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Screening and application of fungicides against southern
blight caused by Sclerotium rolfsii on apple
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Abstract Southern blight (Sclerotium rolfsii) is an important disease of apple during seedling and young tree sta-
ges and causes death of seedlings and young trees. In order to screen effective fungicides and provide techniques to
control the disease, the control effect of nine different fungicides on hyphal growth and sclerotia formation of
Sclerotium rolfsii were tested via applying the fungicides to soil. Results showed that tolclofos-methyl 95% TC and
hymexazol 99% TC could effectively inhibit the hyphal growth and sclerotia formation with the inhibition ratio a-
bove 80% . Fludioxonil 25 g/L FSC and iprodione 45% SC could also inhibit the hyphal growth and sclerotia for-
mation, but the inhibition ratio was less than 50%. None of the nine tested fungicides could kill the hyphae in
sclerotia. Quick lime can effectively inhibit the hyphal growth and expansion, although it cannot inhibit the for-
mation of sclerotia. The quick lime can inhibit the hyphal growth of pathogen within 5 cm. Quick lime can be ap-
plied to the rhizosphere, soil surface, or mixed with nursery matrix, sawdust or soil to prevent occurrence of
Southern Blight on apple seedlings and young trees. Tolclofos-methyl and hymexazol can also be used for nursery
stock disinfection, spraying on the ground, applying with water pouring or drip irrigation to control the disease.
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Table 1 Type, formulation, effective components, dosage and manufacturer of the tested fungicides

25 WAk B /mg « L1 AR

Fungicide Tested dosage Manufacturer
50 %048 S AR AR thiram 50% WP 1 000 AL A ) T RRAT B
80 %02 1 Rl ¥ H5 carbendazim 80% WP 800 KOHRZG A FRAF
50 %6 IR B AN K 10k ) vinelozolin 50%6 WG 250 7 ] 3 R A B )
452 S IR B 777 iprodione 45% SC 1500 YL BT A2 R )
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Table 2 Colony diameter and sclerotia numbers formed by Sclerotium rol fsii cultured for 5 days in the

substrates mixed with nine fungicides

25 AR /mg-L ! W% HAR/cm MHIRER/ % PR /b MHIRR/ %
Fungicide Concentration Colony diameter Inhibitory effect Sclerotia number  Inhibitory effect

KA CK 0 (3.21£1.37b 0.0 (9.97£6.05)a 0.0
9526 AT Al TC

+ +
tolclofos-methyl 95% TC 633 (0. 31£0. 40)d 90. 2 (0. 06=0. 23)b 99.4
99 ERR TC r

5610, 5¢ .5 . 69+0. 93.

hymexazol 99% TC 248 (0. 56+0.59)d 82.5 (0. 69+0.42)b 93.0
25 g/L I EifiG FSC _

+ +
fludioxonil 25 g/L FSC 50 (1.67=x1.31D)c 47. 8 (6.75T4.67)a 2o 3
4570 H Ik SC r

3x1. 33.5 . 7243.95 32.

iprodione 45% SC 1 500 (2.13%£1.29)c 33.5 (6.7243.95)a 32.6
50618 WP

+ o
thiram 50% WP 1 000 (2.74=1.39b 14. 6 (8.19=5.2D)a 17. 8
250 g/ WEMLEEE S EC )

+ +
pyraclostrobin 250 g/L EC 250 (2.86+1.62)b 10. 8 (8.06+7.61)a 19. 2
500 LI WG

4+ . _ 4+ .
vinclozolin 50% WG 250 (4.01%1. 23)a 25.2 (9. 64=£7.61)a 3.3
8020 L Hi R WP

+ - +
carbendazim 80% WP 800 (4.05+1.39)a 26.4 (7.724+6.03)a 22.6
iR copper sulfate 760 (4.56=£1.3Da —42. 1 (8.92+10.15)a 10. 6
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(A9 TR AT A AR AN RE AR S L N ¥ 114 7 24
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Table 3 Mortality of Sclerotium rol fsii mycelia in wheat grains treated by nine fungicides for different time

