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Summary

A method is described based on gquantitative measurements of infection ctficiency (1E), lesion
growth (LLES) and conidia production (CON). The three parameters have been used to calculate
the leaf area destroyed by blight in order to illustrate varictal differences in disease progress and
to correlate the findings with field assessments. The method has also been used as a replicement
or supplement of field readings in experiments designed for studies of fungicidal treatments.

Introduction

Evaluation of the degree of attack by late blight (Phytophthora infestans (Mont.) de
Bary) on the potato has been based almost exclusively on ficld observation, whether
the objective has been to study varietal differences in resistance or the etfect of
tungicidal treatments or other factors influencing the disease.

Such field experiments depend on the natural spread of the disease, which irre-
spective of the spontaneous or artificial start of the epidemic, early or late, is to a
large extent influenced by the weather conditions. In some areas blight epidemics
are unpredictable and costly experiments may be carried out without results.

When testing for resistance, a difficulty arises from the presence of R- genes in an
increasing number of cultivars. They mask the eftect of non race-specific resistance,
the evaluation of which is usually of greater importance to the breeder. Artificial
introduction of races able to attack the R- genotypes is sometimes less successful
because of the dominance in quality or pathogenicity of a more simple field race. In
some areas the use of complex races may not be allowed by the authorities unless
they have been isolated within that area. The interpretation of field data is also
difficult because of interplot interference (James, 1973).

This paper describes a laboratory test, developed with the intention of replacing
or supplementing field readings. The test is based on quantitative measurements of
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infection frequency, lesion growth or size and conidia production. Leaf samples for
evaluating the method have been collected from a number of field experiments
designed for studies of fungicidal treatments (methods of application, dosage re-
sponse, test of chemicals) and resistance of different cultivars to blight.

Material and methods

Infection frequency

A quantitative inoculator (Fig. 1) was built as originally designed by Schein (1964).
For several reasons (see Umaérus, 1969a) zoospores have been used as infection
units instead of sporangia. Zoospores are, however, delicate in structure, sensitive to
metal ions (Bjorling & Sellgren, 1955), and apparently to physical stress, resulting,
for example, from high pressure or high velocity through small apertures.

Initial trials with a de Vilbiss atomizer model 15 often gave a high mortality of
the zoospores at a pressurc of 3 kg/em?, which was necessary to give a good spray.
This atomizer, which has a metal spray nozzle, was replaced with a whole glass
atomizer as illustrated in Fig. 2. The aperture ot the outer tube has an inner

Fig. 1. The quantitative inoculator with timer (left). atomizer on a magnetic stirrer, and stand
with replaceable target frames with holes of different shapes and sizes.

Abb. 1. Quantitativinokidator mit Zeitnehmer (links), Zerstiinber anf cinem magnetischen Riir-
apparat und Stand mit auswechselbaren Scheibenralimen mit Lichern von verschiedenen For-
men und Grossen.

Fig. 1. Inoculateur quantitatif avec horloge (@ ganche), atomiseur sur agitateur magnétique et
monté avec un systeme de cibles amovibles percées de trous de différentes formes et dimensions.
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Fig. 2. The atomizer.

Abb. 2. Der Zerstiinher.
Fig. 2. L'atomiseur.

diameter of 1.8 mm. The inner tube has an outer diameter of 1.3 mm and inner
diameter of 0.8 mm and is carefully centred in the aperture of the outer tube. To
facilitate alignment the atomizer can be moved in all directions. An air pressure of
0.5-1.0 kg/em? was optimal for a good spray.

Deposition of spores was monitored by agar-coated Petri dishes with a millimeter
lattice of negative transparant film covering an area of | cm? moulded into the agar.
After 15-20 h of incubation the spores were killed with alcoholic vapour as a
fixative,

Inoculation of leaflets were made on a discrete target area of | cm?.

Inoculated leaflets were incubated in plastic boxes lined with plastic foam and a
sheet of tissue paper, which was soaked wet, and on the top of that a plastic net to
support the leaves (Fig. 3). The box was covered with a plate of Vipolon plastic and
incubated in a constant temperature room at + 15 °C.

Primary infections were counted 3 days after inoculation under a microscope
with a magnification X 20.

Data were transformed according to a formula of Kleczkowski (1949) before
statistical analysis. The formula was programmed into a computer, which after
analysis of variance and calculating means, detransformed those data.

