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Development of Fungicide Spray Program for the Apples to Be
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ABSTRACT : This study was conducted from 1991 to 1993 to develop a fungicidal spray program
for the apples exportable to the United States of America, in which quarantine and pesticide
residue in agricultural products are strictly regulated. In 1991, 2 spray schedules were applied
to an orchard, in one of which the 7 fungicides registered for apple both in Korea and U.S.
were used, and in the other of which the Bordeaux mixture for which the tolerance was exempted
in U.S. was used 2 times along with those 7 fungicides. The apple white rot and fruit infection
by Alternaria mali were not effectively controlled by the 7 fungicides alone; however, the control
efficacy was raised by adding the Bordeaux mixture to the spray schedule. In 1992, 4 spray
schedules were applied in which the kinds of fungicides and spray intervals were different one
another. The results suggested that an effective spray program can be developed by adopting
the Bordeaux mixture for 3 times or adopting the imminoctadine-triacetate which has no tolerance
level in U.S. for same times in the vulnerable stage of apple white rot and alternaria blotch.
In spite of the high efficacies against major apple diseases, the Bordeaux mixture could not
be recommended to the apple growers due to the various defects such as restrictions in compatibi-
lity with insecticides and acaricides, troublesomeness in preparation and spray, especially the
harmful effect on the finish of Fuji apples. In 1993, a spray program adopting 3 times of immino-
ctadine-triacetate during the growing season of apple was developed, which not only can effectively
control the major apple diseases but also avoid the pesticide residue problems if it was sprayed
2 or 3 times after bagging. On the basis of the 3 years results, a basic fungicide spray program
was formulated in which 1~3 times of imminoctadine-triacetate and 1~2 times of bitertanol
were adopted in addition to the 7 common fungicides registered in both countries. In the results
of application of the spray schedule to the actual farming in the 4 areas of Kyungpook Province
in 1994, no noticeable defects were detected at the first year trial. However, this spray program
will be continuously evaluated and modified to obtain better control efficacies against major apple
diseases.

Key words : fungicide spray program, apple white rot, alternaria blotch, marssonina blotch.
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Table 1. Fungicides which are registered for apple in Korea and retain tolerances for apple in the United States

(1992)

Fugicide Tolerance (me/ke) Target Diseases
Korea USA.

Mancozeb 70 Anthracnose®, Alternaria blotch®, White rot, Marssonina blotch®

Captan 50 250 Anthracnose, White rot, Alternaria blotch

Thiophanatemethyl 20 7.0 Anthracnose, Marssonina blotch

Triforine 2.0 0.01 Powdery mildew?, Rust'

Fenarimol 0.1 Powdery mildew, Rust, Scab#

Dinicap 0.1 Powdery mildew

Triadimefon 05 1.0 Rust, Powdery mildew

Myclobutanil 0.5 White rot, Powdery mildew, Scab, Rust

Thiram 7.0 Alternaria blotch

Benomyl 20 7.0 Anthracnose, White rot

Dodine 50 Alternaria blotch, Scab

Folpet 50 250 Anthracnose, White rot

*Glomerella cingulata, © Alternaria mali, <Botryosphaeria dothidea, * Diplocarpon mali, © Podosphaera leucotricha, 'Gymnos-

porangium yamadae, ®Venturia inaequalis.

Table 2. Fungicides sprayed in each experimental plot®
in 1991

Date Fungicides sprayed in the plot of;

Sprayed N B
Apr. 2 Lime sulfur Lime sulfur
Apr. 22 Thiophanate-methyl Thiophanate-methyl
May 18 Myclobutanil Myclobutanil
May 30 Fenarimol Fenarimol
Jun. 8 Captan Captan
Jun. 17 Folpet Folpet
Jun. 29 Captan Captan
Jul. 14 Benomyl Bordeaux mixture
Jul. 25 Captan Bordeaux mixture
Aug. 6 Benomyl Benomyl
Aug. 18 Folpet Folpet
Aug. 26 Captan Captan
Sep. 7 Folpet Folpet

*An orchard located in Yongcheon City, Kyungpook
Province was divided into two experimental plots; N
plot : 148 trees in 6,663 mm? B: 157 trees in 7,088 mm?
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Table 3. Fungicides sprayed in each experimental plot" in 1992.

