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Screening of bactericides and their control effect against

bacterial black spot disease of walnut
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Abstract Using Xanthomonas campestris pv. juglandis (Pierce Dowson) as the tested strain, indoor virulence of

13 kinds of bactericides with different concentrations were determined. The results showed that 10 kinds of

bactericides had certain inhibitory effects on the bacteria, but only 5 kinds could produce obvious inhibition zones.

Among these bactericides, tetramycin and streptomycin had the strongest inhibition effect, with the minimum

inhibitory concentration of 0. 165 and 3 ptg/mL, inhibition rate of 74.76% and 69.23%, and the EC;, values of

12.764 and 35.318 rg/mL, respectively, followed by ethylicin, zhongshengmycin and kasugamycin. Pot experi-

ments of the five kinds of bactericides demonstrated that the average control efficacies of tetramycin and strepto-

mycin were 74. 60% and 71. 69%, and those of ethylicin and zhongshengmycin were 65. 98% and 58. 40%,

respectively, while kasugamycin was the weakest with the efficacy of 39.38%. The results showed that tetramy-

cin, streptomycin, ethylicin, zhongshengmycin and kasugamycin could be used for controlling black spot of wal-

nut, and tetramycin was the preferred bactericide.
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Table 1 Bactericides for test
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tetramycin 0. 3% AS
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2 HRESH
2.1 FARAHBHRBIEREMNESER

AKI LB T 13 R 5], Horb 504 2 R
WP, 75% H W i WP, 702 W 4 7 & WP %)
X. campestris pv. juglandis SERA WHIVER , 5 4b
10 Ffr 2008 HAT B B 300 il VP ELA R R A AR K
25 (K 2), 0.3 MUEER AS X B AT I 1
il P A i, S AT B A R0 B2 0. 165 pg/miL,
HERE R WP B3 £ AR 5 B, IR IR A
B BEN 3 pg/mL, HIRE 80 7R EC Hl
126 AT WP, BT e AR TR A 2800 52 43 53
N 7.5 pg/mL M9 pg/ml, 2% HHE R AS Hl
T2V BRIREETE R WP X B ST 1 o A 5 Fr) 4 1
ROR s H B I B A 0K B2 4390y 125 g/l Fl
288 pg/mL. 80%fUEEEE 80 %KL WP il 8%
THBER ASEEA —E MRS, 800k
BE WP 1) 3100 B 50CR B 22 » B AR A A B30k B
1320 pg/mlL, PRITITASSE FLA 72 0

+£2 10 #EFIXF Xanthomonas campestris pv. juglandis B3] &R

Table 2 Inhibition effects of 10 bactericides to Xanthomonas campestris pv. juglandis

Ty P B/ g+ mL ! /MR, MRAALK
P25 C ] >
et oncentration pg * mL Rank of
Bactericide . .
T Il m v vV Vi MIC inhibition effect
0.3%MZEZE AS tetramycin 0. 3% AS 0.1 0.15a 0.18b 0.2 0.24 0.3 0. 165 1
t555 & WP streptomycin WP 2a 4 b 8 ji5 20 30 3 2
80% 255 % EC ethylicin 80% EC 3 5a 10b 20 50 100 7.5 3
12% H E# 2 WP zhongshengmycin 12% WP 3.6 6a 12b 18 24 36 9 4
2% HEEE AS kasugamycin 2% AS 50 80 100 a 150 b 200 250 125 5
2% MR %5 %= WP streptomycin sulfate 72% WP 72 216 a 360b 576 720 864 288 6
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TTE R fooces & coaf] =1 o o —
et iA] Lwi\é(i‘EJx/;ig ‘mL e/ EIYZE{E/ TR ALK
s oncentration pg * mL Rank of
Bactericide . ..
1 Il m v V Vi MIC inhibition effect
80% L 7F4%: WP zineb 80% WP 320 480a 640 b 800 960 1200 560 7
80% Wi /R Z W WP bordeaux mixture 80% WP 240 400 560 640 a 800 b 960 720 8
8% FRIFEZE AS ningnanmycin 8% AS 400 600 800a 1000b 1200 1500 900 9
80 % ft £k4%4% WP mancozeb 80% WP 800 960 1200a 1440b 1600 2000 1320 10

D a Fn B NIREAERAZGRIRIL Cr s b FR B AR RAVIRIUKE C- .

a: Cy indicates the concentration of the bactericide under which colony can grow; b: C— indicates the lowest concentration of the bacteri-

cide that colony cannot grow.

