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Melanose caused by Diaporthe citri is a serious disease on yuzu fruits. Moisture is the most important to infect
after the pycnidiospores are released. In order to understand how dryness and moisture interruption affect
on germination, the conidial suspensions on slide glass were dried for 048 h. For the moisture interruption
experiment, moisture was supplied for 10 h then interrupted for 0-6 h depending on the treatments. Germi-
nations on the treatments with longer than 15 h of dryness were less than 10%. And those with longer than
3 h of moisture interruption were less than 30%. Compared with other fungal phytopathogens, D. citri was
xero-sensitive. Germination on yuzu feel medium was measured under 15, 20, 25, 30, 35°C with 3, 6,9, 12, 15,
18, and 24 h of wetness. The minimum wetness periods achieving 10% and 50% germinations were 4.5 and
13 h, and the optimum temperatures were 29.1°C and 29.2°C, respectively. From the yuzu medium study, the
regression equations to be required wetness period achieving 10% and 50% germinations on various tem-
peratures were Whsg, =0.1093 x T —6.3762 X T+ 106.08 and Wh,,,=0.082x T°—4.8025 x T+ 74.861.
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= AF-L Diaporthe citrio|H, B RE 9] 7HE2E sl5)sic}. &
2 Ao Yehts 2R A2 HER Hole &4

FAtel Wske 8 WHelle AR, oy, o, 3, U] B QA?%,%EMEIL Fukg 5 Al 7EA7F Sick
Aol 5ol AthYu 5, 1993). 53] A2HAFHER H  (Gopal 5, 2014; Kwon -5, 2003). 0] B2 154 o]4+e] =5 &
Pog o, 7Rl et ofyet IpAof Igste] ot FEAE AR HEE TR oA 2 WS, F-2 74 49
= goj=g o 2x FAA w7t sttt A2AFEE ¥ A & gt 21} Addo] Hrk(Hure} Park, 20053;
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Fa& A ol Ha7] A4 9 o] Fash @ adl
olm, 53] Iy FHE A|A”loA T HS A erH(Arauze}
Sutton, 1990). ¥HH A2+ A EH Yt XA} HotE A8}
3 98 7R AJIZITHKim 5, 2015; Kuhara, 1999; Mondal 5,
2007). Koizumi (1980)7} 703t f-AF H-2HE LY A Snd
?l MELAN-Z A} vl4tgg 4% &, 483 25 2 5&
A&7 AR ol&S Alsto] FFH o= IS o
53ttt o] o) W2H 22} Holg 10%E E/dsHA] X3t

=
Tt uhol-& 50% oS PAEHE LEol &8 ZACA L 2
wol SAls). g WAz A F2H 4 2
AF WEA Wol- gL A2} A4 Ho| what A7 7ot

BN

-

=H oyt JA|Hth= 22K Koizumi, 1980)F SAE Ax7
A& = 7|15 FHOA 22} Hoha-& A7H 20%4 7Hagt
L =2)7} MELANY) 3|9l
A 24 6-8Y F WAZ oA FEH WY A=
FaolA A2 E FGHsk= 0 AT 4= ok of
A B Z9E ¢lo] Woll= et 81X Kol o] HHEE]
At AR 7] o] & FAAY AR R ) &5
ok ot g F FoF TS AR Wopg 9 ol Al
&= AsfistaL, Akt H-25 30l

(Kim &, 2015). ZZx}7} Az At

A9 Ak HE LA WY Botryosphaeria dothidea2- gt
At &4 FUTe 2 22} dhol-g 9 whol3t Zo]rt @A
3] ZAITHKim £, 2015). BHH, A Zof A 8HA] (xero-resistant)
WAl Alternaria pori= 1Y 20A17F AZ7} o] & A& E Y
2He A} kg8 60% o] A5t Bashi2} Rotem,
1974).