@2AgR A A 11D A 15, 1995

Time of Spray

Fungicides sprayed in the plot of;

Bl B2 R R1
Mar. 28 Lime-sulfur Lime-sulfur Lime-sulfur Lime-sulfur
Apr. 13 LTA" LTA LTA LTA
May 9 MYB+MNZ¢ MYB+MNZ MYB+MNZ MYB+MNZ
May 23 Mancozeb Mancozeb Mancozeb Mancozeb
Jun. 8 Mancozeb Mancozeb Mancozeb Mancozeb
Jun. 18 Benomyl Benomyl Benomyl Benomyl
Jun. 25 Folpet Folpet
Jun. 28 Bordeaux* Folpet
Jul. 2 Bordeaux ILTA
Jul. 8 Bordeaux Mancozeb . .Benomyl
Jul. 15 Bordeaux Mancozeb
Jul. 18 Bordeaux Captan
hl. 22 LTA
Jul. 28 Bordeaux Bordeaux Folpet
Ju. 29 LTA
Aug. 7 Captan ITA. Benomyl Captan
Aug. 16 Folpet LTA Captan Folpet
Aug. 24 Captan Folpet Folpet Captan
Aug. 31 Folpet Folpet Folpet Folpet
Sep. 10 Benomyl Benomyl Benomyl Benomyl
Sep. 25 Benomyl Benomyl Benomyl Benomyl

2 An orchard located in Yongcheon City, Kyungpook Province was divided into four experimental blots; B1 plot: 45
trees in 2025 mm? B2:63 trees in 2,790 mm?% R:63 trees in 2,520 mm? R1:68 trees in 3,060 mm’.
"Imminoctadine triacetate, “Myclobutanil+Mancozeb, ‘Bordeaux mixture.
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Fig. 1. Patterns of airborne pycnidia dispersal in Bomry-
osphaeria dothidea and the precipitations in the experi-
mental orchard in 1992.
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Table 4. Fungicides sprayed in each experimental plot
in 1993. .

Fungicides sprayed in the plot of:

Time of spray

B
Apr. 18 LT.A* LTA.
May 19 Mancozeb Mancozeb
Jun. 4 MYB+MNZ’ MYB+MNZ
Jun. 9 Fenarimol Fenarimol
Jun. 16 Benomyl Benomyl
Jun. 26 Mancozeb Mancozeb
Ju. 4 Captan ILTA
Jul. 16 MYB+MNZ MYB+MNZ
Jul. 30 CAP+ BEN* CAP+BEN
Aug. 11 Benomyl ILTA
Aug. 20 Mancozeb Mancozeb
Aug. 30 Thiram ITA
Sep. 10 Captan Captan
Sep. 20 Benomyl Bitertanol

“An orchard located in Yongcheon City, Kyungpook
Province was divided into two experimental plots; N
plot : 148 trees in 6,663 mm? B: 157 trees in 7,088 mmZ

" Imminoctadine-triacetate, Myclobutanil + Mancozeb.

“Captan+ Benomyl.
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Table 5. Control of apple white rot and fruit infection of alternaria blotch with different fungicidal spray schedules

in 1991
Fruit diseases till harvest time . .
Latent infection®
Treat- Bagg- Sample White rot Alternaria blotch of white rot
t:l H h 1 ec -
men e S % disease t-valued % disease t-value! % infection' t-value
A + 670 00 0.0 22
- 1,162 10.3 3.205* 6.0 5.893%* 21.1 0.671™
B + 628 00 0.0 6.6
- 1,386 38 1.1 189
“For spray schedule in each treatment, refer to Table 2.
b+ :bagged apple; — :not-bagged apple.
¢Randomized block with 3 replications, 3 trees in each block.
dT-test on not-bagged apples.
*White rot, determined by incubation of the harvested fruits at 29°C for 28 days.
"Mean % latent infection based on 90 fruits (10 from each 9 trees).
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Table 6. Control of alternaria blotch and marssonina
blotch with different fungicidal spray schedules in 1992.