2.2 AEAHFSEHNEER

RIGEE A s, A 5 B2 5 B 4 L
FHorpr 0. 3%0PUBE R AS 1V Pl 75 B 25 B 3 e e » L
Bt 2457 i () 188 D0 HE T AR AR 1A K, 2 M R L
Rz s, WEESN 25 pg/ml B MG E AR
18 mm, S F N 55. 56 %05 241k fin 3] 250 pg/ml
R UV ERT B LA 31, 7 o, HLHI R R IA 74. 76 %6, i
B2 WP 1 80 %6 Zps & EC (131 B Pl 5 B 1 s T 2
i AR AR M RO B WL, I B 53
ik 69. 23%0.66. 25%0., 2% F R AS f1 12%
AR WP 10 R B 335 OB 035 ) R — st 410 B e L
FEAAXT B A RO A X g 22 . Hofts 5 R 24 79),
T2 IREE R R WP .80 T i % AS.80 % /R £
W WP.80 %Ak EE WP, 80 % A ik 5 WP 24K 1y
B ]

T2 R W AR A ORI i 1 Bl iR 22
BUNe 31X 5 PG A R R B B T A B R B
TR EIIER A K. 0. 3% U HR AS R R WP X}
b 2 B g 114 310 T AR e B EGs B /s 0 il
12. 764 pg/mL 1 35. 318 pg/ml; HRKIE 80% 235 K
EC I 12% R % WP, H EC, 43 31l 296. 483 pg/ml
#1350, 752 pg/mL; 20 F TR AS I AUR
#Z.HECo M 1399, 59 pg/mL(F& 3), Ph Eit&Epr
FHER) ECs 15 38 o 00 455 400 T Bt AR BT 743 114 4% 245 751 410
PR AR EREHE . R8s i b RER b R i
JEE LRI 7R PRSI TR 38 15 52 B 400 T 3 114 i 22
FEPE R J7 (BLBOR 27 92 B fi 15 298 1) i B B
HI1Z% 3 AT UL, 5 iR 25 R OT HIHU I LB A
SR R A 22/ 5 BlA 25158 BT A5 P E IR T
0. 05, W& dh vl 1

£ 3 SFHREFIX Xanthomonas campestris pv. juglandis 15 1 E

Table 3  Virulence of five bactericides to Xanthomonas campestris pv. juglandis

. b= pRifEiR 5
KSR ECso/ AR e

. -~ b= standard Chi-square P

Bactericide pg e mL !
error value

0.3%PU%EZE AS tetramycin 0. 3% AS 12. 764 0. 505=0. 151 0. 082 0. 999
tE452% WP streptomycin WP 35. 318 0.321%0. 135 0. 043 1
80% 2,772 EC ethylicin 80% EC 296. 483 0.67940. 133 0. 625 0. 957
12%H1 42 WP zhongshengmycin 12% WP 350. 752 1. 24340. 430 0.108 0. 999
2% FEFZE AS kasugamycin 2% AS 1 399. 590 2. 1460. 307 2.521 0. 641

2.3 BHIAWER

HRAE 2 N EE IR e T 5 R B R R AF 2y
FIPEAT AR 2RO 45251 (G ) KB, 23 AN Rk
JEWCHE IS Y 5 R )it FH IS i 18 By R T R
B, SRR FL AR R A . P2 7R sk A R
FERCE NI REAIC, BERG 25 Y kg . 565 1 Wit
25)5,0. 3% MUE R AS 500 fEBRIEERE R WP 1000
SRR 433k 66. 28 %665, 97 %% . Fifi 5 s BR A

B T e 245 7] 1 (577 5 A B R AT s 22 S i
800 L EC A 1200 A R WP Bl 850R Xt
B2 B WK 61, 26%0.56. 81% ;2% R EE & AS
B 25, 0 41.99% . 55 2 IRiiZ5)5,0. 3% U R
AS 500 BT SR S 75. 91 %, HoAth 4 B2l ny
Bk sy ik 72. 53%.66. 82%.58. 66%.39. 68% .,
SYKMEZJ5. 0. 3% U252 AS 500 1% Wi B 4% Al ik
81.61% , Hfth 4 Fh 24550 BBl % 76. 57%.69. 87 %
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59. 73%.36.47% ., MW FE-HIBi sk F, 0. 3% MU %
AS 500 5 B TR SR B, ST BIB RO T4, 6%, BE
7 WP 1 000 f%5 ¥ Bl i ORI Z ., F B B &0k
71.69%., 2NBEFEHR AS PHARKUR R PP

A 39.38% . AU YE, 0. 3% UEEE AS I
BERE 2 WP 254U 1) Bl IR S5O A F HoAh 25 51 .

