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Melanose Caused by Diaporthe citri

Hyeog-Mo Kwon
(Graduate School, Cheju National University)

Summary

In order to elucidate the cause and control method of citrus melanose,
the causal pathogen was isolated and identified, the pathogenicity, genetic
variation and growth physiology of the pathogen were investigated, and
the ecology and chemical control of the disease were studied. The results

obtained were summarized as follows:

1. Identification and physiological properties of the pathogen

1-1. The pathogen isolated from dead twigs of citrus trees was
identified as an imperfect fungus, Phomopsis citri, known to be the
anamorph of Diaporthe citri and its pathogenicity was confirmed by
the inoculation tests.

1-2. The size of pycnidia of D. citri was 112.2~614.4ym in diameter
and that of a -spore of phialospore was 4.7~8.7X1.9~35m.

1-3. The 18 isolates tested were classified into 4 groups by

cluster analysis of genetic similarity of RAPD.



1-4. The pathogen grew vigorously on PDA at pH 6.0~6.5 and
the optimal temperature for the vegetative growth was 26T.

1-5. Mycelial growth was best in the medium containing sucrose,
starch or maltose as a carbon source and yeast extract or peptone

as a nitrogen source.

. Ecology of citrus melanose

2-1. Development of melanose was observed from the mid June
to the late September with peaks in July and August, but this
pattern varied with the area and year investigated.

2-2. Incidence of melanose had a significant correlation with
rainfall, especially the amount of precipitation.

2-3. The conidia of P. citri germinated in 5 hr of wet condition at
23~26T and disease development was observed in 10 hr with severity
in prolonged period of wetness.

2-4. Melanose occurred throughout the whole growth period of
fruit from the beginning of June to September, with the peak from
late June to late July.

2-5. Symptoms of citrus melanose appeared as black spot, mud
-caked and tear-stain patterns. Black spot pattern was the most
frequent type, but mud-caked and tear-stain patterns were caused
only by high density of inocula in rainfall.

2-6. The degree of disease severity was in the order of late
maturing citrus species, early-maturing Satsuma mandarin, and
common Satsuma mandarin. Significant differences were not found

among cultivars of the same group.

. Chemical control

3-1. The suitable period of chemical control for melanose was
from the beginning of June to August and the most effective spray
schedule for the control was the application at every 150 mm of
precipitation accumulated. The chemical spray of 6 times at 15-day
interval effectively controlled the disease, resulting in the degree of



disease severity of 10.2.

3-2. Proper volume of dilute chemical for spray was estimated
to be 600 ¢ /10a in adult trees, but the volume could be reduced to
400~500 ¢ /10a by adding spreader.

3-3. In order to decrease the number of chemical sprays, the high
concentration of fungicide could not be justified.

3-4. The labour required to spray with power sprayer, speed
sprayer and sprinkler sprayings in the tree-thinned orchard was 59,
19 and 5%, respectively, compared with that with power sprayer in
the orchard of dense planting.

3-5. Power sprayer in the tree-thinned orchard resulted in the
highest level of chemical deposit to leaf of 82.2% throughout the
canopy, while sprinkler in the orchard of dense planting the lowest
level of 43.3% with little deposit in the lower part of canopy.

3-6. Power sprayer was most effective for the control of melanose
with the degree of disease severity of 13.9 in the tree-thinned orchard.
Degrees of disease severity in the orchard sprayed by sprinkler or
speed-sprayer were 21.8 and 29.6, respectively. Sprinkler spray in the
orchard of dense planting showed the least effectiveness with 32.3 of
degree of disease severity. Similar trends were observed throughout
the canopy levels.

3-7. Sprinkler with the upper and lower nozzles was very effective
to increase the deposit of chemicals and to decrease the disease
development.

3-8. The speed sprayer was more effective in 1/2 tree-thinned
orchard than in the 1/4 tree-thinned, with more chemical deposit
and reduced disease development.
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PNE MEEXS 1968FE LIKYEH REMCR MRS 1995F ®
7 21,605ha2l AuhE AN A 6147708 ] £EEHA(AMFE, 1996) -t
F20o EHMEZ BLEAJAT BHE BEMEY 60% LLEE AAddc E#
E¥xor BEHJDG. 23y KE WTO title =& EE BRRHY
AP ML ol e AdFd A& A7) AEo] EMMHE 21 T
o B AEAAM B SaEY Mk £ECR BRE REHZT BRE
AlACE & o2 Aztdn.

Doty SRE FE4AES AdME AEER REFR L REEG
PR LESV FES BhEM R ERI0R B 4 Ao

BE BEAES HHBE #4sde HESY BEE 9 B8 BEEoY 2
F HeAFHY(BRR), tdoly, &BK, vtolal 2 Fo] gL RE
b Sle XE AEoln mii @S 3K mES &+ AG

HA2AFHY S FREA & FYHe Koz o, 7HA, RR Fol #
f3lo] HES FAYL HE MEY He A2 R #Feld 53 R
®eo £FHY 6AFH 8AZA BN/ B EHHAdMe FHFHY
9 BFoZ EXY ABS BEIA REAA HEKE BTAI= #
BEZ A0 Y U7 x#d BRI Je #HiER, 22D FREY
o B4ol Bel Hi e HEFT vR/EAZR HeHFHAPTA 23
ERs e HEoIth(Bahgat, 1928, &, 1938; 41, 1979). oj21d HLH
BHY Fho]l AIFEolA mZE A 1971FKS Bk BEHEEAA &
#e Aol AgolAT(HL3 T, 1974) K fiHgol LELMNATEH BAE
e g0 3 F=5 1910F BAORZFE BMHEMH AL BAHNU
o 1960FMRN-E REN HAE/ RBESN B #AKkel BAY BT #
£ o ARy BEHUAD Ao HEATY. 2 LI HEHRENL
=] HFERY 60FER ®PLOZRE T0FR B4LZAAY 3o HH



FHY S vidoly, REHKA vl Pikke EEE7F 13 AR ¢ggto
U BOFflell SolA AR RiEMmAT Bme Y5 MK, @ ¥
°o% RE: EEEV 7MY & RER #EEL Ao

HeFdFHH e B2 £ 3, 40 BEQ EHHBAA A3 Bk
olFolA L ot EEF, MEKHNE BFEE, BEE F REEHE) WL
ANt MEpbriist BFHEEAN 2R/ A7 dEd BREEE TRKE
ol B 4 At tiKo] B BN TROE HE&IFHY @k
Fol Hlv MR BREE MRS AU WENANY BAR KE £ F
AEHY B4 BHRAI D e Hfold.

A27A BEARAANY ATl g AREE olF MM K@
BAHE #A7Y J2HTHY BHRERY BR EE AR Pl BFK
fEHo ol2lgol Bon AL BRAMNT A2HTFHAY KRS BE
ATk KESL U7l W&o FEEREFI HABHY TEHESLE PBRN
A7t "ol ol RE3 PREY, BRER, ENKR T EmHE
o] o] Fo]zo} A

& e B HSFF WY 4£848E 2 BRES RHFGoZH
BEHY BHRERE Eiudde o A ASIFTHY L dodle HEH
< S#MEESSHL RAPDOl A7 FEHES BEY BR 54, & 4£F
o vxe BRE Y EHN ERS Afsdon eI W B4AW
R, Bl € ER R85 KMt 2R & RHEINAY. o M
Pibpir i € B8 a2 HAHBBR HEkdd didtd i A,
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1. HRE ZRAE, HRE U 480 #R

Fawcett(1911)«= stem-end rot®.2 HH HFEE-E 5% 3l Phomopsis citri
Fawcett2 &340y, Wolf(1926)7F sz Lol Hola Ut KEKZEE
ALAFAYT Y T2 HNRE B R3 Diaporthe citri (FAW.) WOLF2
#BE3 AT, Bachst Wolf(1928) KBS 2 BE BRYUZ Ho o8l K
hatg i, 2 ol el Fawcettt W2 EYotel A &EH } sell bark (B &
)& dodt MEWE Phomopsis caliprnia® HZ QAN T #5
LM E2HERE BRI Wolfe] B K& WS & Diaporthe citri
8 F—¢ Aoz H&3Ath(Fawcett, 1929).

HAeHFHYS X£<Q melanoses Floyd(1912), Stevens $(1918a,
1919b)o] B-E S #3te Fawcett7h #RENVYD stem-end rote % EEI
Al—& Phomopsis citrif-& BRAYH} R, AT Fo] Fxo
BAR @l MM EHES gum WEL SWAI 7 i B A
719 olglg EEol A71€ %2 melanosedt H#EFUA BRI,

RER(BSHFHAY)Y #ERA HEL BEH1914)0 A Loz
#wEHA Y FEFH stgor], 19149 29 FEAA Floydst
Stevens®] WA E BN AM HFEES ML 2 Phomopsis citri2 7] 4
3%t Bahgat(1928)& #hEMol ALAR YW TS A— &l 8 B
Hol BAERd dsld M3 #4459, Mx(1932)E Winston -
Bowman3} Bahgat ¥ BH4tdl tidle] M3 HE3HUA Ege He
HFHAYY BEFS B~ HEEQ Phomopsis citriol 21§ Ro =2 z:p
A, KE(1938) A HeFFayFol alx BIsH, &K, ded
FHY, #ER Fol Arlddn dYY. £ AEH} HANR2YE B
ol B HEANA & ol SHARE 11A) 2A BHSY RERK £
Kol ®WERS dodudy HEFAAT, REHY 2Zd osye



PhomopsisB9 —fo2 ZEHVL Lol I F, HM1932DE KHm W
FANAM 2 REEL Lepthothyrium pomi 2t P A9 LHW(1938)E 1 BS
Phomopsis citri Faw.o} 7}% 7}7t & ZHeola &},

AeFFHY T BES 270 HallNe AREN da £/ 2RE
HA=d (K, 1938; Fawcett, 1936; Mch ot s, 1950; 4 1L, 1971; A7,
1917) LB (1978)= HFRS HEK HE N#EHOT EKo 100~430 m
oli, HITFE oliFe AT 2BEEAN o HFE HE MRS KEK
olf, A71€ 5~9X2~4m, AIFE E|E HHEI HRk¥oly A7e 15
~25X1molx, FELS 47~60x8~11m , FEBF= 11~155X3~5m
2 E®3Ao

HLATHY Biol A WEE T2 A2 BRY HETF B
A Aoz AF7AA oo g WRI F& o)1 Aok, Wolf(1926)
Y4 Fawcett(1929) ol ®2H#MRQ FEEH B4E L BEY old, BEA
v BE(1937)7F &% HHES @MEROZRY S8l REES MEL
o B& H%sle FTERES MRAI UK, AF1968)7) BMEE HEE
AN HEERAAN FRER FRE BENAT, £1U(1973)E FEMRO BB
Well M ofzte] HEZ HRIDTL stglen, oo @ HEHL BES
T F Z2ttRe dFg HEE B2 o2z,

B H2HPTHE T FEMC A H LS FEes(1965) WHETF
20E gkl i@ ZBAMAA Hikol Wt HEHo Y2 #HEHYL,
#1973 FEBTFSY HTd BERAR &8 A9 2 gz B
REATL FEETF FEH 4 Z@ ARdn 9. a8dn 40
(1975) HLFFH Yl Ao HUF NBE EHROZRE Phomopsis
B Z#sgon, ol NERF(A2FHLHATYY)ola 643 A.

