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BB FRA A, I ] BT & BRI R T (38

5 JN\: Cucumis sativus., FEWF 4 5 /N« Triticum aestivum

L., %7 8 5; I hhi: Lycopersicon esculentum Mill., #i#5y 202; /KF&: Oryza sativa L., Fd 5% 46; 5L 5.: Vigna
unguiculata(Linn.) Walp., 53k 2 55 FoK: Zea mays L., K. 958; K. Glycine max (Linn.) Merr., 1 57)
AP TR0 KR LR E D, 7EIRE (24+1) °C, MR 80% 1572 2 M- H; Aok ny L1k A i
FA R EAAR A ORAP 27 e B e, T2 THOKE (120 °C, 50 min) .

1.2 HilEFh

ARSI PEA A IR 10

x1 HidEH

All fungal strains under test

Tab. 1

5 Code.

HERX A Fungal strains

{347 Hb Storage location

LI H Test activity

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

A8 KBEN% T (Pestalotipsis guepinii)

/N FRBENS H (Fusarium graminearum)
EHRAENTH (Gibberella zeae)

HERS F7 1 (Alternaria solani)

FERI I 1 (Magnaporthe oryzae)

IR AEEUH % 5 (Rhizoctonia solani)

/N B (Rhizoctonia cerealis)
KRR E (Neoscytalidium dimidiatum)
FHREMFEIRE (Fusarium oxysporum f. sp. cubense, Foc)
TR T (Botryodiplodia theobromae)
T HEBIHIT I (Colletotrichum musae)

W I IG HE (Colletotrichum siamense)

R BRI T (Fusarium moniliforme)

A JRBIEIR W (Colletotrichum orbiculare)

MERHEAZIR T (Sclerotinia sclerotiorum)

P IRAE IR I (Colletotrichum gloeosporioide)
5 UK B9 B (Botrytis cinerea)
5 LB B8 ( Corynespora cassiicola)

INZE K% (Blumeria graminis)

)N AW (Erysiphe cichoracearum)
KGN B (Phakopsora pachyrhizi)
F K/ NBERG I (Bipolaris maydis)

T KK BEWG I (Setosphaeria turcica)
FMK
5152 B B (Podosphaera xanthii)

KB B (Botrytis cinerea)

R R IR B
TR AR R B
TR AR R B
TR AR R B
TR AR R B

AL TR IE Be LR s
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TR REE AR DR 27 Bt
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G pNE L /SR
TR REE AR DR 27 Bt
G pNE L /SR
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AL TR Be LR I s
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L TR Be LR I s
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S S S 1

1.3 4FELZEED . FRER T L ZEER A0 O IR R EL I AV B 1
1 g NFRIEYS T 20 mL R BRI 20 mL ZFEE T, B 5 min, FRMA 20 mL & 25 %L 465 16017
A1 mL &, s A 39 mL /K, HRESidkas i £ 30 min(28 °C, 200 r-min™"), BLHl AR E 1Y 1% FF

25

FRIRTF LS PN PR CEL )

IrBRE 1 g FRILZRE . 1
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FEZIFIR R T NON- I EE R BRI (viv=0.5% DMF ) 7, 5 PDA IR FER G BLWE . DA SIS
0.5% DMF 1E 58 AR IR, LS A TR A1 R ms ok BH XTI, FH KGOS B AT FLAS (CELAR 0.5 em) KR I (2
EAFTIREEE . W T 22 B A TS Y PDA ARG o B ab BRI BB TR 340 (27+1) °C
WEE55 2 ~ 6 d, F5xF FRALR IR B K B 78 142 5.5 om LA FASHSEEG . Frfy by dsg 3 vk, i FARiEZ)
FE R F 5238 SO 0 B AR (em), BOF3{A

T 22 1 KA Ze=ChF TR ZH 7% AR — AL FRZH B 75 AR ) /O IR T 7% 142 -0.5)%x100%.