As suggested by Schein (1964) the data are expressed in terms of infection
efficiency (1E) with the following definition:

number of lesions/cm?
IE=

number of spores/cm?

For easy comparison of different series of experiments IE has been calculated per
1000 deposited zoospores expressed as IE'"0, Each experiment is also reported
in transformed data of number of infections based on the current number of
zoospores deposited.
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Fig. 3. Box for incubation of detached leatlets.

Abb. 3. Schale fiir die Inkubation der gepfliickten Bldnchen.
Fig. 3. Incubateur de folioles détachés.

Lesion size

The diameter of each lesion has been measured in mm along the axis parallel to the
main vein of the leaflet on the 4th day after inoculation. Originally the 1-cm* target
of the spray of the inoculator was used as initial of each lesion. This was abandoned
because of difficulties with bacterial infections and measurements of lesion size
were made on leaves inoculated by a small drop of spore suspension.

Conidia production

Conidia were collected on the 5th day after inoculation by shaking 10 leatlets in
20 ml of a 10% alcohol solution. The samples were stored in a refrigerator at
+6 °C in closed vials until they were counted.

The conidia were counted in an electronic particle counter of the type Celloscope
302 as described for use in nematode work (Carlsson, 1969). The orifice tube used
had an aperture with a diameter of 190 ym. The sample was suspended in 0.9 %
sodium chloride at a concentration of 100-2000 conidia/ml, which is the range most
suitable for counting. Each sample was divided in two aliquots, which were run
separately through the counter.

Sampling

For each sample twenty leaflets were picked at random from the centre of each plot
in the field trials. The leaflets should be fully developed and have good turgidity.
Terminal leaflets were avoided. Three such samples were taken representing three
leaf positions: top, intermediate and bottom, and marked accordingly. Samples were
taken in the morning and stored in a cool room until transport, usually by express
mail. Each sample was packed in a small plastic bag closed with a stapler. Samples
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usually reached the laboratory at Svalgv the following morning. when they were
immediately put in the incubating boxes, sprinkled with distilled water and inocu-
lated.

Results

1E in relation to application and dosage of fungicides
In two scries of trials the effect of tungicidal application was studied, ground spray
compared with air application, and normal dosc in comparison with a 50 % lower
dosc of two commonly used fungicides when ground sprayed. The objective of this
investigation was to evaluate the efficiency of the quantitative inoculator and thus
the effect of the different treatments will only be discussed in relation to this aspect.
Results in Table 1 and 2 refer to the IE when the lower leaf surface was inocu-
lated. In both series of experiments inoculation ot the upper leat surfaces gave no
infections in leaves from treated plots and in lcaves from check plots about 10 times
less infections than when intected on the lower leaf surface. The experiments were
convincing that the fungicidal treatments, irrespective of way of application or
dosage, were effective on the upper leaf surtface.

Table 1. TET™0 of [ower leaf surface and manganese deposit {tmg X 10 2/100 ¢m? leat area) result-
ing from ground spraying and aerial application.
Cultivar Dianella: fungicide Mancozeb: 1971,

Treatment! 13 July 3 August 10} 18 23
August  August  Au-
gust
lE]()l)li 1\ln IEIllllli 1\ln lEIII(I() lElll(lll ‘\ln
Control. unsprayed? 148 3.06 14.9 263 14.7 27.9 349
Ground spray® 12.3 16.12 0.0 17.95 0.0 4.9 23.04
Alrcratt application. 3 24.15 0.0 25.57 0.0 1.2 36010
low volume*. 40 l/ha
Aircraft application. 7.1 14.55 0.0 22.06 0.0 3.5 3307
high volume®. 80 l/ha
Time of spraying® 8 July 19 July 29 July 9 August 19 August

U Verfaliren - Traitement * Kongrolle, niche gespritze - Témaoin, non raité: 3 Bodensprivzung -
Pulvérisation terrestre: Y Besprithung durch Flugzeug, kleine Menge - Application aérienne bas
volume: ® Bespriithung durch Flugzeug grosse Menge - Application adérienne volume élevié: ¥ Zeit-
punkt der Spritzung - Epogue de traitement

Tabelle 1. 1EMW00 der unteren Blattoberfliche und Mangan-Belag (mg X 10-2/100 ¢cm? Blatt-
fliche). die sich aus der Bodenspritzung und der Behandlung aus der Luft ergeben. Sorte Dianel-
la: Fungizid Mancozeb: 1971,

Tableau 1. [E1000 de |a surface de feuille la plus basse et dépat de manganeése (mg X 10-2/100 ¢m?
de surface de feuille) résultant de pulvérisations terrestre et aérienne. Variété Dianella: fongi-
cide Mancozebe: 1971.

