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TEE: o A A 08 A R F Ry 2R M 12 A0 A R AT & R R A & R H FLH Botrytis
cinerea ¥ ¥R KA T WA 7, 06k B mARAE R AL 5 R B 69 & 8 A AT 260, 9 A4 BB 2 A 6 R
A Fe BTy, il BT B KR F A AR e K WX e 42 A T B 2h A 2T R A R B A
M, SR BT AL HBLZ I EE B K B fovled Bk ) B TR ] B TR 0 F N A A BT
Fp4) P R EC, %A 4 0.49.0.39.0.09 #2 0.03 pg/mL; £ 8 sk B Bt 2 b 5 S e BE 47 B B2, % A
i A BE AR R BRI 41640 51 S ARARL B BLEt, b R 5 1,494 1.37, R ILIGHAE A ; 4
Aok B R BE R IR 92 MBI A BUAt 3R A A R KL A AHE 2855 PR EM AR
A RIS, B AR R IR 0 4R 3P B ARG T B RCA 94.97%~97.18% , F M & # IR I 09 1R 3 By 2w
BT B ECA 71.45%~82.01%, W 8] 55 3R 4 87.77% A2 79.91%, 3 & T RAb 4L 32 ; B3 P % 64 A6
BANRRELZRSELTF. £ H200 g/L AL B BAREF A5 430 g/L 8285 &5 75 A 20K,
S¥ B 9:2(200 pg/mL Ak B B2 +44.4 pg/mL %4 BEFe 160 pg/mL Ak B BL#28+35.6 pg/mL
KBS ) BB AT A Ay s AR TR, T LA R AR &

IR AHBHTAH; AL EBRR N, KB, F A, Bk, B WA
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Abstract: To identify effective fungicides for the control of gray mold in quinoa Chenopodium quinoa,
the inhibitory effects and in vitro toxicity of 12 fungicides against pathogen Botrytis cinerea were deter-
mined. Two fungicides with different modes of action were selected for combination, and the optimal
volume ratio and formulation of the combined fungicides were determined. The efficacy of the com-
bined fungicides against gray mold in quinoa was comprehensively evaluated through in vitro leaf tests,
in vitro pot experiments and field trials. The results showed that pydiflumetofen, azoxystrobin, tebucon-
azole and pyraclostrobin had significant in vitro toxicity against B. cinerea, with ECs, values of 0.49,
0.39, 0.09 and 0.03 pg/mL, respectively. When the volume ratio of pydiflumetofen to tebuconazole was
4:6 and 5:5, it showed a synergistic effect, with toxicity ratios of 1.49 and 1.37, respectively. When the
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mass ratio of pydiflumetofen and tebuconazole was 9: 2, the synergistic effect was optimal, and the syn-

ergistic coefficient was 2.85. After treatment with high and medium concentrations of the combined fun-

gicides, the protective and treatment effect on in vitro leaves were 94.97%—97.18%, and the protective

and treatment effect of indoor pot experiments were 71.45%—82.01%. The field control effects of the

high and medium concentrations of the compound fungicides were 87.77% and 79.91%, respectively,

which were higher than other treatments, and could significantly increase the yield of quinoa. It was

indicated that the field recommended concentration of 200 g/L pydiflumetofen suspension concentrate
(SC) and 430 g/L tebuconazole SC at a mass ratio of 9:2 (200 pg/mL pydiflumetofen + 44.4 pg/mL
tebuconazole and 160 pg/mL pydiflumetofen + 35.6 pg/mL tebuconazole) could not only effectively

control gray mold in quinoa, but also significantly increase quinoa yield.
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# & Chenopodium quinoa +& Wi FBF—4F-H: BA
Y, & S Y A 2R E IR (IR 5 2% 5%
2015) , H “M A ZE" (Vega-Gélvez et al., 2010) Fll
CEFRE AT SR (FITE S, 2018) 0 19874, P
VUL A DX IR I ARG RE 2 (RS2 4855, 1994) ;
2008 4 1L PG T A RIS ZE 2 | i SEAR [t E Fh
TR AN T 4 K, 22 i 0 B R A (EMEAEE
2025) o JRFGIA AT AE R AEBE 22 R X 38 3k 2 A 1)
— M I E H LT K ) 4 1 T Botrytis cine-
rea | 3l H R AEAER A RERI , FER YR I3
e KRR, 299 A5 ERASHE DU SR A0 Bt , 2 HH
P & 90 2 60% , )™ 52w HL ™ i (B4,
2022) . HATEXTIZ0 F 0BG AT S8 MO 1k 2
TFBe ARTEA: 7 L B b B 2 B — R B A 2 5 |
R I PR P AR U o PRI, R B TR B2 2 KR 1Y
S BC T30 76 JE T (R AR 25, 2009)

TR PRI TOE P2 e S T B B 5t St 61 741) (sucei-
nate dehydrogenase inhibitor, SDHI) 28 4% [ 7 , 72 ih
SEIE IR FIMIE & R BU R TR A L 1238 TR A T I
WA R, 32 B3 TP A2 G R TR BH k- e
A, DT P AR K, R B89 A (Hou et all.,
2017) ¢ Fell p ISR e DR BL A S5 AR T 1 e R
PSR LT 1z T BR 2 AR A B
FE(RBLABAERIRT ,2017) dbAbh, 528 FF0kme | =
WA S TR P 40 DA S TR TR 21 A% TR RIS [ el T T 2
WA 5y 55 AN S ) A B )™ A 28 BT (A
B4 ,2022) o HAT, MRGE A 2545 B R (http://
www.chinapesticide.org.cn ) M AH I HE 27 , FUE B
[y W o RN ES R S TRl R AN - = A R
2018) \FELE M BERG (P14 45, 2025) 25 Z R H
PR B IR o 2022 4R S6 IE IR 2 R A 1Y AR
Postiva 75 3¢ [ [T, 1248 TR 551 pi S nele 727 1 2 e 5%

