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ABSTRACT

Stein, JM. and Kirk, W.W. Variations in the Sensitivity of Phytophthora infestans isolates from
Several Genetic Backgrounds to Dimethomorph.

The sensitivities of 11 isolates of Phytophthora infestans to dimethomorph at all stages of the
asexua life cycle and when inoculated onto potato leaf disks were examined. Zoospore
encystment and cystospore germination were both highly sensitive to dimethomorph with ECsg
values for most isolates <0.20 mg ml™, while direct sporangia germination and in vitro hyphal
growth and sporulation were less so. Zoosporogenesis was not significantly inhibited at the
maximum dimethomorph concentration examined, 10.0 ng mit.  Significant differences
(Fischer's LSD, a = 0.05) in the ECsp values were present between isolates for al stages of the
asexual life cycle, except direct sporangia germination and zoosporogenesis. The degree of
dimethomorph sensitivity in all stages of the asexual life cycle was positively and significantly
correlated, except cystospore germination. Sensitivity ratios between the least sensitivity and
most sensitive isolates were 6.1, 12.1, 8.5, and 10.4 for hypha growth, sporulation, zoospore
encystment, and cystospore germination, respectively.  Application of 1000.0 ng mi?
dimethomorph to potato leaf disks at 24 or 48 hours before inoculation completely inhibited
symptom development for most isolates, while application after inoculation generaly was not
significantly different from the untreated control, regardiess of concentration. Sporulation from
leaf disks treated with dimethomorph at 24 or 48 hours after inoculation was completely
inhibited at 1000.0 ng mi™t. The range in sensitivities of the isolates of P. infestans examined to
dimethomorph was small in comparison to other fungicides used to control P. infestans and

indicates a sensitive population.

Additional keywords: late blight, Solanum tuberosum, fungicide, Oomycete, antisporulation.

Stein - 2 — Plant Disease



10

15

20

Dimethomorph, a cinnamic acid derivative, was one of the fungicides released in response to
the migration (10) or spontaneous development (20) of phenylamide resistant strains of
Phytophthora infestans. Initial studies with dimethomorph demonstrated a specificity of activity
towards the genus Phytophthora and certain members of the Peronosporaceae (1).
Dimethomorph was most effective when used as a protectant fungicide, however a degree of
curative activity also occurred and a moderate amount of trandlaminar and acropetal systemicity
was noted (1,6). One of the most interesting aspects of dimethomorph was the inhibition of P.
infestans sporangia formation when applied to normally developing lesions under controlled
conditions (2,6), also known as “antisporulation” activity.

The specific biological mode of action of dimethomorph has not yet been elucidated but a
disruption of cell wall formation, specifically the organization and not the synthesis of wall
components, was described (1,12). Dimethomorph disrupted all stages of the asexual life cycle
of P. infestans except zoosporogenesis, zoospore release and motility, as these stages do not
involve cell wall biosynthesis (2,6,12). The activity of dimethomorph on other Phytophthora
species was examined (13) and found to be smilar to that in P. infestans. However, differences
in the effective concentration for a 50% reduction relative to the untreated control (ECsg) for
mycelial growth and cystospore germination were apparent between species.

The mgority of studies examining dimethomorph activity against Phytophthora species
typically consisted of only one isolate per species. The single study that compared the sensitivity
of several isolates of P. infestans to dimethomorph examined only the in vivo activity and not the
effects on the different stages of the asexua life cycle, nor antisporulation activity (6). Varying
baseline sengitivity to fungicides is present in other Oomycete plart pathogens (19) and it is

possible that such variation is present in P. infestans to dimethomorph.
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The objective of this study was to examine the sensitivity of isolates of P. infestans from
various genetic backgrounds to dimethomorph ) at multiple stages in the potato late blight
disease cycle (asexual life cycle of P. infestans) and ii) protectant, curative, and antisporulation

activity of dimethomorph when inoculated onto potato leaves.

MATERIALSAND METHODS

Preparation of amended media and fungicide stock solutions. Assessment of the
inhibition of in vitro hyphal growth rate and sporulation was performed on modified rye B agar
(2,3) consisting of the filtrate of pre-rinsed rye (Secale cereale L.) seeds (100.0 g ') boiled for
one hour, de-ionized (di) HO added to a final volume of 1.0 L, glucose (8.0 g I'%), b-sitosterol
(0.05 g I'') and agar (15.0 g ). All plates for each replication of the experiment were prepared
from the same batch of mediain order to limit variability.

