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European Network for development of an integrated control strategy of potatoe late
blight (EU.NET.ICP)

Second Workshop, Carlow, 1997

This report contains the papets and posters presented at the Second Workshop on the Euro-
pean network for development of an integrated control strategy of potato late blight held in
Carlow, Treland 24 September - 27 September 1997. The Workshop was the second of four
Workshops to be held as part of the activities in the Concerted Action EU.NET.ICP.

EU.NET.ICP

EUNET.ICP is a network of 16 research groups from 10 European countries, all working on

integrated control of late blight caused by the fungus Phytophthora infestans in potatoes.

The network is funded by the European Commission as a Concerted action within the Pro-

gramme for research, technological development and demonstration in the field of agriculture

and fisheries 1994-1998.

With the establishment of a network for communicatton between scientists and research

groups who work on control of late blight trhe following objectives are envisaged:

¢ to coordinate ongoing research in order to avoid duplication of efforts.

¢ survey the state of the art on control of Phytophthora infestans and indicate information
gaps to regards to integrating a Decision Support System,

« development of European Integrated Control Strategy and a Decision Support System in
which all available knowledge is integrated.

¢ by harmonising ongoing field trials an Integrated Control Strategy and a Decision Support
Systemn will be validated on a Furopean level.

+ results will be diffused to extension officers and farmers.

The papers presented in the Proceedings give a survey of the state of the art in controlling
Phytophthora infestans in potatoes in Europe. During the Workshop sub-groups were formed
on epidemiology, fungicides and Decision Support Systems. In these sub-groups first steps

were made towards on indication gaps and coordinating ongoing research.

For further information please contact the network secretariat where additional copies of this

report and the Newsletter can be ordered.
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Second Workshop of an European Network for Development of
an Integrated Control Strategy of potato late blight
Carlow, Ireland, 24 - 27 September 1997

The development and control of

Phytophthora Infestans in Europe in 1997

H.T.A.M. SCHEPERS
Applied Research for Arable Farming and Field Production of Vegetables
P. O. Box 430, 8200 AK 1elystad, The Netherlands

Introduction

From 24-27 September 1997 a Workshop was held in the framework of a Concerted Action
on control of Phytophthora infestans. Representatives from 12 European countries presented
the development and control of late blight in their country in 1997. In this paper these pres-
entations are summarised. The weather conditions of 1997, the disease progress and the input

of fungicides are presented.

Weather conditions

Weather conditions in the Po Valley (Italy) were not very favourable for blight outbreaks.
Negative prognosis [.P.I model’s threshold was averagely overcome in mid June due to heavy
and persistent rain fall specially in the north of the Po river. Waterlogged soils did not allow
farmers to enter the potato plots to protect the crops and first blight symptoms were detected
on potato from June 20. South of the river the lack of rainfall in May and few showers in June
failed to be conducive to the disease on potato. However, later in the first week of July late
blight was detected on tomato plots sporadically within the most important tomato growing
areas of central and northern Italy. In the north of Spain rainfall was high in May-July re-
sulting in high risk for late blight. After 10" June heavy rainfall in Framce increased risk
enormously; the risk was only higher in 1981. August was dry and warm which lowered the
risk, but heavy showers at the end of August again increased the risk. In Austria most crops
were dense and heavy in June and amount of rainfall was high during the second half of the

month. Low temperatures prevented the first occurrence of late blight. Rise in temperature in
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combination with temporary waterlogging favoured a delayed but severe outbreak of the dis-
ease in most production areas in the second half of July (17/7 - 20/7). From beginning to
middle of August a second period with high infection pressire caused severe damage espe-
cially in middle late crop. The end of the vegetation period was characterised by dry and
warm weather conditions preventing or reducing significantly tuber infection. Favoured by
the ¢limatic conditions in 1997 outbreak of the disease was much more severe than in 1996 in
particular as the temporary waterlogging of the fields did not allow fungicide treatment dur-
ing these periods.

In Switzerland the high risk weather conditions are characterised by “Main Infection and
Sporulation Periods”(MISP). In 1997, 21 of these periods were recorded and only 6 in 1996.
Also in Belgium, The Netherlands and Norway the weather conditions were very favour-
able for the development of late blight. In the east of Scotland high risk periods occurred
carlier than normal. Many Smith periods were recorded in June, July. Blight favourable
weather as determined by “Smith-periods™ was recorded in all areas of England and Wales
during the growing season, but in some areas, notably the South West and the North, the risk
was extremely high. In Northern Ireland, a near Smith period 17-20 May was followed by
an unusually early outbreak of blight in one crop on 30 May. Smith periods were recorded in
June, July, August and September, but cold weather in June slowed the spread of blight in the
early part of the season and blight, although widespread, was not severe in most crops. In
Ireland the rainfali was high during 1997 (500 mm from June-September) which resulted in
an accumulated risk valve that was nearly double that of 1996. In the southern part of Jutland
{Denmark) late biight was observed in several fields in the last week of June. The late blight
warning based on the Negative Prognosis was for the first time in many years, about one
week too late in this area. Early and heavy attacks including a lot of stem lesions were seen
especially in the cv Godiva. In the first part of July weather became unfavourable for late
blight and in mid July late blight seemed to be under control in conventional fields. July and
August were very hot and dry. In organic crops late blight epidemics started about mid July.
That is 2-3 weeks earlier than normal. In Sweden the weather was favourable in the end of
May and in June, but a dry July reduced the risk for late blight considerably. As a whoie 1997
was not a extremely severe “blight” year in Sweden. In the south of Finland high rainfall
produced an increased risk for late blight when compared to other regtons and most years. An
estimation of the weather conditions favourable for the development of [ate blight during the

growing season of 1997 is presented in Table 1.



In most countries the first recorded outbreak of late blight was earlier than in other years.

Only in Norway and Italy, was the first recorded outbreak later than in previous years (Table
1).

Fungicide input

The early attack of late blight in many countries and the continuously favourable weather
conditions during the growing season caused an increased input of fungicides in almost ail
countries. Sometimes the availability of fungicides was low, and growers had to use what was
available rather than the first choice products. Active ingredients with curative and eradicant
properties were used more frequently than in previous years, also fentin-based fungicides
were used more to minimise the risk of tuber infection. In the periods with high rainfall, fun-
gicides with a good rainfastness (eg. {luazinam) were preferred to other products. The aver-
age number of treatments per growing season was higher in most countries (Table 2}. The in-
put of fungicides in 1997 is estimated to be 15-40% higher than in 1996.

Tuber blight

In Belgium, France, Italy, The Netherlands, Sweden, Switzerland and Austria no serious
problems with tuber blight were recorded. In Ireland serious problems were encountered in
stored potatoes. Sporulation of the fungus on the surface of infected tubers has led to signifi-
cant spread of infection during handling processes. Problems with tuber blight have also been
detected in some areas of Spain, Jersey, England/Wales, Northern Ireland, Finland, Norway
and Scotland. Tuber blight will occur on a larger scale when heavy rain showers can wash
down spores from an infected crop to a wet soil. There are also indication that lower soil

temperatures {<16°C ) promote the development of tuber blight.



