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o E Abstract §

Recently damage of rice bakanae disease disseminated by infected seeds increased in paddy field in Korea.
For controlling rice bakanae disease, the efficacy of 17 fungicides was assessed by 5 kinds of bioassay, spore
germination test (SGT), mycelial growth test, detection test on Komada’s medium (KDT), pouch test (PT) and
greenhouse test (GT). Among ergosterol biosynthesis inhibiting fungicides, prochloraz showed a high controlling
activity in all the assay systems while the others showed very low activity except for 500 ¢g/mé of hexaconazole
in GT and 500 ¢g/ml of triflumizole in KDT. Although benomyl and the mixture of benomyl and thiram showed
a good activity at 100 and 500 xg/ml in SGT and PT, respectively, in GT they did a middle activity.
Trifloxystrobin and kresoxim-methyl included in strobilurins showed a good activity even at 20 (g/ml in KDT
as well as a middle activity in SGT. Also a high activity not only at 10 ¢g/ml in SGT but also at 100 xg/mé
KDT was detected in thiram. The activity of fludioxonil was confirmed in SGT, KDT and PT. Based on these
results, it is very important to determine a bioassay system, because the fungicidal activity against rice bakanae
disease was fluctuated depending on a assay systems as well as the mechanism of fungicide.
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= Komada B} A|(Water, 1 L; L-asparagine, 2 g; D-galactose,
20 g; MgS04-7H0, 0.5 g; KbHPO4, 1 g; KCl, 0.5 g;
Fe(EDTA), 5 mg; Agar, 20 g; quintozene, 1 g; oxgall, 0.5
g: Na;B40O;-10H;0, 1 g; streptomycin sulfate, 300 mg)9]
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25%, WP), hexaconazole(a.i. 2%, SC), difenoconazole(a.1.
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2o AMEEHGIL)

EZX} dhop ZH(SGT, spore germination test)
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sto] EA} dholg-& RAMIQ oM, BE A 3WEA £
ApstE .

TFAMAME Z4R(MGT, mycelial growth test)
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Komada HiX|0{iA2] HHEF ZHE HEKDT, Fusarium
detection test on Komada medium)
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2594 x|Afsto] 28°CollA] 747t v 513t Dhingra, -5,
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sto] AAFSE & F2) ool tigt Hedol AEE FAY H=
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Pouch ZX(PT, pouch test)
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HEed AASIAT

B S8 0|83t 24 ZM(GT, greenhouse test)
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benzimidazoleA| At#A| 7133} 11 E3HA|, strobilurinA] 4
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o] 5749 AAH|A 1 BIE H|LIIATH

Ergosterol Mg X5l A=He| =1t

AFof| A3 S5 £ AFAlE Z5F MGToA 53 o
Al &7S 2 ¥tKTable 1). 3}A|9t prochlorazE A 93t o
2 AFA L SGT, KDT, PT B5FolA &7t g WA
o} GToj A= triflumizole, tebuconazole, hexaconazole,
difenoconazole®) 500 pg mL" ZE)TLolAf 23.3, 46.7, 80.0,
49.6%2] B4 272 B9t} Prochloraze= & AA W
A 2% FIE UER) T 9=t SGT 100 pg mL™ 3
2] 2o A 95.5%, MGTS| 20 ug mL" oA 100%, KDT,
PT, GT2) 100 pg mL* o)A 22+ 100, 90, 81.2%2)
Vs YTt

Benzimidazole Al &=X|2] 1}

Benzimidazole 7] AtA| £4]+= benomyl} thiophanate-
methyl & AF8319. 0™, ZH2HS- thiram¥} triflumizoledt £33}
3 2349 B3k ARt Table 2904 E= A3t 2]
benomyl} thiophanate-methyl-> #AF A% 9A &7} 5
2319921, benomyl®] A0l 4 ug mL 2] Az FolA] H
2379 FAIARS 100% A5 Thiophanate-methyl->
benomyl 2 the EI7F Wob=d], 20 pg mL oA 82.0%2)
#7219t} Thiophanate-methyl-& MGTE A|9J3}3L SGT,
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Table 1. Control activity of several fungicides included into ergosterol biosynthesis inhibitors against Fusarium fujikuroi FMJ1
causing rice bakanae disease

