoes are grown once every 
four to seven years and usually follow grass/clover or a cereal crop that is grown 
immediately after grass/clover to benefit from the previous build up of fertility. 
Resistance to late blight may be influenced by soil and hence plant fertility status. 
Fertility will be higher immediately after a grass/clover ley than after a cereal and 
whilst this may lead to higher yields the crops may be more susceptible to blight. On 
the other hand, nutrient deficient crops lacking in vigour may also be more susceptible 
to disease. In either case, there are likely to be differences between varieties and, 
changes during the growth period with respect to blight resistance. The effects of the 
position within the rotation (and hence different nutritional levels) of potato-varieties 
with different bulking times on late blight infection, yield and quality were assessed in 
Germany and the Netherlands in 2002 and 2003. Potatoes followed directly after a 
fertility building crop of grass/clover or Lucerne, or after wheat or barley following a 
grass/clover pre-crop.  

Results from Germany confirmed the major effect of fertility on crop performance, 
highlighting that if varieties are to achieve their full yield potential under organic 
conditions adequate nitrogen supply is of paramount importance. Pre-crop 
grass/clover (rather than a cereal) was an effective way of building up the nitrogen 
supply and therefore the potential for a high yield. Achievement of levels of fertility 
sufficient to meet the demand for unrestricted growth should be given higher priority 
than the risk of late blight infection.  Pre-crop species had no significant effect on the 
severity of infection but it was greater in potatoes after grass/clover. This was 
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attributed to more conducive micro-climatic conditions in the foliage rather than the 
nutritional status of the crop per se. Variety had the biggest effect on late blight 
infection: Simone, a later bulking and less susceptible variety than either Nicola or 
Rosella, had consistently lower symptoms. Copper fungicide treatment had a greater 
beneficial effect in susceptible than more resistant varieties. These results were 
similar to those from the variety evaluation trials mentioned previously.  
Where the duration of crop growth is limited by high disease pressure and susceptible 
varieties such as Nicola are grown, adequate supplies of nitrogen to match crop 
demand over the growing season is of crucial importance for yield. Later bulking 
varieties, which tend to be more resistant to late blight, may compensate for delayed 
bulking because of a longer duration of crop and tuber growth, during which more 
mineralised nitrogen becomes available to keep pace with demand. 
Results from the Netherlands were similar although the varieties were different and 
Lucerne was a pre-crop rather than grass/clover. Late blight was slightly greater after 
Lucerne than after wheat in 2002, but with compulsory defoliation at low levels of 
infection, the disease had no effect on yield, although Lucerne gave a slight but 
insignificant yield increase compared with wheat. As in Germany there were large 
effects of variety on blight infection dependent upon the level of resistance and hence 
tuber yield. In 2003, there were no differences in levels of late blight infection 
between the fertility treatments but there were differences between varieties.  The 
very dry and hot seasonal conditions in 2003 coupled with the a high level of  basal 
fertilisation with slurry prior to ploughing out the pre-crop for potatoes meant that 
crop performance was more limited by water shortage than by nitrogen deficit, and no 
pre-crop or fertilisation effects were evident. 
 
 Results of this series of experiments to assess effects of position in the rotation (re: 
fertility building grass/clover crops) with respect to late blight infection and crop 
performance indicated that the combination of site-adapted varieties grown on soils 
with enhanced fertility should form the foundation for potato cropping in organic 
systems. These are important agronomic measures which coupled with others that 
promote early crop development such as pre-sprouting or chitting of seed tubers and 
early planting can help to eliminate or at least considerably reduce the need for copper 
fungicide treatments. This principle is one which deserves much greater emphasis 
than it has received in the past. 
 
 
Effect of animal manures and N:K ratios: 
 
Balanced fertility management and high levels of available K are thought to increase 
resistance of potatoes to fungal diseases. With N however, high inputs may decrease 
blight resistance by giving a dense canopy with a micro-climate that encourages the 
disease whilst nutrient-deficient plants under stress may also be more susceptible to 
infection despite their small tops. However, more information is needed to clarify 
responses. Irrespective of possible effects of nutrient supply on disease, fertility is an 
important determinant of potential yield yet many potato crops in organic systems 
receive relatively limited inputs of nutrients and some are deficient (occasionally for 
N and often for K). Optimising fertility management and utilisation of applied 
nutrients is therefore a major agronomic objective in potato production. In particular, 
balancing losses due to increased blight infection with gains from improved growth is 
critical. 