Potato Res. 19 (1976) 95



LINNELL

UMAERUS AND D,

AUN

2liurg 1912MBA "$21183.1401 SUOTIBSLIPA NG C-f U2 SIIUBSSI01D JUILUIAISSIIINS $ISOP

ua senbudde eY/EY (-0 12 0°C-071 TAPOEUOY TUAWALIR 3P XNBIAIU XN3P B asseq sn[d e[ 2([(1N3) 9P I0BLNS ¥ 2D o T T NEIQRL
“afurg 91108 "14ouId aalssadons uadunzilidsuapog

s-F w1 Sunuaisoq) ey/8y O'F-0'g PUN (°-07) Sunpuamuy-piziSung 1ap usjniS lamz 13q dYdR|JI2QONE[g UDIAIUN I3P 4o d| T I12qRL

25vsocy

= SUILSOCL ) SN[ SAP UOHISOL = A21IDJG 4P SUNAIIZ0]f o SN " of P 40D | - UILO[AD | 11D gy = ¢ SHOLIDLIDA 2P QU0 )
S HUAZOAUD YD 3 DANIIAT HOU IO [ = JZILASOS JONE D IOLHON  ISOPUIDUE SOPISAIGU L ~ U2 JJOUN UG ¢ i) op HONINA(]

S RN Sy i RORDNIPAG - KUBPALHAYPIY o IIOILOGD] I HONDINAT < JOGI] ] SUIOLNAE o AU - WAYD[id |

NHDUISNO SATD]ANI O3 $2] A0S 295D (S 561 " TYSNHOYZIONNY UOLIS) SIPULIOSUDIE xaQ110¢] - UTNNPYDZ DU ITLICY [110) PUILIISDY

UEFO] TTYSMOYZIIN YIDU) LI A ALDUAO[SUDL - IUROD (RUITIIO UO PISRY (6461 "1SMOYZO3[Y 01 SuIpiodne) viep paluiojsuel) = g
(popy A1) s240ds gogp and

FUISUONLI UL P 2dqUION = (40, F] ) 140dS )] oad gisfuduonyafug Jynzup - (e g1) sai0ds 00| 1ad d/suonaajul Jo PquInU = v,

vEY £CY 08¢ 00¢ ZWf$0ds007 * a8esoQq
=09 — - zuolisod jeaf ranjea 4
:8'0C [ 21T pIUIUNEIN) “3NfRA 4
¢ '8 i 10019 3811U0.19(
00 €00 N +0°0 10 (€00 > Jd)dS1
Ll Q0 > [ A ¥ 9Tl 8L [Tl ¢6 [ ¢l 601 SL Y 0F-0TSEW vz 2Q
0t 1'0 > £l L 6T'1 96 P BN 0¢1 9°¢C £ Slc 8Y 0°¢-0°] ‘St-IN v1BZ 3(
€< [ 91’1 T*r L) ¥ cc’l 66 £l 091 11l $6l Y 0 p-0'¢ ‘urwiSung
ot o> [ BN Y 0g'l Re6 oLl tLl tel te s [ Y 0'C-0°t 'uewidung
L 08 > el 80l el 94l LYl e LYl 8y A | L9¢ pPakeidsun ‘jonuc)
eSlagny q A% q \4 q A4 4 v
Pa1day  puonE)
-u) % 0P % 8ny L By ¢ v ¢ any | iy g
Mnucmrcmmummm U_uc n~Cm~Cmmbzmm >._0:w._05m_
CL6I 1.6l juauneal ]

dMurg deanny) sAetds punoad ¢-4 ul sedesop
pasteaudut Alaalssadons ut paydde “ey/8Y ¢p-('C PUBR (°T-07) TUdWIRAI) [BPIDISUN] JO S[AA3| Om) IR DORJNS JBd] Jam0] JO gomdl ‘T SQRL

Potato Res. 19 (1976)

Nel
@)



LABORATORY METHOD FOR MEASURING DEGREE GF AT TACK BY BLIGHT

The IE when inoculating the lower leat surface revealed, however, significant
differences between treatments. Aircraft application seemed more efficient than
ground spray, also manifested by the amount of manganese deposited (Table 1). On
10 August, the day after the 4th spraying, the protection was complete but slightly
deteriorated by the end of that interval. The normal dosage of fungicide was signifi-
cantly more ctfective than the lower dosage but there was no cvidence of any
difference between the two chemicals (Table 2). Field assessment could only rec-
ognize differences between the unsprayed control and the treated plots.