dafieh dohe] SEukEt fAF AL Aol A AT A
SAFHY WAIE M2 A2 A2G2EA, 71A &
A, R2rd, FA4] 5ol itk & Mgk tite 2= A5oF
WAZE =T, A A7 EE vt A 28 AHA 2 A
Sk Aolth A ASS FAF A A ST L=
FETAAT 2 dEnds FEAA 2o £ Y
Tkt Aolth A B EA] RS of A A2 E AAshe
o, FE 3 1-2% o|ijo] 2| =& oA E AETCZH ofn
oFE A& RS Eetsto] W YatS WAISh= 2lo] A7
Alole}. d2oM= A H2HFHE A 4E oS0l MELANS
&-& FolATH(Kuhara, 1999), -ElUteh= A7AIE S1% 9
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whebA], B A= Alsor At ALk A AT A
71A| Bero 24 d2of| A 7S MELANS S-2lvet 54
A @l A&t s 5 AHEshe] 2 oA LEt
2, Fw 3 2529 Wt wg ZA} ot
7S stz skt Hapzko
Zof] A3t ZA7E AA7HA] ot
folZollA FaF o] A} ot
op 112} Rt o] 5 $f3 AW
AFEE Beddt =4 Poks
HEEAAZ A A} Hols
o] Zagt s 79 A2} Ha 4
BEYAZHS L8}k X AT A= gl A '
ok fAF H2 5 ashe Seutetel 28
7he Ry 2l 2] Fagt 7|x A7t E Aol
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HelT . Diaporthe citrie= 20159 1Y Ad 18-
T 1F FA7IeAdE A FAF 249(34°34'02.6"N
127°15'33.7"E) o4 AL AR o] SHAIGH AR 7}
A2 Eeotact Y <2 E 913l 100 pg/g strep-
tomycing A7}k ZAFRHPDA) B Aol vjekataict. HelF
EA AL o) 12471/ 7712 710 AeIAS 2 AFe)
o] 25°Cof| A 27t vt &, WA 2R E kA w5 2
A} E| 2 HE YHE}E 85} 2x10* conidia/ml = 2 Z A}
ol A xstol gl Atk

AZX A|Zhol| 2 WEX} Yol £3.
A Zbo A & AT Az Ae 4SS
of W& xZA} ot &-& ZAsch FH|g &
&Eeto|Egets A Belofl ZH 20 ply £ &, &
A 1587 A sto] dEtlS Witk A% A=
45-55% % A %= 25°C ujeF7]9]] 0, 3, 6, 9, 12, 15, 24, 48
AlZE &<t TRt} &etoledetA 919 Az AP ZAE
Hrob-g 1S 8, ZH AIREE AR A7t $RE &etol
TE 22 Ho|y g&o| 29 e SehAE ARt Wi,
25°C vk 710 A] 24A17F F7t HotX T d5H SatAE
A YR = AHEE 90-95%F FARTe 24 A2H £2t
0| Topsr]of] Sw3t o|qlth 24X FE7HA] BE
A7t g5E ZTAEL 33 Fuj7(Nikon H600L, Nikon,
Japan)ol|A 1007 2} & Wolh-&-& A5t AP 2
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10A2H &8 M2l § SRFTIZ) Aol 2 HEA} %
08 £, 97 ZAV &8 oI Az BHO = F
SHe 48 melsho] thoba R FRER) A7 A2l 1t
o 2} ol & BT AL, D it EAAE AL &

olTZets A R9jo] BT F AF 1042 B 52 42
SHET, 48 Aot 2 dolr -3 Zop v w7t
90-95%2 AL B FeAY o] Gefol I eis
10 AIZFE9 9tk &2 FHAR) Nl &8 At 9=

