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OELKEOHIL, BT hoEE SRESOEMN, £
MERMEORE, EOMAREDO S X EHEE Lok
¥ {(Matsuno etal, 2006), AWz HRKBOBA I,
Z 5 L SEgE0REK L VI ARL BREBRENAT

1nE (REF - B4E, 2024, BIVEOFRAXRLER).

Tok o, ARICBE AKEEHOBRLOELE, FFiC
THEC BT AERKEORDERICFESLIDFTERD
YEo8, E7 In—2RkDRARLE I AF—Fw—)
OEEOE R TH S, BT I m—ARRE, KK
HHTHLELAZVILONWEDID, BICEPREE~D

S AGAMBIATATYWS, KMfE, BERERE M2
Ak—2 -] OBREHE R, (- FRGE
MKasalath] HEOHEEEGEFE2ELY / LEEZEL
HEELOTHY, HAROBEAGT TR, T%—
HA—v] E0LEEERY, PpOREEIREIZEND
EOHEA L, 2011 FlrAROBEREBICE_ s (W
Wk, 2011 F7P96, 2013). ¥ LT 2014 a6, NHE
Wi O TEF B o “HIfEC, fEREE s o
HiFh) TRboTHELESFE IR L DT, H
S L LTOZ Ty FMEBHFEATHS (R
NELERAERREYE ¥ —, 2022). LirLAdih,
ASEIE, B THEZBNT (OERiEh) k9D
BRLLTWEWSEMEIHD (LD, 2011 ; M6,
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BFEEY— bk (Sns0-5 7 #90, HEEERE (BR) i
BLUTHREI 2 AFEE L. 20#%, FEHFFIH#K
Eom— (B2 ZESEBTEAVACHEBL, B
AECHPdkL. BHEATE (88 10 B) i, wEHR
WEFHOEHORLER (F1) 28HLE.

#1. B - BHFHETCER L-ARC—E (2021 )

] BRA HBAS (%) IR - Hik
7A21E FrY—-FICTE A Fzh e {(50), 200 f& & N ic 24 ¥R
F TN ABE{LE —H (4.6) &7 8w
A F — F kA &Y= B (200) RE
AT FF LA MEP (50.0) 1,000 {& 3 R iE I 24 B
WE TR
7H308 F#FHLx—2MF EFOE Y EFY— 1000FFRELIBEER
i #l A {500), AFIFHRA (BEEEOM IS
M (2.0) Hiz b IL#EE
$8HI10H F¥Fraiby FTAEFXH A (2.0, HHEALEHEY 500 B
ITAFARER rueFor (12.0) kil
EHI17H ASA—F RF—F T AFEAHNT (150), SaE@BLEBEIC 5008 &l
¥ o KA PAEAFD (0.6), A B Hi
Sy ANLZD T TN
(0.3), 7V F7F&ra~—
o (4.5)
9B 140 RAFFFPIFuE TAEFPALTOLN sa BB £ @iz 750p it
# (0.33) KA
T o T VE A zFFa—a (2.0) salE £ W IC 1. 5kg & ik
7 B
RF YA 4 wAFy THEE (400 HBL
7Y v YR A A4y TP FET o {120) 5a BB EHIZ 2kg 2 HE
R AT
9R 16 =L ¥ FEEHN REroed bTS - H— - BFUHED X,
(0.6} 1 (18.6m?2) b7 B S6g
fr i
1WA 1B RF—rA*Easl Y2777y (12.0) Sa BB AW 125 & {E

A f A




EBTHA L, BIETEE LU PBI LIE : MEREEN
g ¥ —AEXFINORERKE (52, HHELE 2,
PRZ SLEE(ZEIT B 3 MEmK (EAERE, H—-EHE, 3
IUBMALATEBLERFEAR  ’ 1 &, HEER 2
JKHE (4 : 6,4 Nkg/10a ; f#8k : 12.8 Nkeg/10a) ZF#E7x
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IRHERTORE - BEEOBRAEEAANIC 158 X8£D 3 E
B (1D wa, FAFThoREZLICEREORE
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HARIE L7 BUF&R), iz ownTid, 9 A 24 BiC
BEO—ECHRRESh, 9 A 26 B X9 2KEE, R
WETERHEL, FAFThOREO NG (FHE
D55 10 ~ 206 THERALNLA), HEEE (7, 50%),
BIXUERS (A, 80~ 90%) ZEHTHELE (—i
OEETHY A 26 SBRHERAEHESR, TOHEOH
FirpdRiz o B 25 B & L), #MAEA LGB E TOM
WM& 2T B ¥, WA SERIH £ T 0 B2 RERY
&Lz, 10 AdRLY, KEFPLOESECKRIHL
TS TRAMABREY, ThiEonTiz8iR LDk
7=, 108158 -22 H -29 A 3 [H, £EEIZ-DWT,
R LTS ESoREOES UUT, EHREHE) %,
BHICLY 10% BATHEELE., IIT, BRLTWS
ey L, FYREEERE (BERFHESLHIEHE,
2013) @ 10 BicEFRENT:, BUREEE 0L 5 0 6 B
E5dHt, 3 Bk (EHRAEICLTH 45° Blk) O
EhBRBHRGLIBIEE L, FERCBTSEIRE
BE 1~ 2 IC3MT 5, [REERICRIBEOL Ui W ERU
BFURRED LR AoV TE, BBOBY oWS
STHREFRICES Ly, BREHEDIES bk,
HORBIZoW TR, 160 ATERG 11 Ao, T
M 3E, 2~ 3 BERECREBLHEEL, FHOBRERR
FEHT I LA TFiIceo CHIEN- B2 & L.
11 A 4Bk, #XEAO, S ERHERGOIEZ O
TR ZBRCEED b HR g LT, #EED
2ERBRELEVEORE WMEIFLBEHEHETOES)
LaE (B, BEOLEETORSE) % 2mm B TRIEL,
HEHEEELE. SErLEERS Il iRE L.
RS L UREHREESORE 11 A48k, XA
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OBENICELAL, FREICOVTHEL (2 oo
REHELEODL, 12 BPahald TER, RES EL
ATl flegdniboriBicEotboliaid,
Wha (BERTREL LT BELE Anftbolk
OV HE, BfEK (B 1.06) WREL, AL
PRBREELTERELLZOBEHEL, ZhbdE»b
BESESAFEH L. NEHERL L URREERH DK
[T, ERE T 32 ~ 34 ARSI YO LS.
R EEv i L. fiE»SEEERKIIONTITE

