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[ Abstract] Forty percent prothioconazole-tebuconazole suspension concentrate ( SC) has been registered to control multiple crop

diseases in China. This study aims to evaluate its efficacy for the control of Alternaria leaf spot of ginseng, so as to lay the foundation
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for the management of resistance of Alternaria spp. causing Alternaria leaf spot of ginseng to fungicides. The study first detected its
antifungal activity against three species (A. alternata, A. panax, and A. tenuissima) and biochemical activity against A. alternata and
then determined its efficacy against Alternaria leaf spot of ginseng in vitro. Field experiments lasting for one year at three locations were
conducted to evaluate its field efficacy against Alternaria leaf spot of ginseng. Spearman’s correlation analysis was used to determine the
cross-resistance of 40% prothioconazole-tebuconazole SC with eight commonly used fungicides. The results showed that prothioconazole-
tebuconazole had a good inhibitory effect on mycelial growth and spore germination of the three Alternaria species, and the inhibitory
effect on mycelial growth was stronger than that on spore germination. The treatment with prothioconazole-tebuconazole at the
concentrations of 0. 1, 1.0, and 10. 0 pg-mL™" resulted in deformity of mycelia, shortened germ tubes of conidia, reduced content of
DNA and soluble proteins, and decreased permeability of cell membrane of A. alternata. Under in vitro conditions, the protective and
curative effects of 40% prothioconazole-tebuconazole SC in the concentration range of 50-150 pg-mL™" on Alternaria leaf spot of ginseng
were 605. 45%-100. 00% and 65. 58%-96. 36% , respectively, which were significantly better than those of tebuconazole at the same
concentration. There was no cross-resistance between prothioconazole-tebuconazole and the eight fungicides ( difenoconazole,
propiconazole, tebuconazole, iprodione, pyraclostrobin, azoxystrobin, kresoxim-methyl, and mancozeb). These eight fungicides were
widely used to prevent and control Alternaria leaf spot of ginseng, and A. panax causing Alternaria leaf spot of ginseng had resistance to
them. The results of the field experiments at three locations showed that 40% prothioconazole-tebuconazole SC was more effective than
difenoconazole, propiconazole, tebuconazole, and iprodione 7, 15, and 30 d after its last application and had long effective duration.
In conclusion, 40% prothioconazole-tebuconazole SC had high antifungal activity and biochemical activity against Alternaria spp. and
better efficacy for the prevention and control of Alternaria leaf spot of ginseng in the field than the commonly used fungicides to which
Alternaria spp. were resistant, and no cross-resistance was found between 40% prothioconazole-tebuconazole SC and the fungicides. It
can be used for resistance management of Alternaria spp.

[Key words|  Alternaria spp. ; prothioconazole-tebuconazole ; antifungal activity ; biochemical activity ; cross-resistance; field effica-
cy; Panax ginseng
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Table 1  Dose information of fungicides for field experiments
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Table 2 Antifungal activity of prothioconazole-tebuconazole against Alternaria spp. (x+s,n=3)
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3 NI EE B B e - M REAL B Alternaria alternata 53 FF 10 h B A9 ZRE K (x5 ,n=100)

Table 3  Germ tube length of conidia of Alternaria alternata treated with different concentrations of prothioconazole-tebuconazole for

10 h(x+s,n=100)

RS/ wg - mL ! SIHJ2 £ &/ wm JY4 KB/ um IN15 K/ pum K/ wm
0 221.27+65. 62a 204. 10£66. 55a 146. 09+54. 89a 190. 49+32. 17a
0.1 114. 9026. 59b 89.72+28. 41b 81.95+24. 60b 95.52+14. 06b

10.0 82.72+17.98b 80. 73+20. 14b 70. 49122, 83b 77.98+5. 36b

| 55 FL BB BE ) AN T

T P<0.001(E 2 1A)