fik FF SRR A T, P B el AR IR B R
B AR 55 5 ST IE IR 28 AR MR R S H — it
5 14 % T4 751 Miravis Prime, 1Z.3% T8 7 A 96006 7 2
Jiie 5 0 TR RS S L FH T B T A 8 AR s (T I PR 5
2024) , SRS R FEE A R A I = SRR, TR
T 5 1 50 Y L ) 751) (sterol demethylation inhibitor,
DMI) , H: 3 B30 1 il J o vh 22 A S B A 9
B L GFHERNAS , 2020 ) 14 fin 20 i B (19 JE 2, 5 fefiog
D TR TR 22 BB 5 RN E5 48 & A= A8 T8 DT 328 21410 1 s
D L AR KR H ) ik M AE 20055 Li et al.,
2015) , [AIEF HAT G-I RA YT VR (42572 ,2013) 5
AT PR TR PR T RS KRR A
BRI L A 2 R S %, 2022) o f9l4n, A H 45
(2021) BIF 55 45 5 32 W 96% I3 s st b S A Mk K 25 95
B BEAF I DR, 3 A TR R SR el 4 T 5 2= e
25(2024) BIFFT 45 526 11 30% W5 T PRz + 1 W 5 %o
255 B 1 FH TR B 81T 38 90% ., HEAb , N A fi
PEUEVEY B AR R AR R SR - & (250
2025) . PRI, ASBIFR AU S04 sl AT 1 2 i 5 T e et
CSIIE YIS SN OE & =t 0] Vip e

A BB IR R KB , o LA 24 1 L T
W, B O RS A 25 B0 A A 7 T T B IR K
BRI 12 Fh R T, 0 X B 232 KB A K 2
T6L DA (P 100 R I B o HH R AR A A A
AN R 2% TR 2R AT 2, I R T 245 ) A A AR
FC ARGy, Rl BRI B 2 N A RN R F e 25
B DN 7 B2 C 247 790 %o B 22 D 06 1) B8, A Sy S B
A e R B IR D AR A e A B 2479

1 B 5 7%
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A ) R TR R « BRI B S & N kil 6 32



21 TREEBAE - BEA AR BT IR 2570 AR 0L B2 0 S MBIk 421

7 iR BRIEL 100, H R FE A Ao B #E 65,
By i va ol KAz AE D it M oI o T e it . K
) e T TR R L P A 2B ) DR AP 2 B S M 3 R
R oy s ik, BT SR SR AR (potato dex-
trose agar, PDA) B SR HRHE T4 CHEIRIRAT s 77T
ARSI F PDA RHAT AR FA PRI G2 PDA
Sl FL25 CRHEESR T d ATICEARR 5 mm R DEE

PDA S5 I 5T Hh4 5 200 g I 20 g Bt
JEH 17 g ZEIRK 1 L,

23RS - 97.3% NS (tebuconazole ) 2 ,
Ll 7R A8 BHBH B B A7 A B W) 5 97.2% WK B (pro-
chloraz) Jii 24} . 97% it M fik 7] i (pyraclostrobin) Ji
2, AR I Ak T A PR 2\ 5 97.1% W5 T e
(azoxystrobin) JiL 2 . 98% £ [# R (carbendazim) Jiil
25, I AR PE WAL 2 Tl A R A Al 5 96% & %5 &
(dimethocarb) Ji 24 , yo[ Ik gl A= W4k T8 A BR 2
il 5 98% M 1A it 2 % (pydiflumetofen ) JF 24, |16}
A YA FRA T 5 97% K IJd 58 B (benzo-
vindiflupyr) it 24 | 95% Hx 2% 0k 7 i (bixafen) J5E 24 |
98.50% M A Tt Yz ( fluxapyroxad ) J512% . 96% FRI
Pk JHz (fluopyram ) Jit 24, [ 5¢ 4% 24 Joit o A 46 A i
L 597% WEBE B 1 (boscalid) J5 24, Wb @4k T.6&
PR F] 5200 /L J5UME TR 195 2B (pydiflumetofen ) 277
N, Se bk AP IR AT BRA R 5430 /L MK
(tebuconazole ) & ¥E I , A (LAY -5 A R
8 Hl 5 99% K ¥ F2 5 1R (salicylhydroxamic acid,
SHAM) , b 5t R ERHEA R AW . SX-MD16E-2
T s 4%, P E TR RA BRA A
1.2 Ak
1.2.1 R B3] x4 A ] 5 508 # 60 ZOR a9l 2

4 I8 AR T | KB R bk A ik DT T R TR L 22 TR
R LB TR T PRI T e P s BB A b By
i S AT PO | W I T e R SRUIIE AT E P 3 12 o s
R 7 A i 24 23 T N R P K SHAM I T T e
BE ) e B 440 1¢10* pg/mL B9REIE, T4 CHRAF, 4%
o R 224 K AL (F837 X, 1994) I 5E 45 4%
PR ARG R i 2 AR R A I IV E . 2 AR T 7
V843 1) FH G TR K s BB 2 100 pg/mL A1 10 pg/mL, K¢
oy 54 1 9O ARFR LB fin 21 PDA 352 7 b, il i 7
23 4390 10 pg/mL Al 1 pg/mL A~ , LLAS N
ARTF I PDA KRR 56 A0 B . AR S mm 9 K
AR YE, 32 2 PDA & 25 A rp ok
PR E ST 3R RS BT R 25 °C BRI
12 L: 12 DR FRAE 1557, 5 d R RT3 ik