Marssonina blotch

% diseased DMRT

Alternaria blotch
Treatment* % diseased DMRT

leaf® (5%) leaf® (5%)
Bl 30 a 03 a
B2 1.1 a 0.01 a
R 10.6 b 114 b
Rl 12 a 023 a
CV (%) ------ 32.83- - 24.70.

*For spray schedule in each treatment, refer to Table 4.
"Randomized block with 3 replications, each block; 3
trees. Mean % diseased leaf rates based on 1,800 leaves
(20 from each 9 trees).
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Table 7. Control of apple white rot and fruit infection of alternaria blotch with different fungicidal spray schedules

in 1992
Fruit diseases till harvest time . .
Latent infection®
Treat- Bagg- Sample White rot Alternria blotch of white rot
a 4 b L
ment e size % disease t-valueY % disease t-valued % infection' t-value
B + 1182 00 00 00
- 1.446 1.5 a 4.6 b 50 a
B2 + 1,260 0.0 00 0.0
- 2,008 24 a 12 ab 89 a
R + 1,761 0018 0.0 1.1
- 2516 5.7 b 12.8 C 7.8 a
R1 + 1,360 0024 0.0 00
— 1.794 20 a 0.6 a 50 a
CV (%)~~~ == - 1733~ - 39.23- -~ 49.46

“For spray schedule in each treatment, refer to Table 4.

"+ :bagged apple; — :not-bagged apple.

“Randomized block with 3 replications, 3 trees in each block.

YDMRT on not-bagged apples.

‘White rot, determined by incubation of the harvested fruits at 29°C for 28 days.
"Mean % latent infection based on 180 fruits (20 from each 9 trees).



04 FFA TR A 1Y A 135, 1995

27} algd=dl, ojuw 18X 18 mm? cover glassil o]l
E2g ExE 45702 o] A7|HE ¥EL EAE
H)abo] A|ztE|gich 749 kel 7He7F As A
e Bt Exle] vjibe] #al=lgled o=
2~z Fe 9 JFEd 93 vj4ate 2 ks gl o25).
EARQ %ALY wARS- 89 ZFHE Al=MEHG A,
9 Fo] 2atd9) ofgk ul4te] Qdodedl 10~154¢
Atolel], . 20~28U Alolell 50007 o] v =]
Eazb v)ak Hgloew, 109 7R AAREE 2o
227} viarE glekFig 1). o9} 72 Ex|E A
2 o] § Sl Zleg 4 EAWAL Azbe] 7Y
Zeo g Wl =9 FHa vt A7)7F 99 -3}
golgdth= #Hol 2F 714 o8 A RiuH
FAH4.13,14,19)3 ¢ ch=oh ® AR ALl
qg FA AFHE FE7 AR ] o Wl
glov) ExEF A% 7Y e HFow O%
Ax zrase] 89 s olFde A AsiHe
Rog oA k4, 13). weba 199246 7+
Aol migo] Al 7> ExpL u|ite] #HAle]
7Aool wolx gl 849 3l o] Fol] HFEH e
Qx, dutdeg 7 715 7|Zked dE A sle
64 F5ollA 89 £ 3l o] 27| 7A] FH7) w5
Hols Butk ozt Eate] wlite] YA o}F A
7] "Eal Aoz FA=c)

199240l = KA H o wH-go] oS ol A3
F7re} zle]E wlE3l7)ole ik ofEE Aol d
7le s AFAe ArxaL Zeig 7b AgTe
gloiAle] W gl EAA FoArl AR
&=}l 2xE 10d 7HHe 2 43] 4x3 Bl
Fob 13y Ao 33 AT B2 232 6%
kel A 79 ske7iR| Y] 712E Foll <Al AETE
A& £33 RIFY W ZHele fox7F Ut
(Table 7). Z22v} o] 5 37 T} Ex L A4FE31A
%X 10d Aoz Fheu]FgokAube 4EF RT
Zroll e f-2 A7t 273 5 gl v Table 7). ¥ A 2 Q)
uhg-go] )= slA|uk AR AP F7re] ehd