1.5 BERHIELE

151 FaFR&FRGBRATH  KRIOHEH AR T2IZWRECH], 55 BU 6 7 Y 5 G =E
oA SR R R ), I A T R 2 B K, R R LR E TR, & 2 2S00
U8, R A BT R, SR R ML A0 T B R T, TR A R A TR B, 20 TE R KRR B A 5
10° CFU-mL ™" Y78 FEI7I, 75 .

FORIKNBES G | BT BE S R R AT B PRV BC i, 78 2 K90 T 5 = Lo AT R K, el

BRI, 28 2 )220 8, Hil s B0 0, R A A0 s P, TR R P AR B, e
TCHE KRR, 5x10° CFU-mL ™ (O F2IF 1, 75 H .
152 4FeRABf AL AR BILA S I 2 N R ARG RRRF & ALBAEERE RFAREP T
Mo 575 (R4 DTEPEDAPR HERRAERE DI 2 25 25 AV ED B R PE RN, 1% 53 HE 28 FnEh By tb
ZRE LA H KR B E 100, 25, 12.5 mg L™ SEEA R, TN M 7L 39 K R BE & 50, 25, 12.5 mg- L
SOV, AR5 FH W 55 4 S SR VA R W 55 3] 2 UL SRR B (WSS R SR 1.5 kgrem 2, TR E K
675 L-hm™?), HEWRAARI St o 24 h )5, BATFEIF (S x 10° CFU-mL ™) B T ot h b, 4k
U AUAEAR Y B TR (24+1) C, AHXNRSE 80% 5/ T g, R RE 3 k. LA PRI R BHPEXT R,
DUAS B 25 AR R A U ZS W O SAL I N 2s X IR 14 d R Hem s o> Gebn i AT Ko s e, 3153
BITARCR

I AR T

0 Z%: JoiA;

1 9 RS TEAR iy A AR 1 <5%;

3 G AR TR A7 A TR Y = 5% ~ <10%;

5 G AR T AR A7 AT AR Y = 10% ~ <20%;

7 G AR TR A7 A TR Y =20% ~ <40%;

9 G B T AR 7 AT AR Y = 40% DL L

Pl ek 2(%g&kﬁﬁxgé&’ft%‘%ﬁ) o
IR = S at a0
i I I |

it B 4 4
153 s 8HHMBENERNERGBGRE T % ALK AELHIL TR BN 7% (RAEYIEE
DR AEFRAE RS YO 22 25 25 DS E D 09 R AP A U R LU 2R T80 RN 3R R R LU 25 1% (8 mg) i T N I
(1 mL) 7, FEHE A 0.5%(v/v) Tween 80 BTG 7K (19 mL) B 2 400, 100, 25 mg L™ . SR HmE
T P S 2 B 2 R MR b (BEZ5 R 1R 1.5 kgrem 2, 229K 675 L-hm2), RIS 514 it
M, I DLAE R A B kiR K AR S 23 Ot B, BETRTR . SRR . STk . WK S R E Ik TR I Sy BH A X
B, FARIT 24 h R4 IR . R EC B A A SEIVAE [ /D22 B (5%10° CFU-mL ™) . R A5 I (5%
10° CFU-mL™") . FK/NBEHG B (5x10° CFU-mL™") |, % JIN¥EBE 3 (5x10° CFU -mL™") . %I H 83 95
(5x10° CFU-mL™") . FKKBEFRE (5x10° CFU-mL™") | Al KA B (5%10° CFU-mL )] Wi %5 T 2 M3 25
AR L, K KRG SO B I R E (ELAR 0.5 om) I AE K ARG Z I G HB, AR5 S B AR 2= h 35 3% (24



%4 e A R 2RIy A HL R IR 6 A F U S L 451

1) °C, ¥ RH>80]. 5~ 7 d JEHm1E i bnifEfie ZmiE oL, B piasir. SR HEE 3 K. ik
G R ER BRI R A UL 1.5.2,

1.6 HIBALTE it it 9 Excel 2019 F1 SPSS 26.0 52 i . JL 3 {H 1 a7 75 g [l 9 )5 # Je i+
ECs, 55 PR ) 2 2R 28 2243015 Duncan 32 HUES (R R] (14 22 5 350k, W87k 58 R P<0.05.