1E inrelation to potato cultivar (1E )

There were significant differences in 1E between different cultivars (Tables 3 and 4),
One selection, SVUL 72156, has an outstandingly low 1E, followed by three other
selections. All have §. demissum in their pedigree and were selected at the seedling
stage as resisters requiring a long minimum inoculation access period (Umaerus,
1969b).

1E, and level of Jertilizer application

Table 5 illustrates the interaction between cultivar and level of fertilizer application
with regard to 1E. No significant varietal ditference was found at 400 kg per ha of
NPK, while cv. Bintje had a significantly higher IE than cv. Grata at 1200 kg. The
two cultivars seemed to react differently to nutrition: Bintje had more infections at
1200 kg than at 400 kg, while the reverse was true in the case of Grata. When
comparison is made with field assessments it should be kept in mind that the
laboratory assessment in this case is restricted to IE, other factors related to field
resistance not being measured.

IE in relation to leaf position

As expected, in the case of fungicidal treatments, the lower leaves of the plants had
more infections than leaves at the top. The analysis of variance in Table 2 indicates
that significant differences are found with leaf positions. In all cases the bottom
leaves had a higher 1E. This might not be due only to a less effective application of
the fungicide at the bottom of the plant canopy, as results from the unsprayed
controls and from the cultivar tests indicate that the lower leaves in certain cultivars
have more infections than the upper leaves.

From a total of 121 comparisons of leat positions representing 11 cultivars, 3
leaf positions (top, intermediate and low) and weekly samplings over a period of 6
weeks (4 cultivars observed for 2 years) only 27 ( = 22 %) comparisons gave signifi-
cant differences in IE. In the majority of cases'(23 comparisons) a lower leat had a
higher 1E than leaves at a higher leat position.

IE in relation to growth stage
A general trend in most cultivars both in 1971 and 1972 was a decrease in IE
during the beginning of August from a higher level at the start of sampling in July

Potato Res. 19 (1976) 97
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(about 70 days from planting) followed by a rise again in IE during the second half
of August. In two cultivars, Sv 69113 and Sv 64110, this rise at the approach of
senescence was pronounced in 1972.

Varietal differences in lesion size (LES)

Varietal differences in lesion size after four days of incubation were highly signifi-
cant (Table 6). A maximum in average lesion size was reached at the end of July.
Leaves from the lower portions of the plant were in general more susceptible to
mycelial growth. Only occasionally was there such a differential effect between top
and intermediate leaves. The average coefficient of variation was 27.6 %, but ten
measurements per treatment (cultivar and leaf position) have been sufficient to
detect statistically significant differences.

Variental differences in number of conidia (CON)

The number of conidia per lesion varied in the 1972 test from 13 200 to 25 000
(Table 7). Varietal differences were significant at the top leaf position and highly
significant at the intermediate position. In general conidia production was higher on
leaves at the intermediate position than on leaves at the top position.

Discussion

The quantitative inoculation technique can be a useful tool in studies of the effect of
fungicidal treatments e.g. application methods or comparison amongst chemical
compounds. The technique is sufficiently precise to detect even small differences,
difficult to establish by the subjective scoring methods used in field assessments of
disease attack.

The data of Tables 1 and 2 refer to inoculation of the lower leaf surface and thus
demonstrate the success of infection on the more susceptible lower leaf surface. This
is also the part of the leaf most difficult to cover with sufficient amounts of fungi-
cides and therefore the most critical part of the crop canopy in relation to treatment.
A detailed analysis as given in Tables | and 2 gives more information on coverage
and redistribution of the fungicide than field assessments.