biz, EEZEICERLYTESLEE, KFKRoE PB-1D2
((BR) & FRERIERRT) 2RV TS ERE 2EAIEL,
FOEMEERE L. BARE & TREOMAEILE,
£XNOIRED Y bRROREOEROIREHR LA,
100g BiEOFEH%E HEV 1.8 OEFIZh, WicE -k
KEHEBLIREHREL, RESSDHIEESEFREEEL
L7 FREK2WTHE, FitEoEkdhe, Bk
RiTHKEERRELEET 5.0 FEV LY, ZHhiZEEH
DEEAHETH LWL o THEHLE, THE - ThiE
L, RFARSHICLLSBIEMER, KDER 15% @
REOEICHRE L. BWRERAESRY OZRIT 2N
T, BB AE T CTTREFELE

BHEREE: toWEIENTH, 3 EEO > HHR
OXEFEOEAITT A U7z, 2022453 B 2 A, B E,
BES [2) CFRE UCRENREE YP-32 (R 1La=ERIERT)
W2 ERET Ik TURKL, EibokEkarite A
WIHEASESRE 2EWEL, EHELERLEOL,
A € CTIREELE. BAaMAG3A 10 AT,
6E (F7owdy 26 X3 Trwsy) oSt TRWEE
HEEITok. | BOFEFIBWTE, 70y /A 6
HEREME, 3 EOBKEFEESICEY UTokiic
PeBR - SR L7, 3 RBIURKRERROHEOBRE
ivvPhb 360g L L, Zinh s P EEAETTFRE
FLTo. PERERZRL, RKEKEEWTETALEEL 3 H
BMOEBELLOL, KEAKEEVTRERT I0EDER L TH
LIECAMEES 3 EEVIELL. SRR, FKROK
SERIECTIREEEEL, L dks 14145 @
BEIT IR A 498.0g (XL OSHETER 0g) L L,
RESEEF0. 1% EL S ZLICAE 0.96g ToRM IR,
ERIZ FE TH 37 v — k85358 SR-KA0S1 (S Y=o 7 (3R)
FRV, BRI e T fkfR) T — R TR L=,
PRRIETH, 10 SHREBLTHe7F &M, L2b T
THREFFEEILZNI D TEIEEL, SRELEMEHE
HTERIT 10 DRHE L THLFEME (1 Biz-2%F 14
~204) ICHR L. T, EERFNOPRIIED
21, 3 RBROXEFZTORBICEESFECE <. #
ik, &Y, MR, W Y, BE, BLIUTRES
i 6 THA &, B oo bl, 30h6-30TH
MECHREMES SR, T, Y - BExE< 4 HA
oW Ti, TEHERL 929 B GEDY) &+ ()
3, P LEY BV 2+ () 2, ThFhicBuy (EW)
41, TEEREEDLLARV) 2020, 0 -8\
oW, TRV & T#5 -8y 10, Ty & T3
Bipvy c Bh ) ICERA A TIHE L.

F—A 88 (1) &8 &t 7 V-7 b Rversion
4. 0.3 (Rcore team, 2020) BLT DD R sy ir—
T BTE®E 28wy, —REBEBERAET
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(generalized linear mixed model ; UL F GLMM & k) 38 &
VBT 2 F Ly, Bohiey — & OFFAHT &7 -
7=. PBZ WMEBOEBHE~OBBHEIIE VT, BNE
X & #— 8 EORTF —F O %1Tvy, PBZ #UH A
S OB ~OBBTMc ST, A—WAR LR
MAAROBTF —¥ OkEEfTok, ZOXIIC, IH
BOWEIENE L bE—HAROT —F EAVW TS
¥, WIHENCMSITIEARL, Lo TEx 0F IR
BT, RESKOFEAREEZ0.06LL, Th%
o THo7-E (0.025) XV bEERENNESTFHERE
T A L WELE (Bonferroni #). BI{KEfELRIZ>W
T, FHESAREWVEEF—FOEL2ELRELLR
BEMBPHR LN ERESE), GLMM H TR
DO Y 7 EEICHREER LIE 3 BFE Lyl
MRZzLh, TOAERRMTARD, TTOTF—F
21 22 LELETEILE. WTFhoRaiiBn Ty,
GLMM O HTHR®SIZE R 2y 4 —37 Imed (Batesetal,
2015) @ gimer ME%E AV iz, BUREMILBPRE, X
REEOEET —FI2on TR, R 2y 77— Imiest
(Zeileis and Hothom, 2002) @ Irtest BI¥RAHWT, HEH
S ESESEEEELTY 7 BEEAVRVET L,
EESHERELY 7KL LEETA, B
VH SRR EELY » 7 BEEREL LEET A0
HELEFTATRENL, PEEREICL>TIOMHE
DLV FECE oA EERA L. BB
EUEI VT, RT Y ST ERELEET VL
BOTESHERELEETA (V7B EL5Y
iR O TR EERBEEITY, SREEFEE
EEWIE S ERSVESRETE) 2EALE kH
PIoHWTHE, BhEoos LTid o7y, 85
W EEMERE L, AEMEOMEEA 7y MRS
LTEFACMA . BRSACELTE, BRE - T
BHOHEF—FicL, TESHEREL, VsHE
B logit & LEEFAEHTEAD, BREEIZO2VT
i, BRkER BOTR, Vs BierEe L, HRL
FEHETKEOMEEA Ty FEE LTEFMITMA
F. WThOBEEBsWTE, R 2y =3 car (Fox
and Weisberg, 2019) ¢ Anova M¥cE BV, 1T BOMBRE
ST L o TEFMIEDLEEHROFERERE
Li-. BEEEslicl+56ER (BT, RET—F)
lmonTiE, EEF—7E LTERGZATHSED, 7
HELAPHBRLEY I EATEBEF Yy PETFADD
Tk A EER, R v & — ¥ ordinal {Christensen,
2019) @ cimm B3CE AW CRRT L7z, ZOF, RSy r—
5 RVAideMemoire (Hervé, 2022) ¢ Anovacimm BEE(%
Ay, I MoBBESFCLY, TFCEDCEED
ROFEMREETo 7.