D B P A THEAM R . = R T 7%
HAR- AR A AR )/ R B TR AR -5)x100%.
VEREID IR BT 4 PR EA T N B 0 IE .
1.2.2 REEF A RE HIEA T AF 00 g

FRAE 1.2.1 45 5%, 12646 Nt na ok 17 1 . 5C 1ol R T 2
iz e TR T A PSR K 4 b BT A 7 5 N 7 I
HRAE TG0 25 5 , 7 B3 b 2% B 0T T B 100 61 25 A
15%~85% H Xof 7 () Ve 2 ) 38 5 - B, e
Tk T TG A 2281 B 43 1M 0.1 ,0.5.5.25,50 pg/mL, %
WA Tt 2 Je P 49 B 43 14 0.5.1.5..10.,.20 pg/mL,
M5 T T ) 2280 55 43 31 2 0.1.,0.5.1.,2.5..5 pug/mL, J%
A i i 20 3% B 3531 4 0.05,0.1.,0.2,0.5 1 pg/mL, 3%
HRCL.2.1 7043 S0 s 24 A o T T R s gk
PR P T H SN A TR IR SR T R, 5 78 PDA B 3%
T A SHAM ] 52 i S AR 72, PRIIER FH 1 22
A AR R AR T I P P T T A% TR 91 % ] 2241
2R HERR T , AR B 100 pg/mL; DA & Ak
A 100 pg/mL SHAM ) PDA 55 55 5 X BR . MU E
&5 mm B IR A A A0 P T O, F5 R 1.2.1 5 I RERY A
AP 3R R R E TR 25 ¢ BRI
12 L: 12 DIGEFFE TGS, 5 dfa R 38 X0k
DR TRV ELAR  THEAM R . UAS[R] A B 7 v X6
BB B AR S DA 25 Oy DR AR e AT R 1T 4y
B, AR B2 7 W= 7 B Sl ik B EC,.95% &
{5 DX TRVRIAR G 22 880 MRHE EC,, i 1 3 FpE FIALHIA
[ () B A T A
1.2.3 A mhH el ikt

FRAE 1.2.2 25 5%, 16 455 Jpl nae D O 8 i i sk 1
ik R S 3 3 A AL AR AS (] Fg S50 44 7 5
533 3 b 2% T 0 9 3R 2 EC,, K F80 M TR T R e 3
J31] 53 e ik A T R G e P 1 s L ARFR LA T P R
B, 4K JEoKeax 3 F 42 e 2457 N 455550 43 1) 5 PDA 85
FRIEHE 12 9 PRFH IR A 1 B 55 2457 A, 7% MHk s ik 1
Fis (1) PDA SFAR H [R] 1.2.2 75 A SHAM #1155 44
&A%, 43 M AN S5 JC B K A2 % 100 pg/mL
SHAM 11 PDA % 5% A 2 % B 1 (CK1) 1 x) fd 2
(CK2) ., HUE 5 mm (19 JK 4] %5 7 04 w8 DF , 3% 18
1.2.1 Jrik 4 BA A BT A 3k, RS B TR
FE25 °C DGR 12 L: 12 DIIE g EE3E 5 d)
SR FH 28 SO TR AR TR B Ak
PN IR A A AT 1 SE R il R . R BRA IR S
I8 R0 B M LE R (W B 55, 2026) o B2 1
=BT A [ S BRI 1 R < BT A LETR R ) AR AR
4 AR B Y S BRA i Fex B B AR A A
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BUE Y E o TR HOR=SEBR I RS I H R . Y
B L <0.75 B 0 % TR R R R A PLAE 5 Y
0.75<EEME HER<1 .25 B PR R BRI BN AR IR 5
M HR>1.25 B b R B R R B VR
R 25 5, B 455 S P A e R IS e 0t A 7 R i
1.2.4 B Rh R AR RA L ey A 2

5 oA T T 2 e A0 1 A8 RS2 11 YR 32 9] 25 EC, 4%
HARB A S 2 10:0.9:1.8:2.7:3.6:4.5:5,
4:6,3:7.2:8.1:9.,0: 10, F% 88 1.2.1 J3% 435l il il &5
2 PDA -4, U S5 1275 7K ) PDA 15 55 3k =5
F AR B AR 5 mm B9 KR 25 F T B 0, $ 1E 1.2.1
JIE R B E A 3R, MR E TR
25 C DLW 12 L: 12 DI FRF PSR, 5 dJE R
FA A28 SO I 8 TR LA TR, R SEBRAm
2, kA 1.2.1, B S e i R S Bk LR
TR 1.2.30 X 1 ARG L G 25 25 PDA A
A TR 2 e 0 IS ma i ) IO e R B, I LA 2 22
VERIZHC LRI B . AR R R M LR R
WA DT PO B R A B P e AR AR L R 4 6 RN S 25
1.2.5 F B zh 7 a9 Beoy e

i EC, 1) F5UMA TR IBEFR R I EC, P G MAE Pt 57 T A
R 4:6 F1 5: 5 3B R i Lo, 435 o0 3.63: 1 Al
5.45:1, AX Aot bb oA BE A o ) i 301,722
4:1.9:2.5:1,11:2.6: 1 b4l b 2 BoAb P, #2118
1.2.1 77853 5 & 2 PDA AR . B AR 5 mm 1)
TRAE AR B OF, F5 IR 1.2.1 Dk Fl, A Ab PR R
B3, s ETFIRE25 ¢ OB 12L:12D
PIREFRAA TR, S e R A 3 SR 2 TR VA B
1, TR R BESE BRI R, ik 1.2.1, #A
KI5 HIS EC,, A 250 R £ (SR VT IR 55, 2022)