22 o] AHFA AxH zlole} Ha e
oA eyl s Aoz Az AFXHHS
We 7t sl 7|be] Wi A ZAE7)17F =]
N olite] HEBR(5,15) 2 A7 o= 7HA F
oko] Aty Ely] uwjftel] s okAle] AAA WAR
o] g 72 E AAsE 9A wvh

o] AAFe A& o] A I} BER w|F FFE Ab
Yool ALg 7158 N2 A S wFslE v]Fel
olu] AFF L 7|Fo] & dAd MR HA

AEA71E Boll7) fal @A 2l el A Al

AFHA S dAE FEFH e 8F 29
o] o] "o g A7l e AR LA
A3 BEN2), E o] Hdle FEH UA ¥AT
At} Al 7]7Yel] £3] 22¢]2 Sl chlorothalonil
9 thiramel] g 2FEE AFAY) A gl
ZE 69 iy 104 FHoR ofAE ARSI
vl oA AEAdS J]FHoR 3t 3d 7FHew
HAE AF, A B@AdN A 22} o} A EAE
AR 3, 9d ofAE 9% 83 AEF F
W ES ARG 2 A FFHASH Y] A
£ S8l Al 7)7 F A AH oz AR 7R oAl
folpet, mancozeb, imminoctadine-triacetate, oxine-.
copper % 3BT Aol 5F0|T captan® Il
100 mm °]4¢] AF 724971 9 Afols dvA
ATA AZEAQ 1097 EAL ol AAEFATL
fAR A BagoKe). A 5(6)°] T ole 2
Ag Avs 7 AE7 WA AR zelE: A
TR AEHIEY] Ae]R =oEte dldd To] #
Reg Az

1992+:39] EApulake 7€ 159 ARE A#EA
ong AdA AR Fo AFHHeH B
AL 7Y 8] AxFEo|n 1 o]xe AXE A
FHAS Aol #3e] e Ao #dEd
=, 89 31 o]Feo) AxL A APy} TR
E9dl A AYad 4= Qle}. 7Y 1992 7Y Foll=
Z28) wlakeko] - M-S ¥ab ohdzt S
A 2 24 757t A9 ddens zhedol
713 el doud A7l 8Y A-FEAHE FH
e} upebr] BFHALH ] A A & daks
v] A ekAle EALY] w]ile] EA3E] Al T2
st 8Y A-Fool AEE Al FHe=R F
L 11= S

o] 43 ZHE FAeA Euiw Bl B27ollA 7¥
289 o]Ao| AEI Bxd2 AFHHEH Al
e & 7|dE A X AeE Azgd 2ed
79 28U oF A|F ol AbxE EHx o3 1% Bl, B2
Foll A% % captan, imminoctadine-triacetate 2 fol-
petE o= Zolvl AFHA S WAl of¢ F&
B3} ole HAEC)ERE) T AT FI
7t A s gyl AR FASA BExde
AHEER] W AET FollA B AETel H]
2% A WA AHE vebd A3 T R17-A4,
o] ATl 64 FEHE 7Y stertA] kAl
HEALE 6~942 FHoH o7l AR w7}
e AR H¢E ZUMAZ A 24 4
Ao g goksldel o] Aol WA A Wl

o, nde



KOREAN J. PLANT PATHOL. Vol. 11, No.1, 1995 25

937 9 BITY AEHS wlastd 7Y ¢
o] A ¥ imminoctadine-triacetate o} ol A3
zlo]7} ¢ick. of2}4] imminoctadine-triacetate= &
=3 B3 AR} Qi AeE A 5
olgiet. 28l A&t Ao g ok RT
o4& Bl B2 ¥ RIF} Ao 22 A ZHF
Aol e otAdAel EFHrt Sle folpeto](6)
ArxsgE, 205 89 7Y benomyle] AXEH 7
o)9lell & oE Ao} ZA gEkxl Ae] gith
welA] o] APFeie 84 7ol AEH beno-
mylel] FAI7F Sl ZAog Az o] AV X
A}2) miste] FA3 Fvlske A7ldew A&
A% HA Aozl & £ gl 24 o] A%
A7b 2w 13 Feed 33V ek AFEA
Sile) glol Fapwlat HA7)o AS- Fele o
A Fo| A7) A Fdol| FAEEE(T) L A
71 & e EAAG oA Ao Fof 4
29 AL U= e r A4°E 4 glE AR
A z+Et}. Benomyl & &) $-8] vete] Alzl Afuiol
A AR HLwe] wAE s dy 2elx
e mFME FFHHSHA e s &
7} E& AR dHA gled 2. A 502 ol
ok o] AT WA fEe] s SHE 2
3 u} 9lo B2 o] Hel ohal] MHE/ A=A