F—g 3 (2) PBZ RBOEEIME - AREHILRCS
WL, PBZ MEL, MERRE, BER LT LORELD
O-FEREEBYEEDR, Toy s LEERXE (PBZ
MLEA I X2 MEIRAHE X3 7 v vy 2 X3 RE O 36 KE)
oA AHEE LT GLMM 23T, SEEDE
OHEERPRELE. WThhOPRPFEE 1286,
FOERCESHTEHEDRE LTEDLLI I N—TER
AEHREFNLELET, R 2y =2 multcomp (Hothorn et
al, 2008) @ ghit B %% A v, GLMM {238 f "TEE72
Tukey BHOEELB LT, BRT —F Z RO
BT, PBZ AR, WIEE L TG OZAEER
PEEYR, TuvrEFFLAPRELE GLMM %
HTHD, EEEDREOHFEMEFREL, WTRHIOD
BAEET-18E, RUAvsy—3 - BERWT 4
SMERIC (PRI JLEEHIE X2 MEAR/KHE) REESHRELE
GLMM ic3-3< Tukey OB EIT o, ART —
ZizoWCH, PBZ 48, MIERE:ENLORERAE
EEMELL, Tuyy, #EEBICRERRS V¥
AEBRE LEEFo Yy bEFARHTRDE HER
LT A LRI EHEDE, B-7ey s AORLE
REXE 2 QST TRELTEY, TOREBERET
B THD). WTRHDEEDEREEL - LBE,
Mangiafico (2016) AR T FIFIZHEV, R Ry &
emmeans (Length, 2022) & mulicomp % AT 4 BREE
BCo Tukey B OE EHBEITo 0.

F—2 8 (3) PBZ OH AT OREEE: - Z TR
PBZ MLEik (¥9—HeTh - BETHAR) L MEEE (MR- gk
AR B D) ORBEMERER LTERELZIT-%. Zhud,
b LA &5 28 Lz BEch BN R R,
HAEVRLOETEEED LT R LELTOTHNE,
EFREARCRTROBEREL tORRBORXBEOH T
IRLOEBERESTL A8, H—BHETHEOLD
EIFALICCWEDID, LROSEERNEEILRD
TLMRTRENDEDHTHAH. BFICAVWER S ir—
CREDEAHETHS. FRERLELCONTHE, PBZ
MIEELEEEEICHERRE S BEILNL, ThALO0B
YW OSREEEREEESSE, Yoy /BITEE
LEED 36 HEREE 7 ¥ AR E L. GLMM 25
T, I BoRRESTCL Y SEEDRORELE
BELE. hoBEEiconT, 3 KET X Thb7F—
FRREIN TV HIES, PBZ Mk, BEXKE, HE
EBLIUT_TOARAER2EEDR Yoy s %k
S LEEREE L GLMM & T, [ MoBEBE
S > TEENROFTEEBRELZT- L. 27T,
BEODEREERE HESIE, 12 8 (2 A3 X2
HifEA®E %3 KE) &BEEHRL Lz GLMM (ZH&-3<
Tukey BOSEHHLIToT. BE—ORRPFEK oK



B BEIZELT, GLMM 28h A X v—7EHEE
BRI LEObLEEREEREL T PROKET
PEREBERTWAT—% (THRE, FEREBEEELIVE
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A RBEMCHFEEZERZ LR, EY 4 HBIZ DWW,
PBZ M- MEIEROPRIT S LICAE T Aol (F3).
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1) %: p < 0.05, ns: p > 0.05 (FryredMids RBRALTIIMAEL D)
S AYEE LEEFRe Yy bEFABIU 11 BMoRBESIIZL D) B—
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EEEE - REEH 776 b -0.11b -0.11ab ©.09 000 0.02a 9.13sb
BFEME - B —-KF 665b -0.08b -0.02b 0.11 -0.06 O.43a 0.18ab
EERIE - BERAN 7.94b -0.12b -0.16b -0.02 0.12 ©.24a -0.12b

