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WE . Ao v ek Bl 5 w8 1A By B xf 544 % 2 E 9% W Rhizoctonia solani %938 5AE A Bt B 4h %
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HAERE AR, 240 g/LuEvk BEle &5 A 55 250 o/L % H B &5 A1 11 483704 240 g (a.i.)/hm’ 4 56
X 2y 4o B LR R 6 B AR T H A e v A R 0 By 2, A 56 7 KT AT AL BB R 0 By 2l
65.3% , 3T F- 3 BRI B A T1.6%, 353 F A A 1.1, RIIGHAF A . R ARk Bl w8 65 A
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Abstract: In order to elucidate synergism against Rhizoctonia solani using the mixtures of thifluza-
mide with azoxystrobin and to control disease of potato black scurf in the field, the joint-toxicity of the
mixtures of the two fungicides against R. solani was examined through the mycelial growth rate assay
and the field trials on the controlling efficacy was conducted. The synergism of the mixtures was as-
sessed with the method of Wadley formula and Abbott formula, respectively. The control effects of the
mixtures against potato black scurf were treated in field trials of seed dressing, furrow application and
spraying to the stem base of seedlings on controlling efficacy against potato black scurf. The results
showed that the synergistic ratios of the mixtures of thifluzamide with azoxystrobin at the ratios of 3: 1,
2:1,1:1 and 1:2 were 1.7, 2.7, 2.5, and 1.9, respectively. The mixtures of thifluzamide with azoxys-
trobin at the ratios of 2: 1 and 1:1 exhibited the more obvious synergistic interaction. The furrow appli-
cation of tank mixture of thifluzamide 240 g/L SC with azoxystrobin 250 g/L SC at the ratio of 1:1 at
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the rate of 240 g (a.i.)/hm’ gave higher control efficacy than seed dressing and spraying to the stem base

of seedlings and exhibited synergistic interaction with synergistic ratio of 1.1, the control efficacies

against potato black scurf in potato stems and tubers by furrow application were 65.3% and 71.6%,

respectively. It indicated that the furrow application of tank mixture of thifluzamide 240 g/L SC with
azoxystrobin 250 g/L SC at the ratio of 1: 1 at the rate of 240 g (a.i.)/hm’ could be more effectively for

the control of potato black scurf.
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ST AL 22 4% B8 Rhizoctonia solani 5| 2 1Y) B4 2
RIBIG , MRS AR 2R A% R B Rk
B, LI AP s A Lk et s s &
77X 1 % 3k & A (Jeger et al., 1996; Djébali & Bel-
hassen,2010; X5 £45,2011) . I E L4455
PR T A A K, SR IR AR BR e 4, JL L AEmT b
N 521 554 X DR AR VR BIRE R X, £ 2 Tk ]
T, 35 o SR B B SR AR BN, SRR & A i
(E52,2012; K 4E,2014) , 2008—2009 4L 4
TR T RABAETH T2 32 7 X 3 & BRI, —
M KRR I F) 5%~10% , il 37 B 50 VR AU bk R
K 60%~70% , 5% AL B 74 B R 47 96 ko 55 2|
20%~30% , Eh5 B P A R 2R 15% , 2 B (7
HAE,2010) . 2008 47 N 521 IR X U S 44 25
X — i FH e FREI A 28 50%~10% , ST FH &
I FEN] 3K 70%~80% (B FFE,2009) , 2009 4 1 2%
FEAT T A8 SR DX RRSERS  R 2.7%~52.3%,
R AR AE T2 35 90% (X152 45, 2011) .