P 1 A [ i 3 P i s - T A A 3L T 22 v DNA 5 1Y
Z5F (xxs,n=3)

Fig. 1 Differences in DNA synthesis in mycelia of Alternaria al-
ternata treated with different concentrations of prothioconazole-

tebuconazole (x+s,n=3)
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22 PR PR A Y 2257 (a£s,n=3)

Fig.2  Differences in soluble protein synthesis in mycelia of
Alternaria alternata treated with different concentrations of pro-

thioconazole-tebuconazole (x+s,n=3)
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BE) o AIMZTAE N AREUR T B STHI2 HL R 5K,
0.1 pg-mL™ IRVR B 25 R A0 BES (9 25 58 5 R Jin 24 b
PR30, B 2500 BE RGN, 3 R T Y S 3R A T
AT —35 ., U I DS B - 3 s AN [) e 2 Ak L i
8 e A AT 22 240 L S 83 48 L PR 25 009 T 5 A [ sl
TR AR LA R B, AP0 TR S 23 o Ak ok
VA1 TI0 28 AR R85/ N T v S50 R A , X A TR 24 W Y
BB TR R,
3.4 40% T - P SCOX N S R B 1 5
TRECR I
3.4.1 BRSNS BB AR EH
WRE 40% DS Bt T - TIGE BE SC T 439 [ WA i SC
BAFXNT NS FRBEN () L3P FITRTT R0 B A A 38 i
FR TN T HE 58 (% 4 K v 1 2400 DO A S it i A o
FHRE) o 40% TR B B -5 e i SC7E 50,100, 150
pg-mL™ T PRAPAE I RCR 8 T 439% 3 me it
SC, 150 pg-mL™" [ 40% PR B - G it SCIRYT AR
R (96.36%) 5 [6] 45 ¥ B2 1Y 43% % M fiE SC
(99.31%) BIRITRCRA Y H 22 R gt 228 7
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100,150 pg-mL™'Fl& T, HIGIF/EZCR = T 43%
PR SC, ASRIBTHE KT TR L A B, AT Sk vy

R 24 74 S A BT, AT A 24 790 %55 3 Y £
G 78 RALL Bt 2 SRR A A AR T 55

F 4 40% N ME- L MEEL SC FT 43% MEEE SC X} Alternaria alternata 51 F2 1) BT FIART SIGTF SR (x+5,n=3)

Table 4  Protective and curative effects of prothioconazole-tebuconazole 40% SC and tebuconazole 43% SC on Alternaria leaf spot

caused by A. alternata(x+s,n=3)

255 e PP % SR {54 RITRCR % SEEST
/pgoml™t SJHJ2 Y4 JNI5 WO/ % SJHJ2 JY4 JN15 BER/ %
40% T B 1 150 100.00  100.00  100.00  100.00+0a 91.09 97.98 100. 00 96.36+3.81a
WP SC 100 81.05 88.10 90.12  86.45+3.91b 84.16 90.91 90. 00 88.36+2.99h
50 58.95 66. 07 71.60  65.45+5.59¢ 61.39 68. 69 66. 67 65.58+3. 08d
43% YR SC 150 90.71 89.58 91.33  90.54+0.72ab 97.94 100. 00 100. 00 99.31£0.97a
100 56. 64 62.50 76.46  65.20+8.32c 75.22 75. 00 84.52 78.25+4. 43¢
50 50. 44 51.04 41.78  47.75+4.23d 59.73 58.33 65.16 61.08+2. 94d

3.4.2  HEPTASCR L Z T 2024 K F
T A DX A ELAATTIATEE | B0 b T e R T £ — b
fi] 12X 50 225 R 2 W 409% P9 B T 1 - G MR B2 SC . 25% 7
fisk IR EC \25% N 3R EC  43% [ BE SC | 50%
SRR SC X 5 R AR A S BB A — &
FIBIARR N FF A B Z [0 —E 2257, 58
3 AL SRR R, K PR 40% PRRAT 1 1 - 12, 1
PEA AR RIS 30 mL NS BB B A
ORI, LT 25% 251k T 3R EC | 25% 1 25 ik
EC . 43% M SC.50% S+ K SC 4 Fpxf B2 7],