Table 1. Weather conditions favourable for the development of late blight and dates of

first recorded outbreaks in 1997 in relation to other years.

May June July August Seplember First outbreak
1997 1996 1995

AU * *k Ak kR * 17 july {7-10 days later than normal)
B EEZ I L 2 *k *ok 15 May' September 30 May’
CH RAw ek 16 May 23 May 29*April
D ? ? ? ? ? ? ? ?
DK ok *EE K * ¥ end June begin June 20 hune
E ek ok ek *ok * 1_7 June
F * *AE R Kk i 23 May’ 13 Tune® 1*April’
I * ** fad * * 20 June 19 May 30 May
IRL * ok sk LT3 dekok 25 Junc 31 July
N *dk Rk *% Hok *& 7*Augus[ 29 July
NL *hE o Rk ek ** hd 2 June
s EE LI T4 HE *k 24 May'
FIN *ok b ** i 1 July (2 to 4 weeks earlier than normal}
Northern Ireland ~ ** AR Kbk ok ok 30 May 27 June 20 June
England:’Wales Kk %k ok Hkk * %k ok 29 May
Jersey *hE kEk 7 March’ (earliest outbreak since 1992)
Scotland ks kkk A% 3 July (2 1o 4 weeks earlier than normal}
* = low risk ' polythene covered crop
*4 = moderate risk * waste piles
*#** = high risk

Table 2. The estimated use of fungicides. Average number sprays/season.

1997 1996
AU 5-6x 4-5 X%
B 14-15x 8-12x
CH T-9x 6-7x
D ? 6x
DK 7-10 x 6x
E 5-6x 3Ix
F poster 11-20x
1 6-8 x 6-8 x
IRL ? ?
N 4 x 29x
NL 7-15% 5-12x
S 4-5x 4-5x
FIN 4-5x 34x
UK 4-18 x 2-10 x
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Second Workshop of an European Network for Development of*
an Integrated Control Strategy of potato late blight
Cariow, Ireland, 24 - 27 September 1997

Report of the discussions of the subgroup
epidemiology

D. ANDRIVON

Participants: Nicole Adler (D), Bjérn Andersson (S}, Didier Andrivon (F) (chair), Ruairidh
Bain (UK), Annelies Beniers (NL), Lars Bidker (DK), Laura Cobelli (I), Louise Cooke
{UK), Frank Fleischmann (D), Dennis Griffin (IRL), Jan Hadders (NL), Arne Hermansen
{N), Hector Lozoya-Saldina (MEX), Kurt Miller (D), Seamus O’Sullivan (IRL), Magnus
Sandstrém (8), Alexandra Schlenzig (D), Diedert Spijkerboer (NL), Anita Strémberg (S)

The discussions in the subgroup focused on three rmain topics, on which several presentations
had been made during the workshop:
i) the population structure of Phytophthora infestans;
iiy epidemiological parameters, including aggressiveness differences, and their
relevance to DSS in current P. infestans genotypes;

iii) the occurrence and epidemiological importance of odspores.

The meeting started by a brief presentation of the research programmes of the participants
and/or their groups, as related to these three topics. These will be presented under the corre-

sponding sections.

1. Population structures of P. infestans.

Among the participants present, several are engaged in studies of the population structure of
local P. infestans populations, both in Europe (France, Ireland, the Netherlands, Scandina-
via...) and abroad (Mexico). However, it appears that much of the information is scattered and
that a compilation of the existing data sources should be useful. To this end, a questionnaire

will be prepared by Didier Andrivon, and sent to all participants in the Concerted action be-

PAV-Special Report no. 3, January 1998, 11-14

1



fore the end of 1997. The goal of this questionnaire is to list the kind of information available
on local population structures of P. infestans in Europe (markers used, sample sizes, period
surveyed, etc...), and the sources where this information can be obtained. The questionnaire
should be returned to Didier Andrivon before the end of February, 1998, and a compilation of

the data will be produced for the Uppsala meeting.

The relevance of investigation of population structure for DSS management was not unani-
mously recognised, although it seemed clear that knowledge on the composition and evolu-
tion of populations was of importance for controlling the late blight pathogen. One of the
problems raised was that DSS do not aim at modejling the epidemics incited by every geno-
type in the pathogen population, but at describing the epidemic incited by the population as a
whole. In other terms, while the variability among genotypes constituting the pathogen
population is not accounted for by DSS, the modelling systems should be based on the pa-
rameters relevant for the most threatening genotypes present in the population, The nature of
these critical genotypes (most frequent genotype in the population, or most aggressive one?)
is at the moment difficult to determine, since too little is known about variation among
genotypes in their requirements concerning epidemiologically significant parameters (see in-
fra).

2. Epidemiological parameters and their relevance to DSS

Again, several groups are actively involved in measuring epidemiological parameters for cur-
rent isolates of P. infestans. A number of groups (Norway, the Netherlands, UK, France) also
are engaged in gathering information about variation for aggressiveness, either to leaves,
stems or tabers, of local P. infestans isolates. Again, because this information is rather scat-
tered and often unpublished, it seemed of use to produce the same sort of questionnaire as de-
cided for population characteristics. Didier Andrivon agreed to add the corresponding ques-
tions to the first questionnaire, so that both aspects are covered simultaneously.

Jan Hadders explained that he considers that the main gap in information available now con-
cerns the requirements for and kinetics of penetration of potato tissue, rather than aggressive-
ness per se. Some work on these aspects is under way in Munich (Nicole Adler). Diedert
Spijkerboer explained that he will focus on spore production, infection efficiency (in particu-
lar relative to inoculum concentration), and spore dispersal. The latter point may benefit from

spore trapping experiments performed in Bavaria and Italy, although the latter are basically
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intended as an aid to forecasting. Arne Hermansen indicated that he started an experiment
{still in progress) aiming at the comparison of aggressiveness of a number of Al and A2 iso-

lates at different temperatures.

Ruairidh Bain intends to further investigate the relationships between foliage blight and tuber
blight, with special attention paid to the importance of stem lesions. He stressed the fact that
little information was available relative to the conditions leading to tuber infections in their
relationships to foliage blight, and proposed that a survey of the existing literature on this
topic be carried out. He volunteered to review the British literature, and welcomes support

frorn other participants willing to review the data published in other langnages.

The question of latent infections and seed-borne inoculum was also raised. The group in Mu-
nich plans to further investigate this topic using PCR as a detection method of latent infec-
tions, as well as through a survey of several organic crops in Bavaria. So far, there is little
evidence to show that seed tubers are a major source of primary infections, but even rare foci

originating from diseased tubers may put neighbouring crops at a serious risk.