HEFFHAET Y EH BEL LBU978)= 16~28ToA BiFstx
BEL 24T Hgolast Aod, Mg 19500 BE REEES 27~
28T Alo], &£#(1938)= 28Tt 3l on, BE BE pHe H& 9} dift
(1950)= pH 6, ®{& pH 3, && pH 11 Mifolat st o, AM(1969)



FL 33758604 REFs L 2 LlEoly I LIFe pHAAM @So]
#ldon sy,

Hepol S (1950)E e RBEE BAFAswAN BFHHRC
BIFgS MESAL, &M (19792 HET HFc BE g} g 25
Tol A 1085f) R@% BHFED, #F £K FE BEQ 39 5%%AA
B R OBFE AFo)l RESAL BE Hmkr AT > X2 > 4% JHo
2 BF} REAGT i

2E REES BfolatEA o8 71X ER o3 Mo S1bel MEE
Aol ol HBLE o2gol B BT BRI ABWY &S primers 7
A ¥ random amplified polymorphic DNA (RAPD)E 4£%i8 H#E M H
E, 78, 2, £ BREPE, RHKESW, BET mE fFR S A (5
AHI AH(Huff ¥, 1994; Welsh®} Mcclelland, 1990; William %, 1990). #4
¥ W& AAMZ  Crowhurst %(1991)3 Grajal-Martin  %(1993) &
Fusarium®] race #3{tel Wldla], Schafer®t Wastemeyer (1992), Manulis %
(1994)2 HREHS FEREH BEHES ERN7) $938td, Guthrie %(1992)
< Colletotrichum graminicola®l #EH REL W7 93, 281
McDermott ¥(1994)2 Xz #HrleH o #lERI BEHY HHAMES
37 918 RAPDS#Hi& S EAE v o, 2281 BEde &%
R ZHolY BRE N3 EHK EHE HBd Bol ogdu Ys
K& ol (Bek@ Ligon, 1995, Audy %, 1994; Hartung %, 1996;
Koenraadt ¢t Jones, 1992) H2HF e g HWEs B o
=3

2. d2HPHE RELR

Burger ¥(1923), Fawcett %(1922, 1926, 1929, 1932), Floyed(lgll),
Winston #(1927)& HA&HFHY 2 vl 71X o] YA AE HEHE
RK £F UM o BE B Qg2 49 EEolY A, 7HA Fo) B



Rgo=zH BEHS FES UL, LKAYD:= KRBEE, ARFEY o
€ A BAER, REBES VR, BREBH, BBMKR 5& 9 9
2 BREES BRER F FMQA 48 IA 2RV doa 9o,

AL FHEY HEEA vl 7HA= dd #H7EA 2k ol #
W, dug, v, 2 Kt #HEY AR BTFE MR (%W, 1967)
ol & ZEA M HFER R#ie o2 1A BRA A A e,
WA (191 RE AdAM RERKS HEKES 6~9A, REH LA &
e 5~9Ad ®eol BREN @Ko ddx sgon, BHEMER
O EHEeIM BAo] BRI 60 ERE MELHLEY SAA MRE &
A BT GHEe Bdxn .

AeAFEE e F2 vt 714 9 HEFo dslAM T4 s (W
&, 1991) T2#ERA FEBEFE BREH BBRNAME HEFRO
Fhol o IACHCA, 1971). 2 F WEHAYDE HHEF BAEER
O AL Bo|XYU S5ANYE BWE L B MBI BHE FEBFI
ZEos BAEYS HEINAD. BT BRI BFA dP #HEE Qo
A=l PR1965), KH(1973)6 L HFRIY BT HRAs Kol &
®alo], BEHE<= 20~28TColY 20T/ #HEon oMFE 15~20Td
A el ZEAT 2 ke BECAME ST 8o HRETDGT 3
A, BF(1BNE BFc EHER ToAAc 48R LR FEHKsx g
BdAMe 18 LlE £F%dn 3449,

¥ MEI P BEFM M olFojx =l Winston?d Bowman
(1923), E=+(1955)€ M# A7t Fol HEANR Ad ol B4EERo| dvtxn
AR, WhAR(19D)S EEESA BT REFLS HET 4101973,
1973b)= 40~100m 74A] R#Ackn ok £, £FX %(1980a) #E #
B ORE RREVE o] el EE#ol =un A KM WLWHA9IE BB
Xmel REol B REel vls Faol B MG HE AR EXol
N FREHS W ol wal U 248 BEES, KE REAY BT
Mg R BRI



HAeFRHw R BE B £ BES &£ MES ded #
Ao} AM(1988)€ RHro] 20~25To] B 12FR, 10T A& 3R] BT
EHY BHAAS 25CAAME 28, 10T 22 BEAAM= 1B Fr
Fdadn At F(1976)2 24~28 TollA 8BfM LiE BREER K
BEol FHAG dHa, A&K F(1980, 1982) £ SEFMITHEl Wi
For #F3t] 8RR HFEH RAL HBIUISY HEEN Bt %
Py g BREE R4,

Af §(1979)2 AH 9 MRS FEF3A HEo Hole nxe I
< A8 AF 75% AAE dolrt A3 AAEHM 90% o] &
Hol M= M WolHA FUy AAFY F84 Hde yFo wolzn
AZE FAA01 3.

HE F(1980)2 TAe Hol KL 538 67%7 o]FolA 1 33%
7 #EEE #83td TS Wi, Had HJA &FIUF 99 ¥
A XE 19 & FPsEn 29 Fole 2H"En 7€ Foe 2 29
¥ RIYMNEE FAHoE 3~559 MUl vy ozr AYsed 1 F
2y flEE AHMEIG AL EEd 10~12%9 A EZRE callus
7t AP 2N dAZzA aaste AN 2o IAHdTT 3
% (BF& 5, 1982). B¢ HAe&HFHYo] ol Ao =AM Y
o A/ AAAI = HEWHESL Phytoalaxin® B 3An(EXx ¥,
1986a) {L.Z2#:# 7} 6,7-dimethoxy coumarin(scoparone)¥-& ¥ & ch(H &
T, 1986b). 1i I FJYA HEY RESHES Yo AXEY
FEAR EAse b JAZRHNME AEHA 47] @R BRI
gor FAIPoH(HARL AR, 1986), £ r -amino n-butyric acid
(GABA)Z T3 EX F, 1991).

BEE o WA= HEE w2t Y gGEd ol ABEES £
oAy & Aoz Azts=d, wmEe WA(1961)S ZEHTEHK 3EA, H
(1943), tetER(1965) ¥ 6 AR clel 8 A1, Burger(1923), K#k <t #
#(1964), Winston %(1923)2 %4t # 1EA 4ol 3. ¥ WXk

_10_



(199D 6F ¢ BHRMWR A £ BRklic FHMS=Z 6 L4
ol i BAAMIclY BAEMME BHIEH 10A +4&, Bl 108 TH
7h A2k Al TAZMIAS W%, BHLU® Y B¥S ®igkFoolt 3
o HEAR9S)E HEIRK T RBER 1A LaznA BEsge A
< HEIATY REY BEA= ME7 Y BREHF IESI T 3
A, 23y Burger %(1923), Winston %(1923), Ruehle®} Kuntz %
(1940)2 HHBHPS B4R XL HEINAYL. W 401979 HL
AEHyaol HE b @EFR B4EFER €9 AT kK (1965)
v AeAFHY ERAE BEY, BREE, B Aed, o B
o] RE BERUY MEFEA £dd o3 HREY #Higoly RUET
getA7] fEoln BEWYA BRPIFE FHo HLe 6L Ho RXK
A= & HAYL RREFO R ALK #iid B D &8
o] K WA KxBEE Yl #HE €2 v 4.

T2 dadAe £097Dd o8 19774 K Qo dHE F&FFHY
BEAB B2 olFol o HEwol 33 nndd Iy EKYY
%8 19814 K HwHES] MEAR B ERFEEJIM 0% BFRERS
LHT v A& %, 1981).

3. BMB K

Fawcett9} Lea(1926)« rl& 7HA7F He&HFHY B4 F HEEo)
2t st em JLE(1978)% ntE7IA ol EHE WHEFI BRER 5
22 ol& JHAdAMe BMTFER H%s BB £ 8 &7 g 39
oo Bt oA (1963)= REKS] BAEKE FRAA BB RED Y
E7HA = 6AYE BTE BRI BEFOT s, WEA(9DE 54
BRE rt& 7tAd e 6A Y EH, 6Hd HRE ot& 1A= 78 T4
HEH BFE BERIDL 30 olad AL WEY o FHBAMY ne
7HA BrEe HEHN BB & Hxkeld ¥ £ Ad.

_11_



R FA977), ANR(1980), RS} /N R(1986)F L BFHEHRES FIMG
A2ATHEY B4 BT 2 05 simulation 29 g fFRdle ALy 5Y
W OBREN EBEDKRA EBAS g A

Kuntz$} Ruehle(1939)& H&FFHYW Bke WE B @HRFEY e
7hA S BrE o BEATOl BEFS AT REKLEH RE EESIU Y
o B 401(1979), XM F(1989) EHANAMY HeHEHY ®mEp BERE
< FREMA FRRED @RF B4 o #ES MK A7) 94
o EHAM H2HEHY Pk EEHS BREIAD

BRE ®ARMN diyde B WR £/ BXAJ=UGEES 7
#, 1975 #E %, 1981: K#k, 1973; K#ket # &K, 1964a, 1967b), L&
(1978)= HAXLES RS +EZ RE MARBE 65 Lofy, 7A L
4, 8 = TH 382 E£H3y sloy BMEgd wala 2~3E EmE
VEZF AT Ao,

H2A5HY BRE AT BEGRHR B #FAMd 98 BHRE 945=2
(Bahgat, 1928; Burchfield®t Geonaga, 1923: Burger®, 1923; Childs,
1950; Grafrts ¢ Foy, 1962; Fawcett, 1936; Kuntz $ Ruehle, 1939) 4%
3 @ol ool WH F(1966) & R# WEM BN} HERBS
534 Captafol® Dithianon, Mancozeb %ol K E£7} #Fsldn 39,
W (1991)= Captafol, Dithianon, Mancozeb, Maneb %¢°] 7} %4 &F U
t}&-o] Zineb, Chlorotalonil %ol2t stgon, B¥E FEREA PHBRYEEAN
HE AHBAA RERNO F EWMEe fFE Wb BRAE] Do
A9 3P £ BEHA M) REM) EAS REN FEH 4%
ES BAOANAL BHMMe] Ao B REMAAN BRBILE
RAECZ BiBRRERA7 Bigdo At o ot HeHTHWe A
ik Aol EAARKA dANe B KR KEDAD K %, 1978,
1980; E R 9} WA, 1973; Wk, 1967).