A dimethomorph stock solution was prepared by dissolving technical grade (95% pure)
dimethomorph into 95% ethanol and performing seria dilutions as required. For solid media, the
fungicide stock solutions were added to molten media at 10.0 ml L' when the temperature was
55°C. Sterility was obtained by filter sterilizing the fungicide solution through a 0.22 mm
syringe-driven filter (Millipore Corp., Bedford, MA, U.S.A.).

Production of viable sporangia. To produce viable sporangia of similar age, potato tubers
(cv. Russet Burbank) were surface disinfested with 0.5% sodium hypochlorite in diH20 (10%
commercial bleach solution) for 30 minutes, rinsed three times in sterile diH»>0, and allowed to
dry. Tuberswere sliced into 7.0 mm sections and placed into sterile 150 mm plastic petri dishes
on top of 1.0 cnt agar sections previously colonized by P. infestans. Plates were sealed with

Parafilm and incubated at 18°C / 15°C (12 hours light / 12 hours dark) until at least 50% of the
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tuber surface was covered by the mycelium (typically five days). Sporangia were harvested by
gently removing the mycelium with a plastic culture spreader, transferred into sterile micro-
centrifuge tubes, and 1.0 ml sterile diH,O was added. Sporangia were counted with a
hemacytometer and the concentration was adjusted to 1.0 x 10* sporangia ml™.

Inhibition of hyphal growth and sporulation in vitro. Previously characterized (Table 1)
isolates of P. infestans that had been sub-cultured once after re-isolation from infected potato
leaves were cultured on rye B agar for 21 days. Colonized agar plugs, 4.0 mm diameter, were
transferred from he margin of the colony onto fungicide amended rye B media in 60 mm
diameter plastic petri dishes and incubated at 21°C. The fungicide concentrations used were 0.0,
0.01, 0.1, 1.0, 10.0 mg mi™, with three replicate plates per concentration. Colony diameter was
measured 11 days after inoculation (DAI). Percent inhibition of radial growth was calculated
with respect to the mean colony diameter of the non-amended plates within each isolate. Percent
inhibition values were then transformed using probits, i.e. the inverse of the standard normal
distribution (11), and expressed as a function of the logp of concentration (8). Plot equation
parameters were then determined using linear regression (SigmaPlot, SPSS Inc., Chicago, IL,
U.SA.) and the ECs for hyphal growth (diameter) was calculated and reverse transformed for
each isolate. The experiment was repeated three times and the ECsg values for each isolate were
used as replicates for an analysis of variance (Proc GLM - SAS/Stat, SAS Institute, Cary, NC,
U.SAA.) ata = 0.05 by pair-wise comparisons using Fisher’s LSD.

The effects of dimethomorph on sporangia production in vitro were examined by using a
modification of a previously described method of sporangia quantification (3). Ten colonized
agar plugs, 0.1 mm diameter, were randomly excised from each replicate plate of the in vitro

sensitivity assay, five plugs 2.0 mm from the colony margin, and five 2.0 mm from the initially
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transferred inoculum. The plugs were then placed into a 1.5 ml micro-centrifuge tube with 1.0
ml of sterile de-ionized HO (diH,O) and agitated to dislodge the sporangia. Sporangia were
counted with a hemacytometer and the number per colony area (cm?) was calculated. Percent
inhibition and ECso values were calculated and analyzed as described.

Inhibition of direct and indirect germination. To assess the effects of dimethomorph on
direct germination, aliquots of the previously prepared sporangia suspensions from inoculated
tuber slices were transferred to 96 well polystyrene culture plates (Costar, Corning Incorporated)
and dimethomorph stock solutions were added for a final concentration of 0.0, 0.01, 0.1, 1.0, and
10.0 nrg mi™* dimethomorph, in each of three replicate wells per isolate. Sporangia/fungicide
solutions were incubated for 72 hours at 21°C and the numbers of total and germinated sporangia
were counted. To examine indirect germination and zoospore encystment, sporangia/fungicide
solutions were incubated at &C for five hours to induce zoosporogenesis and the number of
motile zoospores was counted. The solutions were then incubated at 21°C and the number of
total cystospores was counted after 24 hours.

To examine cystospore germination, zoospore suspensions were prepared as described and
incubated at 21°C for 24 hours to alow for zoospore encystment. Fungicide solutions were
added, the solutions were incubated at 21°C for 48 hours, and the number of total and germinated
cystospores were counted. Percent inhibition and ECsp values were calculated and analyzed as
described.