RWHZG 7 d J5 AT A9 45 5 R =3 40% N iR
PRI - PR SC v Rl R T 25 .30 mL R BB AL
T 4 MO IRZG RN BT R (R 5) s R IR Z5 15 d H
30 d, BT A B 0 0 B A 2 B[] A 92 4 7 VR AL
T WA AP 5 H8 SR IB I T35 7k b 4, B
3 NHBIXAERE T 25 .30 mL 7R ) 409% PR 18- 1,
WIS SC 14135 B 5804I 8 v T 4 ol BEZ4 501 5 43 1]
409 R 12 - LS MR B SC PRI B K, fE Lk 2y
T 40% N R S-SR SC X NS4, R L2 %
KA,
3.5 sEHYLZMEHT

KR 22 A K R E 56 % A, alternata ¥
PRI T A - T, s 25 s A e 7 R T T ok T R L
FREGEE R TE T IR DA PR A | IR A R S A O )
B, I LS R T 1g ECy, #E4T Spearman AH G PE
N R ER A alternata X PR B M- e 1 5
AR 2 5 A R TG S R O, NS BB
(%6),

4 Zie5ihe

o TR BER B ETTEASAE 7 B e ® H 4
JUEE HBEE NS A RARBR A I NS AR R
RFEORFZRFME? MR EHC A AN
A FRR AL o A AR A Ko M
1 TR IR BYEERS F T Alternaria spp. X 2K it B
A w2200 pR e LTS R S e T T
i 2 RS BRTDR 2 L AR AR AR 7 A 2
AL 1 B A% R 0P 22 D1 2 e 3 e e 25 i FEY
LA F A G KU R i T
TE— S5 (1) 28 TR AR B 16 PR RS AR T2 M

NS BB 2 R EEAS A 1 3 RS54k
Ul A, alternata NSHEWGHIEE A, panax FIZHEE
FEALE A tenuissima Y5 R AWETE 0 2
T PR TR A - PR T X K 3 i D BT 1Y) TR 22 R A T
WM, T A panax ENTRE TR T A =418
+, BT LA A T PN A R -G MR B X AL alternata FT
A. tenuissima 534 T W BBURME | 45 5 3R I TR B TR
M-I S XS] Alternaria spp. TR 2242 4 A 30 i) 4 FH 22
ST & X S AT AR A —30

BT RN NS A HEHIR A. alternata 15— 26
Hi DX SR8 BB A 1 53 B A 38 88 vy, L D TR
R AR AR RE A% 7 A A, T AR AL alter-
nata IEATAETEVERFICHTF T 55 R, B
PR ME BT A, alternata 5 TR PR 22 2850 W1 1Y
IR, X6 2R A o A W A ] Bt 245500V B2 1)
P, 2R R B WA A, 10T PR T A - 13 A B2 Xof
A. alternata 53360 F (P06 AE FH 2 2R BLAE 2045
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Table 5 Field efficacy of different fungicides on Alternaria leaf spot of ginseng(x+s,n=3)

