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Abstract In order to evaluate the effect of fungicides for controlling black spot of jujube (Ziziphus jujuba), 14
fungicides as well as their cocktail mixture were screened by measuring the mycelial growth and spore germination.
The results indicated that mycelial growth of Alternaria tenuissima was strongly inhibited by fludioxonil and
cyprodinil, with the ECs, values of 0.091 3 and 0.099 8 pg/mL, respectively. The spore germination was strongly
inhibited by pyraclostrobin and boscalid, with the ECs, values of 0.015 3 and 0.293 4 p#g/mL, respectively. The
mixture of pyraclostrobin and tebuconazole had an additive effect on the inhibition of mycelial growth at the ratio
of 8:2 or 3:7(w/w), with the synergistic ration (SR) value of 1.124 5 and 0.916 9, respectively. The mixture of
these two fungicides also had an additive effect on the inhibition of spore germination at the ratio of 5:5 or 3:7(w/w),
with the SR value of 1.164 6 and 0.901 0, respectively. In conclusion, pyraclostrobin, boscalid, fludioxonil, cyprodinil
and iprodione showed inhibition effects on mycelial growth and spore germination. The mixture of pyraclostrobin and te-
buconazole at the ration of 3:7 had additive effect both on mycelial growth and spore germination, indicating that
these fungicides and mixture supplied an alternative choice for jujube black spot disease control in field.
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Table 1 Fungicides used in this study'*}
25 2 Fx 2% YEFBLA H
Common name of fungicide Mode of action Target site and code Group name
98 U Wk b Ji JEL 24 AW BRHIER - RE I AU B FAR I3 2 i ) 77) (SDHD
boscalid 98 % TC Complex [ : succinate-dehydrogenase Succinate-dehydrogenase inhibitors
08 V4 s T 26 P STAKI . L6 ZREHK bel
azoxystrobin 98 % TC Respiration Complex [II : cytochrome bel SR AN I 7] (QoD
98. 6 Y4 M Mk 1 g JFr 2% (ubiquinol oxidase) at Quinone outside inhibitors
pyraclostrobin 98. 6% TC Qo site (cyt b gene)
98. 4 0 WE T MMt s 2L LA 1 A HER BN TR HEHEELE (AP)

cyprodinil 98. 4% TC

Amino acids and protein synthesis

99. 500 L i JEL 24
fludioxonil 99. 5% TC
Eei i

Signal transduction

99. 5% 5 W IR JFL 2
iprodione 99. 5% TC
95 %0 JiS E A R 245
procymidone 95% TC
98 Vo WK fit 2 [ 24
prochloraz 98% TC

99. 8 o WKk et b )51 24
prochloraz-manganese 99. 8% TC

93. 5 Y0 JRUtck e JFL 2l
flusilazole 93. 5% TC

95. 80 &L MR JF 24
hexaconazole 95. 8% TC

93. 500 M JEL 2l
propiconazole 93. 5% TC
96 %6 # ik FF R IE i 24
difenoconazole 96 % TC

96 %6 MR 2l
tebuconazole 96% TC

2 L 55 5 AR

Sterol biosynthesis in membranes

Methionine biosynthesis Anilino pyrimidines-fungicides

MAP HRAME AWM A 5% 5
MAP/histidine-kinase in osmotic
signal transduction (os-2, HOG1)

RIS (PP)
Phenyl pyrroles-fungicides

MAP 24 &R M5 55 5
MAP/histidine-kinase in osmotic

signal transduction (os-1,Daf1)

R

Dicarboximides

S B A 6 b B A
Cl4-demethylase in sterol
biosynthesis (ergll/cyp51)