° Sefol=ZeAg Fepag Aol o] 25°C Hjop7]
o T, AET LEAR 4 Felstel i) R 4

SES 45-55%2 G5t S FHAR) M 7|7he
21710, 1,2, 3,4, 5, 6 17010t S&FS A7 d=d =4
Sl wobg el 913 90-95% Y=t RAE &
2EgALe] ol 25°ColA] 24412 Bt BOFRE F Avgo 2
sk ABE % 3 9] W stk

oY |

10% U 50% Wol2 NS 2Ist Cist 2ot &2 =X
AZEAE. Koizumi (1980)0] =W, H-2 {7 o5 24
ol MELANS] g $19 7182 27} olgof whet A=t

%, 10% ZA} Fobg-2 7r ol Bagt 4 4=FolH, 50% E
A} dhobg-2 Wyo] gt =Foloh whEhA 10% E+= 50%
A} Hrobg Ao Badt Fa FEEAATEE 15°C, 20°C,
25°C, 30°C, 35°Cof| A Eelstqitt Wt A A5 NS 4 &
glo]EX 100 wl¥] FAF ZajufRlof =23t § 3, 6, 12, 15, 18,
24 o) SYWS 1) T2 Wob L Zsksich £74 3
gl A)= 73] 400 goll B4 100 miL W7okl st 7
1] 22 100 mlz} B4 400 ml 18] 12 3k 1}-2-¢(Difco
Laboratories, Detroit, Ml, USA) 7.5 g& &35} A|Z35}4ch
EAHE NS HES A Guuix] & 7 2=Ee 24 2
FrHloelof szl ATt Fet iRt &, HiXE 1 cmx 1 cm
A7|& Zet Sefol=a o] &2 3007 24} 5 Holdt &2
A5 Anl ofiA Alpste] &= B AIRE E R 322} T
< S75Hth A2 F 3 3] vhE AXElgIth A4 &
ot 7 LT YR} 10%2} 50% Hote] =2sh=t| 2
23 Fa PEEPAS A4 X (%) S Y @ 22
HAIZH FO 2 st ol HEF Hp(x, y) 2 THEo] ol A=
2 BT A E AR 2RE ot 250 w2
A} 2o} 10%2} 50%0] =2 at=t| a3t X4 fEEAATE
2 A= 3| HAS (Microsoft Excel 2007, Microsoft Corp.
Redmond, WA, USA) =2 ZHAJsH5ch

zd I'-I'

WA Z o Al BB EATL =2 E, Ax AE ST i E
ZA} ol-g& R olst= AYAHE AitE Fig. 19 Fsteit
A% A5 SHA] -2(0-24417h) Aol A 2} Hrop&-2
56.6%°| ¥ BHH, 3AITHRE] 15A1707HA] 3AI7H A% A|7E
o] ZojApE oL 44.7%0| 4 5.2%71A] HA} oAt
£3], 24A7F AR A= 4.0%, 48417 A= A= 1%71A]
A} Hrof-go| Zaste] AL ot AL Gl lThFig. 1).
ol 10% oJot= W= AY 7| 4= gle B2 1547 o]
B Az IS 2ok g Ao 2

WAz A B EZAT} & A 1047 5t 52 2
LEESEQTE 0-6A1Z7HA] 3 AlIZE ZHE 0 2 85T (HR)
A2gt Z2Z9| Wob& AME Fig. 20 YeHlT 10417F 5
89k A 2)(10-0-0, wet-dry-wet)ol| A} Z A} Wro}-£-2 22%% 1
0|5 24A|17F 552 A A2)(10-0-24)00| A= AA| 22+ F
80%7} ol et 10417t 523k 24417t 53 Atole] 40—
45% JHHSEE 1, 2, 3AZF 2 85 R) A #1F
9] drol-&-2 77} 60% (10-1-24), 47% (10-2-24), 35% (10-3-24)
2 F&FT AREo] Aojdg A} dholgo] A} ol
3HH, S5 HH=R) 7170l 4-6A17FQ1 A 2]E(10-4-24, 10-
5-24, 10-6-24)0]| A} ZA} Hrobg-& 35%0] A A|2|7} dojd4
£ A2 DolFthFig. 2). 7] 10417t G52 Ao 4] o]u] &

oF gt 22% (10-0-015 ZFTHTIE, 3X17) ol 4450 A2 e
EAEL o|F FET 58 FUYE Popgo] F712 o

