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Abstract: To investigate whether Diaporthe citri populations are still sensitive to mancozeb, and to
screen more efficient fungicides for citrus melanose control, the sensitivity of 221 D. citri isolates of
four commercial orchard populations and one wild population to mancozeb were tested by using the
method of inhibition of conidial germination. The antifungal activities and control effect of the fungi-
cides chlorothalonil and captan were assessed under in vitro, greenhouse, and field conditions. The re-
sults showed that the average ECs, values of Nanfeng or Quzhou population were 1.11 and 1.01 pg/mL,
respectively, which was significantly higher than that of the wild population with an ECs, of 0.90 pg/mL.
However, the resistance factor of the least sensitive isolate in this research was 1.8, less than 5. Chloro-
thalonil or captan had a better effect than mancozeb in inhibiting the conidial germination of D. citri.
When applied as protectants before the inoculation, chlorothalonil, captan and mancozeb showed simi-

lar control effects against melanose. Though difenoconazole showed lower inhibitory effect against the
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conidial germination of D. citri, it had a higher inhibitory effect on mycelial growth than mancozeb,

chlorothalonil and captan. When mancozeb and difenoconazole were mixed at the mass ratio of 4: 1,

their synergistic effect on mycelial growth was exhibited in vitro. Mineral oil could increase the activity

of mancozeb and synergistic effect against conidial germination was exhibited when mancozeb and min-

eral oil were mixed with the mass ratio of 1: 1 250 or 1:6 250. Taken together, the populations of D.

citri in China are still sensitive to mancozeb and mancozeb remains to be an efficient fungicide for mela-

nose control. Adding a moderate amount of difenoconazole or mineral oil into mancozeb may further

promote its control effect against citrus melanose.
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Table 1 Sensitivity of the conidial germination of Diaporthe citri populations to mancozeb

Shapiro-Wilk TF &4

I PR AP Niﬁ%ﬁ £ ECx (pg/mL) K36 Normality test
Diaporthe citri population isolates e/ IME T KMH Y E+bR 2 W p
Maximum  Minimum Mean +SD
N AP Meizhou population 26 0.54 1.17 0.82+0.18 ¢ 0.96 0.41
75 7P Huangyan population 41 0.54 1.59 0.91+0.25 ¢ 0.91 <0.01
M Fh#E Quzhou population 60 0.52 1.49 1.01£0.21 b 0.95 0.02
g P Nanfeng population 43 0.58 1.52 1.11£0.23 a 0.97 0.33
A 2557 4 #ifE Wild population (CK) 51 0.46 1.19 0.90+0.15 ¢ 0.97 0.28

R B NP Y B 2, R FAS [ 7 B3R 7R 28 Duncan BT &K Z2 V546 5678 P<0.05 KV 2 57 i35 . Data are mean+SD.

The different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.

22 REFIRERAATHRENENSNLLE
221 LHFRAAGENENLE

611 R AW R 25 R R B, R P T
W RSO B i, H BCs0 ¥{E 4 0.06 pg/mL, HK 5
PR R B, H ECs fH 23915 0.21.0.98 pg/mL.
WE T A e % T e /RT2  FEY BSse Xe R A7% BE 35 T )
RSO 8 2%, HLEC B K T 50 pg/mL (3
2) , I LA i A RO e 25, 20 000 pg/mL ik
JEF AR B R R 70% . H R SR
FIVE R B X0 P TR 22 2E KA RO B 2%, ECsofHL
PIRF 10 pg/mL, = Z M1 22 53R .35, 0% 56 il A0
ATk PP A I 6T TR 22 2B A R SOCR Y Bh T, FLECs 8
439124 0.06.0.29 g/mlL, T WE Bk PR A o B 22 A= 1 1)
PR 325, FEECsfH 12.42 pg/mL(3%2).
222 RAEFLTHEREAGFESEN

R PSP LAT &S 6 1:10.1:50,1:250

A I, X il 6 & B v 2 A K Y s S/ E
(ST 0.5~1.5 Z ) AU B 50 Wi LU i 1L
1:1250.,1:6 250 VAT, XF il 1 & 3] 3G R AE
FH(S>1.5,523).
223 OREE VIR 5 R AL REGIRES T
AR AR EE ATk IR | AT A T B
il 61 87 & B9 ECso f& (X FR{E) 43 310 1.33.51.42,
0.07 #10.21 mg/L, 7EIRE R BTRIRBCAIE T, ARk
FH R XA ARG B | 7 TR T R 5 PR P TR B 7R X
PR AW A A SGRIM A E R . SRR B
T B R 58 B PHR ECE , <k B PR 5] ECso B O
HEAE ) 4391124 0.32.,0.25.0.28 mg/L, 3X 3 il 2471 B 41
Tl 22 A K A ECsof B354 35.2.15.21 F1126.70 mg/L,
R Tk A e 55 AR AR B i e PR LA E R 1040
B B X0 TR 22 A AT WA RVE L Se a3 1.53 il
1,76, 1 LA H B S o HU VR T AR %o B 22 A K A ol
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FIAIER] o AR e FH BRI 5 P R TR C , o i 222E Ml do J R AP (R 4)
R2 LHRAEFGHBRRREANEANEN