+ . S
HHEEC, = axh IR Y L

b
EC(4) | ECo(B)
BT AT BAEZ BRIy it L . 3 R Ek=
B ECy/SE PR ECypo 43 200 3 £1<0.5 1 52 T 245 711)
T R HEHOVE T, 24 0.5<H 3% 2R %<1.5 I 5 L 25 77
RIMAHNIIVER , S 38R > 1.5 I 52 e 24 57 R 21
SRR o AR R S TR TS B A S e e
B SR e, RV 7
1.2.6 FBezhhlehE R &R R B aon 2
ST B I a5 S AN R
AT K200 /L S R TBEFR R T R 5 430 /L%
WA P 7 R o e L 92 2 R TRE , W% R R vk i il
TR (200 pg/mL SRR R R E+-44.4 pg/mL I3k

) VR RE (160 pg/mL FBUME RIBE R +35.6 pg/mL
WA ) AR (120 pg/mL FUME TR +26.7 pg/mL
T ) L D) 200 g/L 460 M T TBE 5 iz AR (e
260 pg/mL) 430 g/L ISGMERE AR (Ve h 215 pg/mL)
XS HRZGR . FETCRARAVESRE T F PDA R Fff
PR PR RS 28 PDA AR, 25 CF R 3R 7 d, [ 85
FRMLA A 20 mL JCHR K, i = MRS~
22 M, TR 20 A o U8 ARSI TR PR, FJCER 7K
P U BE T 2 1x10°4/mL, HUEE & B3 100 b1+,
FTFEHMAISecm & 4 em WP BEE TiRE
25 °C DB 12 L 12 D AHXFIREE 75% W=
HHAE R 60 d, BEHUE KRB —E /M H A it
FHIE AT R B B B, 75% BRI 75 1~
2 min, JCEKBIEIVET505 F AR BT Kk A
S e SRUTA ) 2B e i | e | W 1) O S A £ 7
T I o R T 43 20 W8 it A () b B ) R B R, B 2 55
75 8 1k LAt v 7K AR SR 6 s B~ b B 10 5t
A OANER), B ER 3 A S & TR
25 °C OESEWI 12 L: 12 D RS AR S48 rh i 55
3d, 8805 B TR AL 25 °C DG 12 L 12 D X
JE 95% A0 T ARIR 1 3% 24 b, T 1) M 6 it vk 5 o
1x10°™/mL 1) <1 25 960 B 53 A 6 7 B VR L, Akl
TREE25 °C DGR 12 L:12 D AHRHEEE 95% 414 F
PRIBREFR, 3 dJE RT3 SOk i 5 B AR, 3T
AL BAE T BRI R B R, AR Bl = (U 7Kk BE 9
F T R — Ak R 014 RE T AR ) /9 K X R BRE T A
100% (RS ,2024) o 52 FC 245 71367 B 8500 I 7
D735 ) b AR S X i B ¥ B 1 10° 4~ /mL
P IRA R R o A TP, BRI TR FR 24 h
Je P 1) I 5 it A [ b P A S BT, 5 7R AR IR L
3 dJE IR BE EAR , THRARBE TR, T [R] |
1.2.7 A BAH 6 E R ZRE N E

IR BB 100 B 5, AP EAR 15 em & 14 cm
M ZE B TR AL 25 °C ORI 12 L2 12 D AHXHE
£ 75% Wil = R SR AR AR, R R E RS
KL R 120 dJE . B B2 AR B R I E
6 H A R HAS 35— B BE A2 1 ) B A R e 43 e
T A TR AL BRA A B, 45 A0 BETR] 1.2.6, EREERSE 217
{1, 24 h J5 PR B2 1x10°0>/mL 9 5K i) %6 18 7
SRR 1033 14 ER),
FE 3., MEL))E 7 d A R RS A O, AR
it A 24 18] 2480000 o ) (— ) R B 77 Bl T = K
59 ) (GB/T 17980.28—2000 ) b5 1 ff 5 5 2% , 1145
ST FR BN PR3 Bl A% (445, 2023) o i dE 4=



21 TREEBAE - BEA AR BT IR 2570 AR 0L B2 0 S MBIk 423

> RGEOARIRPAEARED / e R B Bk
B0 <1005 P47 B R8= o BE FR 5 15 36 B — b B A I3 55
TRBO /5 B RE TEFE < 100% ., 2 B 255367 B 4%
PRI < AN ) B A2 RSBV A 1<10°1/mL 1
TR o A TR VR W, 24 h s I B A Ry
S it AN [) Ak B4 R TR, AR o8 iR, oty
e
1.2.8 A Bh )69 @ 8 B BRI & T a2

2021 AE7E L P 48 P 0 ol e ok B R AR AT H
RS . T+ BB AL S b A
S A RIRREZESE , N T IR, BREE 25 em, 471
45 cm, FEUE 1~2 em, BE/NX 405 7, B 7 HEFP 2K
551 YRt 25 5[] S 2021 45 8 H 19 H (JRE M 12~
27 °C, BA%ERS AR 90) il 2 R 2E 22 IR & 1
KA SRR TR AT T 057 d Je AT AR 2 i
24 WA K 2021 4E 8 H 26 H (IR Ky 13~21 °C, %%
g, P61 9%) o 2, K 3 750 L/hm?, % %
PRI SIBEN , 3 6 A~ b BE, Ab B KR FE TR 1.2.6. A4
AhHE 3R E A, AL 18 A /NX, BEAN/INX K 20 m L FE
2m, /NXFENLIX AP E . 55 2 K2 7 d e A 3
F PR TE O, He 1.2.7 7R 5 15 18 B B 345
[ 2 R AR R A5 (2001 ) J5 i IR 45 A S 22 22 4
WA T TGO, 10 5% 25 F A (R4 (RIE 1Y
1 R Ak g A ) MR E AR . 2021429 H 23 HFF
B A = | 2% /N R e S RS R
NIFIZE 5 52 (2015) J7 300 2 45 /N X ) TR0 8, /)N
X ) s R R A
1.3 #ES