i FHY 41 i 5] CDMID
DeMethylation inhibitors
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Table 2 Effect of 14 tested fungicides on Alternaria tenuissima mycelial growth
25 4% 5 7 1 ) 7 ECs0 (95 % B {5 XA/ J 2 4% EFIGEYz: ECs0 (9596 BA= XD /
Fungicide Toxicity regression R2 pg e mL ! Fungicide Toxicity regression R2? pg e mlL !
common name equation ECs0 (95% fiducial limit) common name equation ECs0(95% fiducial limit)
b e P A 0. 346 9 AU 0.502 5
= B 2k b y=0. 5.2 b
pyraclostrobin Y~ 0 248 0252519 0.9010 ( Lore 6645 0y Ilusilazole y=0.998 4x+5.298 1 0.9510 9955 770 5)
I ot R e _ i . . 1.209 4 L et _ - - 0.324 3
boscalid =1 WY Br==o B0 0 0 8800 & (0. 998 4~1. 465 0) ||hexaconazole T B e 651 0 0,288 6 (0. 266 8~0.394 0)
W AT i _ , 1.937 8 N _ i - 0.272 4
azoxystrobin 0 0 208 8x 49402 0.966 2 ) 000 2 635 9) [Iprochloraz y=0.984 0x+5.5557 0.9942 ) »acy 315 7
T DA PR i _ i 0.099 8 ik FP B o ) 0.515 6
cyprodinil y=1.273 4x+6. 2745 0.9896 o1 60,122 0) |[difenoconazole y=0.952 325.274 0 0.9785 ) 400"y 4 719 8)
g o 0.091 3 PR - e s 0. 487 4
fludioxonil R A A A (0.079 2~0.105 3) |[prochloraz-difenoconazole y=1. 078 22745, 336 5 0.991 6 (0. 410 7~0. 578 4)
B e) _ e 0.268 8 SN o i _ 1.188 8
iprodione y=0.664 1z5.378 9 0.9719 (4 6r 50,445 7) ||propiconazole y=1.106 9x+4.916 9 0.9954 | (o6 1 350 1)
JES A a0 ] . 1.908 0 LI o enn 0 0o - 3.256 1
procymidone ¥~ 1319 TeH4.6297 0.9886 4 o155 5 406 5) |tebuconazole y=0.803 7aH4.5849 0.9573 (| 2oy 6 106 6)
x3I UMRAEAFNBEFHENZ
Table 3 Effect of 14 tested fungicides on Alternaria tenuissima spore germination
JRZ5 2R Syl Sy ECs0 (95 % B {5 X 7)) / JRZ5 2R il ey ECs0 (95% A5 X[ /
Fungicide Toxicity regression R? pgemL ! Fungicide Toxicity regression  R? pgemL !
common name equation ECs0 (95% fiducial limit) common name equation ECs0(95% fiducial limit)
ML A ok T _ ) - 0.015 3 FAEME _ S S
pyraclostrobin Y0106 o6, 25 LK B (0.011 1~0. 021 0) ||flusilazole PR R IR AR
E Tt P fre 0.293 4 L R S o
=0. 95 5.5 .0 o . it v i i .
boscalid S8R B B0 0, BER 1 (0. 250 0~0. 344 3) ||hexaconazole PEATRIE TR
% B i _ 1.692 4 Ibffif fie - e i
azoxystrobin 0 0 414 62449053 0.9708 ) 1ess 5 451 5) prochloraz BRIV T RIACR
WA TR PR 19.134 0 TR B . . o
=0, 263 4a+4. 662 4 0731 — — RV T A
cyprodinil F=O A Crmet (o4 LR 0 (0. 535 4~683. 87) difenoconazole BIRHRE R IR AR
% M _ ) 3.880 5 WK Bk e - — oy N
fludioxonil GG A GRS e (1.270 1~11. 85 6)  ||prochloraz-difenoconazole PRI TR
SR _ _ . 3.498 2 PERE B e e s
iprodione SRR L0 N (1. 323 8~9.243 8) | propiconazole PR T IR
A . 4.016 4 ol _ TR, s
procymidone S AN el B S 0680 8 (2.927 8~5.509 9) |[tebuconazole BT I RIACR
F4 ERHGFIMNELEKNII
Table 4 Results of mixture fungicide affect mycelial growth
X B ! e ECs0 (957 =Xl 5 emlL ! N
54T He ﬁjﬂﬁlﬂﬁﬁ , 50 (S UTEEMEXIED/  ECso/pg n‘ql (H)
Fungicid Rati Toxicity regression R? pg e mL! ECso SR
ungiciae common name atio o = 5 . a0 .
€ equation ECs0(95% fiducial limit) (theoretical value)
b A Pk P i 0.346 9
. — =0. 548 0x+5.251 9 0.901 0 = —
pyraclostrobin Y ! (0. 186 6~0. 645 0)
S 3.256 1
— =0.803 7x+4.584 9 0.957 3 — —
tebuconazole J ‘ (1. 736 2~6.106 6)
1L, Al P T T = 3 0.374 4
ML A i T‘Z WA 8:2 y=0.498 8x+5.212 8 0.957 4 _ 3 _ 0.421 1 1.124 5
pyraclostrobin: tebuconazole (0. 252 8~0. 554 4)
VLA P T 3 = G e e 0.897 4 _