—REC R KB HES BREMc 8K, BAKE, BREH Fo o
of 3te2 REEHE N HAEI ol olFojH o (kES, 1957 £XK

_12_



s E#, 1960), WWH(1978)c MEM &H B REM mASLZ RKERNI
golXE REME MAY LE/ floy M) EXEKS BEMNIE #&
e BREME mAsdE Fod1 @ K@, WHA9DE REME nAY
LEZL g A,

Axyaay Pke P F (1970, AE %1970), NERE 19T A
Bk AE(1971), WA(1970) %ol AN KAtol HESHAUEH, Wk
(1991)e 22323 Bk B FEE AFRES REERN 713 B &K
(36.8 dyne/em)l A& BAE 4002 /10adM |Ae HFERES B, &
RS EEEHKABT~54.1 dyne/cm)AlME 800¢/10a, EE®E Dol
102 =& (725 dyne/cm)olME 1,000£/10a9] EAEAA B
HER 99dn Sd9Yg. 8 2P Zed P FL2AFTHAW BB
BN MAREE BHHEEE KRS oAV s%ov, MRS Hx
AR, REHER, BR FEEHN T g d=2y @EEe 400~ 1,200¢
/1022 BARBH v I3 & LE/ AP FAG. 2097
AeATYY BRrAKAA HBITRE 3, 48 RES 15052 HRE 1, 2
B RE B BRXo & 2871 g3E #45F v A

_13-



Im. #& 2 HE&.

1. FREC 2RAE Y &2 eHAX

1) mEH 28 £ RAE

19953 EME —HA ZA 418 BF f#MHEAA A3 03~1.0cm
EEe g 7R S KEY %, petridisho] WEK IKE 21 BEKE
43 #EF oS 256+ 1T EEZEANA 3~7HM RE ZEIAG.
Aq7ldA HmE HREBEE Potato dextrose agar(PDA)EHuo] BHi3lo
18 E&(E 1E BRIAL o5 AT £ HEHE BE, BEN ¥R H
# B REHNZ EH3A.

Table 1. List of the isolates of Diaporthe citri obtained from dead
twigs of citrus trees

Isolate District of collection Variety
Cu- 8 Cheju city Odeung Satsuma mandarin
Cu-16 Noheong "

Cu-10 Hoichon "

Pu- 1 Pugcheju-gun Owa heul "

Pu-18 Hamdug "

Pu- 2 Hallim "

Nu- 9 Namcheju-gun Pyosun !

Nu-11 Namwon i

Nj- 4 Taiheung Juzu

Nk~ 5 Taiheung Kumquat

Su-14 Seogwipo city Donghong Satsuma mandarin
Sg- 3 " Grarpefruit

Sc- 6 " Kawano-natsudaidai
Sm-7 " Marumelo

Sh-12 " Hwangeum-Hakyul
Sn-13 " Natsudaidai

Su-15 " Satsuma mandarin
Sp-17 " Hassaku

Higol MY MFRoIY BT Fule vl WIEMNE, XEEMGE
a8y EAEBEME(Hitachi, HA)E FIHsd #HASL BERE S siysd
WFEFA BT 27 £#8Kk #3] 301488 HES.

_14_



2) mRES FEHE BE

HRE 18EKkS REMS HAENV A3t HR BEHA HTRAA
EBiHislol & 1A WETFE 2005 RSN BFROT IRFY
200 BEVH S8 HEKE BRE &, EX Smme WEKES K&
detolo wHBEAIA o] MAK UL HARNOR)Y RET 3Boo 4K
A FEAA BEET oS 256 05T ERBANAM RE RFE ¥ 4y
=& ZAIAH.

BREE SAANEAT ZAZIECEEIRTA, 1995)0 T3t EHR
RHE EREEY gz o mKd oo EHHAG. : {((AXD+BX
D+HCXH)+H(DXT+HEX9)}/nXx9]1x100. o] HRAM Ae 1% vlHe] HE
EREE Jetdle dvle 4, Bt 1~5%9 RE ERELT Yetdle o
e 4, Ce 6~25%° AH EXEXE detls A9 4, De 26~
50%9 mHE ERERZT Yetlle dvle , Ex 50% o4 RE HRX
€ Uetd e duie Foln, ne #AAY TAvF+E dedd.

3) MEES BN BR

(1) &%
EAEAK ISEKGE Dt % 2212 REY A 7IA25E o8d 3

@ B (Cu-16-2; ®M EWW, Sp-17-2,3) g m HEHR) gz
1189 Diaporthe phaseolorum BE# & & 2282 BH&KES #t3A3o BEMY
MRS AEIAGY.

(2) DNA HiH
2% DNAT: #Hig=5H F(1992)9 HE&ES #i3ld EAIAY. Potato
dextrose broth(PDB)ellA] 14H M % $ &#@E Buchner funneldl BBKS
FIA #rfesta, #i8 01ge 202 BHHAIA FEoA o g 3 lysis
buffer (50mM Tris-HCl pH 7.2, 50mM EDTA pH 72, 3% SDS, 1%
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2-mercaptoethanol) 1 & &3 2.0ml microcentrifuge tubeol &71 #
65TColA 1R§M) B2t RES A

o} 7]ell 1volumed] chloroform® #Hintk Z{EIA 14000g 2 155 &L
St e FA R 3M NaOAc 0.1 volume3} isopropanol 1 volume
€ Hmdte BAES %, @AM 14000g 2 S7H HALS S DNAE
HRAACD. HRYE 80% JdEYTE KHT % EEAY oL 0.1me
TE buffer(10 mM Tris-HCI pH 8.0, 0.1mM EDTA)9) 3%d. 74 CsCl
100 mg-& Himsdle] RViBolA 14000g= S5EI BLoHIA, o8d AAY
ol 1volumed isopropanol2 #H3dle] BAF # FEBA 14000go 2 5
B3 EALSMES DNAE #HRAZY. HBRHE 80% dUYZT= il ¥
EiEAY 938 0.1me] TE bufferel 59t} genomic total DNAS] #iHR
It 15% agarose gelolAl EHR kB3] BEHAL DNAS &2 260nm
Aol FF=(Ax)ZE BIESAT.

(3) DNAS 818

Operon Technologiesit 2 78 MA® AR SKE Kit A9 10-mer
primerE oA 1671A& & KWl FEANT. DNA BERES A3
o 5ng genomic DNAS & 1mM MgClz; 02mM primer, 0.75 U
taq DNA polymerase (Finnzy mes Inc.,, Finland), % 250 t M9
dATP, dTTP, dGTP, dCTP, 1X buffer (20mM Tris-HCl, pH 74 .
100mM KCl ; 0.1mM EDTA ; 1mM DTT ;: 160ug/mé BSA : 50%
glycerol ; 0.1% Tritone X-100) & Hmm3le & 252 3P, 254
9] mineral oil& BA®N &Hm3A. BE #KH#L Perkin-Elmerft o
Thermal cyclerel A cycled 90T (denaturation) 30%, 40T (annealing) 1
%, 72T (extension) 24022 X 2aP3le & 45 cycled ZITSA oo,
## denaturation 24%< AMZ 3 ulA 9 extensione 54 M HFEA
o). Y DNAE 15% agarose gel2 BEXH T L, EtBra ¥ faA
A % UV XM gk BEsA.
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(4) Cluster 4 #7

X E primero] &3] #ugH DNA %729 1R B WobA FEES
1, TEE 022 Z7dgen, & ol bandES B~ Roez §
. RAPD ##i& 9i3le] BEEFHM #iBA band Y HUE K
(F)£ Dice®l ¥ (Rohif, 1990)2 2 HEIAUY. & HEHKS Mol ¥HUE
BRE 78 & BUE matrixS fFR3IA, ]2 3 E NTSYS-Pcol E9]
A= UPGMA (unweighted pair-group method algorithm)& o] & BE#:M
F i EE WS A (Rohlf, 1990).

4) HMEHE 4£7H

Z= R R e T £FA vIx= &E, pH, el BE, ERE $9
FES U7 A A=, B 4£4F BE AW 1TC2RH
3CHmo R 20T7 A9 5Kk%ES RESN PDAEM AN #iTq

pHel BE®E zAtsl7] Astel PDA#ME FIAdgon pH 4.00]4
pH 9.07k4 05 RMfEo 2 11BES #E 02N HCI®% NaOH #H®o =2 #
B F AL HET3A 26£05C] @B =EIIAT.

o] M5 A2 PDA, malt extract agar (MEA), nutrient agar
(NA), yeast malt agar (YMA), Czapeck's agar % S S #AsA 1,
Z2FX 9L KEXEF T BEF RABHY #Hlds Czapeck's agar® XA
2 3o FEHEHEL yeast extract, peptone, NaNOs, (NH4)2S0s, Ca(NQs3)2
T SEHE &4 100, 500, 1,000, 2,000, 3,000ppme] BEES Fo A3}
Ao, REFHS Z= glucose, galactose, fructose, sucrose, maltose, starch
g #AsA &% 05, 1.0, 30, 5.0, 100, 200%=2 EBHEES AP F K
FEe HMsx 26+05C M@BoM smEIQ.

2 AW #3] ABHT RGNS BHEM HEEAM HEY NAR
Y o#d Su-M4EHE DE E#AAcd A B PDAsZmAA 10
H HEE BREBRT B2 EX 5mm9 cork borerg& FIA 3l hyphal disc

_.17_



T EMERSE vlo] & e hRfel B BENYL, EHETS 7AM
AEA

Hie] mWES REEHLA0m)d #& HZse 26105C Shaking
incubatoroll A SHME #% #, WBAIA 80T WiRBolM 48RRI KT
® wMES A

2. BLER

D 23749 BEBMR € BT B4

1985 F-8 1988 7+A] 44K HEMmisl AEHhol LES BEHRER
Bipe A— ERAM HEBMNS A 54 THRH 108 EH7AR 7
BRIz FeFFHe %K RS #Azxsded, AR He
AEHER MERZE e B¥S BH U F8 X F B4 W
k7t e BWE, WET B4EE F& BAAEdAY. KT Rue &
FiEFoloh MRS HRELSe] 20015 B TAAM HREAT, 001 me¥ fa
TR Jetl Ao,

2) B dF BEARKH L EEe B9

A4 REEMEL BE T BFd e BEL #E2 A3
o, slide glass 9o 200f% REMEE 1M EF% 250 A4 WHigF d9r
< ®BEAA & BEJZ RERE & % RS BFRS Hrsd
o RESRES BEZ JdeFFHY BREJ e EE ARAME
YFel M KRERF RES M3 5R8Y ftRAH T, 20015 BEHKE LRFY
2008 A%t LT FE RS EE 5Smme WEBEES B EX % £H
ol 3ol BEBAN ¥, & BEHNE HER AN RERESA o,
EEH=Z BEH RE B KTHY REAZ 28I d99L ki
T F A REEREE 3. 148 K@% A 2R B 9 3
SR BHFRES #HESAGY.
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3) BT R M

1992 AFHT TZ N LEF HHPEHN #HEHAA pot &4 3F
£ BNR4E BHE BIEHAE Bk A—Huoz Rize %, 5
A Thd % $3 potE uvd32o $zdh 64 LHYE 9A7A B
MEFrtt REAE Scme] MFAC BRE FLP7Hy #RIIAS 1KA
vigol 392 o2 A 24B5R HARELMAY %, 92 Fol TA
Yol S WY IS BHRET BENAD

1993 o= ALE TEES] HBHEN MERAM 2054 BIR4 3
el RES Aetd HEZ A %, 65 LAHYH 9A TaAA B
oth HES WA BRKEURYE £H#71A 18 ZF) AU %, BFH7 B
U BF #HKE oA 49 HEE A FedRUY BF HEE X
st

4) SAEH ALAFHAY B LK

19924 ¥ 8 1993471 A 240 FEHT T35 #MEHRN LERE
BAX FAEBRMN SERERE, =&, I, A, M), FBREMN Bk, &
W, K&, AwWY, BmH 205%), BHE BR(EMHK, XeHEH €T, AM,
T, BE, A8 NO., AKSM#)E A8 AL sy, st
T Rams d2AFEES HMEV de BREMTS BFgon 69
10955 99 30¥7+A 10¢ BHo 2 BFERL FAe .