=]
10% 7l 1 ol EobsiA) ghatet

70 4

60 - +

50 4

30 A +
20 _I_ _I_
: M

0-24 3-24 6-24 9-24 12-24 15-24 24-24 48 hr

Conidia germination (%)

Moisture treatments (dry-wet, Hours)

Fig. 1. The percent of conidial germination of Diaporthe citri on the
various dry periods with 45-55% relative humidity. The dry periods
were 0, 3, 6,9, 12, 15, 24, and 48 h. After the dry treatments, the
treated conidia were allowed to germinate with moistures for 24 h
to measure the treated spore’s potentials of germination.
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Fig. 2. The percent of conidial germination of Diaporthe citri treat-
ed the various hours of the moisture interruption. The conidia were
treated with wet-dry-wet sequence which is supplied moisture for
10 h, then interrupted moisture for 0, 1, 2, 3, 4, 5, and 6 h with 45—
55% relative humidity depending on the treatment, finally allowed
to germinate with 24 h of wetness.
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Fig. 3. The conidial germination of melanose pathogen, Diaporthe
citri, according to the temperature regimes (15, 20, 25, 30, 35°C)
and wetness periods (3,6, 9, 12, 15, 18, and 24 h) on yuzu feel agar
medium. The lines of 10% and 50% of germination is to find the
minimum required wetness for the five temperature regimes to
achieve 10% and 50% of the spore germination.

Hhgo] A9 Ex] oFS 10% o]} 2} oto] BoFt 2%
2 = EERAITE 243 A2 o] gl 5= 50% o) &
A} dtopol P gt 2% W fEEAXZHS] A E GotRYtTh
(Fig. 3). 15°CE A3t BE 2= 24A|7F o] F 32 o}
&2 70-80%0] =E g 7Y whE ol 5 Bl 2%
+ 30°CE=H, Fig. 39| Y= Z A} Trols 50% 7= A 2= A
7} 30°C o] 13.4A]7ke]] wAfshe] LA} Hrof-& 50%0] =25}
ek 3HE 15°Co A= 247t S-S0l A= F) 14% Z Ao
Hholstgitt. Fig. 3¢ 3715 10%2} 50% EA} Hrot-& =73 3

35
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[
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T . R?=0.9882
a 15 4
2 10 A ®
s | T . . ________________ ®
2 5 1 y =0.0741x? - 4.3137x + 69.019
R?=0.9553
0
15 20 25 30 35 40

Temperature (°C)

Fig. 4. Regressions of 10% conidial germination (®) and 50% co-
nidial germination (A) of Diaporthe citri according to wetness and
temperature conditions. Dots and triangles are required minimum
wetness periods for 10% and 50% germination at 15, 20, 25, 30,
35°C, respectively.

M7} 7} 2= drobg AMo] B B EAARES] X 3}

Z] == R
o 2 fE AT 2 28T 20, 25,30, 35°Cof 2=
oA ZA} ol 50%0] =2 sh=t] Bagh Ha £ EAA]

7+& 7¥71 19.5, 15.6, 13.4, 149X]7F0|9) L, 15, 20, 25, 30, 35°C
o) A Wob& 10%] ELSH=E] Bagt Ha 4 L2
7He 7}7) 21,8, 10.5, 7.8, 7.6, 8.0A17+0| I THFig. 3). X3t 15—
35°C 2 A] 109 B 50% Wob& TAe] Wast Ha 48
EAAEE (x,y)2 SHe o] B4R WET, o|F 42 XE
B}Y 202 S HEES Fig. 49 AF(10% L3} Fol &,
57) 9 AZFR(50% LA Wotg, 42 E7)skeck YaT
A2 g e St AT FAH0] 10%8} 50% ZApE
ob& DAL I3 Tkt £E 270N Wad Ha SRER)