L B MR 2 P R - T TR AL 1
(Banville, 1989) , £ XfE LA #4778 U AE (817 1) b X
il 2R B IR AT 2 T A R B iR i . 25 g/L g
FE R IFAPAC T 250 /L WA B JiR B 7 71 . 240 g/L 15E
Rk B T7 R L 75% 1 A TR 3R R 70% HE 3
B B 2 PTVRAE A 70) S5 R B R  Eh A S P A —
SE B, BRI 7 SO FER CF R4 ,2010) |
Tt CE A AE, 2011 REAESE, 2015) ol i A= L
TR (X5 T 55,2010) o WM Pk e 24 5% T 77 g ke
T i A Ao 5 D 475 TR P 23S 2% T 701 s PRI T ) T 5
e P ELAT B 1 = N EE ) T TR % (X 6 B 4%,
2010; BFAFEE, 2011) {H i oA WLAT SCMENK I e 5 s
AT TR R TIC X0 8 B R TR 25 T B R A
Pl PN G T 0736 B 8 5 TR I A DB
2GRN VAR TR A AN 08 58 35 , A B9 30 3 10 1 ok
i T TR P VS TC X 428 S SRR TR I B 5 7 T, 0T
Y I 12 T PG HAG B R B A R PSR
FEECAEFE R | it A U 25 I 3 Rt 24 5 =X

X PR B4 P ] 75 20, LAY oA feE P 28 570041 55Dy 16
P R IR IS KT

1 B 5T E

1.1 ##

PEIRTRAR S D482 Ty B PR M T 2014 4F
A8 FUAG A 7S T BRI i S i FIR B e i
BUNEF IR S B L, gk )5 4°CTF R
7T S5 2 3 5 1 %4 8 (potato dextrose agar, PDA)
R b HEFRT, FE R BRAE ST AT
PDA #HH - BRI H7E PDA AR -, 23°CF 15 5%
7 dJEFTHUEAR 0.5 e BRI GFAS I o I Eh 4% 2 i
R EGEGE  RAER DA R AA FRA T

A 25 7] B 15 97 2+ 96.2% WE WK T % (thifluza-
mide) J1 24 . 96.1% % T4 fig (azoxystrobin ) J5 2 , B 74
AR Z B R RN F 5240 o/ L WEWK BE R IF
I, HA B =2 Tl ikttt ;250 o/ L WE iR 27
I, SEIE R CRHDIEM A A B A 7] . PDA BEFREL
AR 200 g A 20 g BlEHY 12 g FEIBK 1 L

X% : CAVI114C HL TR, S35 ( i)
AT SW-CI2F i TAE R, N L Z 255 4
ARAT RS 7] s LRH-250-Gb YGRE RS F246 , R e 2822
BT a8 AT PR 2> F] ; AGROLEX-HD400 i 1 X -3
W55  HUMBE R AR A FRA T,

1.2 Ak
1.2.1  wEvk BhiE Ao 1) B B 3T % B IR A A A1l 2

SR FH A 22 M AR S 33000 WO G T i AR s AT i
AR BC L A0 4% 25 BRI R R 2228 R IW ZE N
B WA, 40 BIFREL 0.1 g WEE Fo e A% T
BiEJE 257 T 1 mL PSR, IDATCEZKBCHIAL 1 000 ug/mL
BRI, AR5 B 100,50 . 10,51 pg/mL (257 .
AR 31201 101 12 0 1= 3 A B 3] g ke
T e B Y 5 1 A T R TR TR o, K T e - 1 A i
1 000 pg/mL HYTE G 259K , A TG TR K FE il BOHR BE 2k
100.50.10.5.1 pg/mL IR G254 H . HRARFLLL
1:9 1 b 5], SR il e 1) B b 259 6 mL AIn AR =
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i 54 mL C Rl fL I % H) 2 55°C 2247 1) PDA i 5%
Forpr SRR AIE A BB 3A EAR 9 em TR B 5%
A, % 10.5.1.,0.5.,0.1 pg/mL 1 & 2515 5508, 45
A PRI 3RS, LIS S N PDA EAl R ¥
FIXT R, & 45 JC R K 1 PDA AR K28 IR IR, 4
ali Al 1) % S TR TR TR O, R 22 TR T A R
24 PDA Ay BRI A LA UE, T 23°CHE R
AR SRS dJE R A58 SR 45 b B
AIBETE B, A b BT T4 B MR TR T 22 1F
KRNI 2 FEEAT 24 7009 B I X BUE -5 A R 1)
WA Z 0] A 2P [0 A 437, 3K 25 A B %) 25 g [
P75 18 y=bx+a AHIE REA AN H] kB (ECso) o
) 2= (X A P P& AR - A BBV AR )/ O BRI TS
HR-ERH IS EAR)x100%, % Wadley 2 (Gisi
et al., 1985 ) DT/ 15 A Tk Fide ik T PR I J %o Eh 4% 3
BIEM M W £ A K MWEA T S . Wadley A
ECsqw=(a+b)/[al ECs(A4)+b/ECs (B)]; 3 5% %L
(synergistic ratio, SR) : SR=ECsou/ECsoa) » Fe 1,
ECsou HIRIEAH , A B HEF , a . b JAH R B FE IR
IR B, ECsown N EPRMEAE . SR>1.5 M35
YEH 3 SR=0.5~1.5 JAHNIMEH ; SR<0.5 M5 Hi/EH .
1.2.2  wEek BhReAnd 1 B AR il i 2R % By 0] 2