3. MK

1) By BREF
M BiME IS BIE XA A 19924 RE 1993E7H A 246m =)

F42Z A3 Mancozeb (Dithane 1-45) AF# 500f&K & 6H 1%
El 84 15HAtold] 3EMZRE 6E7A AX3E 10849 HAAFS AY
& BiTsd 1, dHo 2= RitBWAol 150, 250, 350, 450, 550 mm B
otttk Mancozeb KFI#E AT % AP BFEES @Hisgo.
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2) MME AR L BAM A KR

1985 8 1988474 M BEAKS #HEERAAM 1994 GRiFEH:
33x33 m, T BHEAEHK 86 m) HKEMN ZEL #HRAJA KA.
Mancozeb KHM#HE FIAH & #MAES 10a¥ 3000 F¥ 700¢ 74 5K
%< #{E=Z, AA(Polyoxy ethylene alkyl arylether * Sodium ligno sulfonate,
30%)] mA(OmE/20¢)x} EMAS FERF SIE KE 3oz A
g3t deFFHY Bk ZRE #HASIAY.

3) B BMES AR

1992 AEHT & HHBHRN BHAA ZNEELEE #ASY
HAHES BTG, #E& FE = Mancozeb KNHES EAINNSLY 6 1
HYE 8H 2087t 208 RS 50 BAEES HRBEGE)Z At
1002 % 9 SBE ZEE<= 64 108, 7H 308 2EIEEES 65 108 %
B 30H M 30 BAEE TR, 2505K ] aRE EEET 68 10
HYE 308 MRS 36 MAEES Fol AHE Bi73la0.

4) BHBikR AR

(1) Bike FBP EJHEH AR

A ABS 1995F MHHEA BEBAA 20F4E FF4ALE #ASA B
BRT FERIINGEEBHE Bk 2339 Bk HHESE = A
SAFEAY Y BRARE RUZ 98 HEIAD. H2o RiEESES
27x27m (120 ¥ / 10 a)¥led, HEEBE PREE 493 19 M3
o ARE FIAAT 2x9dF (=% : EINDOR CAT 900) Bif&E <} 87
BikE #3) wHES 12 MRER E4dtd ARS BTl

A2xy gy BREES 19 Jduv4d MKRQ7X54m)sHen BhH BRE
 BFAAN F2 Y31 Y= fHFE RREGBEx38m)E 3. olm o 4t
A Ty HE ORRS SEEFE ST 62%, 229 §H B
BRige] BHEE 86%, MEES B%EEAT BE BAES 5000/ 10a
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E E¥ozZ 3P A XA Propineb(FE}Z) KFM 60026816
H), Mancozeb XM 5002(7H 148, 8 8H, 8H 23A)Y. Axy =
2 BBk By BN 5~6 kgf/cr2 AT PLFEHY B4eFBS
M 7Ied FHo AN BHES Hastdo.

(2) EHBB B BFRAXR EBX

SERER RS 22X JZ2 PR FRUARE =9 4 As HE
& WITIA MEHEAR EBA 2064 ENRE4E S #tRhsd Ape B
T3t 22Y T =& RBHE PRUAE AW 58 PBHRES
B¥) REESEE 27X54m(60 #%/10a, HEERE 43%)0ln], 232
2% LB BEEMITE 7Tm MR2E 2m Eold =2¢ ¥EIQT,
% LTH REES Tm PFHLET 2m Zold =22 HAAH ¥ o
A 35m A A 05m Eol9 xFE HASNUYG. =& 33
EINDOR CAT 900 £F/H3lAT REHF L BBRIE #AxEe (VY F
g3 [—3A BTG

MEGEY BE WES RAE ARS Ry REEY 27x27m
(120 #/10a)e] #HRBAAN 1/2, 1/3, 1/ABTIMRE KK REE
E REINL, REHMAS BRBERE RES (DA HEH A—3A BT
s o
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V. &R 2 %

1. HEE 2AE U 480 #X

1) ME#ES 28RAE

PN, FEET, EENE, BB 40 ke —% MEEIN KEw
otE ZHAAM S #F REES Diaporthe citri (FR5Z2 Phomopsis citri)
2 RAZEEANAY. #HEYT) rlE AN HFRY BETF BEaYs
H ATFRE #EAd B8 £ o8 M7 go] HESIT YD FHES
o M H ANon Higpe HEK Tt REEKIUDL. HTF®e A
Bole SATFEC EANND, 2 Lol B S4BT 84 g
R (ZE 1),

FFEVHAE REABT BE BTFAC BHANT A7dA S8 K
BFE PDAKHOIAN REF #E B HFEIN HHFI) B = Aok
(18 2 A-E). TR A7+ 1122~6144m 99 = T35 A7)+ 3288
mPAe WHHNZ 277 24 HEIAEY HFAN S Nj-4 &
%ol TR FH 384mEHN 7t & HolYm, EMA ol 3is
Su-15 B WHFRC HT 281.0m= 7} ZAYHE 2).

WIBTE BT} AT 257 BEEUoY BT &6 Hps
BEEClIUR, BMTFE & BHI SRMoln 847 o3 2RIy T
WSl %8 €% Fol #Hol ANHIAY 2C) . AVNE o WFIF 47~
87x19~35m WA HF FA7)e 6.7xX23m¥Y1 BHMFE 132~
27.1x08~16m WAZ HF A7l 221x1.0mel o), Sk ual
) 2719 £R/ AAHE 2). HEE FLALYWRY =Ase
Fawsett(1936), Hhs} $44(1950) %o] BEF MEFS A7) ke A9
MR o L5 (1938), KBS HA(1929) %ol MES WETF =)
Boe o3t zsig



Fig. 1. Scanning electron micrographs of pycnidia (A) in the bark of
citrus twigs, conidiophores and pycniospore (B) inside the
pycnidium, and magnification of @ -conidia (C) of Phomopsis citri.
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Fig. 2. Pictures showing causal fungus, Digporthe citri and symptoms of
citrus melanose.
A:! A longitudinal section of a pycnidium.
B: Spore horns emerged from pycnidia on bark surface of citrus stem.
C: a-conidia of Diagporthe citri and 8 -conidia (right below).
D: Germinating « -conidia in water.
E: Colony morphology of vegetative growth on PDA for 10 days (left)
and pycnidia production on the same culture 40 days later.
F: Symptom of citrus melanose developed on a fruit by artificial
inoculation.



Table 2. Comparison of the size of pycnidia and phialospores of 18
isolates of Diaporthe citri obtained from twigs of citrus trees

Phialospore size (ym)

Diam. (tm) of

Isolate pycnidium a -conidia B -conidia
y Length Width Length Width
D. citri® up to 600 6~10 2~3 20~ 30 05~1
Cu- 8 3280+ 87.8" 73%10 26%0.4 18.9+6.1 11102
(193.6-614.4)* (4.7-8.7) (1.9-35) (135-24.1) (0.8-1.6)
Cu-16 306.2+ 75,7 62+19 23%0.3 17921 1.0%0.1
(148.8-453.6) (4.6-8.8) (2.0-3.1) (14.4-24.4) (0.9-1.3)
Cu-10 349.7+73.2 6.6%0.7 24402 22019 1.0%0.1
(173.0-511.5) (47-8.1) (2.0-2.8) (19.1-25.4) (0.8-1.3)
Pu- 1 316.8+654 70208 2.3%0.2 21721 1.110.1
(183.5-419.6) (5.1-8.4) (2.0-2.6) (18.3-26.1) (0.9-1.4)
Pu-18 351.2+52.7 67106 2.3%0.1 20.7+29 1.1+0.1
(231.1-431.1) (5.7-76) (2.1-2.5) (14.7-24.1) (09-1.2)
Pu- 2 300.9+ 665 6.6% 0.3 2.2+02 19.8+29 1.0+0.1
(198.3-405.2) (5.6-8.1) (2.0-2.6) (15.3-24.1) (1.0-1.2)
Nu- 9 296.8+ 65.4 6.8+ 0.4 23+0.1 19.6+27 1002
(145.1-434.5) (6.1-7.8) (2.1-2.5) (16.4-23.5) (0.9-1.2)
Nu-11 313.6+48.4 6.7+0.8 2.2+02 20.1%2.0 1.1+0.1
(201.2-396.5) (5.3-8.0) (1.9-2.6) (16.5-23.0) (1.0-1.2)
Nj- 4 398.4+90.7 6.7+0.8 24103 21.6%3.1 1.0+0.2
(201.3-554.6) (5.5-8.3) (55-8.3) (14.2-26.3) (0.8-1.4)
Nk- 5 3765+ 635 7.0%0.7 2.3+02 21.6+36 1.0%0.1
9316.5-512.0) (5.6-8.0) (2.0-2.6) (17.1-27.1) (09-1.1)
Su-14 323.1+82.4 66%1.4 25+04 17.6£3.1 1.0+02
(112.2-459.0) (4.5-9.0) (1.8-35) (132-23.2) (0.8-1.4)
Sg- 3 372.3+669 6.4%05 22402 214+28 1.1%0.1
(296.0-516.0) (5.6-7.5) (19-2.5) (17.7-26.3) (09-1.2)
Sc- 6 304.8+59.9 6709 22+03 21.7+38 1.1+0.1
(195.1-411.5) (5.1-8.8) (2.0-2.9) (16.5-26.5) (0.9-1.2)
Sm-7 330.8+73.8 6.5 0.7 21402 19.1+37 1.0+0.1
(211.5-451.7) (5.0-7.8) (2.0-2.5) (145-24.1) (0.9-1.1)
Sh-12 328.8+63.0 6.3+0.7 2102 20.1+25 1.1+0.1
(184.5-411.3) (5.1-7.7) (2.0-25) (18.0-232) (1.0-1.1)
Sn-13 350.7 + 36.0 7.0%0.7 2.3+0.2 20.5% 2.5 1.0£0.1
(311.1-441.0) (6.1-82) (2.0-2.6) (16.5-24.2) (0.9-1.2)
Su-15 281.0+798 7.3+05 25+04 223+26 1.1%0.1
(165.4-390.5) (6.4-7.9) (2.1-3.2) (175-27.1) (09-1.2)
Sp-17 288.3 * 40.1 6.6%05 22%0.1 204%2.4 1.0+0.1
(178.4-336.7) (5.9-7.9) (2.1-2.5) (16.4-23.1) (0.8-1.1)
Mean 32881 66.2 6.710.8 2.3+0.3 22.1+29 1.0+0.1

 Data from Punithalingam and Holliday (1973).
¥ Numbers are averages = standard deviation of 30 pycnidia and conidia.
’ Range of size of 30 pycnidia and conidia.