12h& 245HE sl7)4oleka & 4= giek EAPaol-& 1099}

b BlAAe Theat Ak

50% AL 9
Whyg, =0.082x T>~4.802x T+74.861 R>=0.9667
Whagy, = 0.109x T?—6.376 X T+106.08  R?=0.9698
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ol ZthH, EApoLEo] 10%S WA £ Flon) 1 hays)
2] ko et oS5, Whyy, SHAARD B 71 $2ZAAZE
o] Fol A EAPLOFE-& 50%7} i W 7H5A0] vh -
E& A0 2 A SHTE Why,, 3|74 Whyg,, 31714 Abo] ]
FREZAZ M E ZAPolgo] 10%E L 50%E 24
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W27 AL B E A Gohg S BA P4k on], 154]
7 o A o8-8 10% of st Wol =, WA oS
AoIck S 104 St ., 34 Ol % BHAL
W EAp ol -2 35% of3t Woid, W 9l 9l o
ou}ofete A0 2 |2 Fich chob Lm0 SR EAAZ A
= 22 2HE 10% ZA} Woldt 4 gl 71 e 25z
AAZHE 4.5K17k0]w, o] 1) LEE 202°C2 A ofi L wr}
= SREAATI] 44 BT ol 2l0] ZA Hotg 10%2]
Ao} 2 S REAATIoIk 2 W0 Whie] ST
509 ZA} Wohg AN A S EEJAZES 13A12k] 714 5
QAL o] W] =7} 291°C2A] 21A] LT T, MELANOTA
AE D, citri 5] ZA} ol 10%2] & =& 25°CH 1,
o] oA Fa FEEAAITHE 2. 7/\17P°l9d“—} T3, 50%
E o] HF LEL 25°CHI, i FEERAIE
4.3X]7Fo]|tHKuramoto2}t Yamada, 1975). $-g|iutafe} =

o 7 AL YT AT FFE vlmalE, T FHE YR
FRuTh H20] O 41-42°C I, T SE0 ol g2 G
et Wagh Ha S EEYALES 18-87417E H Lol &
Pubet F7 AHA O 2 T120] Aol o o 7|7k S B
2 a7 AT QB FEE o[ 8T MELANG 974 AL
AR A7AZ 913 Seivetel vz Agste A

47 oo, 92 F5
o Wasitk

£ o83 FA AT 2 A

2 A9 Ao} o2 A8 HYd H30 dx AY 2nE
H| W8 45-55% A== 12407 A2 A Pe o 2 4
Aol A D. citri Trob&o] 15.3%°]3t} THd, B A2Art&
ol Alternaria dauci+= F 10%(Park 5, 2011), 1}F o2+
2l Monilinia fructicola= 12%=ZA] D. citri Rth= 2F7F ¢ A%
of WA & T H Al AR SHAS
Botryosphaeria dothidea-2 3t A7t 52 e 2 A}
oF&o] 20%0°]/d A8t H =T (Kim 5, 2015) o= & A¥
O] D. citri A3t} W]kt kA D. citri= 71300 917

(xero-sensitive) =30 | $tt

& AFolM A2e 25°CoA AHisE 45-55%= 25t
S, ol WAIZtol BHEE 69 FRe 8Y 5 ALl
of §A} ZAL T0] F4E0.2 I3 PR Yol e 40-
60% STt AR ol wmam 3, Grindle
T} Good (1961)0] W7 F-2FFo] WF2! Fusarium gra-
AT 45% EJ ohjet Hrie=
P At 2 stk 25°ColA 124

minearum AZ A&
0%} 15% = T}o}

ZF St ST 45%= A= A28t F graminearum 3EA} 2
ob-&-2 10%0] EAFAIRL, S 0%} 15%= 12417 &
oF Az 2|5 wrol-&-2 7k} 80%, 45% 2 23]8 715+
th 2 AHEE 15% EL 1 olata Az Xalshd Zaparo}
£o] Wolxx) gkt Eelo] WUF S FAAHE $EY
o mebd Az HeiX) RGeS duke B AR L Be
%o}, 30] Aok A 23 8749 S8 Ltk
Bt