1) BCREOZE@IISVTIEE 1 288, BEE 3 coREREO Y 5L, PROK
(D HofiF—mIioE3<. % p < 0.05 st p> 0.05 (11 BUOGMRE
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WABE, Hr~nd, Uy =log, 7y MEIZ log{ EZENKE). 3) Yoy
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WLRAT, TREARKF—FIIONTDL, BSEERE
HEEEBH o L EBRNE, FRIEEELRbo7,
TR b ORI, FRFDURERPIE, RREICIEER
WP, ALRBOBREDENICMHTED I L &R
LCHY, BREEDLE LICRGEORIIZENT,
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v — ORMEBER LY, FTOFKERLE LCARBORE
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YRR EITRIEELREEELLLERVLOD, BRE
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TEAEIRLE. CokSin, EHOEMNLTIIEEN
CREMCER L RIS AT D, Lo A0S
T A TR B R ofz e LTE, Tirsio
CEOERIZ L HWHE - BRI ER I RVERESD
AESHBENH LT, BNEL LT AERELELDL
na. T, EHORBEEIILY, ERESOEFS,
W ONRDORETF - DETHLADNIBENRHY, T
NEOATHEAL T IIAE L 2VWETREEIIRERS A
A THRALOBHIL, FRAOERESREDDIER
FOMRBIIITTE AT BA TS L OEETS
AR ANRDS, f, ABEO LI, PBI OHE
ASHAROEET - REFCRFTEEFHELEAL
BEE, BRI CRBACLRERLRVED, K
ORI, gz 3517 kTR TAR OR A
BEHINABICLERAER AR LOLARLTHSD.
AFEIE, A ROBERPAEFTHED b ULRTRES, &
Bk — FICE AL OREICRIFET PBZ MBEOREE,
EEI R ERT A v BT T AR S TH LA
I L nETLHh B, A FO#FEICET S PBZ
DFEE ARG, EREHCEEH Y (AARRL:
EEs (1986), B (1989), (EBEL (1993), BE#R (1993),
AN 3K 8F B (1999) ; 8% & : Ohetal. (1984), Pyon and
Huh (1985), Kang et al. (1985), Im et al. (1987, 1988), Lee et
al, (1987), Lee (1988), Lee and Kim {1988), Lee and Dedatta
(1991), Kang et al. (1992); 4 [E : Goufo et al. (201 1), Xie et

al. (2019), Xu et al. (2020}, Xing et al. (2020), Wen et al.
(2020), Cao et al. (2021); 7  J ¥ 2~ ; Mactal and Canare Jr.
(2016), Magtalas et al. (2020), Azarcon etal. 2022}, <= L —
<7 : Sinniah et al. (2012), Syahputra et al. 2016); A » ¥
F -7 Wahyuni et al, (2002), Dewi et al. (2016), Dewi and
Darussalam (2018), Syahputra et al. (2018), Silitonga and
Nasution (2019), Sitepul et al. (2019), Darussalam and Dewi
(2022); A > ¥ : Mukherjee (2020); A< >~ : Bridgemohan
and Bridgemohan (2014); 3K [ : Streetetal (1986); 7 7 &
At Alvarezetal (2012, 2014)), S F T E BB ROMESR
iz 30T, PRZ BEEZE R, BEREFEMNT
ZIEBBEINTWAS. ZhoOFETHE, WEEE
DR EH R TOHFARE N, RkEED
Ko BE~OBEE TR R, EFORTERS
T, FREOBVERLELRATVD. BT THRAE
HETHEAbhE, R EBELUSOIEFE~D PBZ ©
BT T, {HUIR TOWROMER L BT E g
L#RT 5.

HECH4 5 PBZ OBEE RS LIcHIFEaiz b,
BETOEMIZB SN S, Imetal (1987, 1988) TIIHFE
B~OBERL LA T, Kangetal (1992) Tid, AT
L5 1~3ADBESHLNS. APFETIE, HEMRAE-
BIEGNF OEETIZHWT, PBZ A8 (k) 1
e 1 BBbE (£ 2), FRIORERLVE 22T
WA I BAEESNLBHREMEXOTRORETIE, H
FAMAGIZ 1 BBz (B 34). Kangetal (1992) Ti,
PBZ ALELR L WEM & OBEICOWTHERIAT WA
NhLO, RIRENEF P LITAERAEZ D L
HEABEN ZEEREL NS ), AR LEELE
EEABLRTVWA. —JF, BR~O PBZ 0R28%
AR RYE R BV, KRB EOREEL D
BHTRULEFAERSES S, AFE T, RBREHCE
VT PBZ AMESHERIM A R T HEIASALATED
(# 2), RFBHARICBIT2PROKE TR I OES L
DhEL LLHERMRALNE (BRE2ER). ZhiboF
Bix, AHOMEAKEDZVEERMTOHEOE G
EHFWASETVWET EERT E LB, RETHRNE
BEOLRICLY, TORLOENILIIBRTLIIL
AR LTVA, HEEOBIEIZOWTH, PBZ 124X D
SRR AR b RSN E LD LRSS L
RTELH, HEOEL2FOBRO A A=A A2
TIRELHMENR. G LoD REEE LT, -
K%, RFBAARORRLOREIZB VTR, SEOLE
ik (AFIC X BHOR) TIEHIE T X 72V PBZ ORBAR A
SWELTEY, Thitk-TRRENDS PBZ OREH
HEHEBEAOKRMTRRY, oV okfifiolEbo&
LEHLTNWAZELEADLND. IORKONTIRS
BELSBDLERDHDIESS.
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Pyon and Huh, 1985; Im et al,, 1987, 1988; L-%F, 1989; TR,
1993; Mukherjee, 2020), W< 2O P TIIHERE
WS 2 B 3L T W 2 v (Lee and Dedatta, 1991; Mactal and
Canare Ir., 2016: Cao etal.,, 2021). RHFER BV TH, H
BEE AR oA L ERAERZh, TO—
FCBRERETHE, FERBRELLbRENR (2.
HEEHOA D =X L0, PBZ KEDEDER
FREEMC AL =X (LB, 1989) BEVELO L
IRTE A4S, Magtalas et al. (2020) 74 38—, A
OHMBEIZ LY, RFRO—FTHEESFRICMELE
TEEHRELTEY, IORSIRAEGRE.