g 1992350 goiME HAdwel niriA R
FErdgo) FErZx] dWyE Ho o &
Ao vehg oy} AlgF7tke= 27t A=A
gkcHTable 7). wahd] o] AlgolA velhd &
7t o= Aol 2" AlA HF3] FAHE)
oz ¢ Admexe FE3 vlarx R AEZL
odgo) ATl Aelr} @har = 1 B EE 28]
=2 Yohe Mo Hud AFAe $F E AX
7r7o] TUdslA = 849 Fh o) F o) zhpAdel
At A|71d) 2t o= FARc) wepa 1992
WE APelA AEzrdew) AgA Az
Aol T WE ouly} g o2 fdES

19923159 Xl E Alternaria malidll 93 3}
AL wuke AW B} ozt whE 109 AEETH
vehdz] Alabledl, o] #ell lelAe] zHEr]7ke]
e Ae g Adxdae) &3 ob3
IR o1 E AL 99 FF o] Fd AP" ZHeoE
ZAE gk 27 99 F4 o)lFolle A AT
benomyle] ArEEF¢jo = Z(Table 3) F4E 79
Al7)ells Al FAbe efAl 2] zolr) glddont, AA
redgel delMe 7 Al AFgE Aelst
U tHTable 7). et A dbgga o9

w-g(Table 6)& uvlws] & Az, AFfis 2
9] zpol7} QAT A7 AR dAsk
v Qo) A} o] oty Foll A A WhHo] B
spo Hulsloic) olet 7he A} o] Hef glelA
Wuld A HAE Fab7} 2L ZGLde] Hoke
(17,18) AHdE B w, A dged qlelx A3
F7re] Aole AP UEe HoloA FHE A
22 A Fute gch

19923 59] Algoh A & u|F8AFAdY B
AE 3~43 FrIPud Ha AR slejAe
elebido] ole uhAlEe] z2HAe] 71t Aew &
JIsigich 2dd Exee A7)} HAFA, AEA
g ahuA|ele] 8ol AFHEH, FoAEE FAE
A e FAAlFle] Aoy FHAe Ao
Va2l ARz Agte] olcke Afde] WA F
7ol A 4 o3t QEAIETE 2 -d 19249 E
2] Aol M o9} Ze AFe] v ExRE At
4872 gax wF $£E54 Al AuE A A
Heo| Ao 7Msd F dkes B 7HA Fad &
A7t iAok 94 R1Fe] 9% imminoctadine-
triacetate”} -l A& Bxaz Ao F
Abgr &3yl glen] HRHdiyI ZAFHYE
FA w7} AVssithe Aol SR =T =, o)
A S AEF B2TF % RITINA 33 Alze
FoF AFEHS FARE A3, BAE e Fo A
z3hd AF EAE AT F UE sheAe] AAkE
ATH9). melA o] <Al E B 4l A5
7t $1g 7ol 2~33] molsld 8 WElE A%
Aoz WA ¢ Qe AFA A4xHo £70] 7}
& ez gdse] 3dA Algdeg oyt

1993 A EHOMC Fo Halldx| Alah
19935 o2& ojat A& 71 AntE HFHA
S AT HRFEGEY D A FHEe] oy
Aed, 53 AS7Hx £ A7 =HA @i
ZATe) 84 & E LAEY] A3l 94
A dite] e AR Hg7tA] ks
Ak F Al ol A 9] GF-H el w2 2w 9
WA A gAdgk xpe|E el gl=d(Table 8),
Al F-7hol] AbgAl o] FFolA zelrl UAW AL
79 4¢, 84 11, 8 30d el upr|gt AEq]
949209 Wolct 25 HFHGAHY W] ZH o
AES v AR FA=E Axe 7Y 4947} 8Y
119 folw, ZAFHe] gloyre 79 4%, 8¢
119 % 8y 30U9) 33 Axo|n=m olF Hale
HEA| & 3ol 9leixie] Alg7ke] Aol L A7)
F ATl AEE AL o] & W U3 A%