S} ST AP L B

Eekssh 4 aha ol S

F 4@ A BEfo] Lok
Z}EiH HhEol| = Etakal Ak 2 floflA ¥
A TS 94 T AL AT
Ak YT L9} LA LA 2 3
@ 52 W BEseE A Aol B
W 5 QA WAS T Flo] vRRsh, £ AF
T 9191 BE F 44 BA)A Woloh hES BAT 5 ¢
o 4 THTIAL $4 712 Zot WA S TSR T $felA
MELAN Edlo] AAJsh= 7+ ok 7122l 10% B 50% 2}
ol gol Eeeh LEo R EYNIO R A0S £E5
k.

7 AT ofdl Tk 59 15 W ol4lo] &
Ap Lol A B HIRsHA A sh=t, g HoflA AAHE A
7} 83} E4o] HofLpn 2 mHE o] Aok 21873 Al
L gho 2 ke Dslor 8 2 THelth ok &7k $
el A At S FH AsofS Adsh] g A7
AlE kA AL Qlek & A= 10%8} 50% Z A} oo Za
o Thop LEe} SR AL AhE B ALATEY
7 Al 9 A A Bashs 712 Akt &
A AET AAE Su} ERA A BER s+ 57t
Qi Fzo] H]a) o] £ Az o gels 2L Wol
& ol o 92 717ke] SR EAAIT0] BRsHT ol
A AR 2 oA eE & A 7R A B22L
Ao gt A (Hure} Park, 2005a)9} D. citri ZEAFL] H]AF L
W22 G4 AL (Hure} Park, 2005b) 23t= $t=13 =dl-S ot
Sid] Bag ijd L A7 AEA A1 FE S
A AL et 22} vk AL 288 4 itk A
PRAN ALARLY 2e e Bl g3 82 o2 =

W S, B Q79 A} ol g Auha ohjet Hur
9} Park (20053, 2005b)¢] Z& A7 A2 E3Hs}odof 5},
B3 FIH 02 G4 AT Ao
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2 o
LA AL AT Y- Diaporthe citriz} 9217-o]H, 2}HAlo]|
ysto] AZhet e S 2eith WA 2 RE EAEZAL

7t rEE U, 82 B Aol a3t 8 aao|th
ol F WEA}F x| AStAY G&FTol WAL o
ofgof o FF= FA Gokrt Ax A= A
WS &oto|t Fetio] 0-48A17F B2t Attt 58 5
o A= ARG HES 5200 10A7F HA =53 £, 0-6
AZE AZRAA ol gol A G-a& DA 15A13F o4
Az A2gh ZAF Eok-E-2 10% sttt 3AIZE oV & 5
o A2|E 22} Eohg-2 35% ofstyith tohE Al e YA 5%
o|@} vl W&k, D. citri= 72| WIZHRE FFoloh 44k b vl
2] 9)o] theksl &% (15, 20, 25, 30, 35°C)H 2 &8 ZAA7H3
6,9, 12, 15, 18, 24 hn< thoksHA| 2elste] ZApEolLS =
F3iTh ok 10%2F 50%E 2/49517] f13t &4 =72
A7 Z¥ZY 451700 13470, o] off 222 ZF2F 29.2°C
9} 29.1°CHiTh ThFEt =04 Wob& 10%2} ok 50% &
Aol QT HA 2BZYPA7HE ARSI 2AAL 7kzh
Whi4,=0.082x T2~ 4.8025X T + 74.8613} Whig,, =0.1093 X T?—
6.3762xT +106.080] L}
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