2) mEAHE FEY® BE
oHE FERS BKIZ o BEAD SR S#AEE Q224
EM ERol RiFSIf=d 2 FAAE Nk-5 Sg-3 #E#&7t 713 RiF&
"olglth. AF® R MFA AWML Pu-2 Bkt Su-15 EHAA i
A& fAmMolRA, Nk-5, Sg-3, Sc-6 EHkIAMNE 4o WIS BWTA

ol MEE 4% EHIZ ER7 AATH (R 3).

Table 3. Degree of mycelial growth, and production of pycnidium and
spore horn of 18 isolates of Diaporthe citri on PDA

- —
Isolate PN pdiamy  Spore horg
Cu- 8 + 47 ++ ++
Cu-16 ++ ++ ++
Cu-10 ++ ++ ++

Pu- 1 ++ ++ ++
Pu-18 ++ ++ ++

Pu- 2 ++ + +

Nu- 9 + + ++ ++
Nu-11 ++ ++ ++

Nj- 4 ++ ++ ++

Nk- 5 +++ +++ +++
Su-14 ++ ++ ++

Sg- 3 ++ + +++ +++
Sc- 6 ++ +++ +++
Sm-7 ++ ++ T+
Sh-12 ++ ++ T+
Sn-13 ++ ++ ++
Su-15 ++ + +

Sp-17 + + ++ + +

* Degree of mycelial growth was examined 5 days after incubation at 25T.
¥ Pycnidium and spore horn productions were measured from 40-day-old

PDA cultures.
* +: little, + +: intermediate, and + + +: abundant.

EY BHRIEZ FEMEES BES7 Aste £Xe) 8 2 £R s
EEkol X ALARHY kel RRAJANIY 2 F). JLAT9Y B
REL &2 BHKAM 40~100%2 Jebited, Nj-4, Nk-5, Sg-3 E#k ol A



100% 9] BHRKL Bgonl, BMEE Cu-10, Pu-1, Su-15 Bl &
ki Nk-5, Sg-3, Nj-4, Sn-13 @E#olA =& oz EHo) We
el ZR7 BEAAE 4). ols} gL HHhd WE mEKS £RE=
olml H# Eo} AFE(1968)7F Ry u} o}

Table 4. Pathogenicity to citrus fruits of 18 isolates of Diaporthe citri
from citrus twigs when artificially inoculated with spore
dropping to fruit surface in a growth chamber

Isolate No. of % fruits Degree of.
fruits inoculated infected disease severity®
Cu- 8 10 70 12.2
Cu-16 10 60 11.1
Cu-10 10 40 6.7
Pu- 1 10 50 7.8
Pu-18 10 80 20.0
Pu- 2 10 50 10.0
Nu- 9 10 80 20.0
Nu-11 10 90 16.7
Nj- 4 10 100 26.7
Nk- 5 10 100 344
Su-14 10 70 10.0
Sg- 3 10 100 33.3
Sc- 6 10 80 20.0
Sm-7 10 90 21.1
Sh-12 10 80 22.2
Sn-13 10 90 25.6
Su-15 10 60 8.9
Sp-17 10 90 23.3

* Degree of disease severity = {(AXl)*(B><3)+(C><5)+(D><7)+(E><9)/n><9)}Xl(X),
where A is the number of fruits with infested area of less than 1%, B
with 1~5%, C with 6~25%, D with 26~50%, E with more than 50%.

3) MEH BN BR AA

(1) RAPD patterns

# WHRIZTEH My DNAZ £¥02 s PCRE Kid R, 2
T primerl X £#3 polymorphisme] BZHAT MMy ME 4 ¥7 0]



MHESAT E SelA B ube go] k EEol (EAT 16719 primerdl A
s BEE YAHE 3E(OPA-11)dA 26(H(OPA-04)71 A2 %42 3}A
Uetg oo, & primer B YHAHE F3 198EJYT. 2zl #iEE DNA
YAY 371z £839 S FEol 0.3 kballA 30 kb7tAl 92 & 4 AU
& REo (AT 16709 primer Folld TZ € DNA YIH B/ vlw3d g
OPA-04(26f), OPA-07(25f8), OPA-09(23{8) %<& o]8% RAPD band
patterns& 219 3, 4 2 5 YetW¥ct. primer OPA-049} OPA-07& 3 Fuk
o] HEAF|ol -GGCIGITGE MRl FouU 5 kel HEAFIC S
1, primer OPA-09+= OPA-04%} OPA-073 E#A%) b #EREe A9 @
At (E 5).

Table 5. Code and sequence of the 16 primers used with the total
number of amplified DNA fragments and size of polymorphic
DNA fragments obtained with each primer in random amplified
polymorphic DNA(RAPD) experiments

No. of .

Code Sequence 5’ to 3’ farlzrangenhgr?gs fragsrrllzeent(;f(bp)
OPA-04 AATCGGGCTG 26 3000-400
OPA-05 AGGGGTCTTG 22 2000-500
OPA-07 GAAACGGGTG 25 1800-450
OPA-08 GTGACGTAGG 20 3000-600
OPA-09 GGGTAACGCC 23 2400-400
OPA-10 GTGATCGCAG 17 2800-300
OPA-11 CAATCGCCGT 8 2800-600
OPA-12 TCGGCGATAG 18 2500-600
OPA-13 CAGCACCCAC 14 2000-300
OPA-14 TCTGTGCTGG 19 1900-400
OPA-15 TTCCGAACCC 20 2600-300
OPA-16 AGCCAGCGAA 25 1600-300
OPA-17 GACCGCTTGT 21 3900-400
OPA-18 AGGTGACCGT 16 1600-400
OPA-19 CAAACGTCGG 19 2100-350
OPA-20 GTTGCGATCC 25 3000-500




Primer OPA-04% F A3ld 2% THEEKSY DNAS H®EAAH Ade
RAPD patternol M Sg-3 ##k 9} Sp-17-3 B#k oA 7V B2 26 A
Yol Hitid WR, Nu-9 EéaNE 714 He 11E AHo Bt =
9. =Y S FEL Pu-2 E#AA 04 kbe DNA Pikol =N 9,
Sg-3, Sm-7, Cu-10% Nu-119] E# ZolM 30 kbe) HHo] KIS
(g 3).
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Fig. 3. RAPD patterns of 18 isolates of Diaporthe citri with primer
OPA-04 (5'AATCGGGCTG3’) on 1.5 % agarose gel. Lane
M : 1 kb DNA ladder (Gibco BRL) for a molecular size
marker.

¥, primer OPA-07S /A% RAPD patternell M = Sg-3 B # ol A
10/ o] dHol e AO2RE Cu-103 Nu-11% o) Al 25f@ o A
"ol MihisEE RA7A £H$ band patterne BAon, 5FEL Pu-2
2} Nu-9@#kol A 0.45 kbe) Fikel, adx Sp-17-1, SP-17-2, Sp-17-3
EE 2 D phaseolorumo) X 18 kb<) kol M EAE=H, primer OPA-042
FIARE dig e 9 FE B@o] Bo BWHEAAL(2Y 4).
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D. phaseo
lorum

Sn-13
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Fig. 4. RAPD patterns of 18 isolates of Diaporthe citri with primer
OPA-07(5'GAAACGGGTG3’) on 1.5 % agarose gel. Lane

M : 1 kb DNA ladder (Gibco BRL) for a molecular size
marker.

Primer OPA-098 F/H % RAPD patterno] 4= 7 FEl 04 kb(Pu-2, Nu-9
EH)NA 24 kb (Sg-3 EE) Abold) YIRBOY 88 (Pu-8 Bigh)ZHE 23§
(Sg-3, Sn-13 B#)74A @Al 8% band patternS HYtH 2y 5).
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\
W o> %X o E m 03 5 o S 2 3 3 3 3 A a o
MES(AZZU}J]UZUZI\{U}(I}U}U)UUU)EU}WQ

1.0 kb

Fig. 5. RAPD patterns of 18 iaoclates of Diaporthe citri with primer
OPA-09(5'GGGTAACGCC3’) on 1.5% agarose gel. Lane M :
1 kb DNA ladder (Gibco BRL) for a molecular size marker.
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(2) Cluster & #7

RAPD pattern® 2 %] % HrkEMo HUE BB E Diced JFH#(Rahlf,
1990)2. 2 B matrixe ¥ 63 o,

28 2% #EHKS FA Sh-129F Su-14, Cu-108+ Nu-11, Sh-12¢}
Su-15, Su-14%} Su-15, Cu-16-13 Cu-16-2, Sp-17-2¢} Sp-17-39] XK
fER= &% 0991, 0987, 0.982, 0.973, 0969, 096022 EA Yeld W,
Pu-2¢%} Sg-32 kS HEMNe=2 $& HUE KEE JYeEdx
Diaporthe phaseolorum< 433 ¥ HUE KBS Jetdo. o HLUE
&S UPGMACl AN Cluster o4 #£E 1d 63 22 phenogram®.
2 uyetd F Ao 2189 Diaporthe citri &% 189 Diaporthe
phaseolorum B E L genetic similarity 0.74914 A, B, C, D, E¢] 57
aFL2 UE 4 UAed, A 2FdE Pu-1, Nj-4, Nk-5, Sc-6, Sm-7,
Cu-8 ¥ Nu-99 77 #E#k7F &3l oo olE B# Mol 08314 091
o] HMKy XMool #H&SNAY. B 2FdxE Cu-10, Nu-11, Sh-12,
Sn-13, Su-14, Su-15, Cu-16-1, Cu-16-2, Sp-17-1, Pu-18, Sp-17-2 2
Sp-17-39] 1270 E#7t &3l on] olE E# Ml 084914 0999 it
My ol FEINIYY. 21F C, D, EdE £4%& Pu-2, Sg-3, D.
phaseolorum BE#7} 3tUH FHESUY. 2§ A9 B Halv 74% 9 il
ttol ANSH 1F B C Alolol= 64% 2 Filttol, 21§ Cs D Aol
dl= 55%, 1F D9} E Alolol= 27% 9] Efltto]l HFLEsIY .
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Genetic similarity
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Cu-10
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Cu-16-1
Cu-16-2
Sp-17-1
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— Sp-17-3
Pu-18
Sn-13
Pu- 2
Sg- 3
D. praseolorum

Fig. 6. Phenogram showing relationships among 21 isolates of
Diaporthe citri and an isolate of Diaporthe phaseolorum var.
soje, based on genetic similarities examined by a random
amplified polymorphic DNA analysis with 16 primers.




4) HEHES £F v BER
(1) BE

Efhel £Fd oAe i BB AR KRE ¥ 79 2O &
€ 26CAM 74 BEREY £F T RIAYN gHEoZ B dd 20T
23ColM 71 F 17T 29CAME E#k £Fol okt Holz on
EHEE 2L fHme By o 2 £RE HP £(1950)9 #4559
E —HIE KRAY TF MTM BEAES Fo] BRHY LB
Aotz A A

Table 7. Effect of temperature on the vegetative growth and dry weight
of Diaporthe citri on PDA

Mycelial growth (mm) Dry?®
T(e{:n )p ’ weight
24hr  48hr 72hr 96hr 120hr 144hr 168hr (mg/Flask)

17 6.0 115 165 236 294 378 450¢ 471.7b
20 8.4 195 303 428 530 639 734a 928.8a
23 8.0 191 300 433 547 656 74.1a 8496a
26 105 238 336 460 549 676 785a 777.1a
29 99  20.1 260 341 424 488 575b 523.2b

* Dry weight was measured five days after incubation.
¥ Means within each column followed by the same letter are not
significantly different (P=0.05) by Duncan’s multiple range test.