V4

B o |0 A

—



26 FgAEHeE A A1 A 13, 1995

atolell A FaAlE AoZ B el gleh o] AF
dl e FAFHddun 2AFH e ik A o
Ao A5L MER AT vl glen sy o)
8k e =a+stel. 22y} imminoctadine-triace-
tate7} 2 A]7]ol] AEE ©lE okA] Hr} olE
712 el s WA Ealrl $5Elcle AL By
Aoz P7=E Yo

1993x 3% 8] AlAAFHASHFe] WEA H[4RS
Hdze] wla] oF 17 Yo} whE 6Y FEHE] A
ztElglon, 749 shgoll A 99 4ol AR B3] wo)
v AFE A Fig. 2). 71427 =3 %7 Zel A
Tl g wl$ A3e 270](13) )7t
Zo| A& o2 Jelytel 1 A7 Table 994 B&
ulel zro] Adx o] R} Aol w53t AbdA A
z#o] £9" AT FE7|71A] wWlgo] Hy
134%% zAFE 9t 19933% AlFeA AT2 BF
73] AgAl AXHA| A8 Ao| o)w] 7]&dt vle}
7ro] 74 44, 849 119, 84 30Y AtEox AT

o

Table 8. Control of alternaria blotch and marssonina
blotch with different fungicidal spray schedules in 1993

Alternaria blotch Marssonina blotch

Treatment®
% diseased t- % diseased t-
leaf® value leaf® value
A 11.6 3.333* 37.1 8.170**
B 09 1.7

*For spray schedule in each treatment, refer to Table 7.
PRandomized block with 3 replications, each block: 3
trees. Mean % diseased leaf rates based on 1.800 leaves
(20 from each 8 trees).
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Fig. 2. Patterns of airborne pycnidia dispersal in Borry-
osphaeria dothidea and the precipitations in the experi-
mental orchard in 1993,

Table 9. Control of apple white rot and fruit infection of alternaria blotch with different fungicidal spray schedules

in 1993
Fruit diseases till harvest time . .
Latent infection®
Treat- Bagg- Sample White rot Alternria blotch of white rot
ment* ing® size® T : ; ;
% disease t-value! % disease t-value! % infection’ t-value
A + 2,073 0.05 00 0.7
— 2901 134 5413** 137 5.210** 237 3.593*
B + 1,747 0.0 0.0 0.0
— 2,776 35 10 44

“For spray schedule in each treatment. refer to Table 7.

"+ :bagged apple; — :not-bagged apple.

“Randomized block with 3 replications, 3 trees in each block.

“T-test on not-bagged apples.

“White rot, determined by incubation of the harvested fruits at 29°C for 28 days.
"Mean % latent infection based on 270 fruits (30 from each 9 trees).
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Table 10. Fungicidal spray schedule for farm demonstration in 1994

Time of spray Fungicides
Target
Month Decade Primary Alternative
Mar. 3rd Thiophanate-methyt Valsa canker”
Apr. 2nd LTA® Scab®
May 2nd Myclobutanil +Mancozeb Rust?, Scab, Moldy core® efc.
May 3rd Fenarimol Mancozeb Rust, Scab
Jun. Ist Mancozeb Thiram Alternaria blotch'
Jun. 2nd Thioram Mancozeb Alternaria blotch, white rot
Jun. 3rd LTA Mancozeb White rot
Jul. Ist Mancozeb Captan White rot
Jul. 2nd ILTA White rot, Alternaria blotch
Jul. 3rd Bitertanol White rot
Aug. Ist LTA. Captan White rot, Alternaria blotch
Aug. 2nd Captan Mancozeb White rot
Aug. 3rd Captan Bitertanol White rot
Sep. Ist Thioram Marssonina blotch
Sep. 2nd Thioram Marssonina blotch

* Imminoctadine-triacetate, ®Valsa ceratosperma,  Venturia inaequalis, * Gymnosporangium yamadae, *Alternaria spp. etc.,

TAlternaria mali, ®Botrypsphaeria dothidea.
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