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Effects of Fungicides on Inhibition of in Vitro Strawberry Pollen Germination

Myeong Hyeon Nam', Hyun Sook Kim, Je Hyun Choi, and He Duck Lee

Nonsan Strawberry Experiment Station, Chungcheongnam-do Agricultural Research & Extension Services,
Nonsan 320-862, Korea

Abstract. Fungicide applications are required to prevent the strawberry from Botrytis fruit rot and powdery
mildew that infect open strawberry flowers, however, their effects of fungicides on pollen germination of strawberry
have been rarely documented, particularly those from recently developed active fungicidal ingredients. In
this study we have evaluated the effects of 24 commercial fungicidal formulations and 6 organic materials
on pollen germination in 3 strawberry cultivars using in vitro assays. Pollens from strawberry had higher
germination rates on agar with sucrose of 18% and 25°C than other tested conditions. Pollen germination
rates of cvs. Seolhyang, Maehyang, and Kumhyang at 18% sucrose and 25°C were 15.3, 18.4 and 30.7%,
respectively. Pyraclostrobin, azoxystrobin, kresoxim-methyl, dichlofluanid, iminoctadine tris, and sulfur
showed the strongest inhibitory efficacy with the germination rates of more than 93.8% compared to the
no-fungicide control. Germination was not significantly affected by simeconazole and procymidone. This
in vitro germination study may provide information useful for selecting fungicides in flowering stage to

strawberry farmers.
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Table 1. Selected fungicides and their recommended fields rate.

FRAC? group name Fungicide and .y Active ingredient RFR*
(code) organic material Formulation (%) (per L)
Aryl-phenyl-ketone (U8) Metrafenone SC 24 .4 0.50
Demethylation inhibitors (DMI, 3) Difenoconazole WG 10.0 0.50
Flusilazole WG 20.0 0.34
Hexaconazole WG 2.0 0.50
Metconazole WG 20.0 0.34
Prochloraz Mn WP 50.0 0.50
Simeconazole WP 20.0 0.25
Tetraconazole EC 12.5 0.50
Triflumizole WP 30.0 0.25
Dicarboximide (2) Iprodione WP 50.0 1.00
Procymidone WP 50.0 1.00
Guanidines (M7) Iminoctadine tris WP 40.0 1.00
Hydroxyanilides (17) + Guanidines (M7) Fenhexamid + iminoctadine tris WP 30.0 + 20.0 1.00
Inorganic (M1) DBEDC EC 20.0 2.00
MBC (Methyl benzimidazole carbamates, 1) Thiophanate-methyl WP 70.0 0.85
MBC (1) + N-phenyl carbamates (10) Carbendazim + diethofencarb WP 25.0 + 25.0 1.00
Phynyl-acetamide (U6) + DMI (3) Cyflufenamid + hexaconazole SC 35+ 1.0 0.50
Cyflufenamid + triflumizole EC 15 + 8.0 1.00
Phynylpyrroles (12) Fludioxonil SC 20.0 0.50
Succinate dehydrogenase inhibitors (7) Boscalid WG 47.0 0.67
Sulfamide (M6) Dichlofluanid WP 50.0 1.65
Quinone outside inhibitors (11) Azoxystrobin SC 20.0 0.50
Kresoxim-methyl WG 47.0 0.25
Pyraclostrobin EC 22.0 0.25
Organic material
Inorganic (M2) Sulfur WP 77.0 2.00
Sulfur WP 80.0 1.00
Microbial (44) Bacillus subtilis QST713 WP 5 x 10° cfulg 2.00
B. subtilis Y1336 WP 1 x 10° cfulg 1.65
B. velezensis NSB-1 SL 1 x 10° cfulg 2.00
1

Trichoderma harzianum KCTC0722BP WP x 10° spore/g 0.25

“Fungicide Resistance Action Committee.
YEC, emulsifiable concentrate; SC, suspension concentrate; SL, soluble concentrate; WG, water dispersible granule, WP, wettable powder.
*Recommended dilution by manufacturer.

Table 2. Rate of pollen germination according to sucrose concentration in vitro.

Concentration of sucrose (%) Seolhyang Maehyang Kumhyang
10 15.1 a* 25b 135 b
18 15.3 a 184 a 30.7 a
25 13.9 a 17.3 a 144 b
35 24 b 58 b 6.4 b

*Mean values within a column followed by the same letter are not significantly different at P = 0.05, by Duncan’s multiple range test.
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Fig. 1. The effect of temperature on the in vitro germination
of the pollen of exposed for 24 h of ‘Maehyang’, ‘Kumhyang’,
and ‘Seolhyang’.
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Table 3. Germination rates of strawberry pollen in presence of selected fungicides.