(2) pH

B bl X B £FLS pH 708 7504 BIFsidou E®mES pH
6.0, 6591 M FAL fHEE Ho] B 4% BEESE —HA FUHE
8). MM, EHWESLR ¥ o pH 60~6.571 EE pHZ P HolAn o
% 2 BRE BIE pH7F 6olate Hthsl $41(1950)9) #M& st w4 s
At



Table 8. Effect of pH on the vegetative growth and dry weight of
Diaporthe citri on PDA

Mycelial growth(mm) Dry*
pH weight
24hr  48hr 72hr  96hr 120hr 144hr 168hr (

4.0 6.8 167 228 260 319 506 56.4d° 289.4d
4.5 88 185 268 384 451 539 99.4cd 628.2bc
5.0 8.9 194 279 394 458 552 59.7cd  726.9b
5.5 6.8 180 263 382 452 515 56.4d  630.4bc
6.0 6.5 173 240 363 450 541 60.7c  1171.2a
6.5 8.6 184 270 401 484 556 62.9c 1160.4a
7.0 8.3 195 289 439 534 632 71.5a  449.0c
7.5 79 182 355 427 526 629 71.3a 462.7c
8.0 85 190 289 424 521 620 69.5ab 513.2a
85 8.2 188 287 426 538 637 71.5a 458.4c
9.0 8.1 186 276 414 507 597 67.4b  446.8c

* Dry weight was measured five days after incubation.
¥ Means within each column followed by the same letter are not
significantly different (P=0.05) by Duncan's multiple range test.

(3) B MM

SHiel HE FIM3e HMe £H S HAT &F PDA oA 7}
B 4£FH EBIAL, tgol YMA i, MEA, NA, Czapeck’s ##
BelRor EWES 2 fHMolAX T Ut Crapeck’'sHiHh NA
Al M HUAH(E 9). o9t o] PDA, YMAME ol A AL A Ko] %z
@ AL o iAo F9 Yol WAH AYH B2 o] ®Bol ¥/
ol 317l oz Mztec,



Table 9. Vegetative growth rate of Diaporthe citri on various culture media

. 2 Myecelial growth(mm) Dry’
Media weight
24hr 48hr 72hr 96hr 120hr 144hr 168hr (

PDA 9.8 185 293 394 489 588 679a* 855.9a
MEA 8.7 149 212 281 363 441 51.1c  273.2c
NA 7.8 137 186 252 31.0 367  40.7d 56.7d
YMA 9.9 176 262 357 445 518 582b 751.4b
CZA 6.6 113 146 199 240 287 326e 108.5d

? PDA: potato dextrose agar, MEA: malt extract agar, NA: nutrient agar,
YMA: yeast malt agar, CZA: Czapeck's agar.

¥ Dry weight was measured five days after incubation.

* Means within each column followed by the same letter are not
significantly different (P=0.05) by Duncan’s multiple range test.

(4) BRE

i £Fo v BRE ARE Folny] 98 EXEN REAR
o die MEF HHEXRS XET FAdcs E 108 2o EXE + &
9] 4£Fole yeast extract7lb 7} AFAHo|Y:, 1 O peptone,
Ca(NO3)2, (NH4)2S04, NaNQ3 0|t} MEFIZ E u] yeast extractd] i
B EWES 3000 ppmol A 7HE FAYOY EK 4£FoZ B dov
1,000 ppmol A 7} F&E3 . peptoned] Ftolx BRE7F 252 HH
EH HRBIAAT 500 ppmiE o] oA FEF HEEE AFHA Yt
. NaNO39l 7%+ 500ppm, (NH4)2SOs= 500~1,000 ppm, Ca(NOs)=
1,000~3,000ppmel A BiFF £F S 22 A2 A4V Bo] SEogle uj
AZ2G4ZNM Kol G4 FTH AFgouth

REE BHRIHIZE B o BHo 4Fdve sucrose, maltose, starch7} B
AL BMET 2242 BHAK £FA AFHoJATHHE 11).

53] sucrose 20% 7R AAM F PKo] FFYed ol T
TEY UE 9B ie v de g F4£, B Fol §oldy] B
Ao g AzZdd.



Table 10. Effect of different concentrations of various nitrogen sources
on vegetative growth of Diaporthe citri using czapeck’s
agar as basal media

. Concen- . Dry*

Nitrogen tration Myecelial growth(mm) weight
SOUr®  (opm) 24hr 48hr 72hr 96hr 120hr 144hr 168hr (mg/Flask)
Yeast 100 56 116 183 270 341 437 52.1d° 184.8d
extract

500 6.0 131 243 373 516 644 76.7b 576.4c
1000 62 136 263 408 548 704 83.4a 827.7b
2000 6.7 145 268 394 523 640 76.3bc 799.5b
3000 6.5 151 276 400 510 631 743c 1077.1a

Peptone 100 64 132 200 281 367 447 523d 160.4b
500 71 143 253 347 450 554 65.7c  322.0a

1000 68 139 247 350 472 586 71 3b  336.6a

2000 66 149 257 379 517 648 770a 335.1a

3000 6.5 143 262 392 539 653 780a 345.0a

NaNO;3; 100 52 91 135 174 229 267 318b 139.4b
500 51 90 140 191 238 290 34.7a 200.1a

1000 50 94 138 189 207 249 27.4cd 139.5b

2000 o1 83 138 173 199 226 254d 149.4b

3000 o1 91 139 168 195 237 277c 152.2b

(NH4)2S04 100 9.2 98 147 206 259 320 36.1ab 171.4b
500 52 92 149 217 281 326 37.0ab 205.0a

1000 92 97 152 21.7 281 329 378a 207.2a

2000 o4 96 150 198 270 317 368ab 176.8b

3000 54 97 134 190 251 306 354b 166.2b

Ca(NOs)2 100 54 96 147 193 250 318 39.0d 156.6¢
500 5.3 108 164 209 255 323 39.1d 167.1c

1000 5.7 104 158 21.0 273 347 428c 205.4b

2000 56 109 192 251 313 388 472b 213.0b

3000 57 110 202 264 338 430 51.7a 243.9a

* Dry weight was measured five days after incubation.
¥ Means within each column followed by the same letter are not
significantly different (P=0.05) by Duncan’s multiple range test.
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Table 11. Effect of different concentrations of various carbon sources on
the vegetative growth of Diaporthe citri on czapek's agar as
basal media

Concen- ; Dry
Carbon tration Mycelial growth(mm)

weight
source (%)  24hr 48hr 72hr 96hr 120hr 144hr 168hr (mg/Flask)

Glucose 05 67 82 102 120 149 174 195¢° 87.le
71 89 113 130 156 188 199e 1335e

z

3.0 71 97 125 150 18.0 214 24.0d 280.0d

5.0 73 103 140 172 201 241 269c 4175c

10.0 70 101 134 174 217 266 31.3b 764.0b

20.0 71 99 131 172 242 290 34.0a 979.4a

Galactose 0.5 63 84 106 132 154 178 20.7f 56.6e
1.0 69 90 112 146 165 189 22.3e 92.2e

3.0 73 94 130 166 192 231 274d 254.2d

5.0 70 100 132 172 221 263 31.8 376.3c

10.0 71 95 139 189 246 303 36.3b 627.3b

20.0 73 109 156 207 278 339 39.8a 939.0a

Fructose 05 72 84 104 127 158 180 20.9c Sl.le
1.0 73 96 122 144 172 196 21.6c 114.0e

3.0 70 87 113 139 175 200 228c 264.1d

5.0 76 99 123 156 199 225 27.3b 409.4c

10.0 72 82 112 138 185 226 286b 697.9b

20.0 68 88 123 175 240 313 39.2a 913.2a

Sucrose 0.5 64 82 101 122 153 188 223e 169.2d
1.0 68 87 111 132 159 182 21.7e 187.0d
3.0 70 93 127 155 194 243 265d 450.0cd
5.0 73 1105 144 196 245 282 326¢c 799.4c
10.0 9.0 132 200 272 336 400 46.2b 2173.2b
20.0 93 153 249 365 458 547 64.9a 3249.8a

Maltose 0.5 71 85 122 143 170 191 21.2f 110.0d

1.0 71 90 116 145 176 201 227e 126.0cd

3.0 84 109 139 163 200 229 26.2d 392.6cd
5.0 85 128 163 202 244 263 29.1c 4492c
10.0 98 132 188 240 300 351 39.9b 1123.7b
20.0 105 143 211 291 378 468 55.8a 2093.1a
Starch 0.5 58 68 91 109 138 163 19.1c 75.5d
1.0 65 80 100 126 148 170 20.5bc 181.9d
3.0 61 7.7 105 125 152 174 20.8bc 451.9c
5.0 64 78 95 126 149 173 2l.1bc 724.8b
10.0 71 89 112 133 159 179 21.8b 1724.2a
20.0 80 112 147 203 253 296 33.7a 18433a

* Dry weight was measured five days after incubation.
¥ Means within each column followed by the same letter are not significantly
different (P=0.05) by Duncan’s multiple range test.
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D ALHRYUY RAERE 2 HIKF B4

2094 HEMNES GRS 19855 e 19884744 4%ER MM FHE
e MAREARS HEEAN HEAAT. BT A Aeygey
e 19854 K TH 2HRE BANI BfEs] 98 THAA BEsY
e Aoz 7H FHAANE B4Rol AYD 8 hT o BE B
Fe BT MEFE BH) AUD wisAd BESe REYE I 4
ART 8F Lyl RaEol Bol Bt Bl AL L BEZ T & 9
ATk 1986 EolE 6A 1B FedTudol Rmss wirstod 9A
Fg7hA BRERACH 7 THR 84 L4E 1an 98 kb me
BAE LA HETY RME BRESoG AQoU 19855 ula A
ATk 1987 o= HE 2 HMFY BH7 1% 6% W BiEsoly
BT REE BREALS M2 BHEe 299 68 ThH Ve BHs
A% TA FTHA /M4 B BFE 2T 1985 RAZ BH A
L HZA TH hgAA HeHTYUY BAol Holx AT TH T
Be BRZ A5t 85 il e B HQon 9HTHS e
MAA BFol ASHUYG. HETFE BEHY RESENOY BARS
A,

olde) HES TUH Y FAeHTUYE 65 hHEANE £X B
k87 gfEstel 9AZ A BRHENCH 7H hFHME 88 higAto)d
Y e RS AT BRTC BRSO RES QD 198554 7}
% BRHY 7).