K FH SPSS 20.0 # A4 X £t A T4 153 b,
Duncan [GHT 2 2275001722 5 o R 6

2 ERES

2.1 A B I E R R I R R
TE 10 pg/mL IR BE TS 3 M Fst 35 B i ok A 78 28
T T A4 1 2235 R 100.00% , M e Fik T 1 101 9 T

T 8 e 0 1 43 2 9 T 49410 0 R 2 1 g 82.249%
71.38% , TSR AT IR AT , R 24769
IHIRAT10.65%~69.70% Z [8] (F 1), 1E 1 ug/mL
WRIETR , TGPt T T e P T R S e 28
R IR AL AT A 3 20 31 1A 2 88.68 % .56.09%
62.75% 1 59.61% , HAR 2550 Y4 A T 4.21%~
54.87% Z 1] o [RIIH , eff P33 T P K A i
TSR TR I PRk 4 PR RREA T3 R TIE
F1 ARBFX KB ERERIE =E
Table 1 Inhibition rates of different fungicides against

Botrytis cinerea

ORI 12
FHEF Inhibitory rate of different
Fungicide concentrations/%
10 pg/mL 1 pg/mL
TR Tebuconazole 100.00£0.00 a  88.68+0.19 a
K1 Prochloraz 69.70+£3.12 cd  54.11+1.15d
IE A JiE Azoxystrobin 100.00£0.00 a  56.09+0.76 cd
NHEME A FATE Pyraclostrobin -+ 82.24+0.93b  62.75+1.97 b
.7 B, Dimethocarb 67.80£0.89d  54.87+1.36d
R TR I 71.38£1.09¢  59.61+0.22 be
Pydiflumetofen
ES iR Nl 3529+0.68h  9.80+0.39 h
Benzovindiflupyr
BRARNE B % Bixafen 23.53+1.36 1 18.04+0.39 g
FM F ERE Fluopyram 41.18£0.68 g  16.86+0.78 g
SRMETABEE Fluxapyroxad — 45.88+0.68 f  23.9240.39 f
Z1# R Carbendazim 10.65+0.65 421£1.021
WE Pt P Boscalid 51.05£032¢  22.86+1.44 f

RPBIE P B2 . RISIAR/NG FREFRIRE
Duncan [C 7 52 # 22 ¥ K6 5 22 5+ 1 3% (P<0.05) . Data are
mean+SE. Different lowercase letters within the same column
indicate significant difference according to Duncan’s new mul-

tiple range test (£<0.05).

22 4ATBEFIXNKEHREANENSH

IR TREE P A R TR ik A SRR A TR B X
4 Fofr BATA X 2 0 TRT P9 TR SR F41 38838, EC 50 393l
40.09.0.39.0.03 F110.49 pg/mL(F2),

R2AMRAFANKEEAENEANS N

Table 2 Indoor toxicity of four fungicide against Botrytis cinerea

A T P
Fungicide Toxicity regression equation ~ 95% confidence limit/( ug/mL) 3 Coefficient
FUL LR e Pydiflumetofen y=0.40x,+5.12 0.23-0.84 0.49 0.967
WEE IR Azoxystrobin y=0.65x,+5.26 0.26-0.55 0.39 0.968
TR EE Tebuconazole y=1.17x,+6.22 0.06—0.12 0.09 0.956
Nk MR EK TR Pyraclostrobin »=0.20x,+5.30 0.01-0.11 0.03 0.984

X, AR FNZG IR FE X B 5 - 312K . x,: The logarithm of the concentration of the fungicide; y: inhibition rate.
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2.3 EERHAFIHE P A2 E o X A 2 PR TR B REE LR 0.90, B N
YRR TR TR 5 R IR 1 LR R AR RT (32 3) o DRI, e 36 S oy 5 fi 15 13 s

X AT A TR R I M LR R 1.27, RIUAIUE B TR

JH T 24 S0P T P 1 e e T 9 1R 1= 1R

R3 IMFAEANEE KA AEOMB RIS

Table 3 Inhibition rate and toxicity ratio of combinations for three fungicides against Botrytis cinerea

PaURIIES b ibioe Iy RS

Y FA == %
Trﬁf . Col n'i”d%%ﬁ e Actual inhibition Theoretical - ri“ff
eatme olony clameteric rate/% inhibition rate/% oxic ratio
ST BEFE I Pydiflumetofen 3.98 42.83£0.90 b - -
S Tebuconazole 4.08 41.40+1.22b - -
Nk Bk A TR Pyraclostrobin 2.36 54.70+0.48 a - -
S TR B -5 T A T 3.26 53.48£1.10 a 42.12 1.27
Combination of pydiflumetofen and tebuconazole
SR TR M- WLk A P AT T 52 T 2.92 43.91+3.66 b 48.77 0.90
Combination of pydiflumetofen and pyraclostrobin
T TC 7K B0 B4 6.96 - - -
Control plate with sterile water (CK1)
IR N BR %t BEOF- Al 521 - - -

Control plate with salicylhydroxamic acid (CK2)
FP B T BB 25 o TRIBR R/ ING R 7R 48 Duncan [RGB M) 25 15 K6 56 25 57 B8 35 (P<0.05) . Data are meandt

SE. Different lowercase letters within the same column indicate significant difference according to Duncan’s new multiple range test
(P<0.05).