T OVWTIE, PBZ AT L DRI aWE T2 (B
AW, 0L RTMEARVE, F—hoHE IHEL
LA B B E A £ < (Ohetal, 1984; Imet al., 1987;
Lee, 1988; = EF, 1989;3% ## &, 1990; Lee and Dedatta,
1991; #E ¥§, 1993; Wahyuni et al,, 2002; Sinniah et al., 2012;
Xie et al., 2019; Xu et al., 2020; Cao et al,, 2021}, KEFERTH,
REEE L EFREBONF LBV T, HEE~OFRHOR
SR ahEhot (F 2). HoBlERTE, FHO0
MIEIZ Ko TERSHA T RSB HSH (Lee and Kim,
1988; Pyon and Huh, 1985; Lee et al., 1987; Alvarez et al.,
2012,2014) &, MNBLLRD2EESHDP (Leeetal,
1987; Im et al., 1988; Syahputra et al., 2016; Sitepul et al.,
2019; Magtalas et al., 2020; Azarcon et al., 2022} DO KHdH
B, —FEREIOWTHEEID, A Lo TRERS
RipsHis, PBZ LEIC L 2HERZEENZVH (Imet
al., 1987; Mactal and Canare Jr., 2016; Xie et al., 2019; Cao et
al, 2021 AT (R 2)) LY LB THBER L HH
(Oh et al., 1984; Kang et al., 1985; Pyon and Huh, 1985; {# E
&, 1986; Lee et al., 1987; Im et al., 1988; Lee, 1988; Lee and
Kim, 1988; b %F, 198938 F§ &, 1990; #& #0, 1993;
Alvarez et al,, 2012, 2014; Xuetal,, 2020) @ i 5 % <,
HWin+ 58435 58 (Leeetal, 1987; Syahputraet al,,
2016; Magtalas et al., 2020) (30524 2. Zh & QR
FloM T, AT - REPHEEE, HEEH(0
POERKELL LD, FOERRZOLIREROE
2L LTOMTOVTE, BEATEHLPTRN.

WEIIRWTERLE, PBZ ORESERLILA VT
L FRICE, (R & P& Lo R ERE
L, SRRSO EEL 2 EY. TOESR B8FE .
FRIENE ETAHZ &8, < ORBRELBELTHERREN
TWEF. ] i s. L, FFETEEO
EoRgRERragoh Y, LAYOEmAALRT. T
bk, BRMEESICOWTRE, RBREEOEEERSS
T & BFEREETIE PBZ AEREO@EI/NEL, THRECS

WTRRREROEEHBIESRG T CRROERNE -
7o (& 2). AHORERBOLDIIRBENLT—F O
—EABRH LTV R (1989 TIXHEEIC, £FOM
BUZ X U RBESOEBRR LR LTS LI Bbh
A%, OFEFTRET LS E D THEdv. Pyonand
Huh (1985), Leeetal. (1987), Lee (1988) B 1F Alvarez et
al. (2012, 2014) T, SEOLEL Y EIEE, NELRMT
TRBWTIE, FRAOCRIEIZL I BREENETID D
EARENTWED, HIWEEOL I REES2WI
LTH, F—#bbhEinotfilesHRHARAZ BT
% %. Ohetal (1984), Lee and Dedatta (1991), JE#5 (1993),
Xie et al, (2019), Xu et al. (2020) 35 £ Uf Cao et al. (2021) TH;,
FF OMEIZ L B RBBER~ORELREBIIROONT
WiEW, ED—FT, FA Lo TRBSEENHMLETS
BERHLZEEFRLE (BBWE, F—#bETOLX
HITEML D) FEE (EES, 1990; Pyon and Huh,
1985; Lee et al., 1987; Im et al., 1987, 1988; Lee and Kim,
1988; Mactal and Canare Jr., 2016; Dewi et al., 2016;
Syahputra et al., 2016; Magtalas et al., 2020). FHRIEIZ D
Th, 7 by MCREBRENLTWS L D1, PBZ ME
Lo THEMT 2B S LERLE (BB W,
FeEhbLEFOLIELEND) FlIZLYY (Pyonand
Huh, 1985; Im et al., 1987, 1988; Lee and Kim, 1988; 7,
1993; Wahyuni et al., 2002; Sinniah et al,, 2012; Xu et al,,
2020) 7%, BERLLNRZ LT HHLRABEICE YV (B,
1989; 3% M 5, 1990; Lee, 1988; Lee and Dedatta,
1991; Goufo et al., 2011; Alvarez et al., 2012; Mactal and
Canare Jr., 2016; Xie et al., 2019; Cao et al., 2021). %
NbEHAD L, FHEO LD ICTTHREOHL B H LI
HREABHBLERLE (BBVE, F—FhbLEO
LA TS LA D) TR L 00, W20 h B (JEH,
1993; Alvarez et al,, 2014; Mukherjee, 2020). BRSO HE
LEREID, FOLHOLRERENIS LEFEROEZESLED
FTOPITONWTIRBEBECHB LM TR, SHERT
BHERHBRE, L bArTby MIREBERL
LEYORBRBEBLRLVEENDLLIERFETDHD
=8, AROEABRICFORICLEETOLERHD.
AR E W THE, AR TIRRER L BREAS
OB 5T PBZ WEOHEREBERHLLNT, MOWET
LEOL 56t H 5 H O {Pyon and Huh, 1985; /A3 -
AEH, 1999; Goufo et al., 2011; Mactal and Canare
Ir., 2016; Bridgemohan and Bridgemohan, 2014), 3
MTEBERHEZZEERLE (BAHWE, F—&db
FOLHICZHSAEND) HRAOIEIPEDIPICED
(Oh et al., 1984; Street et al., 1986; Im et al., 1987, 198§;
Lec et al., 1987; & B, 1989; 3 & &, 1990; Kang ¢t al.,
1992; Lee and Dedatta ,1991; {£ B &, 1993; Wahyuni et
al., 2002; Sinniah et al., 2012; Syahputra et al,, 2016; Sitepul