3. Oospore biology and epidemiological importance

This was a major topic in the presentations at the workshop, particularly since evidence was

obtained for the implication of oospores in primary infections at several sites, particularly in

the Nordic countries. A number of research activities are starting or are planned for the next

few months or years on the different problems raised by oospores, mainly in Scandinavia and

in the Netherlands:

= demonstration of the implication of oospores in primary infections, particularly through
their effect on population structures (mating type distribution, occurrence of recombinant
genotypes, diversity increase...);

¢ conditions required for germination and production in the field, so as to devise guidelines
(to be included in DSS) for scouting fields at risk;

e pospore production on different cultivars;

e pospore survival in the field.

The Nordic group will investigate most of these issues in a field under natural infections rein-

forced each year, while the Dutch group at PAV has plans to set up similar experiments in a

13



situation with one single infection. Furthermore, work on oospore biology is also carried out

in Mexico by W. Flier and L. Turkensteen, who will also take part in the Dutch experiments.

Finally, the group agreed that epidemiological and population studies are an obvious prereq-
uisite for efficient control of plant pathogens, and that much of this work is still to be done, as
shown by the list of prospects and misses enumerated above. Although part of this work is
being carried out in the participating institutions on existing funds, and while some benefit
will hopefully be gained from the compilations of data allowed by the questionnaires to be
produced shortly and from the co-operation between groups currently engaged, the group also
strongly insisted that joint research projects should be devised and proposed for funding to

national or European authorities.
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Second Workshop of an European Network for Development of’
an Integrated Control Strategy of potato late blight
Carlow, Ireland, 24 - 27 September 1997

Report of discussions of the subgroup

potato late blight fungicides

H.T.A.M. SCHEPERS

Participants

The group was composed of the following participants:

Lestie Dowley (IRL), Serge Duvauchelle (F), Asko Hannukkala (SF), Frans Heuts (NL),
George Little (UK), David Lockley (UK), Raquel Marquinez (E), Javi Michelante (B), Sea-
mus O'Leary (IRL), Huub Schepers (chairman, NL}, Elisabeth Schiessendoppler (AU).

Subject areas
1) Fungicide guestionnaire
2) Application technology
3) Stem blight

1) Fungicide questionnaire

The main objective of the subgroup was to discuss a draft questionnaire previously prepared
by Serge Duvauchelle designed to gather information relating to fungicide efficacy and fac-
tors affecting efficacy. Additional questions concerning other specific properties of fungicides
were also included. Schepers agreed to ammend the draft questionnaire in consultation with
participants of the Workshop by early November 1997, and that a coordinator representing
each of the countries present at the Workshop would be sent the finalised questionnaire. The
coordinator would then be responsible for liaising with colleagues at other research insti-
tutes/extension organisations to complete the questionnaire for the ten most important fungi-
cides used for the control of late blight in that country. The coordinator would also contact
the agrochemical companies/approval holders marketing the fungicides in that country also to

complete the questionnaire. In addition, the agrochemical companies permission would be

PAV-Special Report no. 3, Januari 1998, 15-22
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sought to include their products in any Decision Support System.

To prevent any misinterpretation the responses of the agrochemical companies and indepen-
dants in the various research/advisory institutes would need to be compared and it was there-
fore agreed that the information would be independantly evaluated. The completed question-
naires should be returned to the overall coordinator (Schepers-NL) by the end of January
1998 at the latest. A compilation of ail the questionnaires would be made by Schepers and the
results presented at the Workshop in 1998 and published in the Proceedings. The resulting in-
formation would then be available for inclusion in the various DSS being developed in differ-
ent countries and also identify areas where further effort is required.

Action: Schepers; coordinators

2) Application technology

Several factors were also thought to affect the deposition of spray droplets on potato leaves eg
speed of spray boom, height of spray boom above the crop, spray pressure and nozzle type,
use of air assistance etc. The subgroup considered that application techniques may therefore
influence the efficacy of a particular fungicide and that when comparing efficacy data from
field evaluations it was necessary to compare those using similar methodologies (or Standard
Operating Procedures). In order to prevent spray drift into nearby water courses, sprays pro-
ducing larger droplets which are less prone to drift were being actively investigated in The
Netherlands, however, little information is available on the biological activity of larger drop-

lets.

3) Stem blight

Also, as there are indications that the amount of stem blight infection may be important in
maintaining the progress of the epidemic and particularly in the tuber infection process, the
subgroup recommended that stem blight measurements should also be made in addition to as-
sessments of leaf infection.

Action: subgroup
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PRACTICAL CHARACTERISTICS

OF FUNGICIDES USED

TO CONTROL POTATO LATE BLIGHT

COMPLETED BY (name & address, institute/company):

FUNGICIDE - COMMERCIAL NAME:

FUNGICIDE - ACTEVE INGREDIENT(S):

I-GE L CHA TERI OF D

— Commercial name(s):

- Licence/approval holder{(s) :

- fongicide composition: . active ingredient  quantity : ccorg/lorkg
. active ingredient  quantity : ccorg/lorkg
. active ingredient  quantity : ccorg/lorkg
. active ingredient  quantity : ccorg/lorkg
— Formulation(s) :

— Label recommended dose rate against potato late blight :

~ Date and authorisation number :

— First year of marketing for potato late blight control :

- Variation in label recommended dose(s) and applicable condition(s) (general):

- Label recommendations (if any) for reduced rate use(s) and applicable condition(s):

— Other uses besides Phytophthora infestans control :



I - "BIOLOGICAL" CHARACTERISTICS OF THE FUNGICIDE IN RELATION TQ
DISEASE CONTROL (HOST-PAT EN RA

ACCOR- ACCOR- COMMENTS AND

CHARACTERISTICS AND ASSESSMENTS DING TO DINGTO | BIBLIOGRAPHIC
YOU FIRM AL
REFERENCES

OVERALL EFFECTIVENESS AGAINST PHYTOPHTHORA INFESTANS

Reasonable

Good (= registered dose of mancozeb = ....... g/ha))

Very good (> registered dose of mancozeb)

Is an undeniable plus for :

EFFECTIVENESS AGAINST LEAF BLIGHT

Effectiveness (/+/++/++4) Cf I

Persistence = number of days with effective control of late
blight in the absence of critical rainfall

Average treatment interval before repeating a spray (number of
days}

Average treatment interval after the use of another fungicide
type, specify the fungicide and the conditions

Qther information
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EFFECTIVENESS AGAINST BLIGHT IN NEWLY DEVELOFPING GROWING POINT (PROTECTION

OF NEW FOLIAGE GROWTH)
ACCOR- ACCOR- COMMENTS AND
CHARACTERISTICS AND ASSESSMENTS DING TO DINGTO | BIBLIOGRAPHIC
YOu FIRM AL
REFERENCES

No particular information

Effectiveness (0/+4+/+++) Cf I

Protects only those parts of the foliage which are treated

Protects the newly developing growing point due to diffusion
on the leaf surface (no systemic action}

Protects the newly developing growing point due to diffusion
into leaflets and a systemic movement towards the new growth

Required interval before repeating the spray so as to ade-
guately protect the newly formed foliage

