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Control of white rot which is one of the most serious apple diseases in Korea has mainly relied on periodical
spray of protective fungicides. As the main inoculum source of the disease is pycnidiospores produced in the
warts formed on affected stems of apple tree, it can be conceivable that inhibition of spore production might
be an effective means for controlling the disease. Inhibitory efficacy of eight selected fungicides against sporu-
lation of the fungus was assessed by counting the number of spores produced at detached warts treated with
the fungicides of recommended dilution. They showed diverse effect on sporulation. Carbendazim and azox-
ystrobin suppressed sporulation almost completely, the former irreversively. Thiram and folpet promoted
sporulation as producing much more number of spores than untreated control. Others showed almost no
effect on sporulation. Effects of suppression and promeotion in the sporulation shown by the fungicides on the
control of white rot were examined by incidences of disease and infection at the plots adopted the spray pro-
grams of which the fungicide at late May was substituted by carbendazim, azoxystrobin, folpet and thiram,
respectively. Disease incidence and infection frequency at the plots sprayed former two chemicals which sup-
pressed sporulation were much lower than those of the plots adopted latter two chemicals and untreated plot
at which the fungicide spray was sKkipped at that time. These facts were reconfirmed in the experiments con-
ducted with carbendazim and thiram, in which 100 fruits were bagged just prior to each spray from late May
to late July for elucidating the effect of the two fungicides on the action of subsequent ones. Disease incidence
and infection frequency on the fruit bagged just prior to each spray were gradually increased as the seasons
going on. The increase rate at the carbendazim plot was much lower than that of thiram. Especially, the fruit
infected till late July at the carbendazim plot were almost completely cured by the three fungicides, iminocta-
dine-triacetate, tebuconazole and samzinwang, a combined formular of iminoctadine-triacetate and difeno-
conazole, sprayed at late July and hence. In thiram plot, infected fruit were also cured by the 3 fungicides but
not remarkable. From these results, it can be concluded that control efficiency of white rot can be greatly
enhanced by selecting the fungicide capable of suppress the sporulation of white rot fungus at the season
when the mass dispersal of spores is not initiated.
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Table 1. Details of fungicides used for detecting the effects on the sporulation of Botryosphaeria dothidea, the causal fungus of apple

white rot
Recommend
Common names Active ingredient Formulation dosage Target diseases
(ng/mi)
Azoxystrobin  methyl (£)-2-{2-[6~(2-cyanophenoxy)pyrimidin-4- WP 100 white rot
yloxy]phenyl}-3-methoxyacrylate
Dithianon 5, 10-Dihydro-5,10-dioxonaphtho[2,3-b]-1,4-dithiine- FL 430  bitter rot, white rot,
2,3-dicarbonitrile
Folpet N-(trichloromethylthio)phthalimide WP 1,000  bitter rot
Carbendazim  methyl benzimidazol-2-ylcarbamate WP 600  white rot, bitter rot, massonina
blotch, alternaria blotch
Fluazinam 3-chloro-N-(3-chloro-5-trifluoromethyl-2-pyridyl)- WP 250  white rot, bitter rot, massonina
a, o, a-trifluoro-2,6-dinitro-=p-toluidine blotch, alternaria blotch
Iminoctadine-  1,1-iminodi(octamethylene)diguanidine Lq 250  white rot, massonina blotch,
triacetate alternaria blotch
Propineb polymeric zinc 1,2-propylenebis(dithiocarbamate) WP 1,400  white rot, bitter rot, massonina
blotch, Alternaria blotch
Thiram tetramethylthiuram disulfide WP 1,600  Alternaria blotch, Marssonina
blotch, scab
Warts (cut off from diseased stem) Z A EEER 345k spray guno 2 ARUE 7 A9
F58] ARG TN DAD ARAE 088 29

Shaking in water (4 hr) ; pycnidia release

}

Shaking in chemical suspension (2 hr) ; chemical treatment

|

Placing warts on paper towel ; elimination of surplus chemical

|

Keep in moist chamber (30 C, 5 days) ; sporulation induction

|

Shaking in water (20 °C, 2 hr) ; spore release

Filter (Nucleopore) ; spore trapping on filter

|

Filtrate Fifter Warts

|

Dye & Counting spore

Keep in moist chamber ;

Discard 3 T
sporulation induction

Fig. 1. Procedures for determine the effect of suppressive efficacy
of fungicides against sporulation of Botryosphaeria dothidea.
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Table 2. Fungicide spray programs for detecting the effect of fungicides those inhibit or promote the sporulation of Botryosphaeria dot-

hidea on the control of the disease (2004)