I solate sensitivity ranking and correlations of the asexual life cycle stages. To compare
the overall sensitivity of each isolate to dimethomorph, the isolates were ranked within each
stage of the asexua life cycle using the least significant mean ECs values generated from each

analysis of variance. An analysis of variance on ranks (11) was performed from these values and
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a mean rank of sengitivity was generated for each isolate and compared. Zoosporogenesis was
not included in this analysis because of the lack of sensitivity of this process to dimethomorph.
Pearson’s Product Moment Correlation (11) was used to examine the correlation of the asexual
life cycle stages of the P. infestans isolates used to detail any trends between stages.

Protectant, curative, and antisporulation activity of dimethomorph in vivo. Theinvivo
activity of dimethomorph was assessed relative to the inoculation event by removing fully
expanded |eaflets of similar age from greenhouse grown potato plants (cv. Snowden) and surface
disinfesting them with 0.50% sodium hypochlorite in diH2O (10% commercial bleach solution)
for one minute. Leaflets were then rinsed three times in sterile diH»O, allowed to dry, and cut
into 20 mm diameter leaf disks with a sterilized core borer. Leaf disks were placed onto water
agar (15.0 g I'Y) amended with rifamycin (37.5 mg '), ampicillin (10 mg [), and nystatin (37.5
mg ') which was previoudly dissolved in 1.0 ml dimethylsulfoxide, stored frozen in the dark,
and added to the molten media following sterilization. Leaf disks were temporarily removed
from the agar for treatment and dimethomorph was applied until run-off using the formulated
commercial product (Acrobat 50WP, BASF Corp.) at 0.0, 1.0, 10.0, 100.0, and 1000.0 ng mi* at
24 or 48 hours before (HBI) or after (HAI) inoculation. Twelve leaf disks were inoculated per
experiment, and the experiment was repeated three times. Following inoculation, leaf disks were
incubated at 21°C light / 18°C dark (12 hour cycles) and assessed at 96 hours after inoculation
for symptoms and signs of infection by P. infestans, such as necrosis and sporulation. To assay
for the inhibition of sporulation, the four leaf disks from each replicate were placed into a 15.0
ml centrifuge tube containing 4.0 ml of diH»O, agitated, and sporangia were counted with a
hemacytometer. Percent inhibition and ECsp values were calculated and analyzed as described

for both incidence of symptom development and the number of sporangia produced per leaf disk.
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RESULTS

For al isolates, no significant inhibition of hypha growth (Fischer’s LSD, a = 0.05) was
observed on media amended with 0.01 ng mi* dimethomorph (Fig. 1). At 0.1 ng mi?
dimethomorph, al isolates exhibited less than 20% inhibition of hyphal growth except Pi94-4
and Pi95-5, which were inhibited to 28% and 41%, respectively. At 1.0 mg ml™* dimethomorph,
more than 50% inhibition of hypha growth occurred in al isolates, with Pi95-5 being
completely inhibited, while 10.0 ng mI™* dimethomorph completely inhibited hyphal growth of
al isolates. Most isolates had a sigmoidal shaped sensitivity curve when percent inhibition was
plotted against the logyp of concentration. The calculated ECso values for inhibition of hyphal
growth ranged from 0.131 to 0.800 ng mi* dimethomorph (Table 2). Five non-overlapping
significance categories were present with the isolate Pi213 having a significantly higher ECsg
value than al others.

Regardless of the concentration of dimethomorph in amended media, amost all isolates
produced significantly less sporangia per colony area (cm?) than the untreated control (Fig. 1)
and Pi95-5 exhibited a 35% inhibition at a concentration of only 0.01 ng mi** dimethomorph.
Sensitivity of in vitro sporulation was more variable between isolates at 0.01 and 0.1 ng mi*
dimethomorph and response curves tended to be more linear than sigmoidal, in comparison to
those of hypha growth. The calculated ECso values ranged from 0.036 to 0.437 ng mil?
dimethomorph (Table 2) and the isolate Pi213 had a significantly higher ECsg than Pi95-5, Pi97-
2, and Pi98-2.