Other information

EFFECTIVENESS AGAINST STEM BLIGHT

No particular information

Effectiveness (0/4/4+/+++) Cf ]

Protectant activity only, on stem parts which receive treatment

QOther activity (give details)

Other information

EFFECTIVENESS AGAINST TUBER BLIGHT

No particular information

Effectiveness (O/+/++/+++) Cf I

The essential mechanisms are ©

Legend ] (Ci I} 0 =not good enough, + = reasonable, ++ = good, +++ very good
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Im-A MODE OF FUNGICIDE ON THE LIF ) ) PHT, INFEST.
ACCOR- ACCOR- | COMMENTS AND
CHARACTERISTICS AND ASSESSMENTS DING TO DING TO | BIBLIOGRAPHIC
You THE FIRM AL
REFERENCES

PROTECTANT ACTIVITY

Effectiveness of the action mode (0/+/++/+++) Cf I1

Comments

CURATIVE ACTIVITY

Effectiveness of the action mode (0/+/++/+++) Cf 11

Number of days curative activity after spore germination
{average)

Conditions that positively or negatively influence the curative
activity (for example: temperature, potato variety). Give differ-
ence with average number of days,

Comments

ANTISPORULANT ACTIVITY

Decreases the number of spores generated on lesions
(0/+/++4+++) CE TT

Action on spore quality (sporangia/zoospores) :
- Spaore viability (O/+/++/+++) Cf 1L

- Survival on the soi] surface (O/+/4+/+++} Cf 11
- Survival in the soil (0/+/++/+++) CI 11

- Mobility in the soil (0/+/+++++) Cf 11

- Other actions (give details)

Comments

Leégend II (Cf JI): O = no action, + = secondary, ++ = complements well the other actions, +++ = essential
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ACCORDING ACCORDING COMMENTS AND
CHARACTERISTICS AND ASSESSMENTS TO YOU TO THE FIRM BIBLIOGRAPHICAL
REFERENCES
RAINFASTNESS RESISTANCE
Quanti- |Dura | Quanti- | Dura-
ty -tion ty tion

Maximum period of rainfastness under differ-
ent conditions of:

-rain duration

-rain quantity

-rainfall quality ie. different droplet sizes
Please give details

Repeat spray application required after:

Factors which affect rainfastness:

- Penetration speed (number of hours)
- Formulation

- Other information

ACTIVE INGREDIENT REDISTRIBUTION

Effect of rainfall:
-quantity

-quality
-duration

Comments

RECOMMENDATIONS FOR USE IN CONJUNCTION WITH IRRIGATION

Recommended (0/+/++) CfIII

Minimum interval between the fungicide appli-
cation, before or after irrigation (number of
hours)

Average interval in practice between each ap-
plication (number of days)

Describe irrigation strategy

RAINFASTNESS TRIALS - EXPERIMENTAL CONDITIONS

Describe experimental conditions of trials
which produced this information (eg. chemical
analyses or bioassay, glasshouse grown plants
or field conditions)

ACTION OF OTHER CLIMATIC PHENOMENA

Solar light (comments) :

Other information

Légend III (Cf III): 0 = no action, + = interesting, ++ = very interesting.
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V - USE STRATEGY
Summarise in approximately 10 lines your main recommendations about this fungicide, tak-
ing inio account aspecis such as crop growth stages, epidemic stages, product price, product

(phyto)toxicity.

ADDITIONAL INFORMATION
Provide information on factors such as baseline sensitivity, resistance, resistance management
strategies, effect of adjuvants, the behaviour of tankmixes, which you think are relevant for

use strategy of the fungicide.
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Second Workshop of an European Network for Development of*
an Integrated Control Strategy of potato late blight
Carlow, Ireland, 24 - 27 September 1997

Report of the discussions of the subgroup

Decision Support Systems (DSS)

J.G. HANSEN

Participants

Roland Sigvald (SV), Nigel Hardwick (UK), Rosemary Collier (Jersey)}, Riccardo Bugiani
(ITY, Wim Nugteren (NL), Robert Leonard (IR), Pieter Vanhaverbeke (BE), André Verlaine
(BE), Hans Hausladen (GE), Peter Raatjes (NL), Hans-Rudolf Forrer (CH), Markus
Ruckstuhl {CH), Volkmar Gutsche (GE), Johan Habermeyer (GE), Emo Bouma (NL), Jens
G. Hansen (DK)

Agenda

[a—

. Report on DSS system descriptions

. Discussion on validation results

. Validation of DSS~s in filed experiments

. Discussion of DSS submodels and components
. Awvailability and use of meteorological data

. Black boxes in DSS

. Exchange of researchers

. Election of new chairman

W o ~3 G b W

. Other matters

1. Report on DSS system descriptions

During the first workshop of the EU concerted action "European network for development of

an integrated control strategy of potato late blight” it was decided to validate some existing

PAV-Special Report no. 3, January 1998, 23-29
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decision support systems for late blight control with use of meteorological data from all par-
ticipating countries in the project. The systems for validation were: Simphyt (GE), ProPhy
{NL), Plant-Plus (N}, Guntz Diveaun (FR}, Milsol (FR} and NegFry (DK). Based on a pro-
posal from Wim Nugteren a questionnaire on DSS systemn description was sent to all model
builders. A report wili be made with descriptions of the DSS systems including key articles of
each system. The systems description report will be send to all participants of the concerted

action.

2. Validation of DSS

Meteorological data from 11 countries was quality controlled, harmonized and made available
for model builders on an FTP-server in Denmark. Model builders were asked to run their
systems for each set of data including weather data and biological data. The data for late
blight development related to the meteorological data were not given to the model builders in
the first place. Model outputs were compared with late blight development on the second
workshop in Catlow, Ireland, 24-28 September 1997, Each modei group should make a report
with DSS output on D) Dates of recommended fungicide applications {and fungicide type)
during the season and IT) A graphics output if possible.

At the workshop in Carlow reports were given for NegFry, ProPhy and Plant-Plus.

During the discussion it was stressed by the model builders that this kind of validation was
not a true validation because a lot of assurnptions had to be done for more of the systems (see
below). It was decided to focus on a selected part of the data and outputs from Prophy, Plant-

Plus and NegFry were compared for the following datasets:

NO1095, FOU%4, DK9%6_27, KOMPAS9S5, CH96A and HARDIY6

The results of the validation on historical data was discussed and compared with biological

data for late blight. During the discussion it became clear that it will be necessary to I) run

some of the models again with additional data and II) go into detail with the submodels of the

systems. It was decided:

1. To run the systems again with use of additional data (see below) and with new data from
1997,
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2. Next time to focus on submodels and components in the systems to discuss why and how
the systems differ in mode of action.
3. To find out if it is possible to validate some of the systems in field trials at 1-3 localities in

EU.

