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Fungicides Efficacy on Inhibition of Spore Germination

and Viability of Strawberry Powdery Mildew
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Abstract: This research aimed to study the efficacy of some fungicides for inhibition of powdery mildew
fungi in strawberry plants. Twelve treatments were established using the highest recommended rate
of contact fungicides; electrolyzed oxidized water (EOW), sulfur, aliphatic hydrocarbon, sodium
bicarbonate, mancozab, and systemic fungicides; azoxystrobin, difenoconazole + azoxystrobin, triforine,
metalaxyl, penthiopyrad, and carbendazim. Sterile distilled water was set as a comparing control
treatment. After Incubating the fungus spore for 6, 12, 18 and 24 hours in each treatment, consistent
results of spore germination and viability inhibitions over tested time were observed. The trials for 24
hours, we found that EOW, sulfur, aliphatic hydrocarbon, mancozeb, difenoconazole + azoxystrobin,
triforine, metalaxyl, and penthiopyrad chemicals showed non-statistical significance of the high rate
spore germinating inhibition at 99-100 %. However, FDA stained treatment for detecting spore viability
under inverted fluorescent microscope, EOW, sulfur and aliphatic hydrocarbon treatments revealed
non-statistical significance at very high rate to inhibit spore viability as consistent for the results of
germinations trials. In case of mancozab, rate of spore germinating inhibition was very high at 99.81 %, but

low rate at 54.43 % of spore viability inhibition was determined. Although sodium bicarbonate and
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metalaxyl showed high percentage of spore germinating inhibition at 78.35 and 86.01 % respectively, the
ability for inhibiting spore viability was not sufficient. This results revealed that some fungicides effectively
inhibited spore germination of powdery mildew fungus but could not successfully suppress the disease

due to ability to inhibit spore viability was not sufficient.
Keywords: Strawberry, powdery mildew spore, fungicide
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Figure 1. Symptoms of strawberry powdery mildew and morphology of fungus pathogen under microscope. A
and D: symptom on leaves; B and E: symptom on flowers; C and F: symptom on fruits; G:

conidiophore and conidia; H: conidia; I: germination of conidia

Figure 2. Characteristics of strawberry powdery mildew spore after incubating for 24 hours. A; spore

germination in sterile distilled water (control) B; non germinating spore in sulfur treatment
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Table 1. Percentages inhibition of spore germination and viability of powdery mildew fungus after incubating

in 11 fungicides at 6, 12, 18 and 24 hours

% Inhibition of

% Inhibition of spore germination1

spore viability2

Treatment
6 hrs 12 hrs 18 hrs 24 hrs 24 hrs
sterile distilled water
control 4333 23.06°  10.05' 0.00° 0.00°
(DI water)
EOW 100.00°  100.00° 100.00°  100.00° 93.34°
sulfur 100.00°  100.00° 100.00°  100.00° 91.56°
fungicides aliphatic hydrocarbon 100.00°  100.00°  100.00°  100.00° 89.05°
sodium bicarbonate 68.94°  60.59° 79.61°  78.35° 0.00°
mancozab 99.67°  99.79° 99.72° 99.81° 54.43%
azoxystrobin 75.08° 50.87¢ 60.36° 44.39° 93.82°
difenoconazole + azoxystrobin 99.16*  98.51° 99.80° 99.71° 60.59°
triforine 98.72"  96.93% 99.46"  99.73° 59.72°
fungicides
metalaxy 92.33°  88.26° 90.12°  86.01% 0.00°
penthiopyrad 99.68° 99.87° 100.00° 99.76° 48.10°
carbendazim 56.04°  66.34° 35.88°  49.54° 68.59°
CV% 4.47 6.40 6.07 11.66 11.06
LSD 6.48 8.84 8.31 15.68 8.49

" Inhibition percentages of spore germination in different time compared with control

? Inhibition percentages of spore viability after dyeing by FDA solution

® Values with the same letter within a column are not significant at P 2 0.05

nsiTInvasslas

N1TATIA @ LUN1THTIANTeAYesdLas-
Iuilfidudaiuasazatsre9dnslaatui1gn
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fluorescent microscope mﬂmmawm@m‘ﬁ'u@m
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BF

FDA

Figure 3. Viability of powdery mildew spore after 24 h incubation in sterile distilled water (control A,D),

sodium bicarbonate (B,E) and sulfer (C,F) visualized using inverted fluorescent microscope under

bright field (BF) and bandpass filter for fluorescein diacetate (FDA). Spore exhibit green

fluorescence with FDA indicating viable spore (VS), dead spore were not fluoresced. Scale bars

indicate 50 um
qusrﬁwamsmmm
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1Hiudanisld sodium bicarbonate 8134 2aa
nagudinataiaws ldarunsnacunnlsaliagig
Jds2@nTnn ulAeadunsiiaes mancozab
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