20154F 4 A eI 048 Bl % 5 e B iR B R
I VR P A TG, BTEEAE Y O T
RS AR kA . SRR , — XU T, 288
1.0 m, #7#H 0.2 m, #kH#E 0.35 m, I 31% 8 AL B
240 g/L WEW kR B 775 360,240,120 g (a.i.)/hm’,
250 g/L 5 i 2 27 7 180,120 g (a.i.)/hm?, 240 g/L
9 P B ik R 7 55 250 @/ 5 T ik Ak 1 57 A 8040
JF 20 1 HATR 360 g (a.i.)/hm’ A3 &0 23 5 f L
1: AR 240 g (a.i.)/hm® FISE KT B 3056 /N XCR
BEBLIX ZHHES , R 3 R E A, /N IX T AR 180 m's
Jiti 25 5 12 R A, B JEFFIER 0.1 m (934, 3 A S S
T T BIWE S AR AS ] A BE 25 35 &)t 25 e [ A
W, E 015 mEPAT . FH/KEEH 450 L/hm?,

Ih i ST AE A0 300 VR A MR A 1 O, /N IX B
BLS SHURE , B 5 AT 10 B B Sh A0 AR IR S
ZEHUZ Y 0 ZE AR FIAR A R €095 B DU 400y
SR, O S RRE . ORI A 2 e B P 2 e
O, B/ NI BEAL 5 SR, B RUBOIR 10 bR S8 55, 4%
S BAE o A S A TR A 4 - 0 2 S I T
BE5 1R BE/DN o TR 7 2 SR T AR Y 5%
KUITF 53 9 IR BER/IN s H0 T AR o > B B 1
T 6%~10% 55 G J BEAE/INERAN B, S i T AL

T AN B SR TR 119%~25% 5 7 9 S BER /N AT
A3 AR o T AR RS S 3R TR Y 26%~50% ;
9 G RPER /NI 43 AT, P BB AR A ek
TR 51% K LA o 95 Mk 38 =0 ok 50/ e S o 280
100% ; B 580=(O%F B8 5 238 - b B 2 9 58 ) /) B R i
R 100% ; I B R =Jpg A A S A< 100% 5 i 1
FE =2 (45 G RO HE M )/ (T A A
9)x 100 ; 2P ST B 30= Ot B DX 15 5 £ - 4b 2
DX 15 4 50 0 BRIX 1 45 £« 100% . >k JH Abbott
7 (Kosman & Cohen, 1996) PF- 1/ 240 g/L Wg ik it i
BV 250 g/ L s 1R P B V2 R IR B R S 2 R
SR I R VE ] . Abbott 242 FLS B dk=1-(1-
C)x(1-C,)x100% ; 1R FCIE B0 FR K SR=SL BB 3/ 3
WEIRL, b C GO BRI SEPR AL . SR>1 R 3
BAE T SR<1 MA5HTVERT s SR=1 AR IIAEH
123 RE#2H 7 Xxd LR R 206gnl 2