Additional data for DSS

Additional data for Simphyt:
I. Long term average of precipitation in June (of the region where the weather station is
placed)

2. 2. Long term average of temperature in June 3.Height of the region in m (NN)

Additional data for Prophy:

1. Date when plants are 15 cm heigh*

2. Date of row closing

3. Crop data (Susceptibility*, Growth rate (weekly),Development (phenology)) and 4. Pres-
ence of blight in the field and/in the area*

*=very important

Additional data for Plant Plus:
1. Leaf/crop growth

2. 2. Ground coverage [%]/ crop heaviness

Additional data for NegFry:

1. Presence of blight in the field and/or in the area

Additional data should be sent by e-mail or on diskette to Jens G. Hansen. Data will be avail-

able on FTP-server for model builders.

3. Field trial validation of DSS

Nigel Hardwick (UK), Roland Sigvald (SE), Hans-Rudolf Forrer (CH) and Volkmar Gutsche
(GE) agreed to find out, if it is possible to include a field validation of some of the DSS’s in



their ongoing research programs. They also agreed to make a short report on harmonization
and standardjsation for this experiment DSS (responsible: Nigel). If it is possible to arrange
such a validation program, the model! builders agreed to meet 1-2 days in each country to im-
plement their programs for proper use in the field trial validation. Expenses for travel and ac-
commodation should be paid by the concerted action. Erno Bouma was asked to conlact the
EU commission if extra money for the validation part is possible. It was not decided if the
field trial validation should take place in 1998 or 1999, but I suggest that we plan for 1998.
The question was raised if it was possible to make an “end user validation” of the systems

(userfriendliness etc.).

4. Submodels and components in DSS

To compare systerns it is will be necessary to compare submodels and methods in the sys-
tems. Erno Bouma and Jens Grgnbech Hansen will make a report on description of DSS. In
this report only a short description of submodels and components in the DSS’s will be given.
During the next workshop we will compare and discuss in detail some of the most important
submodels. It is suggested that some of the presentations in Sweden, 1998, should focus on

advantages and constraints in late blight submodels and methods.

5. Availability and use of meteorological data

A report on availability and use of meteorological data was made by J. Wieringa (COST-711)
and a copy of this publication was send to all participants of the concerted action. During dis-
cussion several members of the group stressed that availability and use of meteorological data
is still a major problem in development, validation and implementation of DSS systems - es-
pecially when DSS systems are to be used in operation by farmers and advisors. One problem
is high cost of primary meteorological data from the national meteorological institutes refer-
ring to the international ECOMET agreement on costs of weather data for different user
groups. Even if end users are willing to pay the price for the met data, data are often not

available on an operational basis and often not in a form that can be used by DSS’s directly.

It was decided to make a questionnaire and an updated report on availability and use of mete-

orological data for late blight warning (Responsible: Erno Bouma & Roland Sigvald). The

26



objective is to identify major problems on availability and use of meteorological data for late
blight warning and use of weather based DSS’s in the participating countries. Secondly but
maybe most important, the report may be a help in a process to increase the pressure on na-
tional met offices to build weather information systems for agriculture with access to opera-
tional, high quality and lew cost meteorological data. It has no meaning te build high quality
DSS systems for the farmers if data to run the systems are not available or the price for data is

too high !!

As an alternative to data from ordinary met stations, tocal (on farm) weather stations (Hardi
Metpole, METOS, ADXCON and others} are now available. Some of these have been inte-
grated with late blight DSS"s (fx. Plant Plus and Prophy in Holland and NegFry in Denmark).
Problems of concern with this concept are:

— Weather data quality and calibration

— Use of micro climate data or data from standard height

- Local to regional scale applications

- No harmonisation of data storage and accessibility in different local weather systems,

A Climate Data Interface (CDI) is now under comstruction in Denmark, that can import,
transform, quality control and merge data from a wide range of data sources. The CDI is de-
fined to be used as a standard met data interface for PC-programs and internet applications. In
this way a DSS can use data from different on-farm weather stations and via the internet
automatically from a national met office webserver. One advantage of using such a standard
component for data import in a DSS will be that DSS’s more easily can be transported from
one country to another. On the next workshop in Sweden, the CDI will be demonstrated as a

part of NegFry version 5.0.

6. Black boxes in late blight DSS’s

We had only short time for discussion on this item, but the following areas was identified

1. The irmportance of cospores as inoculum source

2. Quantification of inoculurn potential

3. Basic weather criteria in late blight epidemiology
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4. Quantification of aggressiveness of different P. Infestans populations

5. Quantification of the risk of tuber infections

There will be more attention on this subject during discussions on submodels and methods

during the next workshop in Sweden 1998.

7. Exchange of researchers

Erno Bouma encouraged participants to take advantage of the “exchange researchers™ task in

the frame of the project. Only a very small amount of money was spent on this task unti! now.

8. Election of new chairman

Jens G. Hansen was elected as chairman of the subgroup DSS for the period 1997/98.

9. Any other matters: Internet survey system for late blight development

Interactive internet applications and geographical information systems are now in operational
use (fx. at DACOM), Pl@nteinfo or as part of research projects (fx. a Nordic project). It was
decided that. Jens G. Hansen, Peter Raatjes and R.Bugiani agreed to investigate the IT prob-
lems of making an EU map with updated data for late blight development in regions of
Europe. In the frame of EU.NET.ICP we should discuss the aim, possibilities, advantages and
constraints in developing an EU internet survey system for late blight development. Such a
system may be used as a part of a model validation program and in the long run as a part of

an EU warning system for late blight development.
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Deadlines
98.02.01

98.02.01

98.02.01

98.02.01

98.03.01

98.04.01

98.06.01

issue

Key articles and reports on DSS descriptions
and validation results

Additional data for datasets; NO1095, FOU94,
DK96_27, KOMPASOS, CH96A and HARDI9S

1997 Met data, standard biological data and
addi tional data (if possible) for validation of
DSS -

Questionnaire on availability and use of mete-
oro- ogical data for late blight warning
Proposal for standard and harmaonized field trial
validation of DSS

Questionnaire on availability and use of mete-

Nationai contact persons:

Sweden
Finland

UK

Ireland
Switzerland
France
Spain
Holland

From
E. Bouma

A. Hermansen,
J.G. Hansen,

A, Verlaine,

E. Bouma,

M. Ruckstuhl,

L. Dowley

All national contact
persons

Erno Bouma and
Roland Sigvald
Sigvaid, Forrer,
Hardwick, Gutsche
National contact

To
All participants

1.G. Hansen (FTP
server)

1.G.Hansen (FTP
server)

National contact per-
sons

Model builders and oth-
ers

Erno Bouma

J.GG.Hansen

Riccardo Bugiani & Laura Cobelli

oro- ogical data for Jate blight warning persons

DSS output results with use of historical data DSS responsible

including 1997 data
Roland Sigvald & Bjom Andersson Noerway Arne Hermansen
Asko Hannukkala Denmark Jens Grgnbech Hansen
Nigel Hardwick Italy
Leslie Dowley Belgium André Verlaine
Markus Ruckstuhl Germany Volkmar Gutsche
Ludovic Dubais Austria E. Schiessendoppler
R. Marqvinez Scotland R. Bain
Erno Bourna
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Second Workshop of an European Network for Development of’
an Integrated Control Strategy of potato late blight
Carlow, Ireland, 24 - 27 September 1997

Epidemiological parameters in decision support systents

for Phytophthora Infestans

H.T.A M. SCHEPERS
Applied Research for Arable Farming and Field Production of Vegetables
P. O. Box 430, NL-8200 AK Lelystad, The Netherlands

Abstract

The temperature and relative humidity play an important role in the development of Phy-
tophthora infestans, The influence of temperature and relative humidity on all relevant stages
in the life cycle of P. infestans is presented in tables. Also the influence of these factors in
Decision Support Systems is presented. The influence of new genotypes of P. infestans on the

design of Decision Support Systems is discussed.