: »  Concentration Fungicides
Bioassay ¥ : _ :
(ug mL ") Prochloraz Triflumizole Tebuconazole Hexacnazole Difenoconazole
SGT? 100.0 95.5 + 0.93" 0.0 0.0 43 + 3.81 0.0
10.0 50.7 + 0.93 0.0 82 + 14.21 0.0 0.0
1.0 20.7 + 4.46 0.0 0.0 1.2 + 8.04 0.0
0.1 6.3 + 6.19 2.5 £ 6.78 0.0 15.6 + 26.08 0.0
MGT? 100.0 100.0 943 + 0.58 100.0 100.0 88.5 + 0.38
20.0 100.0 90.5 + 1.23 100.0 100.0 79.1 + 1.60
4.0 96.8 + 1.46 63.0 £ 0.20 100.0 97.1 = 0.23 65.6 + 1.63
0.8 83.6 + 0.98 23.7 + 0.38 89.7 + 0.23 95.5 + 0.88 403 + 2.07
0.16 67.7 = 1.06 0.0 84.9 + 1.45 94.6 + 0.35 226 = 3.18
KDT® 500.0 100.0 60.0 £ 10.95 0.0 12.0 + 1095 0.0
100.0 100.0 0.0 0.0 0.0 20.0 + 14.14
20.0 0.0 0.0 0.0 0.0 0.0
4.0 0.0 0.0 0.0 0.0 0.0
PT® 500.0 100.0 + 0.93 40.0 + 2.79 0.0 30.0 = 3.73 0.0
100.0 90.0 + 3.57 0.0 0.0 30.0 + 5.68 0.0
20.0 20.0 + 3.15 20.0 + 1.73 0.0 0.0 0.0
4.0 0.0 0.0 0.0 0.0 0.0
GT” 500.0 85.0 + 13.23 233 + 15.28 46.7 + 2021 80.0 + 8.66 49.6 + 4.4
100.0 81.2 + 14.75 16.7 + 10.41 53.3 + 7.64 383 + 23.63 417 + 16.07
20.0 410 + 6.87 33 + 2.89 14.4 + 10.05 32.4 + 22.02 11.7 + 7.64
4.0 23.7 + 14.80 13.3 + 2.89 11.3 + 6.84 20.0 £ 17.32 13.8 + 9.92

Y SGT; spore germination test, MGT; mycelial growth test, KDT; Fusarium detection test on Komada medium, PT; pouch test, GT;
greenhouse test.

® Figures indicated control value (%) calculated by comparing the results of treatment with fungicides with that of treatment without
fungicide.

9 For investigating spore germination of Fusarium fujikuroi FMJ1 6 hrs after the application of each fungicide, spores of F. fujikuroi
FMJ1 were incubated on slide glass at 28°C.

Y Colony diameter of F. fujikuroi FMJ1 was measured after incubation for 7 day at 28°C on PDA with or without fungicides.

® For KDT, PT and GT, rice seeds infected with F. fijikuroi FMJ1 were treated by soaking them in each fungicidal suspension
adjusted to the indicated concentrations for 2 days at 30°C.

 With KDT, 25 seeds of rice treated with fungicides were kept on Komada’s medium and incubated for 7 days at 28°C.

® Ten seeds treated with fungicides were kept in pouch at 28°C and the shoot length of seeds was measured after keeping for 15
days.
" In a greenhouse, seeds with fungicides were cultivated for 40 days and percentage of infected seedling of rice was investigated.