T HBolt 198590 BWE, MET RAE, BF Sol MMHY
AERRS HSE BALS BAAW, 198650 9F Mikol BRI Hol &
W Ho) MMHETY & HHe BYc 1987, 19BFEEE BMMAs vae
BHE BT ol4o2 2 o EEMAM PeATHEE 6 digERE
BESS 94 FTH7AA AS=UD, B Bt HF Birolu Bme
ERE RYom, BMHY EHHY HEM YeYgnuy BABS 2 Aol
£ ARNH2Y 8.
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Fig. 7. Seasonal fluctuation of precipitation, number of conidia trapped
in fields and the degree of disease severity of citrus melanose
on fruits in Cheju city from 1985 to 1988.
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Fig. 8. Seasonal fluctuation of precipitation, number of conidia trapped

in fields

and the degree of disease severity of -citrus

melanose on fruits in Seogwipo city from 1985 to 1988.
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EREel o YA MG A A 2o,

Table 13. Correlation of degree of disease severity of citrus melanose to
amount of precipitation and number of rainy days in 1985 to 1988

Infection . . Correlation
stage Location Independent variable coefficient(r)
Early® Cheju city Amount of precipitation 0.6396
No. of rainy days 0.9541*
Seogwipo city Amount of precipitation 0.8308+
No. of rainy days 0.8622*
Late” Cheju city Amount of precipitation 0.5358
No. of rainy days 0.6178
Seogwipo city Amount of precipitation 0.8474*
No. of rainy days 0.1155
Early + Cheju city Amount of precipitation 0.4275
Late No. of rainy days 0.3594
Seogwipo city Amount of precipitation 0.5270
No. of rainy days 0.0372

* Early : from June to early August.
Y Late : from mid August to early October.

2) Bmd Y RENE 2 B 99

RERHY BE7 flRFI 85 vle pge 29 99 g o
delX BE ubsh Po]l HTE 23T} 26TolM 13 SBMERY B3
87] safFste] 11BRI %ol 50% LLE BFRAL 1585R ol 90% LIk
RFHA=H 26TolM oa BFRol w4tk 23y, 20T 29T A&
TR, 17COAME 11BR %ol B3F7F BAEIQA0H, 17CTAA. Dol ol
Mg 2o
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Fig. 9. Change in comulative percent of conidial germination of
Diaporthe citri as affected by temperature.
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g2 BHERAEXT Yok 22U, 29CHME 15BM BEA 9 K2E
BFE7 BT BHERRE 26THG HoAY, o4 R B m 7
SHFHY BERdE 23~26ToAM RMEsRIC) 10850 BREY LESY R
W Bl dojAFS FiFol Wolde B 471 A o8 2o &
R #W0(1976), HA $(1982)9] #ME AT ulsatgnt,
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Table 13. Effects of temperature and wetness period on the development of
citrus melanose on fruits examined by artificial inoculations in a

growth chamber
Temp. Period of Days required Symptom % fruits
wetness for symptom .

(T) (hr) development severity’ infected®

17 5 - - 0.0
10 - - 0.0
15 - - 0.0
20 9 + 13.3
25 9 + 6.7

20 5 - - 0.0
10 8 + 6.7
15 8 + 13.3
20 7 + o~ ++ 20.0
25 5 + o~ ++ 26.7

23 5 - - 0.0
10 8 + 13.3
15 6 + 26.7
20 5 + o~ 4+ 46.7
25 5 + o~ ++ 53.3

26 5 - - 0.0
10 8 + 33.3
15 6 Firo sz 46.7
20 3 ++ 80.0
25 3 ++ 100.0

29 5 - - -
10 - ~ -
15 9 + 13.3
20 8 + 40.0
25 8 + 33.3

* Disease development was observed 12 days after incubation at 25C.

¥ Symptom severity -; none, + ; slight, ++; intermediate, +++; severe.
Note: Five fruits, 3 spots per fruit were inoculated by placing a drop of
conidial suspension of Diaporthe citri.
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HEAM RR) RELR D A/E AREE R E 149 2
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MM HEIIANE FIA BREE T, dA 5260 Yol BEI B 5
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Table 14. Effect of time of inoculation on melanose development of

fruits

Date of inoculation _ Freciigtion No Tty “Degree of

1992° Jun 4 65.0 17 54.2
Jun 22 29.1 14 68.9
Jul 12 43.0 21 69.3
Aug 6 145 16 63.9
Aug 25 105.0 12 459
Sep 13 38.7 18 33.3
Uninoculated = 15 0.0

1993 Jun 7 205 15 126
Jun 21 123.1 15 333
Jul 7 9.1 15 37.8
Jul 13 95.6 15 43.0
Jul 21 55.3 15 68.9
Aug 17 39.4 15 29.6
Sep 11 23.0 15 16.3
Sep 29 30.2 15 119
Uninoculated - 15 0.0

* Cultivated in greenhouse after natural inoculation.
¥ Sealed with paraffin papers after natural inoculation.

* See Table 4.

Hed7Hy BRERS BRI BEF, REFOZ Yggou 2!
TES REAME BEY FEERKS MAT, MEFo Bol ywe %
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o T MEV 2L ot BAKoY BEY RHESLE Yeuo(a
¥ 10). dvrH o2 7H oA MY Bi KM BEol RE~-EHE
o2 EHEAoY RHFM Fool VA w7t ARG 85 LIEYHe
BEEH7 Sold4E Be~AkBRC2 Yeun, ZHEER Hx v
ol AY QU2 M HE oA Bolx ¥en 97 Likdxe fE
Rol RBAB~KEOZ YEY £EKA965)Y Rigte dA3}AY.

Fig. 10. Various symptoms of citrus melanose developed on fruits by
natural inoculation.
A : Black spot pattern. B @ Mud-caked pattern.
C : Tear-stain pattern.
D : Typical symptom developed by artificial inoculation
using dead twigs at the time of rainfall.
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REFE 5 SmME SRt AZE P27 #RERS HES
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Table 15. Changes in percent fruits infected with melanose of different
cultivars of early-maturing Satsuma mandarin in 1992 and 1993

% fruits infected

Date 1992 1993
a
Okitsu Miho Miya Matsu Tachi  Okitsu Miho Miya Matsu Tachi
gawa yama ma gawa vyama ma

Jun 10 100 75 100 125 125 20 75 75 50 175
20 150 175 175 175 250 75 125 125 75 125
30 200 175 325 375 350 100 125 125 100 150

Jul 10 250 225 350 375 400 225 200 250 350 375
20 650 555 50.0 475 575 300 325 350 375 40.0
30 675 700 650 500, 655 475 450 400 400 475

Aug 10 100 100 100 900 975 575 575 755 750 65.0
20 100 100 100 100 100 100 100 100 100 100
30 100 100 100 100 100 100 100 100 100 100

Sep 10 100 100 100 100 100 100 100 100 100 100
20 100 100 100 100 100 100 100 100 100 100
30 100 100 100 100 100 100 100 100 100 100
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Table 16. Changes in degree of disease severity developed on fruits of different
cultivars of early-maturing Satsuma mandarin in 1992 and 1993

Degree of disease severity *

Date 1992 1993
Okitsu Miho Miya Matsu Tachi  Okitsu Miho Miya Matsu Tachi
gawa yama ma gawa yama ma

Jun 10 17 08 11 14 22 06 08 08 06 08
20 1.7 17 17 36 39 08 14 14 08 14
30 33 25 47 86 94 1.1 14 14 11 17

Jul 10 50 36 67 81 106 42 33 50 58 79
20 79 119 94 97 147 07 64 67 67 9.4
30 180 161 192 156 197 103 83 89 92 78

Aug 10 267 339 378 278 319 192 182 242 244 197
20 350 389 400 372 350 294 319 297 339 339
30 372 417 411 383 361 317 339 333 361 344

Sep 10 40.0 417 428 483 383 478 456 522 539 539
20 40.0 406 483 444 411 461 486 544 550 528
30 389 400 483 456 417 472 461 528 544 522

* See Table 4.

BBEME REBM Wt G %A Bl ERSJA=H ol
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Table 17. Changes in percent fruits infected with melanose of different
cultivars of common Satsuma mandarin in 1992 and 1993

% fruits infected
1992 1993
Haya Sugi Yone Sillver Nam Haya Sugi Yone Sillver Nam
shi yama zawa hill kan20 shi yama zawa hill kan 20
Jun 10 75 100 50 25 25 250 25 25 50 25
20 100 175 100 50 75 75 75 100 25 75
30 100 175 75 75 125 100 75 125 100 75

Jul 10 150 200 100 75 150 175 200 175 200 200
20 200 350 250 225 250 250 275 300 210 275
30 300 400 375 325 275 275 325 300 350 325

Aug 10 625 900 950 8.0 825 0.0 600 600 600 625
20 925100 925 925 100 85.0 875 900 955 975
30 975100 975 925 100 100 100 100 100 100

Sep 10 100 100 100 100 100 100 100 100 100 100
20 100 100 100 100 100 100 100 100 100 100
30 100 100 100 100 100 100 100 100 100 100

Date

Table 18. Changes in degree of disease severity developed on fruits of
different cultivars of common Satsuma mandarin in 1992 and 1993

Degree of disease severity *
1992 1993
Haya Sugi ' Yone Sillver Nam Haya Sugi Yone Sillver Nam
shi yama zawa hill' kan 20 shi yama zawa hill kan 20
Jun 10 08 11 06 03 03 03 03 03 06 04
20 11 17 11 06 08 08 08 11 08 07
30 1.1 1.7 08 08 14 I.1 08 14 11 1.0

Ju 10 22 33 11 08 17 36 39 25 44 50
20 44 72 50 31 39 56 75 83 61 64
30 72 94 58 58 61 97 86 67 83 86

Aug 10 142 183 239 217 203 125 161 167 153 192
20 264 276 155 236 27.8 222 242 214 272 258
30 286 289 286 258 31.1 278 300 317 294 267

Sep 10 333 289 300 300 328 378 428 422 433 456
20 301 311 339 311 344 478 483 461 472 478
30 31.7 317 339 311 356 472 478 478 461 472

’ See Table 4.

Date
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Table 19. Changes in percent fruits infected with melanose of different
cultivars of late-maturing citrus in 1992 and 1993
% fruits infected
Variety  year Jun Jul Aug Sep
10 20 30 10 20 30 10 20 30 10 20 30
... 1992 25 50 75100 375 450100 100 100 100 100 100
Natsu daidai 1993 50 100 125 175 325 375 650100 100 100 100 100

Hwang-geum 1992 0.0 25 25 50 400 450100 100 100 100 100 100
hakyul 1993 50 75 75 150 350 375 425100 100 100 100 100

1992 25 100 10.0 125 475 525100 100 100 100 100 100
Marumelo 1993 25 10.0 10.0 150 37.5 425 750100 100 100 100 100

1992 50 10.0 10.0 125 975 100100 100 100 100 100 100
Hassaku 1993 25 150 15.0 25.0 45.0 475 875100 100 100 100 100

1992 10.0 105 25.0 32.5 87.5 950 925100 100 100 100 100
Juzu 1993 10.0 125 175 275 45.0 47.5 925100 100 100 100 100

o 1992 50 50 50 175225 975100 100 100 100 100 100
Kiyomi 1993 25 75 75125 20.0 30.0 40.065.0 100 100 100 100

Sirayanagi 1992 75 75 75 350 425 875 950100 100 100 100 100

N. O. 1993 50 10.0 105 225 32.5 425 80.0 100 100 100 100 100
Kumauar 1992 7 - - - - 100 150100 100 100 100 100
d 1993 - - - - - - 10.050.0 100 100 100 100

* Not investigated.