Table 2 Toxicity of seven fungicides to Diaporthe citri in vitro

2457 Fungicid e - = -

257 Fungicide 4 fF 85 & Conidial germination I 224 K Mycelial growth
T #i 7 Chlorothalonil 0.06+0.01 e 15354240 b
3} Captan 0.21+0.03 d 22.64+6.68 b
{RARSE5F Mancozeb 0.98+0.30 ¢ 22.87+11.64 b

2R [t FH P18 Difenoconazole 50.81£9.28 b 0.2940.01 ¢

WE T B 1 Boscalid 58.65+6.76 b 12.4243.65 b

& B 15 Fludioxonil 67.09+10.05 b 0.06+0.02 d
743 (4455 ) Mineral oil (Enspray) >20 000 a 1575.314240.32 a

R PRI VR 22 | [R5 AN 7 £ 7R 28 Duncan [T SR 22 EEAG S0 78 P<0.05 /K-F-22 5 . % . Data are mean+SD.
The different letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multiple range test.
RI RFEFRATYHNETFHEANRERZERNEKESN
Table 3 Combined inhibitory effect of mancozeb-mineral oil mixtures against conidial germination

and mycelial growth of Diaporthe citri

Z4fiF 1 & Conidial germination T8 2214 K Mycelial growth
2l i ECs (pg/mL) S EY ECs (ug/mL) S EY
Fungicide Mass ratio i S Synergistic i S Synergistic
Theorety Test ratio S Theorety Test ratio S
1RAR 54 Mancozeb (M) - - 1.35 - - 29.56 -
)3 Mineral oil (O) - - >20 000 - - 1 675.00 -
M:0 1:10 14.84 13.03 1.14 276.38 302.11 0.91
M:0O 1:50 68.62 60.63 1.13 800.88 1 027.09 0.78
M:0O 1:250 333.23 271.14 1.23 1370.96 1 653.41 0.83
M:0O 1:1250 1 557.44 755.92 2.06 1 603.64 1903.63 0.84
M:0O 1:6 250 5935.02 3324.36 1.79 - - -

909 20 000 pg/mL ¥ BE T, 5 7 202 70 F-H5 & %>70%., Under the concentration of mineral oil at 20 000 pg/mL, the ratio

of conidial germination is over 70%.

R4 FBPTRMERFEF ERENTEARENEKESEN
Table 4 Combined inhibitory effect of the mixtures of difenoconazole with mancozeb, chlorothalonil

and captan against Diaporthe citri

o 34 {71 & Conidial germination o T8 2214 K Mycelial growth
g PRI ECs (pg/mL) e gy PUEH ECs (pg/mL) e
! Mass 0 Mg HAR Mass 0 Mg HARZ
Fungicide ratio s S Synergistic | Fungicide ratio it S Synergistic
Theorety Test ratio Sr Theorety Test ratio Si
D:M 1:1 2.59 2.65 0.98 D:M 1:1 0.63 0.65 0.97
D:M 4:1 6.03 6.65 0.91 D:M 1:4 1.54 1.01 1.53
D:M 16:1 15.99 21.78 0.73 D:M 1:16 4.75 3.37 1.41
D:M 64:1 32.55 56.23 0.58 D:M 1:64 13.15 10.00 1.32
D:Ch 1:1 0.14 0.13 1.08 D:Ch 1: 0.49 0.49 1.00
D:Ch 8:1 0.62 0.59 1.05 D:Ch 1:4 1.17 1.01 1.16
D:Ch 64:1 4.19 4.25 0.99 D:Ch 1:16 3.36 2.36 1.42
D:Ch 256:1 13.34 13.13 1.02 D:Ch 1:64 7.92 6.62 1.20
D:Ch 512:1 21.16 22.82 0.93 D:Ca 1: 0.57 0.56 1.02
D:Ca 1:1 0.42 0.43 0.98 D:Ca 1:4 1.39 0.79 1.76
D:Ca 8:1 1.83 1.98 0.92 D:Ca 1:16 4.20 3.46 1.21
D:Ca 64:1 10.82 13.31 0.81 D:Ca 1:64 11.12 9.36 1.19
D:Ca 256:1 26.38 33.03 0.80