The proposed component analysis of field resistance with measurement of the
three parameters 1E, LES and CON gives more information to the breeder than
normal tield assessments of per cent defoliation. It adds to a better understanding of
field resistance and gives a means of defining the aim of the breeding efforts. The
effect of each component can be measured in relation to the over all slowing down
of the disease. Selection can thus be made for a specific character and studies of
inheritance can be made with higher accuracy. Studies of a possible shift towards a
greater capacity of the late blight fungus to overcome field resistance (Anonymous,
1973) can also be monitored by using a standard quantitative technique, such as the
one described here.

Data of the above parameters can be fed into a simulator programme in order to
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Table 8. A mathematical model to quantify leaf destruction, due to late blight, from three
parameters of field resistance.

Number of infections! Xp = (Xp.; (CON-10-2) (IE,)
Destroyed leaf area? Vn = (x4 (LES)
Example: Cultivar Bintje? IEyv = 0.0450 infections?

LES = 6.93 cm?

CON = 22 000 conidia/tesion

n = number of spore generations®
Initial inoculum® = 100 000 spores
Spore survival? = 1:100

Spore Number of Destroyed leaf area in cm?
generation infections

per generation accumulated
I 45.0 3t1.9 311.9
2 445.5 3087.3 33992
3 4410.5 30 564.8 33 964.0
4 43 664.0 302 591.5 336 555.5
5 4322736 2 995 656.0 33322115

Udnzahl Infektionen - Nombre de contaminations; 2 Zerstorte Blattfliche - Surface de feunille

détruite: 3 Beispiel: Sorte Bintje - Exemple: variété Bintje: 3 Infektionen - Contaminations; ® An-

zahl Sporengenerationen - Nombre de génerations de spores; $ Anfangsinokulum - Inoculum

initial; 7 Ucberleben der Sporen - Survie des spores; 8 Sporengeneration - Géndrations de spores;
4 &

Y Anzahl Infektionen - Nombre de contaminations; ' Pro generation - Par génération;

W Akkumuliert - Cumulée

Tabelle 8. Ein Rechenmodell zur Bestimmung der durch Krautfaule verursachten Blattzerstorung
aus drei Feldresistenzparametern.

Tableau 8. Un modéle mathématique pour quantifier la destruction de feuilles par le miidiou. a
I'aide de 3 parametres de résistance au champ.

study varietal differences of disease progress under different climatic conditions.
Complications such as lack of ‘blight weather’, lack of compatible races, and inter-
plot interference are ruled out.

A very simple methematical model (Table 8) illustrates disease progress during
five Phytophthora generations on cv. Bintje. The number of infections at any gener-
ation (xn) is a function of the number of infections in the previous generation,
X (n-1), the number of conidia produced per infection (CON) and IE. The leaf area
destroyed at the end of the same generation (yn) is a function of the number of
lesions (xn) and the size of each lesion (LES).

Data of IE, LES and CON for seven cultivars included in the present investiga-
tion have been used to calculate the leaf area destroyed after five generations of
blight in order to illustrate the range of varietal differences in disease progress
(Table 9). A ten-thousand-fold difference is demonstrated for the two extremes.

The ranking order follows closely field assessments made in the Toluca Valley
(Mexico) and Svalov (Sweden).
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Table 9. Component analysis of field resistance and field assessments in Mexico and Sweden.

Clone! [E 1000 T ES CON Destroyed Field assessment?
X 1000 leaf area _—
in cm? after Mexico* Sweden**

5 generations?

SvUL 72156 11.3 [.14 15 241 3 0.12
Sv 69113 22.0 2.53 19 22330 3 0.10
Sv 71/2023 23.6 2.95 19 36 195 3+ 0.20
Sv 68112 244 3.87 19 35578 4+ 0.20
Provita 47.7 2.38 19 860 879 - 0.23
Sv 70116 43.6 4.33 20 1232918 5 0.29
Alpha - - - 3 0.30
Bintje 45.0 6.93 22 3332212 - 0.36

* Scoring 1-5 when Alpha is 5 (dead - Bonitierung von 1-5, wenn Alpha 5 jtotjist - Notation -5,
quand Alpha est 5 (détruite)