24 EMAFIHREGRL P (R AR FE L A 62 4 11 7 2 3 IR 0o 0 7 20 960 T A T L
4 G TR R S s B PR O 46 R IO 1.28, R B HERIE T 5 HSR 7R FLAY 2

505 X I A 2 FL TR A TR R AR, 0 o 149 PEHCRIAUINT 1,25, U AIERT (3 4) . DAL, 98

F1.37, HARIUMSERE ;Y e G e Ao 5 eme MARTRTBE VR B 5 OB R 42 6 F1 52 5 AIAFR LA

x4 AMEBRRSXMERARERI SR REERENME RS ZE

Table 4 Inhibition rate and toxicity ratio of the mixture of flusilazole and tebuconazole with different

volume ratios against Botrytis cinerea

SR AT T2 M 5 P g AR L

Volume ratio of pydiflumetofen to

PR v ELAE PR e A LR

Colony diameter/cm Actual inhibition rate/% Theoretical inhibition rate/% Toxic ratio

tebuconazole
10:0 2.82 51.91+0.93 d 51.93 1.00
9:1 2.73 58.45+0.98 ¢ 51.25 1.14
8:2 2.54 62.13+1.78 be 50.59 1.23
7:3 2.43 64.09+0.70 b 49.93 1.28
6:4 2.47 63.31+0.51 b 49.27 1.28
5:5 2.30 66.47+0.46 b 48.61 1.37
4:6 2.03 71.53+1.66 a 47.95 1.49
3:7 3.76 39.44+1.83 f 47.29 0.83
2:8 3.82 38.20+2.27 f 46.63 0.82
1:9 3.27 48.49+1.99 de 45.97 1.05
0:10 3.22 4531+1.48 ¢ 45.31 1.00

Feh Bl R EARE S . RIS RN FRE R 28 Duncan PGB 2 0 22 MK 56 25 53 1.3 (P<0.05) . Data are meant
SE. Different lowercase letters within the same column indicate significant difference according to Duncan’s new multiple range test
(P<0.05).
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25 SEmHGFINES

M A T R e 5 G M P 7 I B A %o
TR B I 52 PR ECo A T 0.09~0.22 pg/mL Z Ji]
Hrp B oA 30 1 B B SEBR BCyy /)N, 110 0T Lo
11: 2 A SE R ECy e K (R 5) o FRUME FRT BE ¥4 e S5 1%
WA P2 7 Fofo o e O A T RS RL R A T 1.35~2.85

Z ], LR B R 112 B B ROR B 1.35, /1
T 1.50, RICAARIMAE R ; HAR BT i LU i 3 3R 1
RAER, B 9: 2 P3G 3 R K,
2.85,5ZFREC,, M 0.10 pg/mL(F%5) . Kt , JR0Me 1
Pk P2 e 5 I s i R 9 2 o i FL AT TR

®5 AMEBERSXUREZRARRERERNKEFRENEANSNILYLRY

Table 5 Indoor toxicity and synergistic coefficient of the mixture of flusilazole and tebuconazole

with different mass ratios against Botrytis cinerea

SMERE RS S R L R I R EC,(pg/mL) HERE RN
Mass ratio of pydiflumetofen to  Toxicity regression Sl s Correlation Synergistic
tebuconazole equation Measured value Theoretical value coefficient coefficient

3:1 y=0.77x,+5.86 0.09 0.23 0.985 2.48

7:2 y=0.95x,+5.91 0.11 0.24 0.980 2.16

4:1 y=0.88x,15.83 0.11 0.26 0.981 2.33

9:2 y=1.01x,16.03 0.10 0.27 0.979 2.85

5:1 y=0.54x,15.42 0.16 0.28 0.988 1.73

11:2 y=0.45x,+5.30 0.22 0.29 0.971 1.35

6:1 y=0.38x,1+5.30 0.16 0.30 0.980 1.87

x,: ZBCGF A ARTR] B i bL 5y - 038 . x,: Different mass ratios of bactericidal compound agents; y: inhibition rate.

2.6 EBAFNERNBEMN Y

S BC 25 N BE A2 B AR B0 R A i R4 4
FHATRTTE R, HYSBE R 52 0 24 550 e B %) 7 o i 4
e v AR B ) R T 24 0 B A7 KRR IR
I7 B 1M 96.61% .94.97% F187.64% , & T
SRS A T e 0 3G A P2 B Y6 9T 7 4 (P<0.05,
F6) o VR IY ACZRI BE 0 B i AR
87 % 23 5 1K 97.18% F11 95.00% , ik 35 125 T 1 W it 24
FIA LRI B AL (P<0.05) , H 5 FUA BT 19 J28 Jie BP0 7
PRI AR 2E S 0 25 5 IR B 1 52 T 24 ) 0 2 2 i
F AR B 550K 92.38% , S 2 e T 1 e I B £
PRI (P<0.05) , {FL 55 JoUME TR FBE 2 i 2L 7] 1) 4
Bisi 2= AR E(FK6),
27 ERAFNENZHHY

T P BE A O T 2 70 R AR 2 A AP B Ak
435K 79.67% F173.10% , 167 Bl 553 5 M 82.01%
F171.45% , b 2 5 T HoAth K38 43 4b 3L (P<0.05) 5 ik
W2 1Y) 52 T 24 70T AR B 22 1 R AP B 38 66.32%
2R e P PR 9 AR A B 1 (P<0.05) , {H 5 96
A A T 55 e BT P LR BT AL 25 S N J 3 5 IR S 1Y
32 BE 2 3R X Z R B A2 IR I (AR T T B A 67.13%
I 2 i T RO R T B BRI (VR T B AL (P<0.05)
105 e BRI R Y T B A 22 R 3 (3R 6) .