For al isolates except Pi213, 0.01 ng ml™* dimethomorph significantly inhibited direct
gporangia germination in comparison to the untreated control (Fig. 1). For most isolates,

inhibition trends were similar to those of in vitro sporulation and sensitivity curves were
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primarily linear. No significant differences were calculated between isolates for the ECsg of
inhibition of direct sporangia germination and ECsp values ranged from 0.096 to 0.231, with a
mean of 0.163 g mi™* dimethomorph.

Zoosporogenesis was not significantly inhibited at any of the concentrations examined, up to
10.0 ng mi"t dimethomorph (Fig. 1) and ro significant differences were measured in ECso values
between isolates, and al exceeded 10.0 nmg mi™t dimethomorph (data not shown). Zoospore
encystment and cystospore germination inhibition trends were generally similar and most
isolates exhibited significant inhibition of both factors at 0.01 ng mi* dimethomorph Fig. 1).
For both factors, sensitivity trends were generally linear. The isolate Pi213 had a significantly
higher ECso value for zoospore encystment, than Pi88, Pi95-5, Pi94-4, and Pi97-2, while other
distinct trends in sensitivity and genetic background were not apparent (Table 2). For cystospore
germination, the ECso values for Pi670 and Pi88 were significantly higher than five of the 11
isolates.

No correlations were measured between ECso value and isolate mating type, genotype, or
location of isolation. The most sensitive isolate overall was Pi95-5, an AL/USI strain (Table 2).
However, the sensitivity of the other AL/USL1 isolate, Pi88, was near the average of the isolates
examined. The isolate with the lowest overal sensitivity was Pi213. This isolate, Pi458, and
Pi671 had significantly lower mean sensitivity than all other isolates, except Pi98-1. All stages
of the asexual life cycle were positively and significantly correlated with each other except
cystospore germination, which was not significantly correlated with inhibition of any other stage
(Table 3).

Within each application timing, ro significant difference between isolates was measured for

the percent inhibition of the incidence of leaf disk symptom development at each dimethomorph
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concentration (data not shown). The inhibition of symptom development sensitivity curves for
dimethomorph application prior to inoculation were sigmoidal and complete inhibition of
symptom development occurred a 1000.0 mg mi™ dimethomorph (Fig 2a). No significant
inhibition of symptom development occurred when dimethomorph was applied after inoculation,
regardliess of timing, although the incidence of symptom development for most isolates was
inhibited to approximately 20% at 1000.0 ng mi™* dimethomorph.

Within each application timing, the ECso values for the incidence of symptom devel opment
were not significantly different among isolates (data not shown). Mean ECso vaues for
symptom development were not significantly different between application timings before
inoculation nor for application timings after inoculation. The mean ECso vaues for the
inhibition of the incidence of symptom development for dimethomorph application before and
after inoculation were 36.2 + 11.5 and >1000.0 g mi™* dimethomorph, respectively, with the
latter being significantly larger.

For all isolates, no significant difference in the percent inhibition of sporulation was present
between application timings at each concentration of dimethomorph (Fig. 2b). No significant
inhibition of sporulation occurred at 1.0 or 10.0 ng mi™* dimethomorph, while 100.0 and 1000.0
my mI* dimethomorph significantly nhibited sporulation, relative to the untreated control, to
70.7% and 98.4%, respectively. The lack of symptom development for leaf disks treated with
1000.0 ng mi™* dimethomorph before inoculation did not allow for assessment of antisporulation.
No significant differences between isolates, timings, or dimethomorph application relative to
inoculation were present for the ECso values of sporulation inhibition (data not shown). The

mean ECso value for the inhibition of sporulation was 49.4 + 15.7 g mi™* dimethomorph.
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DISCUSSION

The mean concentrations required for the inhibition of P. infestans in vitro hyphal growth,
direct sporangia germination, zoospore encystment, cystospore germination, and inhibition of
symptom development and sporulation in vivo were similar to those previoudly reported for P.
infestans (1,2,6,12,14).  Zoosporogenesis was not sensitive to the concentrations of
dimethomorph examined, while in vitro hyphal growth and sporulation, and direct sporangia
germination were moderately sensitive to inhibition by dimethomorph, with mean ECs, values of
0.45, 0.22, and 0.19 ng ml™*. In contrast, zoospore encystment and cystospore germination were
both highly sensitive to dimethomorph with ECsq vaues for most isolates <0.10 nmg mi*
dimethomorph.