2 HERE5HH

2.1 FRCERMAEER T E R AR E R A E R AOE SR AR AR i R L 2SI PR R
LU ZR B AE AN [R) MR BE T X 16 BiAE s I EC DR A R TG 4, S5 2R L3R 2. SOG4 R R, R LU 2SI AR Ry
FLZE T 16 FivRe 193 I EC TR R R R AP I TSR (ECsp 7 0.03 ~ 1.22 mg L), HorpRELLZE ) Al dh
RS LU ZR %t 9 Fhvi e S LA (LU S IR BB T L /N2 AR BN TR . B R R . A5 N T | AR
PRAFIRETA | HR RGO TR L TS R T L 2 SR SR T R B8 TG B TR 45 ) AT AR 1) Bl 2 1 T R
A2 TR 791 1 T T R — WSRO B TR e B AR R 2SI X 8 AP B (LI S KB B . /N AR B . BRI
TREEI PR | BRSO TR KB P L 7 A 5 I TR | ASE AR Ao AR 4% TR I B 55 ) A P i %
PR, L ECso 435124 0.10, 0.03. 0.09. 0.07, 0.24, 0.21, 0.11, 0.07 mg-L™", EhWa45 L Z5 @ % 5 b ELH
GLUZSIKBER R . /N2 ARBEIR A . BB Z AR BRI DA L i B A% A TR AN SR SR 0z 0 TR A5 ) A0 0 1) 36 P A i,
H ECso 439124 0.09. 0.03, 0.10, 0.07, 0.22 mg-L™"' o AE47 i b 410 BT 36 P4 00 2 225 SR e Y, o LU 280 A
PR LU 25 T X6 A Ml 9 T ZR I S 2 A 0

22 BRI UL FURR AR 55 R W, RR LS RN ER R L 28R L AR T G R R R ) B

2 LSRRI EEY 16 MiE R R EEIEDE

Tab. 2 Antifungal activities of terbinafine and terbinafine hydrochloride against 16 species of plant pathogenic fungi

ECsy/(mg-L™")

' PP
No. Fungal strains Frb 28 Fr b 28 R h W T i J L
Terbinafine Terbinafine hydrochloride Azoxystrobin Diniconazole

1 LLIZE R B BT 0.100.04a 0.09£0.01a 0.36+0.07b 3.37+0.75¢
2 INEE SRR T 0.03+0.01a 0.03+0.01a 5.27+0.34c¢ 1.14£0.03b
3 R By T 0.09+0.04a 0.10+0.02a 14.15+0.75¢ 0.76+0.13b
4 HiBERS FAE T 0.07+0.01b 0.07£0.01b >0.01a 1.32+0.11¢
5 eV s R T 0.34+£0.01a 0.37+0.03a 17.90+0.75¢ 0.95+0.39b
7 INEE BUR R T 1.06+0.05¢ 1.22+0.12d 0.32:£0.04b 0.10+0.03a
8 KIER B 0.24+0.09b 0.22+0.05b 18.95+0.51¢ 0.03+0.01a
9 S ) 0.45+0.04b 0.41+0.06b 11.83+0.93¢ 0.24+0.04a
10 TR I T 0.36£0.07a 0.42+0.10b 70.03+0.70d 1.88+0.32¢
11 B BRI T 0.21+0.03b 0.39+0.01c 52.51+0.83d 0.12+0.07a
12 PRI IFLI T 0.110.04a 0.26+0.07b 10.45+1.20d 0.34+0.06¢
13 FR R AL T 0.29+0.06b 0.25+0.06a 12.85+0.45d 0.49+0.02¢
14 2 KRB T 0.07£0.01b 0.25+0.04c 0.01+0.01a 1.60+0.12d
15 MR 0.31£0.07a 0.33+0.06a 11.500.54¢ 0.64+0.05b
16 TR IR T 0.45+0.10b 0.30+0.03a 22.40+0.07d 1.46£0.21¢
17 TR B 0.68+0.12a 0.80+0.12b 102.73+1.50d 1.65+0.34¢