1 J& One week 2 J& Two weeks 3 J& Three weeks 4 J& Four weeks
PRI TEA 221 PRI PR 22N
e I o L o SRR o o o
Z e P N F T P S T B P S Y s P S Y
.. mg - L Number of . Number of 5 Number of . Number of .
Fungicide . X X Mortality . Mortality . Mortality . Mortality
Concentration  wheat grains ; wheat grains ; wheat grains ; wheat grains ;
R of mycelia X of mycelia R of mycelia . of mycelia
producing producing producing producing
hyphae hyphae hyphae hyphae
iE7K CK 0 (9. 89740. 33)a 0.0 (10.00+0. 00)a 0.0 (10. 004=0. 00) a 0.0 (10. 00+0. 00)a 0.0
95%% Hi 33 A TC
t(jl/loofo%l?}i%()'(ﬂ/ TC 633 (7.44+3.640)b 24.8 (7.78+2.86)b  22.2 (8.00+3.12)b  20.0 (9.7840.44)a o
clofos-methyl 95% TC
250 g/L nkmkfEEF g EC
’ gl/o tEb'}f%ljl)EH/l(EC 250 (7.4+1.60b  24.8 (7.56+2.300b  24.4 (9.4440.88)a 5.6 (8.89+1.05b 111
pyraclostrobin 250 g/1. EC
A
ﬁzdfitﬁ lfat 760 (9.6741.00)a 2.2 (8.564+2.65b 14.4 (10. 0040. 00) a 0.0 (10. 00£0. 00)a 0.0
copper sulfate
25 g/L I i FSC
ﬂjj/ uﬁ]l*;gﬁ /1 FSC 50 (9.11%1. 27 a 7.9 (8.89+2.09ab 11.1 (9.78+0. 44)a 2.2 (9.6741.00)a 3.3
udioxonil 25 g/ FSC
50 Y0 fE 2 WP
:h'ATEi; WP 1 000 (9.67+0.50)a 2.2 (9.22+1.64)ab 7.8 (9.78+0.44)a 2.2 (9.89+0.33)a 1.1
ram 0
99 YoM RE R TC
h % ﬁliggy TC 248 (9.44+0.83)a 4.6 (9.56+1.0Da 4.4 (10.0040.00)a 0.0 (9.89+0.33)a 1.1
ymexazol 99 o ;
459 Kk SC
A\)Ad%lﬂﬂfz_y sC 1 500 (9.67+1.00)a 12.3 (9.89+0.33)a 1.1 (9.11+.36Da 8.9 (10.00+0. 00)a 0.0
1prodione 2/0
807 7R WP
NEHR 800 (10.00£0.00)a —1.1 (10. 00£0. 00)a 0.0 (10. 0040. 00) a 0.0 (10.00+0. 00)a 0.0

carbendazim 80% WP

504 Z IR EH WG

250 10. 00=£0. 00 0.0 10.
vinclozolin 50% WG 0 ¢ a ¢

00+0. 00)a 0.0 (10. 0040. 00)a 0.0 (10. 00£0. 00)a 0.0
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Table 4 Effect of soil mixture with fungicide on hyphal expansion and sclerotia formation of Sclerotium rol fsii

255 A /mg « L P A%/ em IR/ % BAZ T B8/ L IR/ 7
Fungicide Concentration Colony diameter Inhibitory effect Sclerotic number  Inhibitory effect

7K CK 0 (6.9642.95)a 0.0 (6.78+3.73)b 0.0
£ /K Quick lime (0. 0040. 00) ¢ 100. 0 (25.89418.54)a  —282.0
A1 R AT R A 100 000476 000 (0. 00+0. 00) ¢ 100. 0 (34.89+15.68)a  —414.8
Quick lime+copper sulfate 155 554 38 099 (0. 0020. 00)c 100. 0 (29.78419.18)a  —339.3
100 00047 600 (0.3940. 68)c 94, 3 (29.78416.00)a  —339. 3

95 % HI SESL Al TC 9 500 (2.62+2. 77 he 62.3 (5.1143.02)b 24. 6
tolclofosmethyl 95% TC 4 750 (2. 871 95)be 58.7 (5.78+2. 28)b 14.8
950 (3.3341.65)be 52.1 (3.7841.9Db 44.3