. 73 =0. 453 3x+5.021 9 0.957 3 0.473 7 0.530 2
pyraclostrobin: tebuconazole J 0 oxT ’ (0.579 8~1.380 7) ’
VLA P T T3 = 3 e e 0.901 9 _ _

. 6:4 =0. 423 3x+5.019 0 0.981 7 0.539 5 0.596 2
pyraclostrobin: tebuconazole Y * (0. 680 7~1.195 0)

MEE e T T T3 = 3 A - 1.793 2

. 5:5 =0. 466 1x+4. 881 8 0.928 9 0. 626 6 0.347 9
pyraclostrobin? tebuconazole 7 &y * (0. 901 3~3. 567 8)

ML e T T = 3, s 1.479 1 3

. 4:6 =0. 558 2x+4.905 1 0.983 9 0.747 2 0. 505 2
pyraclostrobin? tebuconazole J * (1. 095 2~1. 997 4) ?
VL A P T T = e e 1.009 3

. 3:7 =0.484 1x+4.998 1 0.945 0 0.925 4 0.916 9
pyraclostrobin: tebuconazole J ! (0. 606 3~1. 680 3) 7
e e T T 5 < A P 1.485 5

2:8 =0. 527 6x14.909 3 0.943 6 1.2151 0. 818 4
pyraclostrobin: tebuconazole 4 ’ * (0. 835 6~2. 641 1) ’
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Table 5 Results of mixture fungicide affect spore germination

e ~ 0 2 1 I ~ — S
i A : 7 [8] )y A ECso (95 N TEEAFIXIAD/  ECso/pg » mL~' (HiE)
AL 44T e PR " 1 o/ug .
Fungicide common name Ratio Oxicity regression pg * ml. ECso h
equation ECs0(95% fiducial limit) (theoretical value)
e e Pk R T 0.015 3
— =0.706 1 6.282 5 . 988 6 — —
pyraclostrobin J o (0.011 1~0.021 0)
TR NA T
- - IR % - —
tebuconazole
B e Tk T T = 3 s e 0.054 8
8:2 =1.135 3x+6. 431 3 . 985 1 0.019 1 0.348 6
pyraclostrobin: tebuconazole o 0ot (0. 042 7~0. 070 4)
B A T T T = A 0. 064 9
: =1. .2 . 991 . 021 . 337
pyraclostrobin: tebuconazole 73 J el ket 9918 (0. 054 2~0. 077 7) 0.0219 0. 3370
B A T T T = 3 A 0.035 5
6:4 =0.902 8x+6.309 1 . 973 6 0.025 5 0.720 2
pyraclostrobin® tebuconazole & * (0. 024 2~0. 052 0) ?
e e T T < A - 0. 026 3
25 =1.111 L7560 . 998 2 0. 030 1. 164
pyraclostrobin: tebuconazole 2 J el 998 (0. 023 6~0. 029 3) 306 646
e e T T3 < 3. 0.073 5 _
4:6 =1.030 3 6.168 2 . 816 9 0.038 2 0.520 6
pyraclostrobin: tebuconazole g o (0. 029 3~0. 184 2) 7
MEE e Tk T T = 3 s e 0. 056 2
3:7 =0.904 6 6.128 8 . 918 3 0.050 9 0.901 0
pyraclostrobin: tebuconazole &y 2 (0. 030 7~0. 104 0)
1L e i e T = S, e 0. 095 5
MO R + SO 2:8 y=0. 890 6x+5.908 3 . 985 7 0.076 4 0.798 3

pyraclostrobin? tebuconazole

(0.076 2~0. 119 8)
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