E: AN TR OR 22 57 .35 (P<0.05), T I

Note: Different lowercase letters in the same line indicate significant differences at P < 0.05. similarly hereinafter.
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GFEM A RCR (B 1, 32 3) o FEMRBEDN 100 mg L' i, ¢ FE 2R B MR IR L2 LR o8 4] 1 FOB
TR RS, BFARCR 5 MR BRI PR (50 mg L) A B ssOARL . BtE 24 300 MR B R AL, Bl s o
S PSR R BE B0 A, (25, 12.5 mg- L I, R LU 2% 190 0 35 IR 46 LG 2% 193 L 790 By 2% 20 301l h 88.68%

N I

Control 100 mg-L™! 25 mg-L™! 12.5mg-L!

Control 100 mg-L™! 25 mg-L™! 12.5mg-L!

Control 50 mg-L™! 25 mg-L! 12.5mg-L™!
P Rp 2RI AR R LU 2R M TR X BTS2 OB (R T 1A 17 25K

Fig. 1 In vivo protective effect of terbinafine and terbinafine hydrochloride microemulsion against Podosphaera xanthii
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Tab. 3 In vivo protective effect of terbinafine and terbinafine hydrochloride microemulsions against Podosphaera xanthii

IS el /(mg- L) UL MR P. xanthii
Treatment Concentration KIRTE SN Disease index B575%5/% Control effect

100 0.00 100.00+0.00a

L 25T 25 18.43+3.14 80.68+1.41d
12.5 60.16+3.53 36.97+2.69¢g

100 0.00 100.00+0.00a

R LT 25 9.14+0.86 90.42+1.43b
12.5 30.41+1.30 68.14+1.04¢e

50 00.00 100.00+0.00a

PSEZN LA 25 9.83+2.28 89.70+2.22¢
12.5 40.89+2.41 57.16+1.73f

X iR 0 95.44+1.33 -
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36.97% Fl1 94.42%. 68.14%, T N FRIEGEELFR I BT R 5351 4 89.70% Fl 57.16%. SLH s Rk W], 7Em ik i
(100 mg L") B, 4 28 1 AR R R Lb 28 25 L 700 04 2850 155 0 2% 11 790 R A e 1 B 205 R, I IR 2 (25
12.5 mg-L ™) B, R¢ FEZE By FIER R R L 28 SRz Lnl i B ks 2%

K FH AR T 25920 22 1 o 400, 100, 25 mg L' B, 45 F 2525 A R R4 b 2525V TR /K R SR %
INFZ LRI . KGR N ORI B B 1A AR (2 4) o Fi & 4 RT L, R HE 250 AN AR B R EU 28 i ont
4 PP 5 A BEAF I BT AL, BEAE TR BE HIRREAIR, B TR R T B, e L 28T AR R AR LU 28 I X 7K
FESOR R B A/ INAE R (R B % e S 355, 7F 400 mg- L' B, LTS8 49l 1 2 FhE R & 104R UL, 51
R IS BT (25 mg L) B RCHIL; 5 L 25 AR R U 28 O R A5 0 5 K INBRESG 114 B 35
B2 RS N AR B0 I 5 AN P R L 258 1 R R LU 28 I X 8 TG 1 . #8 JIK F Ris
BRI KRB BRI AN e 5t K B B I DI TA AECR (6 5) o i 5 AT L, 2 80 24 390 )3 3 oS [ A A 5 D
PR SR AN ], R 2R F1ER R LU 2R VA AR YR 2 400 mg- L B, X6 3 TN 1 R 325 it K 8595 119
BI85 Ak AR B ) B (25 mg- L) FIERE B (50 mg- L) B S0R AL, %of 28 TIPSR B 11 6 K R B
B B A T2 AR 0 2 B (100 mg- L) FIBKEERZ (100 mg-L™) .