KDT, PT solAx= A7 A vebA] gk, GToA
500 ug mL"' 9] H2|To A 28.3%2] A%3 ANE HYS
#o|itt. Benomyl?] 7-9-ol= KDTo|A 2 & Z<E %A
3= A QAAEA GARE UrAje] AAHo|A = I
=zo] HEPolA A ATE BPd, SGTY A< 100
pg mL™" &) H2 Lol A 73.8%, PTY 500 ug mL™ 2|79

A 100%, GT2] 500 yg mL" AL 51.7%2] AR Az}
£ 59t} Benomylof thiramg &S S9HA 9] ol
SGT, KDT, PT, GTo| X+ A Ax7t A3 HISHA| g2
g v3|A, MGTY H-$oll= 1 &37F 24 F7HsHAT
MGToJA 0.83+ 0.16 pg mL™" 2] & &]7tojA] benomyl?] &
= 21.07F 19.9%0] A%, thiram2 235 A ofs F
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Table 2. Control activity of several fungicides included into benzimidazoles and their mixtures against Fusarium fujikuroi FMJ1

causing rice bakanae disease

>
OF
Ho

rfol

oM
0lol:
o

Bioassay” Concentr::{tlion Fungicides . _
(g mL") Benomyl Benomyl/Thiram  Thiophanate-methyl ~ Thiophanate-methyl/Triflumizole
SGT 100.0 73.8 + 4.46” 81.6 + 0.83 0.0 0.0
10.0 35.7 £ 10.08 425 +£ 2.25 0.0 0.0
1.0 23.8 + 14.71 14.5 + 6.28 0.0 0.0
0.1 1.3 £ 549 7.1 £ 13.11 0.0 0.0
MGT 100.0 100.0 100.0 86.6 + 1.78 94.8 £ 0.06
20.0 100.0 100.0 82.0 + 0.51 92.8 + 0.21
4.0 100.0 100.0 10.1 + 1.14 91.0 = 0.10
0.8 21.0 £ 1.19 100.0 41.2 + 3.50 81.5 + 0.59
0.16 19.9 + 0.65 100.0 30.6 £ 5.79 73.5 £ 2.05
KDT 500.0 4.0 £ 8.94 8.0 £ 10.95 0.0 0.0
100.0 0.0 0.0 0.0 0.0
20.0 0.0 0.0 0.0 0.0
4.0 0.0 0.0 0.0 0.0
PT 500.0 100.0 + 2.93 90.0 + 2.13 0.0 10.0 + 5.02
100.0 60.0 + 2.13 60.0 + 1.86 0.0 0.0
20.0 0.0 0.0 0.0 10.0 + 3.60
4.0 0.0 0.0 0.0 20.0 £ 422
GT 500.0 51.7 £ 20.82 56.7 £ 5.77 28.3 + 7.64 46.7 + 7.64
100.0 41.7 + 7.64 41.7 £ 12.58 13.9 + 6.74 11.7 £ 2.89
20.0 39.0 £ 7.96 38.3 + 2.89 21.7 £ 5.77 25.0 £ 18.03
4.0 214 £ 7.95 15.0 £ 5.00 7.9 + 8.36 11.7 £ 11.55

2 SGT; spore germination test, MGT; mycelial growth test, KDT; Fusarium detection test on Komada medium, PT; pouch test, GT;

greenhouse test.

® Figures indicated control value (%) calculated by comparing the results of treatment with fungicides with that of treatment without

fungicide.

T ZFA 100%2] 515 E %t Thiophanate-methyl
o triflumizole g T3 o= MGT KDTYA &
a7 42319, E3) KDT9] 500 pg mL” 204
thiophanate-methyl:> 418 A &7} UehA] S|,
ZqA A= BT AE0] 100% AA =i

Strobilurin#| &=H[e] 1}

StrobilurinA|o] &3H= 352} AAlE AR ats
o7ke] Aol QAR WubE oz oA EI} AAE
SGTo| A kresoxim-methyl, azoxystrobin, trifloxystrobin
£ 100 ug mL" 02 A5 o, 2422 74.7, 48.9, 82.9%
o) oA AIE EJI, MGT 4 ng mL” Azl FolAe 2