0. 3% MUEZE AS JEBh IRk

TR A S 2

Mo AR S N2 IR 45 R — 2

x4 ARBBABER"
Table 4 Control effect of the bactericides in pot experiment
-~ LIV E D Bt 46 2 A #1255
Bactericide Concentration of Disease index ~ ter the 1st application
bactericide (fold) before treatment %18 Disease index Biizk /% Control efficacy
0.3% U ZE AS 500 (24.83£0. 43)a (23.48%0.91)a (66. 28=0. 76)a
tetramycin 0. 3% AS 1 000 (22.34740.75)b (22.4370. 63)a (64.18+1.17)b
1 500 (22.0541.78)b (24.22%+1.29a (60. 7740. 49)c
tEdE & WP 1 000 (23.77£0. 18)a (22.66=%0.76)b (65.97£1.99)a
streptomycin WP 1 500 (22.34=+0.43)b (22. 95=+0. 38)ab (63.36+£0.97)a
2 000 (20.572£0. 43)c (23.8540.09)a (58.6241.67)b
80% Z7r% EC 500 (21. 98+0. 22)a (23.8640. 40)b (61.26+1.52)a
ethylicin 80% EC 1 000 (21.11%0. 42)b (24.85%0. 24)a (58.00=£1. 41)ab
1 500 (20. 92+0. 3D)b (25.2240.59)a (56.94=+2.87)b
12% AR WP 1 000 (24.82+1. 62)a (30.02+2.17)a (56. 81+2. 65)a
zhongshengmyecin 12% WP 1 500 (23.00%1.03)a (30.9141.52)a (52.06+1.69b
2 000 (22.952£0. 96)a (32.07=%0. 82)a (50. 12+1. 94)b
2UREBE AS 100 (19. 61+£1. 33)a (31.70£1. 2Da (41.99+7. 39)a
kasugamycin 2% AS 200 (18.8241.09a (30. 44740. 58)a (42.19+£3. 38)a
400 (19. 29£0. 51)a (31. 60£0. 59)a (41.55=£1.95)a
7K CK 20. 54 57. 57
%2 W2 )E 5% 3 Wit ) o
Eiil After the 2nd application After the 3rd application PRI/
Bactericide i BhAk/ % Fefe Bt/ % Average control
Disease index Control efficacy Disease index Control efficacy Sty
0. 3% IR AS (20.53+0.49)a (75.91+0.70)a (17. 9040. 26)b (81.6140. 38)a (74. 60+7.75)a
tetramycin 0. 3% AS (21.78+1.0D)a (71.60=£1.10)b (19. 6540. 62)b (77.55+0.48)b (71.11£6.70)a
(24.52%1. 36)a (67.55+1.19)c (25.13=£1. 80)a (70. 90=£0. 56)c (66.41£5.16)a
AR WP (22.40£0. 35)b (72.53%1.10)a (21.83£0.17)b (76.57£0. 30)a (71.69+£5. 35)a
streptomycin WP (22.93=+0. 85)b (70.09+1. 46)a (22.19£1.02)b  (74.6640. 60)b (69. 37£5. 68)a
(24.64=0. 46)a (65.07£1.96)b (25.152£0. 25)a (68.79=F1. 26)c (64.16=£5.15)a
80% 27 % EC (25.0240.66)b (66.82+1.85)a (25.96+0.53)c (69. 87£0. 21)a (65. 98=£4.37)a
ethylicin 80% EC (26.1740.31)b (63.87=+1.01)ab (27.452+0.49b (66.8340.21)b (62.90+4.49)a
(28.07240. 90)a (62.27£2.56)b (32.73£0.79a (60. 061, 78)c (59.71£2.75)a
12% A F R WP (35.18+1.12)b (58.6640.78)a (39.0740.56)c  (59.73+2.35)a (58.40+1. 48)a
zhongshengmycin 12% WP (36.1240. 99)b (54.22+1.83)b (40. 8340.28)b  (54.66+1.57)b (53.65+1.39b
(38.5740.55)a (50. 96+3.140)b (42.412£0.4Da (52.8041.90)b (51.2941.37)b
2NHFEHEFE AS (40. 49740. 63)b (39.68+4.10)a (48.66=+1.26)b (36.47+£5.53)a (39.38%+2.77)a
kasugamycin 2% AS (41.60=£0.67)b (35.44=F4.51)a (48.85=+0. 26)b (33.60£4.54)a (37.08£4.52)a
(43.09=£0. 66)a (34.94=+0. 14)a (50.71£0. 47)a (32.91£1.53)a (36.47+4.52)a
W7k CK 70.51 80. 49