2.8 SHZEFIAIHEE R

S AT T 0 e BRI G A T BRLR B 3 Ak
JE R S TC 245 50 W B 2 IR B A — i Bl vk
JEE 1149 S TR 247 590 0 2 2 ¢ 505 1) P i) B 80 e o
87.77%, ‘i 3 v T HoA AL B (P<0.05) ; HHvik FE 1 &2
e 24 390 (%) FH 8] B 20K 22, 4 79.919% , Jib 35 v T HiAth
b B (P<0.05) 5 I B 114 52 10 24 551) 1) 1 0] B 88 5 5
WA S PR ) FE ) B 2880 2 S AN B 25 (L 35 340 fl 2
T IR PR RS B (P<0.05, 3R 7)o
29 EFRHGFINEEFENHMN

KWK 2 7 d s , A% B A 79 2 1Bl P A D,
R ARG, R AR F R, 5 I
AT R X RE A 22 4 AR R B A AR FEAR A WA
S o R P D5 M R IS AL R A 3
R BT S TC 24 0] S R DR A e o, BB
RIRIFERE R VE (R 7) o e A & i 25750 4k
P B TR R, N 2.74 g, B 3 T H Al AL
FE(P<0.05) , B3 p it die i, 17 385K 21.38%; h
WL TG RS, B Pk, W3 s T
IR B35 1 52 TC 247 391 9 R T 2 e BR300 R XGT HE (P<
0.05) , {H 5 1l nae Pt B 551) (b 18 2% S R I 3 B 7Ry
17.17%(F 7).
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F6 FEIKRESRGFIHENBFERM B ENZHF
Table 6 Indoor efficacy of detached leaves and pot cultivation of a combination of flusadone and

tebuconazole at different concentrations

BIAM A Detached leaves #54% Pot cultivation

Ab 3 - AR BRI . WTFRIR RPBIRL RITRIRC REBIIRL
Treatment Effective component and concentration Therapeutic ~ Protection ~ Therapeutic ~ Protection
effect effect effect effect
o5 R A BE 247 200 pg/mL UMK LRI +44.4 pg/mL ILMERE 9661+ 97.18+ 82.01% 79.67+
High-concentration 200 pg/mL pydiflumetofen+44.4 ng/mL 03la 0.38a 0.17a 094 a
compound agent tebuconazole
Hh i 2 A2 24 ) 160 pg/mL SR ME+35.6 pg/mL ERE  94.97+ 95.00+ 71.45+ 73.10+
Medium-concentration 160 pg/mL pydiflumetofen+35.6 pg/mL 03la 1.28 ab 1.56b 1.09b
compound agent tebuconazole
e 5 S e 2577 120 pg/mL UMK B EFEE+26.7 pg/mL [MERE 87.64+ 92.38+ 67.13+ 66.32+
Low-concentration 120 pg/mL pydiflumetofent 26.7 pg/mL 1.09b 0.48b 092 ¢ 1.03¢
compound agent tebuconazole
200 o/L HIEABEEE 260 pg/mL 72.76+ 94.6+ 61.42+ 68.79+
200 g/L pydiflumetofen 0.51d 1.80 ab 1.54d 1.14¢
430 g/L IR M 215 pug/mL 81.30+ 80.91+ 69.38+ 57.70+
430 g/L tebuconazole 0.86 ¢ 0.58 ¢ 0.30 bc 291d

TN EE NV B e 22 . RIS [R]/ING P B3R5 AN ] 4b B 22 1] 28 Duncan [GH7 52 A% 26 V4G 56 22 57 .25 (P<0.05) .
Data are mean+SE. Different lowercase letters within the same column indicate significant differences among different treatments

according to Duncan’s new multiple range test (P<0.05).

R7T FEIKESEZH R HER R #EE 2RI

Table 7 Field efficacy and impact on quinoa yield of a combination of flusadone and tebuconazole at different concentrations

N ; NI - - B pe R
HRORARIKIE WP TRE - Pl e
Qb : . VINE iy Yield
Effective component and Field Thousand seed . Output/ . .
Treatment . . Plot yield/kg ) increasing
concentration efficacy/% weight/g (kg/hm?)
rate/%
T VA i A T 2455 200 pg/mL MR+ 87.77+0.87a 2.74+0.04a  3.40£0.06a 1 702.06+28.77 a 21.38
High-concentration 44 .4 ng/mL I M4 i
compound agent 200 pg/mL pydiflumetofen+
44.4 ng/mL tebuconazole
Hh Ik B A L2 7] 160 pg/mL UM BERSIE  79.91£1.16 b 2.66£0.03b  2.29+0.05 ab 1643.08+26.39ab  17.17
Medium-concentration +35.6 pg/mL M
compound agent 160 pg/mL pydiflumetofen+
35.6 pg/mL tebuconazole
i i S e 2577 120 pg/mL R BRI+ 71.6241.57 ¢ 2.58+0.04 ¢ 3.09+0.10c 1 545.96+48.25 ¢ 10.25
Low-concentration 26.7 pg/mL I} e E
compound agent 120 pg/mL pydiflumetofen+
26.7 ug/mL tebuconazole
200 g/L MR BERRME 260 pg/mL 62.88+0.44d 2.57+0.04c  3.10+0.08 c 1 548.85+40.03 ¢ 10.45
200 g/L pydiflum
etofen
430 g/L i M 215 pg/mL 70.74+1.15¢ 2.69+0.03 ab 3.17+0.07 bc 1 588.00+35.22 be 13.24
430 g/L tebuconazole
XTI CK 2.51£0.05d 2.81+0.04d 1402.27+18.49d —

T B NV B e 22 . RIS [R] /NG 7 B3R5 AN ] 4b B 22 18] 28 Duncan [R5 A 22 VA 4G 50 22 5 .25 (P<0.05) .
Data are meantSE. Different lowercase letters within the same column indicate significant differences among different treatments

according to Duncan’s new multiple range test (P<0.05).