7} 63.1, 66.0, 60.8%2] B1E X F(Table 3). KDTojA|=
kresoxim-methyl ¥} trifloxystrobin®} 20 ug mL" 2|7
A A A5 FS AEEHe YTy vlEo] 84.0%4 4
A3tk PTY 7 £L-of= kresoxim-methyl¥} azoxystrobin
9] 100 pg mL" oA Z+z} 60% F17} 919100, GTelA&=
500 pg mL' 2 A £5E S9E A%, Al 7K AgA
a7t 53.8, 41.7, 41. 7%= e

HSE &M ¥ 7|l H=He g1t

B35 A A2l thiram¥} mancozebs & AAYH =
SGTOA 7F} 43 a3-= Ve I ti(Table 4). Thiram
21 ug mL" HgFo)A 92.7%, mancozebi= 10 ug mL™*
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Table 3. Control activity of three fungicides included into strobilurins against Fusarium fujikuroi FMJ1 causing rice bakanae disease

Bioassay” Concentra_liion Fungicides
(ug mL ) Kresoxim-methy} Azoxystrobin Trifloxystrobin
SGT 100.0 747 + 9.45" 48.9 £ 30.50 82.9 + 7.93
10.0 51.5 + 6.88 35.6 £ 21.14 61.2 + 8.07
1.0 393 £ 6.77 32.3 £ 6.51 69.0 = 8.86
0.1 0.0 0.0 9.3 £ 1.40
MGT 100.0 68.9 £+ 2.03 63.7 £ 1.38 58.0 + 1.03
20.0 63.8 £ 0.80 70.7 £ 0.58 62.6 = 0.39
4.0 63.1 = 0.58 66.0 + 0.44 60.8 + 1.55
0.8 495 + 0.40 52.4 £ 2.07 58.1 £ 1.03
0.16 325 £ 0.26 437 + 0.81 58.9 + 0.68
KDT 500.0 76.0 £ 10.95 76.0 = 16.73 92.0 £ 1095
100.0 88.0 £ 10.95 0.0 88.0 = 10.95
20.0 84.0 £ 8.94 0.0 84.0 + 16.73
4.0 0.0 4.0 + 8.94 0.0
PT 500.0 60.0 + 4.57 40.0 £ 4.31 40.0 £ 2.06
100.0 60.0 + 4.68 60.0 =+ 5.18 10.0 £ 2.25
20.0 0.0 50.0 £ 5.36 0.0
4.0 0.0 40.0 £ 6.12 30.0 + 4.80
GT 500.0 53.8 £ 21.90 41.7 + 7.64 41.7 + 20.82
100.0 41.1 £ 8.39 21.7 £ 10.41 35.0 + 8.66
20.0 36.7 £ 20.82 28.3 + 7.64 33.3 + 16.07
4.0 20.7 £ 5.30 5.0 £ 5.00 25.0 +£ 22.91

¥ SGT; spore germination test, MGT; mycelial growth test, KDT; Fusarium detection test on Komada medium, PT; pouch test, GT;

greenhouse test.

& Figures indicated control value (%) calculated by comparing the resuits of treatment with fungicides with that of treatment without

fungicide.

A oA 91.7%2] ZA47} mo}-—};q
3l B8 AFA 9l

propineb2| 7

‘8} . SpARE &
Ae FMJ19] Z
dat

AL dobE A SR st MGTOM‘" Al 7HA 9] 4
A 2% 100 ug mL" H2] oA 58.1, 42.6, 51.4%2] FA}