et al,, 2019; Mukherjee, 2020; Xu et al., 2020; Cao et al., 2021;
Xing et al., 2022; Magtalas et al., 2020; Azarcon et al,, 2022).
FHORBHERER~OEEICHNTIE, LT~ E
BY, HEA~ORERLLARWENE L, —REEIC
SWTHIES T 2BERHHHNEN—FT, BHRFE
LFREICOWTHML - 8T 38885 HBEN
7=®, b 2 SORMEOELPABROERER L2
COBEEABES Y. TRETE OHRET, HHKR
BEEhonbomEoil - HERZOATHS I L
FEERTSLE, [IA%—t~v—] ZBWTHRERHEM -
MLxERTEARHMIITFSHLEBbID. S8
AREOMF A HE LT, AFOEHIC L DE LR
S (MEIER, BREEFHE) -, AR - LEREZ
RItTALERSD, £FO—FT, FEDL (1986), Lee

etal. (1987), Lee (1988), Lee and Kim (1988), & (1993),

Alvarez et al. (2012, 2014) 3B L T° Xuetal (2020) TiZ, &
HOMMIZ LY RN THBERHDILERLTNS.
[EAF—H—] ZBWTH, AT B
FLibT RS - HERENHSAEEEDY,
IOV ARRLNITEI L, AROERESE
THECHEL 0T, SERWKIRRTLIONEHEE
Lo

TTRRL EBY, BERLREOHMBER~O
PBZ DEEERASTFREEHEOINML, REREETL
2 A ORE~ORBOFEE R d 2. BHKE
BA~OEBIZHOVWTIE, SRLTWHEMNREL LT,
CERFERGS TOWH LA D . BHEH-CEAm L

BE, BREE~OFELREETL SN2 08 (R 2,

BREAROMLORE TR, ¥—BAROCRCEE L
0 LFRSENREL RDBAVHY (R o), TORBRRI
AFSERECRL LEKRSEE ERIE DT L ETR
F5H, TRICONTEE, NEEIERESEOIVEL
WHME L, RRIPEREPECT AT =X LADORABEE
N5, BT, Leeetal (1987) 13X, HEW BT
B 200 3 LR EHRIC, PBZ ABERIK
 ERTWRVKROREE EREFM & > T L, “eating
quality” iIZBVTH IR BORERPTE RV LBE~T
W3 (L, SEtREREhThAY). BELT, &
BRICEIT B e~ PBZ OB ER~AHRFHL LTE
WTE SO, Goufoetal 2011) AEVESTHD.
Wi, PERSCRESNDED K 2 SMEICHFEL
HT5E, WFhoRBlcswTLERRS (EK
2-acetyl-1-pyrroline} 2584 L, EREFMEIZBISEY L
BTS2 L 5HOMNILTHS, AEOoRBEED
P, MK L PRI ER (B—HRXK) ORKRL
BC B CIIAROBERALMTRbobo®, B
— AR s BFEAROPRORE DM TOREO LR
B CIE, PBZ MMEEOMER IFY) & TRE) T

HEL-TEY, FAAL Y EBRETCLAEI R LA
EENARHAEMARKIIBVT, ZhbOEREL LS
BEBrRALLATHS (R L), ZOFRIL, Goufoetal
011) THEINhE L IRBFBAHETOBLITL o Thz

LANFAEELHHIEAD. TNETIZ, PRL KD
BB TEE IOV THEHEVERER T2
et @ BbiL5h, Goufoetal (2011) & AHH%EX, 4
A ELEFEVIIOWTREERSHD Z L EHARIRLT
BY, FAFR T, BERS CRE Sk HE)
BETT2EVIEELALRTVD (& 2), AHROK
OEHA~ADEBEBOEERLEDODA TR LT DWTIREY
A FREREATELT, FHREBE VD, &
#IEL <A 2 L oEEREY,

B, FFENGBLAEF —FIEI(EETR
o, HRBRBREIRGE IR TV IERELPLL
LT PBZ DEA24 %Y K - HHTROBBERE L
T, AROBEFECHET I I NECOMRFERL
C<. AFROEBEEMY~OTER, (B  BE~0k
BB UL TIEWLWE R TS (Frenchet al., 1990; &5
x4 g B £, 2009; European Food Safety Authority, 2010).
F7-AENT, KEOALAEEE LTHER SN AR
FOWLE 2 OEORMERT £ T 2HES (Zhang et
al,2011) b4 3. AFOEBASERSEHLEESE, 4
BbERE oEH BRI o ThhiE, £hit
BERELBFETEORFICHET LNRRE 647
25 {(ZoHIESHHELBRENAMENHB). L
Leds, HFASHARICSMAT S, HbESVWIRERTE
Fixh TWwakEsD (AE P2E%E) vl FAD
EERRIFTERELD S, LA FAlEaB 2
A FosigikAatE S5 7 4 v 2 Danio rerio (Hamilton)
OIS ATEET S (Yetki et al, 2014; Wang et al,, 2019).
HERR IS T ABAKAOCEOS B LEERTH Y
(FESF - B & LB TIThA D), HEAKADELA LR
NRETHDLOD (FEH, 2018), 21 EDFEAKRT
3 % 7 - 88 Carassiusspp. (2 A ) & F¥a v g
Misgurnus spp. { K57 a T (220 TE, £ DNAEERD O,
R EER O BEEBROEE LA I TS (Takada et
al, 2010; FME B, 2010; kb, 2011; BH, 2021). &
HBEICOWTHEL, PEBRESDAREEIIGWTSEL
EltE o % # X H = Eriocheir japonica (de Haan) (£ 27 X
H=F) oERETHY, TE - AESTOEELZAER
#HTLbHFaw Iy Esr X H = Esinensis(H.
Milne-Edwards) (28T, FHIBAEOEFICRREL
b o®, BRIZETAI VDL 2hOFEBETFOERILK
WD b, BE~OBEREFERONLTND (Liet
al, 2022). Kamble etal. (2020) 12, RIU< BEARMET,
BT I BT UTEETRBERTNEAT AL T