4 FCEEBMIERFLEENAEY 4 MERRENERNZRHTH

Tab. 4 In vivo protective effect of terbinafine and terbinafine hydrochloride solution against four species of phytogenic fungi

B5%%/% Control effect

Kb ¥ W /(mg-L™)

Treatment Concentration IK RS T INAE LR YNGR sp | FARNBERG

R. solani B. graminis P. pachyrhizi B. maydis
25 0.000.00f 15.00£0.71f 10.00+1.10e 0.00+0.00f
5 HL 25 100 35.00+1.40¢ 55.00+2.40¢ 20.00+1.30d 20.00+1.10e
400 90.00+2.60b 100.00+0.00a 70.00+0.70b 75.00+2.30b
25 45.00+3.70d 20.00+1.60e 10.00+0.60e 0.00+0.00f
LR L 25 100 60.00+1.50¢ 40.00+0.80d 30.00+2.10¢ 35.00+1.70d
400 100.00+0.00a 98.00+2.80b 70.00+2.50b 70.00+1.60c
W T T 25 100.00+0.00a 100.00+0.00a 100.00+0.00a 100.00+0.00a

RS PHEEMAEBEIFIERRRRN 4 MERRENENZH

Tab. 5 In vivo protective effect of terbinafine and terbinafine hydrochloride solution against four species of phytogenic fungi

b g e P (me L) Bii%%/% Control effect
Treatment Coneentation  BUNKLBERSE  BUKFUBDRIE  TOKKBORE B
C. cassiicola E. cichoracearum S. turcica B. cinerea
25 25.00+1.20f 15.00+0.60e 0.00+0.00g 65.00+1.00e
i 2R gy 100 70.00+1.40c 55.00+1.60b 25.00+1.10d 75.00+3.40d
400 100.00+0.00a 100.00+0.00a 90.00+1.70b 98.00+1.20a
25 30.00+1.10e 20.00+1.80d 10.00+2.30f 0.00+0.00g
LR A L 2Ry 100 60.00+0.90d 40.00=+1.10c 20.00=+1.50e 15.00+0.90f
400 100.00+0.00a 98.00+0.80a 95.00+2.20a 80.00+3.10¢
LFE, 100 95.00+3.20b
Lk 25 100.00+0.00a
WRAE e 100 85.00+2.00¢
e Pt R 50 95.00+1.60b
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ST Y

ARSI SE R, RF L 2R AR R L 28R X A e I B TR S R AP RIVE . R R SRET,
XF 16 FIAEY)I R LT 1) ECso 37 0.8 mg L™ LAF, Forfe L ZE B % 6 B LA (LA KB T . /NAE RS
TR BB TR ORI TR L AR FELIE TR . AR A T TR R A TN TR A ) A A o 3 R R 5R, EC s YT
0.10 mg-L" LAF; EhERFR L ZE X 4 Fh BB (AR BEG I . /N2 AR 1T . & B 2R AR B AR A 7
o5 TR 5 ) BRI PR, ECso 397 0.10 mg L' DLF o Zkialis v, W o0 100 mg L' B, BESE 4 H0 I E1
VBRI AR G, IR IAE 100%; W h 400 mg- L B, X /K FESURGN . /NA2 VB . 38 INEEBERG | BT
ISR 9 A1 T K R BRES A U0 205 SR 2, 3 R 387 90% LA b, (X T i IR B« R4 Al B K /N ERE
TR 2, MHIRAE 70% LA 1.