Keywords: DSS, epidemiology, fungicides, late blight, Phytophthora infestans, potato

Introduction

During the discussions in the epidemiology subgroup of the Workshop in Lelystad 1996 it
was recommended that a compilation of data on disease-weather relationships would be very
useful in the process of discussing and developing Decision Support Systems.

In this paper information is presented that is available in reviews on this subject (Harrison,
1992; Schepers et al. 1995; Bouma & Schepers, 1997). Since the population of P. infestans is
changing, this can have important consequences on the epidemiology of the pathogen. There-
fore, results of three papers with comparisons between the fitness of ‘old’ and ‘new’ geno-
types are presented. It is also important to know whether the ‘new’ isolates require a different
control strategy than ‘old’ isolates. Therefore, the infection efficiency of these isolates on

fungicide treated plants was investigated.
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Results

Temperature

In tables the influence of temperature is presented on germination of sporangia and zoospores
and on the infection process (Table 1), on growth of hyphae and incubation time (Table 2), on
production of sporangia (Table 3), on survival of spores and hyphae (Table 4) and on the de-
velopment of an epidemic (Table 5). In Table 6 the influence of temperature as included in

DSS, is given.

Table 1. Influence of temperature on germination of sporangia and zoospores and on the infection

process.

Stage of life cycle reference oplimum temperature effect

indirect germination Crosier, 1934 3 hat12-13°C 60-80%

(of sporangia) Bohnen, 1963 12-16°C

Yamamoto & Tanino, 1961 2 hat 12°C T0-80%

________________ Schrodter & Ullrich, 1967 _ 10-12°C____

direct germination Crosier, 1934 24 h at 24°C 20%

{of sporangia) Schrdder & Ullrich, 1967 20-22°C

germination of zoospores  Crosijer, 1934 45ha21°C 50% infection

germination of odspores  Pittis & Shattock, 1994 20°C stored in sterile water
e S°C____________storedinsterilesand __

infection process Rotem, 1971 15°C or 5-25°C depending on spore load

and wetting duration

Table 2. Influence of temperature on growth of hyphae and incubation time (=time between infection

and first symptoms).

Stage of life cycle reference oplimum temperature

growth of hyphae Crosier, 1934 21°C {range 2 - 30°C)
Zan, 1962 20°C (range 4 - 30°C)
Harrison, 1930 13 days at 12°C — 5.3 mg mycelium in leaf

13 days at 17°C — 18.9 mg mycelivm in leaf

incubation time Schridter % Ullrich, 1967 ET-7} = 1543 degree-hours with T>7°C

Hartill & Young, 1985 i=513-447xT+ 11 xT

Table 3. Influence of temperature on production of sporangia.

Reference optimum temperature
Crosier, 1934 21°C (range 3 - 26°C)
48 h at 9°C produced numerous sporangia!
Schrodter & Ullrich, 1967 10-12°C & 20-22°C
Kluge & Gutsche, 1990 temperature influences duration of sporulation fase
Hartill & Young, 1985 temperature influences time before lesion starts sporulating
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Table4. Influence of temperature on survival of spores and hyphae.

Reference optimum temperature

Crosier, 1934 7hat 20°C & 100% rh — 60% germinated loss of viability higher at 25 & 30°C
Kable & MacKenzie, 1980  30°C did not affect hyphae in stemn lesions from 32.5°C — 4{0°C survival de-
clined linearly

Table 5. Influence of temperature on the development of an epidemic (= sum of effects on the different

stages in the life cycle).
Temperature

Reference minimurmn optimum maximum
Martin, 1923 <23.3°C
Grainger, 1979 »23°C
Hyre, 1954 7.2°C 25.5°C
Post, 1959 g°C
Smith, 1956 10°C
Duvauchelle, 1993 7°C
Bruhn & Fry, 1981 3°C 13-22°C 27°C
Kluge & Gutsche, 1990 formation of new lesion is function of T with T<19°C
Beaumont, 1948 10°C
Bourke, 1957 1°C
Fgrsund, 1983, (1995) 10°C (8°C} 17-24°C {15/16-24°C)
Winstel, 1992 10°C 2330°C
Van Everdingen, 1935 10°C
Schrodier & Ullrich, 1967 10°C 10-12°C & 20-22°C 24°C

Table 6. Influence of temperature in Decision Support Systems for Phytophthora infestans.

Temperature
DSS minimum optimum maxirnuin
Guntz Divoux g°C 16.6 - 20°C 30°C
Prophy 8°C 25°C
PLANT-Plus ? ? ?
Lufit/Agricast ? ? ?
Negativ Prognose 10°C 10-12°C & 20 - 22°C 24°C
Fry-model °C 13-22°C 27°C
MILSOL temperature influences different stages
SIMPHYT temperature influences different stages
PhywPRE as in Negativ Prognose
BLITECAST 1.2°C 15.1 - 26.6°C 26.6°C
IPI-ftaly model 1emperature influences different stages
Relative humidity

In tables the influence of relative humidity is presented on the infection process (Table 7), on
production of sporangia (Table 8), on survival of spores (Table 9), and on the development of
an epidemic (Table 10). In Table 11 the infivence of relative humidity as included in DSS, is

given.
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Table 7. Influence of relative humidity on the infection process (= germination of spores + penetration).

Reference (relative) humidity effect

Crosier, 1934 >2 h leaf wetness % infection increases with duration leaf wetness
Schrodter & Ullrich, 1967 >4 h with th>90%

Hartill & Young, 1990 >3-4 h with rh>90% 2 h break in leaf wetness is critical

Table 8. Influence of relative humidity on production of sporangia.

Reference {relative) humidity effect
Crosier, 1934 >95% rh measured close to spores
Schrédter & Ullrich, 1967 >90% rh measured at 2 m
Rotem et al., 1978 97 - 98%
Harrison & Lowe, 1989 90-100% at low air speed
100% at higher air speed

Table 9. Influence of relative humidity on survival of spores.

Reference

(relative) humidity

Crosier, 1634

Warren & Colhoun, 1975

7 h at 100% rh resulted in 60% germination

7 h at 50% rh resulted in 10% germination

5 min at 95% rh without water film resulted in 100% mortality
2.5 min at 20% rh without water film resulted in 100% mortality

Table 10. Influence of relative humidity on the development of an epidemic (= sum of effects on differ-
ent stages in the life cycle).