50 %083 X WP 5 000 (5.57+1. 90)ab 20. 0 (6.56+3.17)b 3.3
thiram 5076 WP 2 500 (8.60+10. 10)a —23.5 (7.00+2. 65)b a3
500 (4.0841. 68)abc 41.3 (4. 7842.3Db 29.5

95 V6 LT A TC Fe il (1 245 + REA S5 il (4
255 PR 1 AR (RS BB ) PR AZ I T . 95 %0 HY 3k
SEAGIE TC 3 R BE Ak 3 o R 22 7 T T I 1 7% 119 L
AR (2. 6242, 77), (2. 87+ 1. 95) FI (3. 33+

1. 65) cm, B E/NF (P<C0. 05) 5 7K &b B by 1 ke 32
T B B 75 B A% (6. 96 2. 95) em, W B R
KIAE 50 ot 55 RL WP R il i) 245 + vh I B B 7% 1) 1.
T AR ER 5 0] AT G $ 35 25 57 8 50048 38 XL
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WP Bl 025 - BEAS BRI 1 1 48 I I TR 224 1K,
AREAN I B AT A (R 4)
2.4 BRAIRE

TERE B HTHGAL B 3 em A1 6 cm [(FER R AN
A AT, &8 2 R 555 0 BEOAE 3 53 5
L1 ANF 12 BBz 3 H 480 T 1Y 1R 4% 4= e 300 5l

k30, 5% Fl 33. 3%, Hekiti 95% H I 3 A i TC
(633 mg/L)Fll 99% 5 R TC(248 mg/L) A FAY
FBAR A 52 148 90 T A Y, Bl IR AR 35 1002,
FERRZEIRMONE A A K AL B, 25 A A 2 MR Z A
A IR Y R YR 5. 5%, G XTI W
S BT IARCR A I R ik 81, 8 Y0 83. 3% (K 5.

x5 FEERBEUREASNE FEHER BT R AEE £ A I B ERAIBI R (& 36 #)
Table 5 Effect of fungicides and quick lime on southern blight of apple by spraying around apple dwarf rootstock (36 trees in total)

s PR A o 3 T 3 PR E S T P
2551 Pathogen on the surface of soil matrix Pathogen inside soil matrix
Fungicide ZARIIREL/ Bk iR/ % ZARIIRAL/ B B vA R/ %6
Infected rootstocks Control efficacy Infected rootstocks Control efficacy

95 % F 557 il TC tolclofos-methyl 95% TC 0b 100. 0 0b 100. 0
99 %1% R TC hymexazol 99% TC 0b 100. 0 0b 100. 0
£ K Quick lime 2b 81.8 2b 83.3
K CK 11 a - 12 a —

3 it

ARG PN B 9 il 2% T R v 95 06 H B ST A
i TC 1 99 YomadE R TC P24 751 BE A R il 1148
I R ) A AR BRI A FR T B 40 3K T 8004, FE S B
Azl T R A B 2 » (H 24500 i B Al T
ARERIEHNA MR . 25 o/ L IR FSC A 452
SRR SC P24 70] AR XT R0 B A R AR TE
JRALAT — 2 B ORI AN 5006, At
5 M2 FRIAMEASREA R 2309 T 1) B 2226 KA
BIE I T3 258 RESE HET B A 1

FHZR I R AR 2 T2 B A% - TR A2 1 2R T 1Y
E A4 G B IR A ) TR A LA A SR Y fE
I3 AE P RE RIS AR TR I R G 5~6 40,
AT Fr Y 9 bk BRI FRIERAS BEA S8R IR Z AL
HHRRY FEL 2R R O 10 X LA B 1 20 0 TR D T A
TR AZ NI 2R T o DRI A A ™ S5 Sk e v L i
AT N KAE 3 R T B A%