F20154F 4 A e A8 B3RS iR AR 5
B VE S AR A TR, LR it R T 2R
FLHR TR 3 Pt 24 7 O Th 44 2 R 1) H (] )5
B N 240 g/L WEWK R IF R 5 250 g/L WE T PR A
TF AT SO T L 12 VAR, T80t B i )2
BRIE IR G 24 94 B 24 240 g (a.i.)/hm?, FERH 255N
0.16 g (a.i.)/kg P25 (LE B HEFI £ 1 500 kg/hm’,
IR 0.16 g (a.i.)/kg Fi 28 1 7 B F A 45 T 1 e
FIZEILIRIEH 240 g (a.i.)/hm® BT ) o $ERD 4
U 1) T A 2R O B R A b, WS 5 4l B s
(2GR ST R 28 b IR S TS 36, K
90.01 L/kg P28, 1 : S5 HE 0.6 m 78 0.1 m
EORES I = A Kl = W ) L S L T S R N 2R B
At E S FAYA T 7 1+ 0.15 m, /K 450 L/hm?,
B RS . AN S 45 d, SRR E WS, Y
T Bh W55 b T G ) 2 Y 5 8 28 Eh AR S
BRZEJLES RN 39 I, K& 450 L/hm’s 3094
ARG B IR0 4 A b B AEAL R 3R, IR/ N X
K HIBEHLIXALHES , /NX TR 180 m?, BRI (4t
TR R IR 1.2.2,
1.3 HRaH

FIIH DPS 7.05 B4 0474 4 101 A 434, 15 1 24
FUEE S 1105 5 FHOC R B I ECsos 2R /N
F 2R (LSD) B 44 A PR 7 22 57 B R AG G

2 BEREHM

2.1 MBEKEBRERIIZEEE EERENRESN
WA P T i D 411 ) 2% 2 DR v e 222
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K18 ECso 2B 43 5124 0.6 .0.5 pg/mL, — 4311, WET 240, Forp 2 3:1 .21 1 L AT 12 2 B0 i i

201,11 12 L= 3 LU TR IS, 41031 SRR T FLIR B SR 250 1.7 .2.7 2.5 F11.9, P F I H434

221 KA ECs 32 M{E >4 0.3.0.2,0.2.0.3 0.4 ug/mL, Ve, 2: 10011 : 1 IR R4S S0 I i (36 1),
F1 EREENEEEES YN DN EEERENESSA

Table 1 Joint-toxicity of mixtures of thifluzamide with azoxystrobin against Rhizoctonia solani

AT H) %ﬁ@ﬂﬂﬁ& ‘ECS0 (ug/mL)‘ iﬁ&i‘ﬁl%ﬁ *H?é?%:?ﬂt
. Toxicity regression S BLiii Synergistic Correlation
Treatment (mass ratio) ) . ) .
equation Observed Theoretical coefficient coefficient
WENKPBE I Thifluzamide 3=0.915x+5.175 0.6 - - 0975
W AT Azoxystrobin y=0.790x+5.235 0.5 - - 0.984
IE TR PR I12Z - M5 TR G (3: 1) y=0.800x+5.404 0.3 0.5 1.7 0.977
Thifluzamide : Azoxystrobin (3:1)
IE TR PR I12E - WS TR G (2: 1) y=0.602x+5.419 0.2 0.5 2.7 0.923
Thifluzamide : Azoxystrobin (2:1)
IE TR PRI - WS TR G (1: 1) y=0.595x+5.388 0.2 0.6 2.5 0.921
Thifluzamide : Azoxystrobin (1:1)
IE TR P12z - S TR G (1:2) y=0.501x+5.280 0.3 0.5 1.9 0.962
Thifluzamide : Azoxystrobin (1:2)
IE TR PRI - s TR G (1:3) y=0.762x+5.333 0.4 0.5 1.4 0.967
Thifluzamide : Azoxystrobin (1:3)
2.2 DK AR O T R AR i o R R I B 3L 360 g (a.i.)/hm*5250 g/ LIZEERT 180 g (a.i.)/hm’,

240 g/L WENKRERE BIF7 5 250 o/L MEABS BIF 240 g/L WENKBERE B IF 575 250 o/L W5 14 s B 17 77 4
2 VAR 360 g (a.i.)/hm’Fl 1: 1AfIR 240 g (ai)y/hm® AU B 10 LRI 240 g (a.i.)/hm® 12 1HHIR
V) it o AR LSRRG Y BT 35003 M 67.9% F165.3%, 360 g (a.i.)/hm> 2B R , VATt B 16 Eh 4% 5 M rE e il 14
X SRR B R0 R T4.2% F171.6%; & BUERESTIN 1.1 R 1.0, F IR 3EEE R ATAR A
BI5ORE 24, 40 0 3 2 T 000 240 o/L WEWRBEREEER  JH(ER2).

