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SUMMARY
This study develops and tests novel approaches that significantly reduce the fungicide input necessary 
for potato late blight control while maintaining the required high level of disease control. The central 
premise is that fungicide inputs can be reduced by reducing dose rates on more resistant cultivars, 
by omitting applications on days when conditions are unsuitable for atmospheric transport of viable 
sporangia and by adapting the dose rate to the length of the predicted critical period.
These concepts were implemented and tested in field experiments in 2007 and 2008 in the North 
Eastern potato growing region in the Netherlands which is known for its high potato late blight 
disease pressure. Field experiments contained three starch potato cultivars, representing a range 
in resistance to potato late blight from susceptible to highly resistant, and a series of decision rules 
determining spray timing and incorporating an increasing number of variables such as: remaining 
fungicide protection level, critical weather, atmospheric capacity for viable transport of sporangia 
and the length of the predicted critical period. 
The level of cultivar resistance was used to reduce the dose rate of the preventive fungicide Shirlan 
(a.i. fluazinam) by default. 
A 50% – 75% reduction of the fungicide input proved possible in both years without adverse 
consequences to the crop or yield. The principles can be used in many decision contexts, but further 
work is needed to test and refine the methods before it can be used in practice.

KEY WORDS
Phytophthora infestans, spores, dispersal, decision support, disease control, environmental impact.

INTRODUCTION
Potato late blight is an ongoing problem in the global potato industry (Hijmans et al., 2000), 
demanding grower attention from day-to-day, and still causing losses despite this attention. It is 
estimated that P. infestans is responsible for multi-billion dollar losses annually in global tomato and 
potato production (Duncan, 1999; Birch and Whisson, 2001; Haverkort et al., 2008). Chemical 
control is still the most important measure used, and many growers anticipate that disease control 
requires regular applications of fungicides at high rates and short intervals throughout the growing 
season. This situation is being questioned, in part due to an increase in environmental awareness 
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and public concern about the negative side effects of fungicide use in agriculture, and in part due to 
concerns regarding the development of pathogen resistance to chemical products. Efforts to reduce 
the environmental impact of potato cultivation are now driving exploration into new options to 
reduce the number of sprays, and/or the dosage, while ensuring crop health.

MATERIALS AND METHODS
Models and submodels are described in Skelsey et al., (2009). Field experiments were conducted in 
2007 and 2008 in Valthermond, the Netherlands in the centre of the Dutch northeastern starch 
potato growing area. A randomized, split-plot design was used, with three potato cultivars, two 
(2007) or five (2008) late blight management systems, and four replications. Potato cultivars were 
used as main plots and potato late blight management systems as sub-plots. Each sub-plot measured 
6 m x 12 m. Potato cultivars were Festien (resistant), Seresta (moderately resistant), and Karakter 
(2007) or Aveka (2008) (susceptible); all starch potato cultivars. Two Curzate treatments were applied 
on the first two critical periods of the growing season to eliminate latent tuber infections. From then 
onwards, spray decisions were based on historical and predicted weather and the recommendations 
of the decision support rules relevant to each specific treatment (Table 1). For a spray advice to be 
issued all relevant criteria had to be fulfilled. By default, the resistant cultivar was sprayed with 
25%, the moderately resistant cultivar with 50% and the susceptible cultivar with 100% of the 
recommended Shirlan dose rate of 0.4l/ha. Spray treatments were applied maximally one day before 
the actual start of the critical period.
SIMCAST’s (Grunwald et al., 2000, 2002) fungicide units (FU’s) were used to determine the 
remaining level of fungicide protection. Blightdays as described by Skelsey et al., (2009) were used to 
determine critical days, days with sufficiently long periods of leaf wetness to support infection. The 
spatial add on determines the daily, cultivar specific, distance weighted infection pressure (DWIP) 
as described by Skelsey et al (2009) and compares it to a threshold value (the 33 or 50% percentile of 
a list of DWIP values covering 30 years of relevant critical days). Finally, the length of the predicted 
critical period is calculated by applying the Blightdays criteria to the seven day weather forecast. 
When a critical period was predicted, the Shirlan dose rate was reduced proportionally to the length 
of the predicted critical period with seven days of consecutive critical weather requiring the ‘full’, 
cultivar specific, reduced Shirlan dose rate given above.

Table 1.  Components of the individual decision support systems as applied in the field experiment 
of 2007 and 2008. All criteria included in a system have to be fulfilled for spray advice to 
be issued.
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The summer of 2007 was warm and wet. According to KNMI (the Royal Dutch Meteorological 
Society; http://www.knmi.nl/), this period saw the second wettest July on record since 1901. In 
contrast, the summer of 2008 started out relatively dry and was average for the rest of the time.

Disease severity was assessed once or twice per week using the PD scale (de Visser and Meier, 2000). 
Following completion of the cropping cycle, the plots were desiccated with Reglone. 