Reference

critical (relative) humidity

Gutsche, 1990
Schrixiter & Ullrich,1967
Fegrsund, 1983

Winstel, 1992
Beaumont, 1948

¥an Everdingen, 1935
Wallin, 1962

Bourke, 1957

Smith, 1956

>7 days without >10 hrs with >75% rh inhibit epidemic

hrs with th <70% negatively influence epidemic

»75% rh at 12.00 hrs and > 0.1 mm rain

>10 hrs with >90% rh

48 hts with >75% rh

>4 hrs leaf wetness followed by cloudy day and >0.1 mm rain
>90% rh

>12 hrs with th >90%

>48 hrs with in each day >11 hrs with rh >90%




Table 11. Influence of relative humidity in Decision Support Systems for Phytophthora infestans.

DS$ critical relative humidity

Guntz Divoux >90% rh

Prophy >6 hrs with high rh followed by =2 hrs of leaf wetness or rain
PLANT-Plus ?

Lufft/Agricast ?

Negativ Prognose hrs with >90% rh or hrs with >0.1 mm rain
Fry-mode} hrs with >90% rh

MILSOL rh influences different stages

SIMPHYT rh influences different stages

PhytoPRE as in Negativ Prognose

BLITECAST hrs with >90% th

IPI-Italy model rh influences different stages

NEGFRY Negativ Prognose + Fry model
Pathogenic fitness

Table 12 shows the data from three papers on the fitness of ‘old’ and ‘new’ isolates. The
‘new’ isolates seemn to grow faster, sporulate more abundantly and infect more efficiently. We
investigated the infection efficiency (IE) on fungicide treated plants of an ‘old’ isolate (1,4)
and of two ‘new’ isolates (428-2, 655-2a). Potato plants in pots were sprayed with Shirlan
(500 g/ fluazinam) in three different dosages namely: 0.05 Vha, 0.1 I/ha and 0.2 1/ha. Four
days after application of the fungicide, leaflets were artificially inoculated. Two inoculation
densities were used, namely 50 spores/leaflets and 500 spores/leaflet. After 7 days of incuba-
tion at 15 °C , the number of infected leaflets was assessed. On plants treated with Shirlan in
0.1 and 0.2 1/ha hardly any infected leaflets appeared. In table 13 infections are shown that
were observed on plants treated with 0.05 l/ha Shirlan. No differences in infected leaflets
between the three isolates were observed when leaflets were inoculated with the lower inocu-
lation density of 50 spores/leaflet. When leaflets were inoculated with 500 spores, the ‘new’
isolate (428-2) infected more leaflets than the other two isolates. In other experiments on un-

treated plants, isolate 428-2 also showed a higher fitness than the other two isolates.

Table 12. Pathogenic fitness of “old * and “new” Phytophthora infestany isolates.

Reference isolate latent period _sporulation _lesion area infection efficiency (JE)
Turkensteen
et al. 1997 old 109.7 472 nd' 0.0123
new 847 523 nd 0.0426
Sato
et al. 1997 Us-1 70.5 119 4.06 nd
Us-7 63.0 144 4.65 nd
US-8 66.0 196 5.24 nd
Day & Shattock, 1997 old type 1b isotates were less pathogenic (=IE x sporulation) than new type la or 2a
isolates

! not determined



Table 13. Infection of potato leaflets sprayed with 0.05 I/ha Shirlan and artificially inoculated 4 days af-
ter application with three P. infestans isolates.

Infected leaflets (%)

inoculation density ‘old’ isolate {1.4) ‘new’ isolate (428-2) ‘new’ isolate (655-2a)
50 spores/ieafiet 5 0 5

500 spores/leaflet 15 35 0

Discussion

The influence of temperature and relative humidity on the development of P. infestans has
been described in many papers. Differences in methods of measurements and use of different
isolates are factors that can probably account for the considerable variation in data. The DSS
have all included the influence of temperature and relative humidity in their systems but all in
a slightly different way, depending on the region in which they are used and on the architec-
ture of their system. Large scale validation under practical conditions will show whether the
assumptions in the models are valid to generate recommendations for an optimal control of
late blight. However, an important aspect that now needs attention is the change of the P. in-
Sfestans population. Goodwin (1997) states that: “DSS were all designed and verified against
previous populations. The new genotypes may have different temperature optima, shorter
generation times, or better tuber-colonizing abilities that give them a fitness advantage. Ex-
pert systems need to take into account recent changes in the biology of pathogens that may
have been the result of these migrations. Knowing which components of fitness are different
in new migrant genotypes may be important for improving disease management strategies”.
The control of isolates with a higher fitness may also require more fungicide input (Sato et
al., 1997, Turkensteen et al., 1997).

It is concluded, that in order to adapt DSS to the present population of P. infestans, informa-
tion is needed on the influence of temperature and relative humidity on new isolates, the fit-

ness of new isolates and the contirol of these isolates with fungicides.
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late blight research
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Abstract

PICTIPAPA is the spanish acronim for the International Cooperative Program on Potato Late
Blight. This international cooperative effort was launched in 1990 by scientists from Poland,
the Netherlands, Canada, United States, México, and the International Potato Center (CIP). In
1994 the permanent headquarters were established at the Toluca Valley. Its main objective is
to facilitate the link and execution of research of mutual interest on potato late blight among
and by national and international scientists and institutions. The specific priotity research
modules inciude field evaluation of international potato clonal selections for resistance to late
blight in the Toluca Valley; identification of new sources of durable resistance in the wild
Solanum species; epidemiology, basic studies and control; distribution of blight resistant cul-
tivars; and the establishment of standard international field trials. So far, PICTIPAPA has
been directly involved in the first module, and has supported activities of different institutions

on the first three topics.

Introduction

In México, potato is not as an important food crop as corn and beans, or as wheat, rice, and
several horticultural crops, like peppers and tomatoes. However, potatoes are grown in about
65,000 hectares, from which 36,000 (55 %) are irrigated. The rest is rainfed. The crop can be
found from O to 3,000 m over sea level at different times of the year, and fresh potatoes are
available in the market all the year round.

The vields vary according to the geographical area, the cultivar, and to the growing condi-
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tions, ranging from 10 to 30 ton/ha, with a national average of 18 ton/ha. Almost half of the
area is grown with Alpha, an old Dutch variety sbsceptible to late blight under the Mexican
conditions. Other important cultivar is Atlantic, mainly for processing. Atlantic is also sus-

ceptible to the fungus.

Late blight is the number one problem when potatoes are grown under rainfall in the high-
lands, where several of the resistant Mexican cultivars are better adaptied (Rosita, San José,
Marciana, Atzimba, and Nortefia, among other). The disease is also important under sprinkler
irrigation in the valleys. The Mexican Potato Program from the National Institute for Agri-
culture, Livestock and Forestry Research (INIFAP), in a joint effort with other Institutions,
has released more than 25 blight resistant cultivars in the last 40 years. Nevertheless, only few
of them have been permanently accepted by the growers as well as by the general public. In

addition, some of these materials have lost resistance in time.