Ser. Date Fungicide treatment in each plot

No. sprayed AZO CAB FOL THI Control
1 4.18 ITA? ITA ITA ITA ITA
2 55 Systhane M® Systhane M Systhane M Systhane M Systhane M
3 5.26 azoxystrobin carbendazim folpet thiram -
4 6.9 folpet folpet folpet folpet folpet
5 6.25 dithianon dithianon dithianon dithianon dithianon
6 7.10 azoxystrobin azoxystrobin azoxystrobin azoxystrobin azoxystrobin
7 7.25 ITA ITA ITA ITA ITA
8 8.9 tebuconazole tebuconazole tebuconazole tebuconazole tebuconazole
9 8.25 Samzinwang’ Samzinwang Samzinwang Samzinwang Samzinwang

*iminoctadine-triacetate.
°combined formular of mancozeb and myclobutanil.
‘combined formular of iminoctadine-triacetate and difenoconazole.
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Table 3. Effect of fungicides on the sporulation of Botry-
osphaeria dothidea determined by artificial release of pycnid-
iospore from the fungicide-treated warts kept in moistened
chamber for 5-day intervals

No. of spores (x10*/ml) in one wart

Chemicals 05288 detected in each repeat
(mg.a.i/l)
Ist 2nd 3rd 4th

Azoxystrobin 100 0 0 04 04
Dithianon 660 0.7 4.0 8.0 9.8
Folpet 500 2.5 224 38.3 10.8
Carbendazim 600 0 0 0 0
Fluazinam 500 13 4.2 10.5 5.9
Iminoctadine- 250 0 53 2.8 1.8

triacetate
Propineb 700 0.1 1.3 1.1 2.1
Thiram 800 33 337 443 8.7
Control - 1.4 33 37 35
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Table 4. Effect of the chemicals treated to diseased apple tree
stems on the sporulation of Botryosphaeria dothidea determined
by artificial dispersal of pycnidiospore from the warts detached 9
to 22 days after the treatment of the chemicals

Average number of pycnidia (x10*/ml)
dispersed from 1 wart detached after chemical

) treatment (days)
Chemicals 1st trial 2nd trial
(treated on 11, Jun.) (treated on 12, Jul.)
10 16 21 9 13 22
Carbendazim  0.04 005 004 003 009 0.09
Azoxystrobin 003 006 0.09 004 001 03
Folpet 03 02 04 12 1.0 20
Thiram 04 0.4 0.6 16 1,8 20
Untreated 0.6 0.1 0.3 04 04 07
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Table 5. Effect of fungicides of different inhibitory efficacy
against sporulation of white rot fungus sprayed in late May on the
control of white rot (2004)

Infection frequency and disease

Plots Fungicides incidence (%) at harvest
Infection Disease
AZO azoxystrobin 5.8 03
CAB carbendazim 6.3 0.8
FOL folpet 17.7 3.0
THI thiram 14.6 42
untreated - 21.8 4.3
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Table 6. Effect of fungicides sprayed at late May on the control efficacy of the subsequent fungicides against white rot determined by

bagging of the fruit just prior to each spray (2005)

Disease incidence and infection frequency (%)

Date

Ser. sprayed CAB THI Untreated
Fungicides Dis’ Inf® Fungicides Dis® Inf® Fungicides Dis* Inf®
1 4.20 ITA - - ITA® - - ITA - -
2 5.7 Systhane M - - Systhane M* - - systhane M - -
3 5.26 carbendazim 1.1 14.6  thiram 0.0 6.5 - 1.0 9.6
4 6.9 folpet 1.1 3.1  folpet 1.1 3.1 folpet 0.0 14.3
5 6.25 dithianon 33 5.3  dithianon 1.1 9.2 dithianon 4.2 153
6 7.10 azoxystrobin 2.1 6.3  azoxystrobin 10.1 19.7 azoxystrobin 33 9.2
7 7.25 ITA 3.0 172 ITA 12.5 279 ITA 114 14.8
8 8.10 tebuconazole - - tebuconazole - - tebuconazole - -
9 8.25 Samzinwang - - Samzinwang® - - samzinwang - -
112 - 1.1 1.1 - 55 20.2 - 34 18.8
“Disease incidence.
®Infection frequency.
‘iminoctadine-triacetate.
‘combined formula of mancozeb and myclobutanil.
‘combined formula of iminoctadine-triacetate and difenoconazole.
&t thiram3} A 36k carbendazimS ZH2E AZF S SlojA] o9 2 AER = IRl Ao =R
2R AlEFeE 2 A7l SERbE| N okl ARE AEe AR daAs 8 IFA0l AY %1% 5 A
FAE g A3 tH(Table 6). o] A@7llA 59 3t o FAE Yeue A2 g8 } 915}(K1m, 2000;
& AR GAE AES o] 15Y 7HEHer AR F Uhm 1998). 6¥ 9¥ folpet A X F 69 25¥971X]9] 7]
AT okAE ATeEA w3 A AFE A 1007) Zol CAB 79 BAgTolME 7.&?3%4 Z7} Zol
#el Fado] A A3, o5 BAE A FAoIA HT Aot TH oM vas 2 2oz F71h
of ATHMSY WS B A& 2AMY. 2 % F 69 259 dithianon AT F 7Y 10%177}7494 N %
et ARERE] o THI FlME 6.1% S7HLEH oo wha) T2+