F 2R T R P PR 5 BRI A R T 22 A K
P pH Oy A~7 BOFRIE S BRI AR 01 R
2K AR — Rl A 2 R RE
R R R SRR T R R, A
WA B - BAR A AT IRASRE SR K 4 T« T EL RE 2
I R JSOR A T % » A0 REAT 283 il 11 28 T 114 T
22K T HLREA S 5 om LASIMI 24805 T 14 B
22 A REA RS LR T R R AR 20 R AR
T 950 WAL A TC. FESEBRA ™ b m] T AL 2R

T HELL B R . RS B S T
L R A R 120998 8 1 A KL LI B CR R
AT IR SRR P R L

PRABFEEREAC S ABREHE
L RE AT AR L R A 1 4 D
B T 25 2 T S - 2 o BT S R 2 it
O AT BT 1 46 T S A A5 E R
S B K » <7 B0 A 7 0K R AT AU 11469
O A 76 -+ S 7F 147 IR R A R R
R V4R T LT 4 69 R i B
BT L1042 . 95 %4 KL 7 BB TC 1 99 %
W TC ] 14055 B 9 7 K A% PO T 1t A
ARAF 40 3500 L P 147 K 90 2 B b T
S BT

(1] BFar. X5, Biif 4 0 R 24 700 AR 2 R 1 i o) K% 245 0
LT Wim AL A2, 1996 (6) : 31.

(2] TA)sF 8. SRR AR R A LA SO 3R LD ] A 5 R, 1997
(1):44 - 45.

[3] RIS LA AR BRI ] &5, 1996 (2) : 39,

(4] XUKAS BRI, SRR IR S5 286 Biia BRI .
bR, 2017(9) 145 - 46,

[5] PUNJA Z K,GROGAN R G. Hyphal interactions and antago-
nism among field isolates and single basidiospore strains of
Athelia (Sclerotium) rolfsii[ ]]. Phytopathology, 1983, 73
(9): 1279 - 1284.

(6] &%, mbes. A4 Aol EF, 2011, 1(1):
14 - 22.

CFE 270 5O



o 270 -

5 4Ly

2019

Pt A B AR R A8 2SR PG P I 7 25 B 2 4
RSP

A5 24fy RFIVIG 2 S GD | b S8 2 5 £ 2K
TERNHY 18 BRI RIRE I AR K Tl I 25
RED/ N A UL . FEART ST iR £ 14 d
Ja - RIS 1 X RS0 W2 A SOR - ELBT G BOR BE
JRCHR IR ) 384 T 38 o o £ SR (0 2B S PlAE i £
RIHA YA & L T B S AR E A I A A R
Ge. 4R T A S RGN R T R 23 H Y
RAE 10 IWAEZS 2 WL RR A 28 mT LA SE 70 F
LR HAES R G Y ORI BE R [ i 255 AR i
KA RE L (R T L R4 [T AR S R SR 3
BT 2R G 2SI AR Y R ER . SR R
BB AR A SRS HRTZREER
Dl BIFTE IR AN TRN e R AT 2 0 Ff LA R 0 %
JEVEAT IR AT ARAT fie s 19 28 57 A 4 1 JC R GE 05T
DR TR ABIFSE 2835 L Hp i 3 A B 18 0 3l 245
Y n] O TSR PR AL B RS L e A 2SR AR
FURHES NI » 38 B A= BRI 45 AUE 57 B B HAY .

(1] ARSEmr. mda. Sy d 2isgm 28 /Nl U se LT ] iR e
#42,1991,9(2) ;100 - 107.

(2] St T4 AR IR Bk R B 1) ] oyl
2015,9(22):89 - 91.

(3] XUlsh, 2/ Ak, 45, = Ko™ X 263 15 S RE bk BoR 4%
F M RAPD 43 Mr [T . P K224 (A AR O , 2012, 34
(10):54 - 59.

(4] FEA3k mbZefh. fEE2E3em LRIl LT 1. K= BHE 4

1989(4):98 = 99.

[5] RE,HPOC . S BRI L ] A A &
B2, 2012,18(5) 444 — 446 — 448,

(6] AR SCZAR NG A5, FK M rp B e 4 e 1 25 A B S LA
TARARLT ] FREE S YA B AR 5545, 2004,5(7) : 1 - 4.