Mexico, and particularly the Toluca valley, has been recognized as the place of origin of the

fungus that causes the late blight disease (Phytophthora infestans). The valley has three char-

acteristics that makes it an ideal location for late blight research:

* The two mating types and most of the existing patﬁogenic races are found in the valley
every rainy season (June-September).

# The valley has the ideal conditions for the development of the disease.

e Central Mexico, including the valley, is the native home of a number of wild potato spe-
cies that have been used as a source of late blight resistance in breeding programs all over

the world.

Fungicide sprays twice a week to susceptible cultivars is a common practice not only in the
Toluca Valley, but also in the high sierras of Michoacan, Puebla, Chihvahua, and Chiapas.
For the past 40 years, scientists of the Mexican Nationat Potato Program (INIFAP) have col-
laborated with their colleagues from abroad, providing unique Mexican genetic resources
both for the identification and testing of sources of resistance and for the study of the late

blight pathogen itself.

PICTIPAPA
PICTIPAPA is the spanish acronim for the International Cooperative Program on Potato Late
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Blight. It was established to facilitate the link and execution of research of mutual interest on
potato late blight among and by national and international scientists and institutions, in order

1o promote sustainable potato production worldwide.

In 1990 scientists from Poland, the Netherlands, Canada, United States, México, and the In-
ternational Potato Center (CIP), supported by the Mexican Potato Growers Association,
launched an international cooperative effort on late blight research. This initiative was to pro-
vide an operating base in Mexico for further international cooperation on late blight projects
of high priority. In 1993 a sound proposal emerged to establish the permanent headquarters at
the Toluca Valley, under PULSAR/INTEGER sponsorship. Thanks to the interest and sub-
stantial support provided by this private sector group in Montetrey, México, early in 1994
PICTIPAPA held an international meeting with delegates from 16 countries to organize, de-
fine and appoint the Board of Directors Members. This new initiative is sponsored, initially
for a 5-year period, as a project of a new Mexican foundation (Fondo Terra) established by
PULSAR/INTEGER.
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Is information on latent infection and sporangial movement
of Phytophthora infestans in potato crops useful in support of

forecasting systems?

A. SCHLENZIG, J. HABERMEYER
Lehrstuhl fiir Phytopathologie,
TU Miinchen-Weihenstephan, D-85350 Freising, Germany

Summary

Phyrophthora infestans in potato stems was detected before disease outbreak in the crops by
using an indirect ELISA. The results of the ELISA were set in relation to the visible symp-
toms which appear later in the fields, Furthermore the development of the epidemic was in-
vestigated with the aid of sporetraps. The sporangial movement was correlated with the

weather conditions.

Keywords: Phytophthora infestans, late blight, latent infection, ELISA, sporetrap, forecast-

ing

Introduction

Blighted seed tubers which produce infected stems are a main source of the first inoculum of
Phytophthora infestans in potato fields. But the first symptoms of late blight usually occur 6
weeks or later after the planting date. Obviously in this time the fungus grows invisible up-
wards into the potato stems. The detection of such latent infected stems could give valuable
information on the first infection pressure. To calculate the infection risk in forecasting sys-
tems it is not sufficient to measure the weather conditions. A survey about the present inocu-
lum is also necessary. This is possible by visual observation of the potato crop or by moni-
toring of the sporangial movement using a sporetrap. Poor disease control due to inadequate

fungicide application should be avoided for economical and environmental reasons.

PAV-Special Report no. 3, January 1998, 40-48
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Materials and Methods

Detection of the latent infection

The detection method for the latent infection of P. infestans was an indirect ELISA and is de-
scribed by BECKMAN ET AL. (1994). Only the last incubation period after addition of the sub-
strate was prolonged up to 3 h. The applied pelyclonal antiserum were provided by the Scot-
tish Crop Research Institute. In the examined potato fields the plants were numbered and one
stem of each plant was taken for the assay. In plot 1 1995 and 1996 the seed tubers were arti-
ficially infected with 50-200 sporangia per tuber in 1995 and 10-40 sporangia per tuber in
1996. In the other plots healthy seed tubers without any symptoms were planted. Usually just
the lowest 3 cm of the stem was used for further preparation of the samples. This part grows
under the soil surface, so a secondary infection cansed by windborne inoculum is exciuded.
After taking the samples for the ELISA, cach plant of the fields was checked as a rule twice
per week for late blight symptoms. The visible infestation were compared with the results
from the ELISA.

Monitoring of the sporangial movement

For the monitoring of the sporangial movement Burkard sporetraps were used. They were
placed inside of unsprayed potato crops and sampled at 10 IYmin. The observations were made
over three years and at two sites per year. The sporangia were stained with lactophenol-

cottonblue before counting under microscope (x 16 objective).

Results

Detection of the latent infection

Fig.t to 3 present the comparison between the ELISA-results and the later visible symptoms
in three selected plots. The rows of the field are symbolized in grey lines. The plants with
positive ELISA result are marked black. On the right side of every plant, the visible symp-
toms are recorded.

In plot 1 in 1995 (Fig. 1) with infected seed tubers only the numbered plants formed stems.
The sprouts of the other tubers rotted and died without reaching the soil surface. The ELISA
detected a latent infection in the sample of 4 plants. But no symptoms appeared on this plants,
The first two diseased plants were observed on June 30th. One of them developed leaf symp-
toms and the other one developed stem top symptoms. The ELISA result of these plants 4

days earlier was negative. The same disagreement was observed in the other plots in both ex-
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amination years.
In piot 3 in 1995 (Fig. 2) the samples for the ELISA were taken more than 5 weeks before
disease outbreak which was observed in July 7th. Symptoms appeared at the same time on

different locations in the plot. 16 latent infected stems were detected with the assay.

Figurel. Latent infection and later outbreak of P. infestans, plot 1, 1995,
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Figure 2. Latent infection and later outbreak of P. infestans, plot 3, 1995,
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In this plot additional to the lowest 3 cm the next upper 3 cm were examined by ELISA. In
some stems the fungus was just detected in one of the two parts, even just in the upper part.
Remarkable was the concentration of the latent infected plants in row 5 and 6. In other fields
of this year this accumulation of ELISA-positive plants was recorded too.

In 1996 the amount of latent infected shoots detected by ELISA was much lower than in 1995
and no concentration of latent infected plants was observed. In plot 1 (Fig. 3) for example
only 3 out of 646 samples reached a positive ELISA result, aithough in this plot the seed tu-
bers were artificially infected. Nevertheless, a very early and severe outbreak of late blight on
June Ist was noticed just three days after taking the samples. Furthermore all the shoots of 48
potato plants of this plot were examined with the assay but in none of them the ELISA de-

tected a latent infection.
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