** Infection rate r = the regression coefticient of loge [x/(I-x)] on time according to van der
Plank (1963) derived from Fig. 5. Estimates averaged for the entire period of the graphs except
for Sv 70116. where r is given for the logarithmic phase of the graph (see text) - Infcktionsrate
r = Regressionskoeffizient von loge | xl(1-x)) (Zeit) gemuiss van der Plank (1963 ). abgeleitet aus
Abb. 5 . Durchschnittsschitzungen tiber den ganzen Ruwenverlauf, ausgenommen fiir Sv 70116,
wo rdie logarithmische Phase der Kurve angegeben ist (siche Text) - Taux d’infection r = coef-
Sficient de régression de loge 1 xl(1-x))selon Van der Plank (1963), dérivé de la fig. 5. Evalua-
tions moyennes pour la période a I'exception de Sv 70116, pour lequel v oest donné pour la
Sorme logarithmiqice de la courbe (voir le texte).

V Klon - Clone: 2 Zerstirte Blattfliche in em? nach 5 Generationen - Surface de feuille dérruite en
cm®apres S géndrations; ® Feldbeurteilung - Evaluation au champ.

Tabelle 9. Analyse der Komponenten der Feldresistenz und Feldbeurteilungen in Mexiko und
Schweden.

Tableau 9. Composants de l'analyse de la résistance au champ et de I'évaluation au champ au
Mexique et en Suede.

Fig. 4 illustrates the range in rate of disease progress in the clones used in the
present investigation. It also illustrates the misleading information sometimes col-
lected from field observations. Cultivar Provita is an R genotype, which in the
1972 test escaped infection due to lack of a compatible race of P. infestans in the
spontaneous disease epidemic of that year. In 1974 the test plots were artificially
inoculated with race 1.2.3.4.5.7 25 days prior to the start of the epidemic and this
race succeeded in spreading through the field securing good readings of fields
resistance, including those on Provita and other R genotypes.

Clone Sv 70116 was approaching maturity at the time of the epidemic, and the
infection rate did not follow the pattern to be expected from the logarithmic phase
of the curve. The Toluca readings were taken about one month earlier, and there the
clone was similar to Alpha in degree of attack.
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Fig. 4. Field assessment of blight attack in Svdlov 1972 and 1974.

Disease (36)

1004 e _e PROVITA
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" g 7‘3.’1‘?&4’1‘ ~~“8vUL 72 156
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Days from start of epidemic
Disease - Krankheitshefall - Maladie
Days from start of epidemic - Tage seit dem Beginn des epidemischen Auftretens - Jours apreés le
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Abb. 4. Feldbeurteilung von Krautfiiulebefall in Svilov 1972 und 1974.
Fig. 4. Evaluation au champ d'une attaqua de mildiou & Svilov en 1972 ¢t 1974.
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Zusammenfassung

Eine Labormethode zur Messung des Krankheitsbefalls, verursacht durch Phytoph-
thora infestans

Es wird eine Methode beschrieben, die auf
quantitativen Messungen des Infektionserfol-
ges (IE), des Lisionenwachstums (LES) und
der Konidienproduktion (CON) beruht. Um

106

die Methode zu testen, wurden Blattmuster
aus Feldversuchen genommen, die zum Studi-
um von Fungizidbehandlungen (Tabellen 1
und 2) und der Resistenz von Kartoffelsorten
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gegen Krautfdule (Tabellen 3-7) angelegt wur-
den.

Die Methode ist genligend genau, um selbst
kleine Unterschiede zu erfassen, die mit den
bei Feldbeurteilungen angewendeten subjekti-
ven Bewertungsmethoden nach Punkten
schwerlich festgestellt werden. Die Daten der

Résumé

drei Parameter wurden zur Errechnung der
durch Krautfaule zerstorten Blattflache ver-
wendet, um die sortenbedingten Unterschiede
im Krankheitsverlauf zu illustrieren und die
Ergebnisse mit den Feldbeurteilungen zu kor-
relieren (Tabellen 8. 9 und Abb. 4).

Une méthode de laboratoire pour ta mesure des attaques de Phytophthora infestans

La méthode décrite est basée sur une mesure
quantitative du taux de contamination (IE
= infection efficiency), des 1ésions en végéta-
tion (LES) et de la production de conidies
(CON).

Pour tester la méthode. des échantillons de
feuilles ont été prélevés dans les parcelles d’es-
sais mis en place pour l'étude de fongicides
(tableaux | et 2) et pour I'étude de la résistan-
ce au mildiou de diverses variétés (tableaux
3-7).
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