¥ Litopénaeus vannamei (Boone) {7 /L~ 'H) Dk
#EV, EHOBEOERICHEY, LRFEORSPEM

BOEHIE T, mMigERssSOoLRESEIHILENH

LA L, BRBMETORFORBLHRY & Lk
STWG, EREEORKEREREL LTE, YUY
=, RvxH, FrFHeHEPLELT, NEWL
ik & &t ikl SO BHRE - FAEESMLTHD

(FRHE, 2016). b D% IO ERIRICERT 525,
e AERERIIER OMBAERSA LV AF R Y
Neocaridina ishigakiensis (Fujino & Shokita) (X = = &
) S bERT AR, BA0EHcEA R

niEals L AAFS~0BERERBEIINTVD (il
B E SRR, 2017). Eiz, MERRIISRM S L=
T b {Marsupenaeus japonicus Bate; 7 L+ T V) @
AAR—-OEM#THLH Y (A, 2019}, FEBIZBVTH,
—HOBMBIIKEOEL LSS (EHICLLHEE). -

Oy, TREMEOKBAT PBZ AT HBE 0,

FRORBICHEI~ETHSS. Elo L DT, PBL
BEROKEEHIIERSLRIFTREELLDIZLE
EETS L, FROEESRNSERETSETHY,

ER-ERAEE 2 SEBIEE L TERaRS A&

ThHB, SR, REOERAMIBTIEERE L YH
BT akwich, RO 2HERIZESROKRES
Hof - RS, SELRBLA~DEENERHIN
LHIZEPRBEEND.

FE-CREHEOEE, +r7AflisbT—F
B EE2 FE-TF& ok, BRAFHKRIECLD L
T AR AR X —RHEEFBREOEE, &B
RRATERLR2A Y FETEsk, RXEFOERES
¥EiR, AR LRI, LR R
LU 2 AOEADERE, LLTICW 20T —F#E
Wik % TEORWS TS WEBERER () OkRH ERIC
B 3Ll L ki 5, AFFFEIT iR BEE AR 4
k3 TREE XL 5 EEEEiTmELER TRl
R @ 2018 ~ 2021 F£BE) O—RE LTiThi:
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A trial to determine the time of transplanting and the fertilizer rate suitable
for cultivating indica-type rice cultivars, “Hokuriku 193” and “Kaachibai”,
in the Yaeyama region, southwestern Japan

Suguru OHNO and Eiki KIYUNA

Ishigaki Branch, Okinawa Prefectural Agricultural Research Center

Abstract
As one of the measures for the utilization of idie rice paddies in the second crop of double cropping in the southwestern arez of
Okinawa {Yaeyama region), cultivation of indica-type rice cultivars as materials for Awamori (Okinawar traditional liquor) has
recently been considered. We conducted field experiments on Ishigaki Island to determine the time of transptanting and the fertilizer
rate suitable for the cultivation of two Indian cultivars, “Hokuriku 1937 and “Kaachibai” , which have been grown in the northern
part of the Okinawa Islands, as the first step to support cultivation in the Yaeyama region. The tested transplanting period was from
the first half of July to the second half of August, and the resuits showed that many of the growih and yield characteristies of both
cultivars varied significantly among the times of transptanting. In terms of grain yield, the second haif of July and up to the first half
of August seemed to be suitable for transplanting “Hokuriks 1937 and “Kaachibai” , respectively. The fertilizer used was a one-shot
slow-release type (LPBB2133; N:P:K = 21:13;13), and its application rate was varied around the standard fertilizer rate (4.8
Nkg/10a) for the second crop of nan-glutinous rice cultivars in the Yaeyama region. In both indica-type cultivars, several growth
characteristics varied with the fertilizer rate, whereas the grain yield did not. Therefore, a fertilizer rate of 4.8 Nkg/10a seemed o be
adequate for both cultivars, and for “Kaachibai® , it was also suggested that half of the standard (2.4 Nkg/10a) may be sufficient.
The present and previous studies showed that the grain yield of the indica-type varieties on Ishigaki Island was at most around
40kg/a, which is considerably lower than that in the northern part of the Okinawa Islands, mainland Japan, and the Philippines,
which have achieved more than $0kg/a grain yield. However, the growth data obtained in the present study suggest that the
suppression of non-preductive tillers and/or improvement of the sink-filling rate lead to an increase in the yield, which should be

examined in the future.

Key words: dual cropping, grain-filling rate, multi-functionality of paddy field, Ryukyus, sink capacity.
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Bacterial wilt of three Curcuma species, C. longa (turmeric),
C. aromatica (wild turmeric) and C. zedoaria (zedoary) caused
by Raistonia solanacearum in Japan

Atsushi Ajitomi, Yasuhiro Inoue, Mitsuo Horita, Kazuhiro Nakaho

A new bacterial disease was observed on three Curcuma species, C, longa (turmeric}, C. aromatica (wild turmeric) and C. zedoaria
(zedoary) in Okinawa Prefecture, Japan in January 2014, At harvest, leaves suddenly wilted, curled and yellowed, and the whole
plant finally died. The wilted plants had rotted rhizomes with internal discoloration. Creamy-whitish bacteria were isolated from the
rhizomes of each Curcuma species. These bacteria were identified as Ralstonia solanacearum race 4, biovar 4 and phylotype I based
on bacteriological characteristics, pathogenicity tests and DNA-based anatyses. The names bacterial wilt of turmeric, wild turmeric

and zedoary are proposed for the diseases.