D: Z<BEH e s M ACER S Ch: H T ; Ca: 56k}, D: Difenoconazole; M: mancozeb; Ch: chlorothalonil; Ca: captan.
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23 AMREFATEEZFH THEXPERR
FeMt 2 PR IR 25 R R Y TR AR Y

WHETR R TN 1 AT | ve AR SR A

XF BB RCR B o 2 YR B 4 T A AL B I

FURRGR B B M A O 1 R BB , AR B IR RCR
99.37%. 1Ml {1 BRI i A1 50 T P39 00 Ak PR 58 4
AN o AL, WAE 7 e JEE PO TR | et e A
YA RERLAFE B TR /T (32 5) o

RS AWHHIATEHAFG THHENBIERER

Table 5 Control effect of six fungicides against citrus melanose after inoculation

255 IR R AL S TH TR AL AEXT B iR A8
Fungicide Dilution ratio of fungicide Disease index Relative control effect (%)
80% 1R AR4TEE 80% mancozeb 600 0.62+0.87 99.37+0.89
50% FL S}t 50% captan 600 0.00+0.00 100.00+£0.00
75% E & 75% cholothalonil 1 000 0.000.00 100.00+0.00
509% M IE 50% fludioxonil 5000 55.56+3.49 34.26+15.99
50% WEME R 1% 50% boscalid 800 54.32+15.72 37.76+6.87
99% W3 99% mineral oil 200 77.16£9.60 10.24+5.21
17K Water (CK) - 86.42+15.71 0.00+0.00

2.4 AFREFIR BTG E R

FH ()R B0 25 S22 1, 80% X 254 4 WP 600 1751
F175% E i WP 1 000 fE AR B 1A 8GR e,
S 64.91% F163.20% , KXt Bl 1A R 8 35 4 T H:
IR 2, HUTR N AREE S 2 B S L N A R e
& 2R TR 791 fi TR TR R E s Tk AT R 5 SDHIT 28 245551 Ll
T T e 0 s T I Y 114) S T 1), HCAEDR B ¥ R 43

314 59.27% F156.71%. i A HLH S 1R 71 33.5%
W IR AR 750 1259 AR R B IR B8R e 22 AR 27.75%
BRSRA T LB 10 2 B SRR
1) 5 PR PHAE AR U (B 56 P ) AEDGS BT TR RO AN
50% 7 B PF AT MR 7 600 155 B AR X BT A SR
J41.35%(F6).

F6 AMREAXHER HHHEBEMPEHR
Table 6 Field control effect of nine fungicides against citrus melanose
Epl MR AL VAR R3S FAXTBIARCR
Fungicide Dilution ratio of fungicide Disease index Relative control effect (%)

80% fRAR4 FF 80% mancozeb 600 28.70+2.04 f 64.91+1.96 a
50% 5+ 50% captan 600 48.50+1.75d 41.35¢1.72 ¢
70% NAR%EE 70% propineb 600 34.50+191 ¢ 58.25+2.80 b
60% AR - ML WAL Tk T i 750 46.31+1.93 d 43.97+3.38 ¢
60% metiram - pyraclostrobin
75% T i 75% chlorothalonil 1000 30.44£1.42 f 63.20+2.63 a
50% ML IR BERE 50% fluopyram 2000 52.50+2.10 ¢ 36.5142.15 d
42.8% FANML P B - e T i 3000 33.67+1.55 € 59.2742.19 b
42.8% fluopyram - trifloxystrobin
42.49% THNA o ERT P - TR T PHE % 2000 35.77+1.01 e 56.71£2.40 b
42.4% pyraclostrobin - fluxapyroxad
33.5% MMk 35.5% oxine-copper 750 59.70£1.27 b 27.75£3.44 ¢
17K Water (CK) - 82.70+2.23 a

2 BRI B AR E2E | [R)B S [A] 71 3878 28 Duncan FGHT B 22 A IR 7E P<0.05 /K225 2% . Data are mean+SD.
The different letters in the same column indicate significant different at P<0.05 level by Duncan’s new multiple range test.
3 itis BRI, AR 4 H R R 14
o \ WA T3t 2% B0 6 F A B, 5 LR SR 6 B 2
FURREL PR — B AUEIE RIS SENZ e b OB A e R VR 022 57, (AL 5
VEFRAL SRR TR, BB 3 2013 4F 1k, EIPRA

HPAEMREAR L , 44> A2 7 R P AP (23 170 BRI
FIPCIERT S22 A AR AR B PRI BIPUAMIACT. di o, B ik A A7
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S TR R A R AT SR AR AN AEAE BT )
A, R TR (St 2 PRl ) S5 R B AR
S T 12 S LA R T 1, P [ X, 7
R ARG P2 7 v A S 2R AU M B A2 30
CERAMIIE LS R, 145 A AR IR0 45 R (B R R
45,2009 [ FE PRAE, 2010) IR , 10 2R ST BEAK SR J2: By
TR B S P R 2R . T AR SR WYL VPG S
B X AETEAIR R B DA RCR T B I R R
SR R R P AR U ORT RE R A2 AR kAR
25 W B AN 57 ) 1 AR ) B T i ot i SR Tl R B A
P KGR AE BT B — 20 554k, WE2G ORI AN B4
DL S KA R R 7K it 2 45 Z IR 5 G A I 2
WIS, 20105 R E RS, 2014) .