The higher sensitivity of the zoospore encystment and cystospore stages of the asexua life
cycle may be related to the physiology of Phytophthora at those stages. Specifically, disrupting
the extension of hyphal tips or sporangiophore brmation will not be immediately lethal to a
colony and it is possible that physiological changes in the cytoplasm could temporarily or
partialy off-set the disruption of cell wall formation. In contrast, disruption of the de novo
synthesis of the cell wall, as in zoospore encystment, would be lethal in a much shorter time
period as zoospores must actively offset osmotic pressure and have comparatively limited energy
reserves (7). Aswith zoospores, cystospores have relatively limited energy reserves, saprophytic
ability, and longevity (5) and the inhibition of germ tube formation would be lethal to each cyst
while a sporangium might be able to attempt multiple germinations. It is possible that direct
gporangia germination was less susceptible because of the larger physical size and energy

reserves of the sporangium in comparison to a zoospore or cystospore.
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Direct sporangia germination and in vitro hypha growth had the smallest ranges in
sengitivity between isolates, with >4 and >6-fold differences of ECsp values between the most
and least insensitive isolates, respectively. In vitro sporulation, zoospore encystment and
cystospore germination all had larger ranges in sensitivity with >10-fold differences. The ranges
of dimethomorph sensitivity are much smaller than those reported for phenylamide sensitivity in
P. infestans (18) and other Phytophthora species (8,15). However, these studies included
isolates with field resistance to phenylamides, and exclusion of those isolates results in a similar
sengitivity distribution.  The sensitivity ranges determined from disease incidence for
Plasmopara viticola to the strobilurin fungicide azoxystrobin were similar to those presented
here (19).

The positive correlation between the sensitivities of most stages of the asexual life cycle
indicates that all geneticaly unique individuals of P. infestans should have similar relative
sensitivities between stages. Therefore, future dimethomorph sensitivity surveysin P. infestans,
and likely other Phytophthora spp., could rely on hyphal growth on dimethomorph amended
media only. Such areduction in the number of assays required would smplify studies.

Application of 1000.0 mg mi! dimethomorph at 24 or 48 houss before inoculation almost
completely inhibited symptom development incidence in inoculated leaf disks, while application
within 48 hours after inoculation failed to offer significant inhibition. When used to control P.
infestans in the field, dimethomorph should be applied in a protectant fashion, reinforcing
previously reported results (1,6,16). The ECsg values for the inhibition of in vivo symptom
development were much larger than those at the specific stages in the asexual life cycle of P.
infestans. While dimethomorph is considered to be dightly systemic, it is also known to have a

high resistance to washing off with water following application (6). These results, and the fact
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that dimethomorph has low solubility in water, indicates that dimethomorph probably has a high
affinity for the cuticle of the leaf. Once applied, only a small percentage of dimethomorph is
likely to dissolve into any free water on the leaf surface, therefore requiring larger concentrations
of dimethomorph for in vivo efficacy to offset the low solubility.

Inhibition of sporulation of P. infestans occurred when dimethomorph was applied between
48 hours before and 48 hours after inoculation at 100.0 mg mi! or higher. These results are
similar b those previously reported (6). Outside of the examined time frame and under field
conditions, dimethomorph may not have the same level of antisporulation activity. However, a
previous study examining antisporulation under field conditions failed to demonstrate any
inhibition of sporulation following dimethomorph, or other fungicides, applications (17).
Application of fungicides under field conditions is unlikely to confer the same homogeneity of
leaf coverage as application under controlled conditions. Thus, the lack of antisporulation
activity in the field is due to either incomplete coverage leaving unprotected foliage, sub-
efficacious concentrations of dimethomorph on the leaf surface, or a combination of the two.

Dimethomorph at low concentrations is highly inhibitory to most stages of the asexual
portion of the P. infestans life cycle. Frequent protectant applications of dimethomorph at
concentrations exceeding 1000.0 ng mi* would likely inhibit infection by P. infestans in the
field and possibly reduce sporulation from previously established infections, but not cure them.
The P. infestans isolates examined all had similar sensitivity to dimethomorph in the assays
performed. However, low levels of resistance to dimethomorph have been generated in vitro for
P. infestans (20) and other Phytophthora species (4,20), and therefore should be examined

further in order to manage resistance development.
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Table 1. P. infestans Isolate 1D, mating type, genotype, and State in which isolated (U.S.A.).