(53] RUGtZifE 7 d RUGMEZ S 15 d R 5 30 d
HIX 25 ;ﬁi - B}néiﬂ(% - @J{é&j{% J— &//ﬁ;ﬁ(%
KEFEW 40%NHLHE- LA SC 20 2.34+0.94ab  59.23+16.35a  8.07+0.27b  47.28+1.80a  16.20+1.00b 43.45+3.49a
i H X 25 1.03x0.77b  82.12+13.34a  5.67£0.96b  62.96£6.26a  14.532.71b  49.27+9.47a
30 0.78+0.42b  86.50+7.30a  6.07+1.73b  60.35%11.33a 12.1322.62b 57.65%9.13a
25% R ik F FF e EC 35 1.58+0.48ab  72.55+8.31a  8.67=1.76b  43.36+11.48a 17.53+1.98b 38.80+6.93a
25% P W EC 30 1.24x0.41b  78.45+7.19a  7.93%0.76b  48.15%5.00a  16.80+3.65b 41.36+12. 76a
439% [ MR SC 22 2.34%0.59ab  59.25+10.29a 7.73£2.28b  49.46+14.91a 15.73%3.39b 45.08x11.82a
50% 5K SC 150 1.3620.76b  76.29%13.21a  9.4722.07b  38.13%13.51a 19.73%2.94ab 31.12%10.26a
CK 0  5.75+2.67a - 15.30+1. 59a - 28.65+3.93a -
AN E 40% N me- e SC 20 4.98+0.79b  49.00+8.09ab  7.73+0.53b  42.91+3.94a  13.24+1.05b  36.97+4.99a
PV 4 25 1.96£0.99b  79.96+10.14a  5.07£0.94b  62.60£6.92a  9.16%2.45b 56.43x11. 64a
30 2.67£0.71b  72.68+7.23ab  5.16+0.85b  61.94%6.26a  8.27+1.20b  60. 66+5.72a
25% ATk FR e EC 35 2.76+0.94b  71.77+9.64ab  5.60+1.26b  58.66+9.30a  12.09+1.74b 42.47+11.25a
25% P EC 30 3.73£0.71b  61.75+7.23ab  6.31£1.00b  53.41+7.40a  10.76+2.54b 48.82+12.09a
43% LM EE SC 22 3.82+0.24b  60.84+2.4lab  6.76+0.18b  50.13+1.31a  11.82+0.69b 43.74+3.30a
50% S Ik SC 150 5.161.45b  47.18+14.91b  7.47+1.34b  44.88%9.91a  14.40%2.85b 31.47%13.57a
CK 0 9.76£1.57a - 13.55+1. 57a - 21. 0124. 66a -
HALTT 40% NFR PR LBEEE SC 20 2.67+0.62b  51.61+11.17a  3.47+0.92a  46. 11x14.36a  5.07+0.81a  39.36+9.75a
JHE e 3 25 1.78%0.15b  67.74+11.61a  3.02£0.79a  53.02£12.28a  4.36x0.44a 47.87%5.32a
30 1.51£0.62b  72.58+11.29a  2.49+1.29a  61.31£20.07a 3.91x1.1la 53.19+13.33a
25% Rk F B EC 35 2.76£0.94b  50.00£17.07a  3.56£0.69a  44.73£10.79a  4.8920.76a 41.49%9.09a
25% A EC 30 1.96%0.31b  64.52+3.23a  3.29%0.39a  48.88+6.02a  4.80+0.86a 42.55x10.26a
439 [ MR SC 22 2.04x0.09b  62.90+1.6la  3.20£0.56a  50.26£8.63a  4.98+0.62a 40.43%7.45a
50% 5% # MK SC 150 2.3120.90b  58.06£16.37a 3.47+0.82a  46.11x12.66a 5.16x1.16a 38.30x13.83a
CK 0  551%1.33 - 6.43%2.91a - 8.36£1. 56a -

26 PG M-I oA 8 AR B A 2 A B 38 B
Table 6

tebuconazole and other eight fungicides

Cross-resistance analysis between prothioconazole-

VAT R A - I M

25 p b
L A ik P 0.023 0. 867
W T i 0. 026 0. 850
ik ] Mg -0. 082 0. 548
ARG TE 0. 064 0. 638
Tk R ER -0. 089 0.516
R 0. 052 0.702
S -0.224 0. 097
SR -0.008 0.951

