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HRENELUMEICETHM > FEKTERE THE198S) & Th—F/N 11 D
I8 L - BIER A L TEIEE D E DE A

KEF 5 - B4R
BRI ST 26 2 L & — i T

B8

J\EE L ik o kAR —HIER S IS B T DERK B OANER OO HFEROOE S E LT, JuRFE S LTor v R
MO NEZ bND. T2 C, AHMIBICBIT 24 v NSO 42 BT 27200 FROFHE AL LT, hilsh
BALE CHEE ST D 2 ffE THEkE 193 B & Th—F 30 ) 230, Hb5Ici LB & iR 2 a4 5
O OESERBEA AEE T 7. BHERSMCE L TIE, 7 AFEND 8 A EICHIT TOMMEZRF L, WF O
BT, A - IS A4 ORI CHEICR RS 2 AR L. ZOmTIRINEICERT S L, T
R 193 ) TIX 7 A%FOBMN, T —F 31 TETHEENS 8 AR TOBMNE L TWbH EEX b
JEAE B DOWTHE, Joil—F I oREZIPEAL R (LPBB2133 ; N:P:K = 21:13:13) Z v, \EILIHIKIZH T 5 5 5 5K,
RO “HHWECOREME AN R (4.8 Nkg/10a) &, TN LY 1.5 ~3FDOZISKMET ([A—F 31| TIRFEORMIESMD
GOT) EREERAN. TR, WHFOMEIZENT, WS O OAEBREICHBEEIZL 2 EZN/ECZL00, &
KN BN BN A BND Z EE R oTc. 2O, WAED M E e &1%4.8 Nkg/l10a T+ ThH Y, [ —F 31 |
WZOWTIHEZDOPFETHMBERVLD LB X b/, AR L CRED 1 BN LY, AHEEIZBT 2 SO 2K
i lad iz v 40kgpiits & 725 2 VA L7223, Z OIS B AL A AR L, 7 ¢ U &2 TOMFFERF] (S0kg/a Ll 1)
K obiehole. 20—JiT, SEEBONTAFTT —X2I1%, BHHTOOMEICY v FHEOM LA EBT UL, S

LICHIR CE 22 RI2 L TR Y, ZHHDRIZOVWTOS LR LMERLETHD.

X—TU— R AT 10K, IRBIH, 75 &, KEOZmkRE, BRRE.

£

|

R O NE LIRS R T 5 AEE SRS, 26V
WIS B O AL G T, F ORBERREETE LT
JKFE (Oryzasativa L.) @ —HEFEEZ DM THOIL TV 5203,
WL OHIIZ BT h, KA & AR 2
WO LTEY, ZORDRRER, “HEREEO—ER (2L
T, B T—HIE) &) LT, ®IESHEEDR
BIZ XTI E 722 MER (BUF, TR L) T
L RE WV (IR EAMOKPERS, 2023). JKHITRKRAERE
DY T D ERIRFIZ, PR T BIVE D B RKEF DO
Ik, HUF/KOBE, [ELTORE, EMSEHEIEORA,
AL DRSO S F S EHREEZ 272 (Matsuno et al.,
2006), KRHDBEAIZ, =9 LizZmpEiEORK LV D
Rb b MEH I TWA. RpC/VE IR T, KH
Tl A s & U CRIA T oM aiE S v A Y T
< Spilornis cheela perplexus Swann (Ueta and Minton,
1996; KA 5, 2022) ZZLHE LT, £ OEAES
RN E Z DFEBICAER L TWADTIZ®D, Zibii
WO AEMOAEBME L TOKBEOEE (B4, 2007;

Natuhara, 2013) HEE SN TS, Fl TIEPER E 2
FREREEICEFEINZZ LICLD, Rk 58
BRE~OKEN LY EE->TWD (JHE, 2022; FH,
2022). 7=, AHIEOK B ORI, 2
TEICR T 2 ERKEOADER O D DKL, BEE
"mom ERE LREDOTEODICARF R TH DO LRI,
TSR B SR PE B Sk & 2 O D O AW SRR AT BV
THEERBEKREZ L.

Zo k57, J\ELIHIRIC T DR HOEEE M
WCHE LD BHREOOE DN, JuEOEEE LTORH
HERME LicA v FDKFEAREOFEE TH 5. 2019 4
NI L > T BiF o IFEEEg 7 ey —1u
ua Y b GPERE ST, 2019) XY, ek
VAL HE  © TV T TR BE R K O WHB IR NI 35 1) 5 A=
ORBDBIE SH, BUE TS AL hnE 3 5 0t
FREEFRA R TO ZHEICSWT, > RGO
HEMEFRE b OZIESRE, ok 193 5 (Goto et
al, 2009) & [ —F /31 (IH4 YTHI83 : Kato et al,
2011; Ishimaru et al., 2017) A#EE S TWS. BIE, #h
MRILR M e o ¥ — &3 (LU, BT



EHBE) IZBWT, WEBICBIT D 2 SO A KBTS
7O ORBBHED LN TEY, HECHEH &R AN
ERish-o2oH 5 A S~ =T L1, 2020;
il 5, 2021; HH S, 2021,2022ab). —J7, JUH(LH
WeCix, WSO X [h—F 31 | OB
B & I & DBIRICOWT, IE D W B RER IS
F o THHICT S0 1R B (st S — - —
TLA v, 2020) BREDHITTER. TR TIE
JVEE LS O “HWIWEIZ 1T B4 > RELILRE O3B H e
SLAZTANT TR —Ax L LT, Zhvb Bid 2 S04
B IERICET D R L BRI & OB, 72 6 NS
TS RERFEIC I B R E T B A TR D =0 D E
AR A 2021 ~ 2022 4E0> 2 RIS T2 0 FEf LTz