RESULTS

Field experiment 2007
Over the course of the field experiment, FU2007 recommended a total of 14 fungicide applications. 
The supplementary spatial component incorporated in Spatial332007 modified a total of three of 
the 14 spray recommendations for the resistant cultivar Festien. On these occasions, cultivars 
Karakter and Seresta were sprayed whereas cultivar Festien was left untreated. The negated spray 
recommendation was kept in memory and if in the following days the risk of viable spore transport 
was high (according to the supplementary spatial component) then fungicides were applied to the 
untreated plots. This was the case on the day following the first modified spray recommendation, 
and fungicides were accordingly applied to the untreated Festien plots. On the second and third 
occasions where a spray decision was modified, conditions continued to be unsuitable for transport 
of viable spores over distance (according to the supplementary spatial component) and as a result, 
both chemical treatments were avoided altogether. A high level of disease control was achieved by 
both DSSs despite (very) favorable conditions for potato late blight and high disease pressure from 
the direct surroundings of the experiment during large parts of the growing season. Reducing the 
fungicide dose rates according to resistance level of the cultivar proved to be an effective strategy as 
there was no significant difference in final disease levels between cultivars. Similarly, the difference in 
the level of disease control afforded by the two DSSs were not significant. This serves to demonstrate 
that the supplementary spatial component for DSSs can reduce the number of sprays recommended 
in a growing season and maintain adequate levels of crop protection.

Field experiment 2008
The 2008 experiment was designed to give more insight in the individual contribution of a range of 
“spray triggering events” to the overall performance of the control strategy and the fungicide input 
(Table 1). 
The control strategy based on fungicide degradation alone (FU2007 & FU 2008) resulted in a solid 
control of potato late blight on all cultivars with 16 sprays (Table 2). Including fungicide degradation 
and critical weather resulted in 8 - 9 spray recommendations. The level of blight control of CP2008 
was equal to FU2007/2008 but required 7-8 spray applications less. Adding the criteria on influx of viable 
sporangia (33% criterion) reduced the fungicide input by 1 application on the resistant cultivar. 
Results for the theoretical number of applications are given here because the eradicant treatments 
became necessary due to an insufficiently strict definition for blightdays. The 50% criterion for influx 
of viable sporangia resulted in only 3 spray applications on the resistant cultivar Festien (including 
2 eradicant applications) but P. infestans severity got out of hand indicating this profile incorporates 
too much risk on the resistant cultivar. On the moderately resistant and susceptible cultivar the 
number of sprays and the performance of Spatial502008 was identical to CP2008. When the length 
of the predicted critical period was taken into account to reduce the recommended Shirlan dose 
rate, this did not affect the number of sprays or performance but the fungicide input in kg/ha was 
significantly reduced, especially on the moderately resistant and susceptible cultivar (Table 2).
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Table 2.  Fungicide input in 2008 for the systems included in the experiment and expressed as the 
number of sprays applied or the number of full dose rate equivalents (0.4 l Shirlan/ha) 
applied.

CONCLUSIONS
Fundamentally, this study is concerned with including more meteorological information in 
operational decision support. Spatial epidemiology has been scarcely used in operational decision 
support. Adaptation of the dose rate to the length of the predicted critical period has never been 
considered for practical reasons. However, when the chemical input and its effects on the environment 
are questioned, both concepts may play an important role in reducing the environmental burden of 
potato late blight control.
Development of spatial risk factors for regional spore dispersal from aerobiological models offers a 
new approach for manipulation of spray intervals in such systems. Previously, the influx component 
of the infection risk was largely ignored because it is difficult to handle. Instead it was assumed 
that spore influx always takes place at significant levels so that decisions come to depend on local 
conditions only. One of the strengths of the approach outlined here lies in the comprehensive use 
of forecast data already incorporated in many DSSs A further advantage is the applicability of this 
concept to a range of similar pathosystems characterized by aerial dispersal of inoculum. It has been 
demonstrated here that spatial risk algorithms are easily incorporated into existing frameworks in 
the form of a supplementary spatial component, with model results conveniently expressed in the 
form of a yes-or-no spray modification decision. Results from the field trials showed that in the 
periods of normal disease pressure approximately 1/3 of the fungicide applications can be saved 
for the most resistant of the three cultivars tested, which was otherwise sprayed with only 25% 
of the recommended dose rate of Shirlan. The total reduction of fungicide input for the resistant 
cultivar (Festien) was high at almost 80%. A high level of protection was maintained in all systems 
throughout both seasons, except in plots treated according to the Spatial502008 system which 
used an influx threshold which was simply too high. Overall, the results demonstrates that the 
supplementary spatial component can provide robust control whilst saving approximately 1/3 of the 
number of sprays.
With respect to the systems that reduce the Shirlan dose rate proportionally to the length of the 
predicted critical period proved to result in reliable potato late blight control with an additional 
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significant reduction of the fungicide input, especially on the moderately resistant and susceptible 
cultivar. In contrast, the influx criteria resulted in savings on the fungicide input especially in the 
resistant cultivars. 
Further field trials are required before definitive conclusions can be drawn as to the utility of the 
approaches outlined in this paper. Both approaches however are not limited to potato late blight and 
the methods developed here could also prove to be useful in a decision context for other pathosystems.
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