Isolate ID Mating Type Genotype® Origin
Fi88 Al USl ND
Pi95-5 Al USl MI
Pi671 Al usi4 WA
Pi458 A2 us17 ID
Pi670 A2 us7 OR
Pi213 A2 uss CO
P-4 A2 us8 MI
Pi95-7 A2 us8 MI
pi97-2 A2 us8 MI
Pigg-1 A2 us8 MI
Pi98-2 A2 uss Ml

a.  Allozyme-based genotype (9).
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Table 2. The effective concentration of dimethomorph (mg mi%) required for a 50% reduction of in vitro hyphal growth (colony
diameter), sporulation, zoospore encystment, cystospore germination, and mean rank of isolate sensitivity for P. infestans isolates.

in vitro ECso (Mg ml™)?

Median Rank of

Isolate ID Hyphal Growth? Sporangia Production® Zoospor €’ Germinatior; IsolateSensitivityf
Encystment Cystospore

Pig8 0.425 9 0.199 abc 0.047 bc® 0.169 a 6 b
Pi95-5 0131 e 0.036 ¢ 0.016 bc 0.016 d 1 d

Pi671 0.625 b 0.320 ab 0.067 abc 0.117 ab 9 a

Pi458 0585 b 0.203 abc 0.084 abc 0.047 bcd 9 a

Pi670 0.392 c¢ 0.236 abc 0.036 bc 0.145 a 7 b

Pi213 0.800 a 0437 a 0.136 a 0.114 abc 11 a
Pi94-4 0.270 d 0.247 abc 0.011 c¢ 0.018 d 2 cd
Pi95-7 0533 b 0.171 abc 0.053 abc 0.042 bcd 6 bc
Pi97-2 0.291 d 0.115 bc 0.033 bc 0.027 cd 3 d
Pi98-1 0419 c 0.246 abc 0.098 ab 0.071 abcd 8 ab
Pi98-2 0429 ¢ 0.163 _bc 0.063 _abc 0.046 bcd 5 bc

a. Effective concentration for a 50% reduction, calculated using probit transformation of the percent inhibition relative to the untreated control.

b. Calculated from colony diameter on rye B media amended with 0, 0.01, 0.1, 1.0, or 10 ng mi™ dimethomorph.

c.  Production of sporangiaper cnt’ colony area on rye B media amended with 0, 0.01, 0.1, 1.0, or 10 ng mi™* dimethomorph.

d. Encystment of zoosporesin sterile diH,O amended with 0, 0.01, 0.1, 1.0, or 10 ng mi™* dimethomorph.

e. Germination of previously encysted zoosporesin sterile diH,O amended with 0, 0.01, 0.1, 1.0, or 10 ngy ml™* dimethomorph.

f.  Sensitivity ranking of isolatesisfrom most sensitivity (lowest) to least sensitivity (highest) and was calculated using an Analysis of Variance on Ranks.
g. Meansfollowed by the same letter are not significantly different using Fischer’sLSD (a = 0.05).
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Table 3. Correlation of the stages of the asexual life cycle of P. infestans examined and the P-
value for each, excluding zoosporogenesis, anadlyzed with Pearson’s Product Moment

Corrdation.

Correlation Coefficient® and (P-value) of ECsq Values

Variable in vitro Sporangia Zoospore Cystospore
Sporulation Germination Encystment Germination

Hyphal Growth 0.811 (0.002) 0.779 (0.005) 0.847 (>0.001) 0.458 (0.157)

in vitro Sporulation n/a® 0.769 (0.006) 0.706 (0.015) 0.529 (0.094)
Sporangia Ger mination n/a n/a 0.815 (0.002) 0.314 (0.347)
Zoospor e Encystment n/a n/a n/a 0.320 (0.338)

1. Pearson Product Moment Correlation Coefficient, where >0.50 (P-value >0.05) indicates a significant
positive correlation between variables, while a coefficient <0.50 (P-value >0.05) indicates a significant

negative correlation.
2. A non-applicable self-comparison or displayed in another cell of the matrix.
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Fig. 1. Influence of dimethomorph concentration on in vitro hypha growth and sporulation,
direct sporangia germination, zoospore encystment and cystospore germination for isolates of P.
infestans isolates examined. Error bars represent Fischer’'s LSD (a = 0.05).
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Fig. 2 Influence of dimethomorph concentration on @ symptom development and b) in vivo
sporulation of potato leaf disks inoculated with P. infestans. Plots represent the mean of all
isolates when dimethomorph was applied at 48 and 24 hours before and 24 and 48 hours after
inoculation. Error bars represent Fischer’'sLSD (a = 0.05).
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