1) R A BRI ) — e 24 AN [a] ok JEE ] LA o /NG 5 B R AN TR b B ) 25 5 (.35 (P<20. 05)

Comparisons are made between different concentrations of the same bactericide. Lowercase letters indicate significant differences between

different treatments (P<Z0. 05).
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TIVE R S PRI AT BB i 2 2470 2251 X BT A 20 R
KE LGRS B4 5 L 20 TR A 8OR . 3 b 10 B 2dy ) xt
ARG Ml 4E 3 B X X campestris pv.
Juglandis FIT 2% B K i 40 ] 85CR A AR R 22 5+
0.3% MUE R AS % R WP, 800 L3R & EC Hi
1205 A TR WP 0 B RBCR ik » HL e AR TR VR
BE43 54 0. 165.3.7. 5.9 pg/ml,

B MNAT7FE RS ECs, BY R/ AT PL Bz ik 5%
PR ORI 45 - ECso MUK  TZ A T 70 (0 30 T 1
FHARGR S X S 8 A= Rl RO # . Ao,
0.3%MUE R ASHEHER WP.80% L% EC.12%
HAER WP R 20 R &R AS RS A B
RN L 7381 5 R FRIIER I B e . o
0. 30 PUFZER AS TR el 55 ] 0. 375 H 0137 I 2
i » AR 74. 763 %0, ECso fie/IN» XI5 I
BRI VE RIOE T HA 2 50 . — et & - 25 700k
S BEROR IEAR S L 175 2% 24570 84 15 15 £ ke 5
AT DL AT A [F) e B2 24 7R R AT B 36 AT A P 4 I HG
BIVARICRAL S, o B3 NI 1B H 1 5 i 2 R0 i A%
T 71 IS BSEAS ) ¢ B2 7 il 4 ] T 2l . 4 R R
B1.0. 3% MUEEHR AS BIARCR B, 565 3 Wit 25 J5
Bk 81. 6120, 2 N I 5 Ak 45 R &
1,0, 300 DUBEZR AS 2B 16 1Mk Al P R SR 1y
R %45 5 X 52 28 S BE ST JLFN A 9 24 771
X Rk SRR 114 FH 1] By 2800 25 SR AR TA]

D% 2R e — P AR AT A AR W TR 28 X e
PRAVEN) 224 X BRI R0 /)N S — Tl B 1) % T R
VUG R TS 4 B TEAr rHE AL A2, B A
C. ALFIA2 o3 R RIFNERE MG HTA R . B 4
I NIRSEPUE R C 0 & BRI HIEPUAE R
T AF g R o LA DU ORI N BRI AR 2R LR 40 T TR

(BRI R & B EEAMEM . W, PR
RAeEiE 5 S RN A R R 2 1 (PAL) , i A 1L
iti (POD) F1 42 5y AL (PPO) (143 1 Sk 8 hn ke 4 1)
£ [T N P 11 R (Y %5 228713 5] i B R s AR T
RERID PR . R R P =
A SR W IE R AR ) %k 22 B VR s i
A BEAVE L 55 AN AT L ek P WA P 0E AR
PR 3 FE ) 4R RS8BT A BB AL X Ji
R HERER . AR 45 R 8RB RGeS
A B 1A AR 2 T P SR B o IR S X Ak
BE I RS PR IR A R & . SRR R R
WA 2 o AN B R A B B R AR R
ZEBLE,80% 2 5 2 EC X AZ Bk 41 1 1 B BE 5 114
B AR R B2 A1 /NR 1) HH ) a6 5 2R 5
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