[7] REGANOLD] P, GLOVER J D, ANDREWSP K, et al. Sus-
tainability of three apple production systems[]J]. Nature,
2001, 410 926 —930.

[8] ALTIERI M A,LETOURNEAU D K. Vegetation management
and biological control in agroecosystems|[ ] |. Crop Protection,
1982, 1(4) . 405 -430.

L9 Ly, Aoty 2 A 78 o 7= i X 0 i AR S5 AR LT . A
2K .2005(6) ;35— 37.

[10] by K5, BRBL, 2. S SHERXTHE H 5 B S REVE SR 52
WL . W AR R4l CAARFEARRD 5 2016,42(1) - 64 - 69,

[11] 5785, B R ERE. KA PR et el 1. &M
2 BE2FR 5 2008,30(6) : 38 — 42,

[12] 2T ik UNE 55, RS R AR R isoFp 2k K sh LT .
PE K FERE . 2010,24(6) : 630 — 634,

[13] Zepkat. [EARERVAREREICL) ], il 1999(8) : 24.

[14] fefd, v b, ARG, 45, TR WF U ERE R RS PR
L)) KITERSE,2010(14) - 94 - 98.

[15] Fdah, mhZeff. #E25 FR A st 3 S F M Bia ] B dusn
PH,1986(2) ;73— 74,

[16] VH 58 2, ) A S0 2T, 4. JLS 24 3003 KM i 5 P9 2 )
K HEBTRGTH L) ] B sl K2z 24, 2011, 34(5) : 67 - 72.

L17] WA 00 ia . B Ok 3 ol il ) S PR B PEATF 9T M e 42
LT FRIE VL # B B2, 2018(2) - 184 - 186.

(18] SRR, BIHpoR A B 1 5. ASIR) 24700 R it 245 J5 36 % wH i
[ B VA R LT 1. AR 2412 . 2018,45(2) : 282 - 289.

[19] Heigdie, SRIGEEE  BIAT L FEIUA « RAEIR, 55, S [H] 24550 X A g
I B TARBCR PR L)), Frssfolh B2, 2015,51(5) 915 - 919,

(TR HYAmW)

(14 260 50

[7] PUNJA Z K, ADAMS G C. Influence of nutrition, environ-
ment and the isolate, on basidiocarp formation. development.
and structure in Athelia (sclerotium) rolfsii[]J]. Mycologia,
1982, 74(6): 917 - 926.

(81 i WSC. SRERTh. JA L e I e e B A= e [T ). 22 lAe
Bl ,2015,43(35) : 184 — 186.

(9] REE. RWGL B AR R AR SBR xR ). T T4k
ML B AR 2EBE 24K . 2008,10(1) : 12,

(107 et Tk 45, 19k 0] 3 4 i It 4 K Biiva [ . o
EIAH25,2017,19(10) : 1429 — 1433,

C11] SRR, R WL R 25, AN [) 245 700 5 0 BIOA I 263 s FH ] 28001
WE )] KITHEHE,2016(4) .87 - 88.

[12] JOSEPH E, HEPPERLY P R. First report of southern blight

of common barley in Puerto Rico [J]. European Journal of Plant

Pathology, 1995, 101(5);: 497 - 501.

(130 Bakta . v h T, T A 46, =0k 20 (1 4 i prog [ ], 2
Hb,1996(1) ;64 — 66.

(147 #iAK T, EDSE. E 7T 45, AR 128 506 JB A 20 2 e T
BITvAZG R L) . WA 243 . 2007(6) 439 — 443,

(157 R4, UT7K BB RIS AT 11 40 05 5 2 5 DR By s i [0, e
T A, 2017(1) ; 36.

(167 #ABE. R AR RIBRT HE R (1), B PRI T i 45 4 Bl 2 2
% .2003(3) :58 - 60.

(17] %36, XITT LU B34 30 5 (4 0 i 0 S 25 [T ], 4 6 14,
1994(2) . 29.

(18] Zegids Jubfie . £ 4235 45, RN AR FIOAE A (1B 10T )
KA LY. i ~F41 , 2013,35(6) - 686 — 691.

GtHE% 3. HA™W)