Table 20. Changes in degree of disease severity developed on fruits of
different cultivars of late-maturing citrus in 1992 and 1993

Degree of disease severity®

Variety Year Tun Tuly Aug Sept

10 20 30 10 20 30 10 2 3 10 2 30
.. 1992 03 06 08 11 86 10.0 333 344 367 394 428 425
Natsu daidai 1993 05 11 14 44 8.1 103 186 32.8 328 522 528 51.7

Hwang-geum 1992 00 03 03 06 72 94 322 400 366 389 428 422
hakyul 1993 06 08 08 28 89 81 103 31.7 322 47.2 492 489

1992 03 06 22 25 114 125 361 394 392 44.4 501 500
Marumelo 1993 03 06 11 44 97 99 253 344 350 60.0 59.4 581

1992 06 06 1.7 19 358 383 400 42.2 450 456 46.1 46.4
Hassaku 1993 03 22 22 67 111 114 283 356 36.1 594 60.1 55.6

1992 1.1 11 42 69 286 306 38.1 400 436 44.4 45.0 44.4
Juzu 1993 11 23 25 83 103 131 303 344 361 589 589 58.3

o 1992 06 06 25 36 347 350 40.1 39.7 433 439 433 43.3
Kiyomi 1993 03 08 19 33 206 94 183 344 361 57.2 55.0 56.7

Sirayanagi 1992 08 08 6.7 92 292 328 39.4 433 444 450 483 477

N. O 1993 06 1.1 11 47 92 108 206 34.4 356 57.8 575 56.1
K A - 11 28 344 411 427 444 453
umqua 1993 - - - . - - 17 117 278 61.1 61.7 600

* See Table 4.
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Fig. 11. Degrees of disease severity of melanose in three groups of
citrus varieties in 1992 and 1993,
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Table 21. Effect of spray schedule determined by cumulative precipitation
on development of citrus melanose in 1992 and 1993

Total no. Degree of

Sf;;yulziiidlgfeci?pizigrsl of of spray disease severity *

1992 1993 1992 1993 Mean
Spray at every 150mm 4 6 92a 63a 7.83"
Spray at every 250mm 4 171b  339b 25.5b
Spray at every 350mm 2 3 27.1c  449bc 36.0c
Spray at every 450mm 2 3 269c 54.5cd 40.8cd
Spray at every 550mm 2 3 275c 54.1cd 40.8cd
Control - - 40.5d 64.2d 52.8d

* See Table 4.
¥ Means within each column followed by the same letter are not
significantly different (P=0.05) by Duncan's multiple range test.
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Table 22. Effect of spray schedule on development of citrus melanose
in 1992 and 1993

Spray date ) Degree of
of ehemaeal T i Aug _ £6 [ruits digsea.sez
spray 1 15 1 15 1 15 severity

3 s - S - S - 81.1e* 28.3c
3 - S - S - S 88.9¢ 38.4d
4 - S S S - S 70.0bc 19.8b
4 S - S S - S 74.8cd 26.7¢c
5 S S - S S S 78.2d 19.4b
5 S S S - S S 68.2b 25.6¢
5 S S S S - S 72.9bc 24.8c
5 S S S S S - 68.2b 19.3b
6 S S S S S S 56.3a 10.2a
0 - - - - - 100.0f 50.3e
* See Table 4.

¥ Mancozeb was sprayed at labeled rate.
* Means within each column followed by the same letter are not
significantly different (P=0.05) by Duncan’s multiple range test.
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Table 23. Effects of the amount of the fungicide Mancozeb and addition of
spreader on development of citrus melanose during 1985 to 1988

Fungicidal Amount of Degree of disease severity *
treatment application ' ' ’ '
(2/10a) &5 86 87 88 Mean
Mancozeb WP’ 300 31.6a¥ 14.3c 15.5b 18.6a 20.0d
* Spreader 400 2522  108ab 130b 161a  163c
500 20.2a 9.7b 12.8b 159a 14.7bc
600 22.5a 5.4a 57a 15.9a 12.4ab
700 19.4a 2.3a 4.3a 14.2a 10.1a
Mancozeb WP 300 45.0c 19.5¢ 176bc  39.1b 30.3ab
400 354bc  149bc  17.8bc  39.6b 26.9ab

30.3ab 164bc  187c 33.5b 24.7ab
600 23.5a 15.1b 125ab 18.8a 17.5a
700 21.5a 9.9a 10.6a 19.4a 15.4a

* See Table 4.

Dithane-M was applied at labeled rate.

Polyoxy ethylene alkyl aryether - sodium ligno sulfornate was added as

a spreader at the rate of 10mé/20 2.

¥ Means within each column followed by the same letter are not
significantly different (P=0.05) by Duncan’s multiple range test.
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Table 24. Effect of concentration and time of spray of the fungicide
Mancozeb on development of citrus melanose in 1992

Dilution % frui ree of
rate Spray date focied  disoncs severity*
100 Jun 10, Jul 30 90.7¢ 39.5¢
100 Jun 10, Jul 10, Aug 10 82.6b 23.7b
250 Jun 10, Jul 10, Aug 10 84.5b 27.1b
500 Jun 1, Jun 20, Jul 10, 73.1a 18.3a
Jul 30, Aug 20
Control - 100 d 50.3d
* See Table 4.

¥ Means within each column followed by the same letter are not
significantly different (P=0.05) by Duncan’s multiple range test.
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Fig. 12. Labour required for chemical spray in the different spray
methods.
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Table 25. Effect of spray methods and planting density on fungicide
deposition and development of citrus melanose at different
postition in the canopy (1995)

Fungicide deposit (%) disela)lggrggvgxfity’
Canopy Spray dlSI:gnrty dL(:ng’
ance stance. Short  Lon
level method ?Sgamcil ?L:{azg sAlg.?:clil ‘:ub;:é:l Mean distance distangce Mean
of leaf of leaf  of leaf of leaf
Speed sprayer 756ab' 434de  696a 185ab 51.8def 02d 325 264cd
Sprinkler A% 853ab 241fgh 7152 17.8ab 497ef 196bcd 321  256cd
Upper Sprinkler B* 80ab 370ef &0a 3822 596de 137abe 145 141ab
Power sprayer A 8l5ab 800a - - 80.8ab 24.0d - 24.0bcd
Power sprayer B 889ab 77.0a - - 8.0ab 184bcd - 18.4abc
Speed sprayer 710ab 500cde 723a 215ab 5.2def 236d 399  31.8de
Sprinkler A Ti0ab 183gh 682ab 170ab 452fg 275de 38 30.7de
Medium Sprinkler B 793ab 318ifgh 770a 27.0ab 538def 204cd 268 23.6bcd
Power sprayer A 86.7ab 578bcd - - 72.3de 118bc - 11.8a
Power sprayer B 934a 748b - - 84la 136abc - 13.6ab
Speed sprayer 755ab MBefg 689ab 144ab 484ef 23.9d 375 30.7de
Sprinkler A 671b 144h  463b 130ab 3528 3H%e 4656 407
Lower Sprinkler B T756ab 226efgh 633ab 178b 448fg 26.8d 283 276cd
Power sprayer A 80.0ab 467cde - 2 634cd  75a - 7.5a
Power sprayer B 88lab 637abc - - HIh 97ab - 9.7a
Speed sprayer 76la 429 703a 18la 518 25 36.6b 29.6bc
Sprinkler A 764a 177d  620a 160a 433d 2i4b 3T R
Mean  Sprinkler B 783 305 75 277 527 203ab  232a 21.8
Power sprayer A 8272 615 - - 721b 1442 - 14.4a
Power sprayer B 901a 718 - - 822a 139 - 1392

* See Table 4.

¥ Short distance : 1.85+1.35m,

¥ A’ Dense planting.

* Long distance : 4.35* 1.35m.

* B: Tree-thinning.

' Means within each column followed by the same letter are not
significantly different (P=0.05) by Duncan’s multiple range test.

_57_



B MAHE 2 o BE AEES ME L8 A vz LR E o}
ETE RE B 84% HEY £RES M2 v BE @AM 15.1%,
B THAME 131%9 8% e =22 FTHo LE 9o o
b, THo B B#o HEFL BREY 4 ANY. BRES & Lk
TE RE B BEA B, THAN -2 +8 ZEE vs) Qe RS
HEUWAT ol ge #R2Z B g 7)E2 wmZrm EE RERES
o2 kol LTHol EBMNOR BHIAWA AT < Ae wHZ
HESH | Aol & Ro g H2tE

Table 26. Effect of nozzle arrangement of sprinkler sprayer on the
deposition of the fungicide on citrus leaves and development
of citrus melanose in 1995

Fungicide Degree of
deposit (%) disease severity *
Canopy Nozzle Short” Long*
distance distance Short  Long

level  arrangement Agoval Abaxial Adovial Abwdal Mean : Mean
surface surface  surface surface distance distance
of leaf _of leaf _of leaf of leaf

Upper  Upper 81.52" 289abc 72.2a 24.8ab 51.9b¢ 14]1a 88a 11.5a
Lower and upper 826a 437a 793a 356a 60.3ab 143a  14.4ab 14.4ab
Medium Upper 778 219bc 7252 237ab 490bc 215bc  195bcd 20.5¢
Lower and upper 874a 456a 859a 37.8a 64la 147a  176bc 16.2b
Lower  Upper 73a 15c 619 130b 405¢ 253  26.2d 258
Lower and upper 741a 337ab 800a 26.7ab S536ab 182ab 226¢d  20.4c
Upper 783a 2080 689 205a 47.1a 2022 5.3a 23.1b
Mean

Lower and upper 814a 41.0a 81.7a 333a 594a 15.7a 18.2a 17.0a

* See Table 4.

¥ Short distance : 1.85+1.35m. * Long distance : 4.35+*1.35m.

¥ Means within each column followed by the same letter are not
significantly different (P=0.05) by Duncan’s multiple range test.
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Table 27. Effect of tree-thinning on fungicide deposition and development
of citrus melanose in the application by speed sprayer (1995)

Fungicide deposit . Degree of i
(%) disease severity

Canopy Thinning Short” Long*
distance distance Short Lo
level  amount ‘Adoxial Abaxial Adoxial Abaxial Mean distance distan-e Mean
surface  surface surface surface
of leaf  of leaf of leaf of leaf

172  91.1ab¥ 77.8a - - 84b5a 135a - 1352
Upper 1/3 789b 618ab - - 703b 188abc - 188bc
1/4 80.7ab 60.7ab 778 270 616bc 20.0bc 325 26.3bc
12  93.3a 73.7a - - 835a 15.7ab - 15.7ab
Medium 1/3 8l5ab 581ab ' - - 698b | 247cd - 24lcd
1/4 844ab 570ab 674 285 527c 236cd 399 31.8d
1/2  8l.2ab  65.2ab - - 732a 176ab - 17.6ab
Lower 13 807ab 4526 - - 630b 259d - 259¢d
1/4  76.3b 48.8b 65.9 167 519c¢ 239cd 375 30.7d
12 886a 72.2a - - 804a 156a - 15.6a
Mean 1/3  80.4a 55.0b - - 6770 23.0b - 23.0b

1/4 8052 555b 703 241 554b 215b 345 28.0b

* See Table 4.

¥ Short distance : 1.85+1.35m.
* Long distance : 4.35+ 1.35m.
w

Means within each column followed by the same letter are not
significantly different (P=0.05) by Duncan’s multiple range test.
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