2 RABLRR S E B R FE A D44 B A0 18 B S R S

Table 2 Control effect and synergistic interaction of mixtures of thifluzamide with azoxystrobin against potato black scurf in fields

FEAE Plant L Potato tuber
ik L R L
BN Dose iR iRt Bk ZH ﬁ% Bii%k Biisk EX
Fungicide (g @iy Bate of Control  Theoretical nerg- TJ"E?;%& Control  Theoretical Synerg-
diseased efficacy control .. Disease efficacy control ..
hm plant (%) (%) efficacy 1st1'c index (%) efficacy IStl_C
(%) ratio (%) ratio
240 o/LMEWREERGE AR 360 22.0£1.2d 60.7+0.4 ¢ - - 1.5£0.1d  62.8+1.7b - -
Thifluzamide 240 g/L SC =~ 240  32.0£2.3c¢ 42.9+0.6d - - 1.9+0.2¢  50.4+3.0¢ - -
120 38.7+1.3b 30.7+2.4 e - - 2.5¢0.1b  36.9+1.6d - -
250 g/L WA TR =7 180  21.3x1.3d 61.9+1.3bc - - 1.44+0.1 de 63.7+0.2 b - -
Azoxystrobin 250 g/L SC 120  30.7£1.8c 45.2+0.7d - - 2.0:£0.1¢c  47.7£1.7¢ - -
240 o/ L BEMKEIEE PR+ 240+ 18.0£12d 67.9+0.1a 68.7 1.0 1.0£0.1f 742+12a  74.0 1.0
250 g/L WE TR A 1T 711 120
Thifluzamide 240 g/L SC+ 120+ 19.3+0.7d 65.3+1.2 ab 62.0 1.1 1.1£0.0 ef 71.6+£0.8 a 67.0 1.1
Azoxystrobin 250 g/L SC 120
25 H X} R Untreated - 56.0£3.5a - - - 4.1+0.2 a - - -

T B B R AR . RSB S AR R R 8 45 LSD B MG 6 75 P<0.05 /K V-2 5% i3 . Data are mean+SE. Dif-

ferent letters in the same column indicate significant difference at P<0.05 level by LSD test.
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240 g/L MENKFHERE BT 77 A1 250 g/L W TR ik B 7
FEA RO T 1 TRETR 0.16 g (ai.)/kg FPgpifh
J 240 g (a.i.)/hm’ 4 it Xof B 2 B ok R G 1) 95 84
4 60.4% 1 65.2%, 2 Bt 25 75 X B ROH 2 , ¥ 18
P T I ZE LT MR () 7 8K 33.4% ; A TR TR YA it
Xif S e 2ORE  B B R 66.7%, Wi = T FE A
(60.7% ) 17 191 25 FE AR WAk (44.9% ) (I B8 1 1)
SR TR I AR TR VRO h A8 B AR AR AN SRR I By
K 33.4% F144.9% , Wk 2% (K 1) .

= PPk Seed dressing
100 r = VAHE Furrow application

9 r © TR R IBE
%0 | Spray the base of seedling stem

Bii%k Control efficacy (%)

FEBR Plant

EHPotato tuber

E1 AR DEERRRIIBR
Fig. 1 Control efficacy of different applying ways for
potato black scurf
P Bl S B br iR . AR T REFR AR AR Rl 25 5
F[H] 2 LSD WA K 7E P<0.05 7K 25 5+ 2.3, Data are mean
SE. Different letters among different applying ways indicate
significant difference at P<0.05 level by LSD test.