o . ) Seolhyang Maehyang Kumhyang

Fungicide and organic material

GR* GIEY GR GIE GR GIE
No-fungicide control 14.5 a* - 7.1 abc - 65.1 a
Bacillus velezensis NSB-1 143 a 14 9.2 a -29.6 41.3 abcdef 36.6
Boscalid 14.1 a 2.8 3.9 bcdefg 451 27.3 defghi 58.1
Procymidone 14.0 ab 3.4 5.4 abcdef 23.9 43.4 abcdef 33.3
Simeconazole 12.8 abc 11.7 7.0 abc 1.4 41.2 abcdef 36.7
B. subtilis QST713 11.2 abced 22.8 4.3 bcdefg 394 47.6 abcde 26.9
Hexaconazole 10.0 abcde 31.0 2.9 cdefg 59.2 32.1 bcdefg 50.7
Fludioxonil 9.5 abcde 34.5 2.9 cdefg 59.2 62.4 a 41
Cyflufenamid + hexaconazole 9.4 abcdef 35.2 4.4 bcdefg 38.0 64.1 a 1.5
Carbendazim + diethofencarb 9.2 abcdef 36.6 4.6 bcdefg 35.2 43.5 abcdef 33.2
Metconazole 9.0 abcdef 37.9 6.7 abcde 52 23.6 efghij 63.7
Tetraconazole 8.9 abcdef 38.6 3.6 bcdefg 49.3 11.0 ghij 83.1
Trichoderma harzianum KCTC0722BP 8.4 abcdef 42.0 7.8 ab -9.9 21.0 fghij 67.7
Metrafenone 7.4 abcdefg 49.0 6.4 abcde 9.9 50.2 abcd 22.9
Thiophanate-methyl 6.6 bcdefgh 54.5 6.9 abcd 2.8 54.7 ab 16.0
Iprodione 5.6 cdefgh 61.4 4.4 bcdef 38.0 15.2 ghij 76.7
Fenhexamid + iminoctadine tris 5.4 defgh 62.8 1.7 fg 76.1 7.7 ghij 88.2
Cyflufenamid + triflumizole 5.0 defgh 65.5 5.0 abcdef 29.6 15 97.7
Prochloraz Mn 4.6 defgh 68.3 4.1 bcdefg 42.3 4.7 jj 92.8
Flusilazole 3.5 efgh 75.9 3.7 bcdefg 47.9 29.6 cdefgh 54.5
B. subtilis Y1336 3.5 efgh 75.9 2.5 cdefg 64.8 52.5 abc 19.4
Triflumizole 3.2 efgh 77.9 2.1 efg 70.4 6.6 hij 89.9
Difenoconazole 3.1 efgh 78.6 5.0 abcdef 29.6 22.1 fghij 66.1
DBEDC 2.0 fgh 86.2 2.3 defg 67.6 0.2 ] 99.7
Iminoctadine tris 0.9 gh 93.8 00g 100 0.0]j 100
Sulfur 0.4 gh 97.2 00g 100 12.2 ghij 81.3
Azoxystrobin 0.3 gh 97.9 00g 100 1.0 j 98.5
Kresoxim-methyl 0.0 h 100 00g 100 0.3]j 99.5
Pyraclostrobin 0.0 h 100 00g 100 0.0 100
Dichlofluanid 0.0 h 100 00g 100 0.0 j 100
Sulfur (Kumurus) 0.0 h 100 00g 100 0.0 j 100

*Pollen germination rate.

YPollen germination inhibitory efficacy = [(pollen germination on non-treated control -

germination on non-treated control)] x 100.
*Mean values within a column followed by the same letter are not significantly different at P = 0.05, by Tukey’s HSD test.

43S ujxxeHMayer and Lunden, 1986) difenoconazole
Kol

ko] Artal HilE o] ¢loj(Kang et al., 2010) triazole

A

947L
O

T
i Ayi
=1

off we} 2= shEdopo]]

78‘3}% 19t} Methyl benzimidazole carbamates
2o ] tubulin $H3S A 5L triazole

70| 9] sterol RS A5k &

o, B UFO| ZApdo} oA ek Woldt WAl

V—f/\]' A& Qmﬁ} i A N B R | Rk

= Ao ARE-E 2L

|z = 3k

PAR-BA PaY

oYy
UTHFRAC,

pollen germination on fungicide)/(pollen

2012). Triazole| 4+t A= spider lily2] kol w]A/4#Ql
dholat g A3} cytoskeletal distributionS -§-=3}0] HholE
ARl 2Hg-7]%Fo] B A(He et al, 1995) HEo|L}
91519] Whol oA 7|2 H]<23F A Kt E3F e
HEO 24 B A5 23R SHo} o
Aol tfgt gdko] kil X 1% o} (Bristow and Windom,
587 35 GRA S s LA HRUH
FFE v 4= Yen® ofof ik A4 g Efojof &
A0l

i

ok

Kor, J. Hort, Sci, Technol, 31(5), October 2013



Table 4. Germination inhibitory efficacy” of strawberry pollen by fungicides group.

FRAC’ group (code) Seolhyang Maehyang Kumhyang Average
Sulfamide (M6) 100 100 100 100
Quinone outside inhibitors (11) 99.3 100 99.5 99.6
Inorganic (M2) 98.6 100 96.4 98.3
Guanidines (M7) 93.8 100 97.9 97.2
Inorganic (M1) 86.2 67.6 84.5 79.4
Hydroxyanilides (17)+guanidines (M7) 62.8 76.1 75.7 71.5
Demethylation inhibitors (3) 52.5 38.2 52.6 47.8
Phynyl-acetamide (U6)+ demethylation inhibitors (3) 50.4 33.8 44.6 42.9
Phynylpyrroles (12) 34.5 59.2 32.6 42.1
Methyl benzimidazole carbamates (1)+N-phenyl carbamates (10) 36.6 35.2 35.0 35.6
Dicarboximide (2) 32.4 31.0 39.5 34.3
Aryl-phenyl-ketone (U8) 49.0 9.9 27.3 28.7
Succinate dehydrogenase inhibitors (7) 2.8 451 35.3 27.7
Methyl benzimidazole carbamates (1) 54.5 2.8 244 27.2
Microbial (44) 35.5 16.2 29.8 27.2

*Pollen germination inhibitory efficacy = [(pollen germination on non-treated control - pollen germination on fungicide)/(pollen
germination on non-treated control)] x 100.
YFungicide Resistance Action Committee.
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