3 i SCHEEZ — . AR UL 9 A B0 B T LA 5
i S H DTS , B I R T2 e
KRR AL = BRI A WENKTOUM 5 oH el e R B L 1+ 1 T A7
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T4 B 58 BE 955 TR Rhizoctonia solani, 5 BT 5 %0 FH
[ HTHE T ] s A AR 2 (XSS, 2024) 5 g
Vit 5 SRR A Tt 2 e g PRI S5 42 AN RT LA 2B
16 /INEE IRBEIR , 18 ] E S FH 8] 99% i 1 5o 2 R Y BT
PER R, NI BB 5, CRAP VE A 7 28 4 (2%
AR, 2024) o PRI, ASHIFZE DA 12 B B 7 i ok
I A R SR TR R 8 e PR R FATL AR AS [ 8 R T
FIHEAT R L

G A T Ay = s 2K R T R T R A R TR R S
SDHI ZE A TR 71, 3 PR AR A BRI/ E AL [A], AN
A5 5 HAF IR R R = A 58 B (A AR5,
2022) , 1 HAT AR IS 9 A B RA AT B . )
T, A D B 5 e 5 R ff e I 3 2 oo b 5
HAZAE FH B, XM AL AR S8 05 8 Fusarium solani 1Y
EC;, oM 0.04 pg/mL, 0] 15K [ 1A Ha A AR J3 955 14 f5e£E
e 7 (5KAE 4, 2022) 5 B8 B 285 M8 TR A4 I 9 1
PRFH L A2 R R0V FH 5 BH S, Xof 8 24 805 BT 1)
B LR Ry 1,678, X 44 I A0 1 B AR I 7 B3R
FH [8] B 85043531 R 75.19% 1 66.67% , L 551 Bl 550 53
FIEAN T 16.539%~26.35% 11 19.05%~30.16% ( 3K ¢
A 2025) o AHIFST 25 S R S R Ik PR e 5 e
P 4g B 92 2 i & L A WA, 3 AU R B KL ECy
0.10 pg/mL, ST AMFR—E KIL,200 g/L B
File ¥ e 5 430 /L 13 Mk i 52 T m P R Bl ¥ 32 42 K
T o

TESZ BRI P, 28 B R B sz g 2 1N
R, AT I B R R = N A
DA KR PG 25 T S5 M R P R i 5 A s e 1) 52
Bt 2455750 % B2 22 IR B A SR B ss o TR R I R
5 AR B ) 52 O R A A TR 5 DR A K B A
EEHF MR RCR . 91T, 400 /L FRUME TR Ik 52 i - 1%
TR BV A it ] 7 d I 14 d %o 75 280 I 25005 14 Bl 3
BEUF 5k 81.91% 1 86.58% (1 75 1645, 2023) 5
200 g/L FUE B eS8 e Sk PR 0 KAk K B ) B R
KT 70% (KAFHFABZFK,2023) ; 1 R 400 pg/mL
[ 50% TR Hot JoK + GBI TRT P 2 e X 781 25 K B 0 1 B 84
A[IK 54.06% , = T A1) & B0 0 B sl (P B A 4
2025) . AHEFTEE BN, m R A R B I
YR A P A T 247 700 X B 22 K 0 1 FEL TR B 2550 53 531)
49 87.77% F179.91% , kb 3 5 T P FR AL L 5 5795
T U SF (2023) BF 5% 45 B AH L, 8 & TR B A AR
(2025) FBFSE 45 3L , 5% HL Dt PR AT B 2 bl DXOR A A A
7], B AR XA 2 A BB AN ] o A, AT 58 45
TR, e 110 RN A 5 e o P s 5 T2y

LISV ENE o o A R D e R i m DO 1713
JEE (1) S MR I D 2 e T 5 e e A2 T 25 751) . 200/ S et
PRTOE 72 e 11 430 /L 3 i b B A 22 27 T fr o 5 7
SR A AR R 3, B 5 (202D WFRE
% B it FH SR A T X e 2 TR 70 AT el /N 22 7 a4
11.2%, 5AWF 78 25 1 — 2. 1 55 )5 72 A9 R 6
(2026 ) BIFFE 45 5 7 K Wit FH 30% Ml v - 13 mae it 2k
T . 35% UL » J3G M sk 17 701 R 40% PR - 13 MAl Tt
BV F AL fd /N B P 16.38%~35.15% , 7 T ANHFSE
SEOL P RE = 5 0 245700 Ve B R A K 0Tt FH U EICAS ]
g

ARBIFFE X TR TR e 5 1 mee e 52 243 541) ) B
BCHEAT T Fe 0 B0 UE , (H R B AL v AN B, S
b — AR R WIFP R B 0 B LB, D 2 2%
HE A 2 %o 2% TR R AR e , Sy L () 2 22 T R 1
iR T,
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