59 sheeoll AX S oA 9 FHo
g5 7S

A7 oA g e 4*‘011*1«1 g
&2 237} kA 91 Systhane Mo ggoz B &
U, carbendazim XA CAB oA 14.6%,
thiram A+l THI Fo|A 6.5% 223 L A]7]9|
obA] AT 2 e o) AL HE 9.6%E AE
T 7kl e z1e] 7t YUK Table 6). 2} °o]E =}

E_l_

ol o)A AEF AV} MR U ERE Tdt ®
2oz At AN oFA 22 15U §F folpet

24X Ao BAE A oM BHES CAB T
¢} THI 7 ¥3] 3.1%=% 159 duk A s, 5
3] carbendazim A 2]$ CAB oA ZaFEo]l o Flo
), 59 slseoll oA AEE AE FAZFANNE HEE
o] 9.6%°l1A 14.3%Z F7}3ch(Table 6). CAB 19 THI
Tl e Zage 4= carbendazim thirame] post-

infectiona activityol] 2|8 Ao 2 AGHA =, T4

MM E 238 6.1%7F 4L CAB TollAE 1.0%9)
71l HERtH(Table 6). FAE]-FolA 2] H4E&e A

= dithianon®] 230l o3 7dH FHHe dFIt A&
" 7oz ¥ Syt gloy BApMT 1ed @
Zdo] Yebst=Ad tiaiM = dslr] offot. siA v &
24 AFAANN & @A) e WAl AFH
A & G3s mjx= AL HHE] FZEQgong
(Uhm and Lee in prepare) ¥ 2] 7-oA41<] dithianon®l] <
3 gdge) FaE a9k fAR WFes AAET
7¥4 109 azoxystrobin A3 T 79 25U71x 9] 7|7} &
ol AEEo] vwA & FOR FIHste] CAB 7oA
= 172%=2 Z7H83, THI 79 A il 42
27.9%%} 14.8%= S 7Hl=(Table 6), o1& L 713k &
o MukHoz zZhdo]l Boly] W&l Aoz FAHHAUT
o] AoME 7¥ 259 ITA AZAA7IA| W A2
AYor 2 ITA, tebuconazole 12]3L samzinwang?] 45
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AN THTable 6). 78 2
A4xE 3% FAe o= Aot HFHHZH
2235 Yehiv, 53] tebuconazoleZ 8¥ &+ T
AxIE o ool 7+AE e s AEAIsE &

= LA
Aol B AFEHAE Yelle 3= B¥A o
(Kim¥ Uhm, 2002). & ITAE® IAE4L A9 gloy

79 Aol AXsE & XEAHE VERH, A%l
9 AAA] ITAS} difenocoazole®] Ao B E A EXH A4
o & NEEFHE JEle ALRE WEA Ut
(unpublished data). 23] 3. AFHH L 84 3k o F
d= Ao ZEEA & Zlow dyA JorZ (B,
1992), o] AHAME oA A2 g TET 8Y sk ol %
= o) A g9l Aoz A=A, wetA 7€
25U 89 25U 9 717k Ft ARHA I of
3 ABEAE VEpE AV 38U HEEHJLERE
7R Y 4EeS 78 2597 BEERET TA B
olgd Ao 7Id=Eyer, AAZ 5Y ool carbendazim
S 2E3 CAB ol lojA 749 2599 BAE &
Ao Aol ZHE-go] 172%01 vt 5787) Abahel|A o] 2t
AL 11%E IA AP, thiramS 2323 THI +
NME 27.9%NA 202%E o= A% ZHAFTH(Table 6).
a2y B LA E 148%04 188%E 23]8 F7t
N th(Table 6). 1A " FE7pR ] A& YoM = 54
ol ALEE ofAlo] uwhel A AolE UERiE
o), o]& 200432 AE ZAIN(Table 5)¢F RAZE AA|3t
RHom 20059 A 2 zpol7b B FAHPH. 2
Al o] APANME Al AFA 9} riRVIAE 59
sk AES A 23 YA A7 oRAlE B
T 5dstnz grEgel oA zole 59 skl A
F3 ofA| 9] xjolofl A Feg Aoz B Fubef gl 7t
oFA| 7boll HFEHH W A} FAol vAE FF] Ao
7F wtdd® Aow A4

B 2EEY 79 A dHEE SVHlE
FolA 7Y 25U7A Y A 4 WSl 3
THI 79 12.5%u Fx 212 11.4%°] vis| dA 3]
ATH(Table 6). ©] A = H&s vpe} 2ol
e 8Y 25U7A 9] 717 FF AFEHA S
FIAE el 3% AdAE AxYoER FEE
g7 o) 2A WolA CAB FolA = F2710
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o). Avzt B gl Collectotrichum gloeosporioidesSt
C. acutatum®] F5Y) vt A8 717 v &R 245t
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carbedazimS A E3Ie= AL B F7HE 7HAE F
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