3 Tt

TR TC 24 70) () BRI B 7 B (R ATk it FH B AR
R 1 AT SR TR B 25 700 I & S o FH i e o 75 2 %5
(1% T LR 2%, PR IR T 24 79 o 288 B (o P A Oy T
LA IR KB K Zs [h) . Wadley J5 & P R B
FIBEAAVE A F 8k 2 —, ol AR T AT AT e
AR B EAE , HonT SR AR F B 67K - (Al
SEARRIZEST 4, 2002) o HEEFKHE S (2009) WF 5T &
B, A BRI E VE AN BRIUSE Wadley J5 ik EAY,
PR R R PR B A AN — 2 de R 4
B VR A BRI AR RS R AR B A A B R
BRI LA o] TR AR A0 B B R i L (]
RIS E LA S 2 R R AT 2T i 5 &
TR I A HIF 9 7 2R FH Wadley 725 0 126 TR B 48 55 4 5 19
SER 1 JEAT AR TR G, 1 Abbott 1 %) 2 Py i

VEM G A HEA TP, 0 B R b . AR
S5, R Wadley 7543 HT & SR0E UK Tk - % o
Pt S f: L 20 LR AC S R B 2.7, K38 101
(IR AL 27, {H H ()36 ok T Abbott 725408 & 1
240 g/L BENK LR 17 711 F1 250 g/ L Mg A i Bk 7 771l 4
AROR S B 1 AR RIS E R, & 20 1A
TR Z R HIMAE T, BT AZE S S0 Hril Ry e nk B
SRR R T b 1 IR AR AR b . WENKBEA
RN TR 6 227 A A 400 s It TR 8 19 TR P R 00 o)
U, ISR AR P = A RE P 0T ATP, {EAE RSO
[vi], DIV b e Ay 5% T 1 I8 e AT o1 71, 777 0 T 7l
R L FAL B IR, — AR AL AN, IR A S ]
RESG SR T X B AR TR 2R A I I A FH A 40 ), DTG %
L A

L s TR 2 P P SR - A TR i
T BFIAMERE R, R R 44 8 5 R A R E 5
VR A FH TC S b S K IR T 2 25 B i R4 T B IR
(H2k4,2010) . HZEFREILE KNS ATRIX
G TREIX, AR A P AR VR R, B
FICEEBIFE(FETF,2012) , R 255002 H i 7=
 EZ PG TB . EAEMAE (2011)WF5EEE HivEnk
P i ot A% A B T B 22 K ELA e i I R
,240 g/L WEWER N IF 5] 1.5 L/hm® I HtxT B4% 2
PERENR B B AR T 70.0% 5 X1 5 B4 (2010) E4TE
PRI 730 52 i 5 B T %o % 2 LR 1 o 22
KAMFIRORBLLT s PREEAESF (2015) 5T 2R W] 250 g/L
5 T Tl 2 V7 551 600 mL/hm? 74) il X 25 45 2 BRI 1Y)
Bl 60.0% L aRIFS 1 PN B 7 0 R ]
Bl 5 AR g 4G A — 2

AT Sz 2457 it Xof ' S BRLRES 1) B 5
TR, X 535 E5(2010) IBFFESE AT, 24
TR Ya it T AT A ) ) L b i 22 AT
P B2 a2 S KT | B TR SRR 1Y
BT TR BRI IZERHE o T 44 2 SR
R 2 AR BRI K A 5 I b DX 1] 7 YA e
F A IR L R4 TV I ZE R , DA 1T 2% At 1 AR
B2 R RPN 2 o ARTFFT T 240 g/L WENK i
i JER T 7R 1 250 g/ L W T il V7 42 A S50 I
FE 12 1HBTR 240 g (a.i.)/hm® I X} 44 22 4, HXF
SRR AT B I B SR, T A ) BN . BERE TR
] EH A S ) H 28 & R, Bl i B AR R4 A
A AN T DR R AT N, N &
ICEE . o ak ARFR B (A2 25 R e hly LT e A4 2
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FEMAL 2B iR A B iR A B 6 SR 25 B AR AT
FT, VT IS A 5 A7 A S % RN ER G BR
PRl TRV AT R R R 2 B
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