T p. FHEZEL 2 P<0.05 H p>0 BFEEEA 2 Fh 25 50 [ 4E7E IF 5 5.
ik, P<0.05 H p<0 MAELERAZ H i,
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AR B B 5 R PR AU A 7K P 119 1o A 0T 245 750 Fr) 40 o A
FHAT R, SR AR 1) B RS 250 T P i {1
U BRAR N DNA R 35 i, B B IR 1 RE )
5, BEAEE— R R L AR 24 70 X BT B0 BRI 1
TEMEAREE R T, AR [R] AR B B B — 2L ) 5
EREAT 225, BT A PN T T e - G AR A B e
AT DNA IR PR o fa el | s 240 o o5
PEGERZIRR AR T ANE | U ] — 2 YA 38 114 TR L B A -
TS5 T B A AE T R AR | R 4
JEORE AE I , 340 1 24 700 BE A R A0 I R AL 23 A
WP FE R B RS A H 0, DL EWRES R
T AT B - T A 52 N 25 52 410 B A 050 1) A A
WP, XS4 R AR BE i ] 409% P R 1B - I
WP SC X R B B ] BEATAE 22 R AT HIBLA
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AT B PR AP RISV E FHASCR AR PR )
SEBAR— A EERAR AT NS i)
A EDRE T 40% PN T M-8 AR B SC T 43 % 13 Wk
Fi SC X NS BBEBER BT RRCR , KI5 22N
A7 1N 22 AF 0 R DA 7R MR A LY PR R A -
I T 1 R 4P RN YA 97 AR B A, DR A 50,100
pg - mL™ N ARG AE LT R B R A8
W H AR 25 5

FH 0] 28,0 B il 4 1 A b Aty 2% B0 790 6 s D A
IBERCE , kS TR AT e B Skt 3
A1l XI5 it A (] 4 J3E 14 40 9% PR T A - T A B2 SC. T
4 Ffrout REZA551) (25 9% A<k H BRI EC  25% 3R EC |
43% )% M SC50% 5 18 Ik SC) %t A 2 B BE 1Y Bl
AR AT UE— 2 BRI, 3 N X A 6 45 R
W15 4 Fhife NS A7 10 248 19 28 1R A L,
40% DY P W - LS S e V7 R o h e R R N
I T 0 B IR AR, i B AR A3 0 g k)
86.50% \79. 96% \72. 58% , 4% Bt % I 4% s} [A] fit 434
TnBi ia 8CRA BT R AR LB 84T 5 T 4 Aot
HRZG50) , B BH 409 TN B e - B2 SCRE 5 AT 24035
il BB 0 & A TR st d B LB i N S B B A
ORI, BERS IR B S R BEH P21

25 225 TR R 18] 19 232 BT DG 806 T 1] 2 715
(% 40 FH 24 FE SR H0 21k 10 % A 2 S e
STE AT A, solani X I3 M B 5 4% 2R 55 BF 09 45
JEME Z AR IE S AT 2R B b5 g p
MRAFFEAE P ME ™ B B SR Y A, alternata
Xof 2 ik P BRI RO A o A ) AR 2 B A IEAC L
Pk R K BT G P - e 5 A 24 7R A7
FE A H AU A G IRIE , (A 85 DUTRA P S S 45 4
5 B H B VGRS Monilinia fructicola %} TN B 1 M
(R 5 e P 2 () 58 B LR35 s SYKES E M
VIR SE/NF B Zymoseptoria tritici % TRURR B R HY
RO 5 TN BRI 2 8] TG 22 BB, A BIF 9 45 R e
PR TR - G A B 5 T L B B R SR R Y 8 R
AT TCAE B UM, vl BN %A 50 21 () AT
FUREFIIE LA 8 AP

40% PR BT M - TR R . SC X N 2 B B B A 48
T 0 T 35 P R A T e, LA S A ) A R
XNS BB BB, BT H AR L)
6T P 0 24 70) 1 s | D BRI S A s R S T R
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