FELCZS M A ER PR 4RF LU 2R 250 B2 Bk EL T AT Mo AU s AR U, e LR T RN PR AR LU 28 S5 0T R kot
PR I (IR RV (MIC) i 0.005 ~ 0.5 mg L™, Jf HH: MIC S5 EARR M E (MFC) FEAAH [F]; X T4
5%, 7 25250 4t 25 19 MIC 4 0.01 ~ 2 mg-L™", MEC 4 0.02 ~ 4 mg-L™'05~ 17 7 S2I6 v 4 [ 25 )y
FNERFRRR L 275X A s I L TR R BCR 5 R S 45 AR

MRS AR S IR A BRI A A AR R AR AR, BRI EA NIRRT . Ak IREE . RS
I B RS AR AR A, W5 AR AR 2 A RN TR R M & o e L 28T R P R RS b L TR 25, 1
ML R0 2o 00 1) 2 1 1 o 2 M A S A, DT T 22 A £33 B0 2 05 B, 7 50 T 200 0 ) o 2 s ot AR
FIAZE A (8 B 0 5 Sz BHL, e 2 B8 TR s MR A FE R T R LU ZE W JF N s m i (.38 P450 il R 4¢,
I, AN NS TR S 20 AR, X AR Ze P Us =, DLk e o X4 LU 25 A iR ek L 25
IFTER 2y L TP — IR S

4 £

o LEZR I RIER RS 25 o A ) ST 5 AR CR R, A A 2 i T BRE IE AR O B R R
23 T 7 W T T R A e, L2 A A e, 2 U R HAE AR A 5 B v L OB i, S8 24
/‘%ﬁ}zﬁ” o

SE R
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Agricultural Antifungal Activity of Terbinafine and
Terbinafine Hydrochloride

HOU Shuai, DENG Lianbo, CAI Jingjie, SUN Ranfeng
(Ministry of Education Key Laboratory for Green Control and Prevention of Bio-disasters in Tropical Agriculture and Forests/
College of Plant Protection, Hainan University, Haikou, Hainan 570228, China)

Abstract: Sixteen species of plant pathogenic fungi and 9 plant fungal diseases were treated with fungicides
terbinafine and terbinafine hydrochloride to observe their mycelium growth in vitro and in vivo control effect
by pot-spraying, respectively. Results showed terbinafine and terbinafine hydrochloride had a good antifungal
activity against many of the plant pathogenic fungi. Terbinafine showed a higher inhibitory effect against 8
species of the plant pathogenic fungi, i.e., Pestalotipsis guepinii, Fusarium graminearum, Gibberella zeae,
Alternaria solan, Neoscytalidium dimidiatum, Fusarium oxysporum, Colletotrichum gloeosporioides and
Colletotrichum orbiculare, and its ECs, values for these 8 fungal species were 0.03 ~ 0.24 mg-L™'. The
terbinafine hydrochloride had a higher inhibitory effect against 5 fungal species, Pestalotipsis guepinii,
Fusarium graminearum, Gibberella zeae, Alternaria solan and Neoscytalidium dimidiatum, and its ECs, values
for these 5 fungal species were 0.03 ~ 0.22 mg-L™". In vivo potted experiments showed that terbinafine and
terbinafine hydrochloride effectively controlled many crop diseases. These two fungicides had a 100% control
effect against cowpea powdery mildew (Podosphaera xanthii) when sprayed at a concentration of 100 mg-L ',
and a 90.00% ~ 100.00% control of rice sheath blight (Rhizoctonia solani), wheat powdery mildew (Blumeria
graminis), cucumber target leaf spot (Corynespora cassiicola), cucumber powdery mildew (Erysiphe

cichoracearum), and northern corn leaf blight (Setosphaeria turcica) by when sprayed at 400 mg-L™".
Keywords: terbinafine; terbinafine hydrochloride; plant pathogenic fungi; antifungal activity
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