BRI ZE R, SRR B AH LL AR PE R
PR 70 T R I S T P X R AL 0 R A A AR
£, 12 W 00t 2 WX 2 Ah 24 7] B S50 ER 4T
BEAAL A B R AR, H 11 B A it it — 25 R B 75%
AR 1000155 80% AR BF 600 175 Wit AH X B
TBRCRTC W 2 5 (A SO P AHXT B 1A 80
TR . E R O BCH A MG B
16, SR OEIC TG R RS R B i (A
ZHEE) . X 2 BG5BT A A R
SURBIR I S R 2P

FE S [0 2 BLIR M, 4 i 551 a0 &0 S8 AL (copper
hydroxide,, & it 44 0 I 2515 Kocide ) , F 8 3L N 15 TR
BRI A B , U0 T i (azoxystrobin ) 1 IH: M4 Bk T4 i
(pyraclostrobin) #% 4fE % FH T M e 78 500K 19 Bl i
(Dewdney,2016) . #AT , 763K E O A 1Y 40E s Al
ARAFRIA A 2B A58 1 B IR RORAS B AR AR A B (B IR
AR ,2009) , ATRIGZE ALY AE I R AR
1A AL 2% TR 751 s R ] %) KD X I 3R R AN
27.75%, T Wb 1A ik 4 7 R4 R 3K TRUNEL 1 T e A i
AT MLk A8 i S 5 0 S el P T e 19 Y8 790 7 FER ) KXo
B AR 9 R 43.97% .59.27% F156.71% , 448
R R S AR B (64.91%) . I, HT 4R
SV TR R 22 TR AR AR SR SR I BT TR RO A FF
iE— IR A .

W 2 — i A T o0 LR IR iy, 48
FLAL 5 il B T P IR AR 245 (i 2 AR R R IR L 2005 )
TEAE EEZH T B f G b oe d o s
H 2T i A5 R A T SRR B A BB A
(P HE,2008) o ARARERBEASDUR AR BT, [R]A XF
ZL WAL B RAF I HISOR (B 6 F0 55,1994, BT
PRARAFE Q011 WFFE48 H , FEBC H Ar A AR AR B Th

10.25%~0.5% 1™ 1 i BE 8 25 34 A S AR ER BF BT ¥
R . WAL T BEAZH PSR 1E A — A,
X R AR A A Y BEBH R AVE T, JF 3 e T AR B
A TR TR A i (ol R PR AT A 92, 2005) o AR5
SRR I AR AR AR I LB R 121 250
116 250 JRA X410 il R A 2 A0 TR AR A 1k BAT
e . R, B S0 Y0 IR A T A
FHAR G L (A AR A= BT

I ] AR i Y el 1 YR ) 1 o 20 Lk M 4
A7 T M 2 SO 9 By 6 (Dewdney , 2016) o ASHF
FERIN PR Bk S TR 5 ATk F s R (4 1)
o0 TR ) B 22 A K BV E T R At
FHINFWER . b B TE — BAR ARSI, B
AL =R BE T TR A9 BEIE B Hp i 22 3] PR il
(Bushong & Timmer, 2000) . FIt ARG iR 1205 3 B 1E
PRI SRS G A G, LI 96 1 & BE 5 i PR 4
P K TR R 8 B IR 2R 327 2% (Mondal et al., 2007) .
995 DA ) R A R RN BB LA A kAT ARAR R XT
22 A K AR R, e e AR AR AR A S IR
PPEAR B S I B s R 24 KAE R R
FRI, AR ik FE A A5 — s SR B 7], — 7 T AT T SR
SEPEAZ YL, T3 — 7 T R B AR L AR A
M S BARCR . R, A 5T AR AR A A S5
PR DA R A S TR ) A2 R EH R B YA RACR P F
il FHAEARBIEST , LAARAT HOAC AR B oA M4 2R
RORBTIR IS .
Brigt : WA ARSI FE BT o 0 M T Al 2 B 2 el
PN T3 SRl SR 2T 5 B SR AR i, R I 8
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