Iprodione2 MGTE A <3t ot 4
& A %35}t

i S R e

A% A a3tE 2tk KDTY thiram %2l & AlQlg 4
2 LE FAHNAM A 71X E35§ Al HYTol
3t A4 &7}t o) AR89 Thiram KDTE] 203
100 ug mL™ A2]ojl A 64.03 92.0%9] &S Yehhdich
Fludioxonil& KDT$} PT9] 100 pg mL™ A& F-o)A] 1003}
80%¢] ETE Hgon £U3 =59 SGTIAL 61.8%
o] a¥E E4rh Iprodione 2= AAY FolAq MGTY

A 370 ETE B, Hedtt $E9 BAgo| BE
Rl 7ol 5820141 50.4% Atole] HiHE Holi IStk

Prochloraz= A& o] AMS-gE 57RAS] HAH HollA] £
28t IS 9L 4 Uik E3) At ergosterol AT
A= U A] 429 A4, triflumizole, tebuconazole,
hexaconazole, difenoconazoleZ 0t oL e}t th2 A 34 o) A
= Ao A wol oAz we A0R Huwo 9
tHBuchenauer, 1987; Kato &, 1974; Sherald 5, 1973; 7,
2002; & = 1989). 3}A|2F prochloraz®] 107} 100 pg mL”
He) Tl 50,73 95.5%¢] A o} oin) BHE Ho| 1
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Table 4. Control activity of several fungicides against Fusarium fujikuroi FMJ1 causing rice bakanae disease

F>
0%
Ho

>
ro
o
oo
rtol

N

Ol
OfA

oN
Olok
pEY

Bioassay” Concentra_tlion Fungicides | -
(g mL") Thiram Mancozeb Propineb Iprodione Fludioxonil
SGT 100.0 100.0” 959 + 1.01 0.0 36 1+023  61.8 + 6.73
10.0 100.0 91.7 + 2.66 0.0 0.0 38.6 £ 7.00
1.0 92.7 £ 3.95 66.5 + 8.36 0.6 + 1.72 0.0 8.1 + 428
0.1 70.0 + 1.47 0.0 0.0 17.1 £ 23.13 0.0
MGT 100.0 58.1 +£ 0.38 42.6 + 0.53 51.4 £ 1.80 553 + 2.14 48.8 + (.21
20.0 49.7 = 0.60 36.1 + 1.86 494 + 043 58.2 + 4.53 41.3 + 0.70
4.0 2.0 £ 1.11 18.1 + 1.82 452 + 2.19 57.0 = 3.04 46.5 = 0.79
0.8 0.0 54 + 0.61 38.0 + 2.01 53.6 + 4.83 456 + 1.70
0.16 0.0 3.7 £ 0.61 22.7 + 1.81 504 + 1.26 49.3 + 2.34
KDT 500.0 60.0 = 14.14 8.0 £ 1095 40 £ 894 4.0 + 894 100.0
- 100.0 0.0 0.0 4.0 £ 8.94 0.0 100.0
20.0 0.0 0.0 0.0 0.0 0.0
4.0 0.0 0.0 0.0 0.0 0.0
PT 500.0 40.0 + 4.84 0.0 0.0 0.0 80.0 = 2.39
100.0 0.0 0.0 0.0 0.0 80.0 £ 3.65
20.0 0.0 0.0 0.0 0.0 70.0 £ 2.24
4.0 0.0 0.0 0.0 0.0 0.0
GT 500.0 40.0 + 2.89 33.3 + 15.28 433 + 10.41 15.0 + 10.00 35.0 + 18.03
100.0 1.7 +£ 13.23 13.3 + 5.77 26.7 + 7.64 26.2 + 9.70 333 + 1443
20.0 3.3 £ 2.89 6.4 £ 725 18.3 £ 5.77 20.0 = 10.00 135 + 7.34
4.0 5.7 £ 5.15 11.7 + 7.64 18.3 + 11.55 8.3 + 2.89 10.0 + 8.66

? SGT; spore germination test, MGT; mycehial growth test, KDT; Fusarium detection test on Komada medium, PT; pouch test, GT;

greenhouse test.

® Figures indicated control value (%) calculated by comparing the results of treatment with fungicides with that of treatment without

fungicide.
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