Hi8% 1 Journal of General Plant Pathology 81:315-319 (2015)

Botrytis cinerea as the causal agent of grey mould on floral tissue of mango in Japan

Atsushi Ajitomi, Maki Yamashiro, Tetsuya Takushi, Atsushi Ooshiro

'In March 2016, grey mould disease was observed on mango (Mangifera indica) in Okinawa Prefecture, Japan, During the flowering
period, the disease caused a brown coloration of the petals and peduncles accompanied by white aerial mycelium. As the disease
symptoms progressed, the rot of panicle parts was accompanied by grey mould, resulting in fruit set failure. A fungus was isolated
from the discoloured inflorescence into pure culture. Based on morphology and analyses of glyceraldehyde-3-phosphate
dehydrogenase (g3pdh), heat-shock protein 60 (hsp60) and DNA-dependent RNA polymerase subunit IT {rpb2) DNA sequences the
fungus was identified as Botrytis cinerea. In an inoculation test, the isolate reproduced the symptoms observed on mango petals and
peduncles and was reisolated from the flowers. This is the first report of B. cinerea as the causal agent of grey mould (haiirokabi-byo
in Japanese) on floral tissue of mango in Japan.

Higk ; Australasian Plant Disease Notes 17:18 (2022)

The preventing method of browning and ﬁr-aminobutyric acid (GABA)
contained in Luffa cylindrica Roem. cultivated in Okinawa

Takashi Hanagasaki

Luffa (Luffa cylindrica Roem.) is a popular vegetable in Okinaws, and it has abundant nutrients, including y-aminobutyric acid
(GABA). We focused on GABA content in luffa, taking into consideration registering it as foods with functional claims in Japan.
Besides, when selling cut [uffa and frozen cut luffa at supermarkets, they are supposed to get browned due to air exposure and other
causes. In the present study, we developed the prevention method of browning cut luffa and frozen cut luffa using 0.5, 1.0, 2.0, and
4.0 % ascorbic acid solution. It was found that 55 L of 4,0 % ascorbic acid solution could be used for soaking of 70 kg cut uffa to
prevent browning, but GABA content decreased in food processing of luffa in the factory. Besides, GABA content in luffa fruits was
found not to change during storage for seven days at room temperature afler harvest.

Hi B ¢ Vietnamese Journal of Food Control 4(4): 251-258 (2021)
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In vitro pesticides susceptibility of Erwinia sp. causing papaya
(Carica papaya) black rot in Okinawa, Japan and captan effectiveness
on papaya pot seedlings

Takashi Hanagasaki, Tetsuya Takushi, Shinji Kawano, Maki Yamashiro

Since 2002, papaya black rot has been spreading over several islands of Okinawa Prefecture. The pathogen of the disease was
identified as Erwinia sp., genetically close to E. mallotivora and E. papayae. In terms of the disease transmission, it is probably
carried by the wind or rain. In order to devise a prevention strategy for the disease, in vitro pesticides susceptibility of the pathogen
and tests with papaya pot seedlings were conducted. A minimum inhibitory concentration assay demonstrated that copper (II)
hydroxide, basic copper sulfate, and captan present in the papaya-registered pesticides inhibited the growth of the pathogen on
nutrient agar plates. In addition, mancozeb that is non-papaya-registered pesticide also showed an inhibitory effect on the pathogen.
Thus, there is a high possibility that even the existing papaya-registered or non-papaya-registered pesticides can prevent papaya black
rot. In the test with papaya pot seedlings, copper (II) hydroxide exerted a relatively lower pesticide effect; however, captan exhibited
a pesticide effect, although it is one of the fungicides not registered for use in the treatment of bacterial diseases of plants in Japan till
date. Indeed, based on the result of the present study, the official registration of legal expansion for use of captan to control papaya
black rot was approved in Japan on December 22, 2021.

H#% | Journal of General Plant Pathology 88: 178-186 (2022)

Vinegar extraction from unripe shikuwasa (Citrus depressa L.),
an Okinawan citrus fruit

Takashi Hanagasaki

Jntroduction. Nakamoto Seedless, a variety of shikuwasa (Citrus depressa L.} in Okinawa, can be used to produce vinegar extracts
because it has no seeds causing bitter taste. However, Nakamono Seedless is hardly cultivated commercially in Okinawa, This
research was aimed to develop vinegar extract from Ogimi Kugani, another major variety of shikuwasa, and compare its
characteristics with those of extracts from Nakamoto Seedless.

Study objects and methods. The study featured vinegar extracts from the whole shikuwasa of Nakamoto Seedless (20% fruit) and
Ogimi Kupagi (5, 10, and 20% of fruit) varieties. The froit was harvested in June, July, and August. We tested the samples for
limonin and polymethoxyflavones content and sensory attributes, especially bitterness.

Resuits and discussion. Vinegar extracts with 20% of Ogimi Kugani harvested in June and July tasted bitter compared to those from
Nakamoto Seedless harvested in August, but extracts from Ogimi Kugani harvested in August were not bitter. In addition, 5 and 10%
vinegar extracts from Ogimi Kugani harvested in June had lower bitterness. The vinegar extracts from both shikuwasa varieties
contained polymethoxyflavones — bioactive compounds — and similar flavor.

Conclusion. The whole shiluwasa fruit can be used to produce vinegar drinks, Ponzu soy sauce, salad dressings, ete.

Hi8 : Foods and Raw Materials 9(2): 310-316 (2021)
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