MBELVAE

HBESS L UERTSA >

2021 UL, TR EREMITE v X —HEIGTN O
#3422 SORBHKE (B A:2.1a; B B:27a;
WL IR L) e Tk 193 B & Th—
FoSA ] BB, 2022 4EICIE 2 SAREOORLE & B A -
B Ml CAND A CREBRZ LN L. WFEICRBNT, il
WL \EE L B MOK EE IR Bl o & — B B R C - T
Eh Shve BEZBIc NS 2 BEo bz
W, TOMREE 1 IR L. ECSWTE, AFY
MDOEWA > ARSI ICRES R, oiE %A o
FEAIMENEEF LPBB2133 (N:P:K = 21:13:13; BRERIEEL (BR))
ZH, NELHIR AT O 5 5 5RO KRS (i
HRIR B SERTFIE o & — G 3T - PHRIR )\ (LR AR
R » — R RS KR, 2017) (ICBI D ZHIED
FEUEZEHER (10a H7-V 4.8~ 6.4Nkg) [CHEL, fHEAY

# 1. BRSO HHEBWRE R

IZ 4.8 Nkg/10a % FLUER & L 7=,

2021 AEORBRTIX, BRI & AE - R L OB %
Rol-wlz, MfEZ L7 AarkX, 7 A% X, 8 Al
HX, 8 ALK D 4 K (W T el E ) 23T 7.
I BT, MRREOFEE 572D, 8 AREX EFH
BT 2K E LT, EENAEELY 202 K (T
B 193 5] TIE 9.6 Nkg/10a [X & 14.4 Nkg/10a [X, 57—
F 34| TIE 7.2 Nkg/10a [X & 9.6 Nkg/10a X) %Nz,
FH6RBRIXE 3 (T ey 7)) OFEBIEIC K VEE L.
W R oM EE S TR BRK O @ fE 4 8.8m?
(1.95mX¥4.5m; 12 kX 14 55) & L, %7 v v 7 WO %
E 30cm OBEREAK 2 0 FRE O S £ THOIAT Z & IT
Ko Tl oz, KON E U HREER O NI iE4 X
1 3o, MERYEE=LETERLE U EE (N
££ 20mm) ZBHOEKE &R UE S22 5 L 5 I
AT, BENEF OBF 22 KBS HE I S D K D ic Lz,

2022 FEORBRTIE, A£F - INE BRI O, %
NWH~DOREEEDRE L, B & Eit & o2 AR
ZEFFICHFRD 20, WTFNOREIZE N TS, Bt
W 3 KHEL fEfRE 2 KIEEZR Y70 THAGDETZE 6
ARBRX AT, 2k 4 RIEOFIREIC LV EE L. T
e 193 ) TIIBMMRA 7 HA1d, 7 HEER LU 8
AR, WiEEZ2 I L 20 2 %8 (9.6 Nkg/10a), 11X
DHEFEA 8.6m2 (2.85mXx3.0m;18 #X9 ) & L7z, [h—
TN | THBHERE 7 AR, 8 ARt X8 A
e, MR A LUE L 2o E (2.4Nkg/10a), 1| KOMHE
% 7.0m2 (1.95mXx3.6m; 12 £k X11 §) & L7z, 2021
R L ARRIC, X A MR T 0, U 2 2 DA AT,

BEMALINEETCOER
2021 FFORERIZIE, BiFe4ET LY, RIRTEEED

2021 4 2022 4

[fl 35 A fil %5 B il 555 A il %5 B
pH 6.9 6.7 6.7 7.0
BEXAREE (EC, mS/em) 0.1 0.1 0.0 0.0
ZHNE K (mg/100g) 218 191 223 253
T 1 (mg/100g) 22 16 31 32
ZHPENE (mg/100g) 23 20 18 19
THARE U R (mg/100g) 29 23 29 22
A RE S A B (mg/100g) 38.6 50.8 14.0 15.1
JEE (%) 1.2 1.1 1.3 1.2
A A > 25 #a %% # (CEC, me/100g) 18.0 18.0 12.0 12.0
AR - 7.2 7.2 5.2 5.7
fio 1Y 2.2 2.2 4.0 4.0
HEEMRAAEZEFE (mg/100g) 1.7 1.7 2.0 2.0
BEEK AR Je ke 193 5 T —F A H—=F A Je ki 193 5

1) AK - BAiaTO DO SRR, RbEoERzoZ &, MRENELEKER L ¥ —BEGRE LRI 7 —

2 (AT I 2R T R ZA-ILIC L D).



HEERm (°C)
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B 1. RERIR T O HE BT AR RICB T 2 BRI OMER. mBITEEE (1991 ~ 2020 405 .

7212 50C T 7 BRIz 2 RO 7278 D 5217,
INEM U 2022 4FORBR T, 2021 FEORER MY
WOFRERXIMZ 8 A RANCEAE L 72k HEFEL T 10°C
TICPRIEL, RN FERICARIRIEEE ST bl L
oo WTROF - i - RBRKICEE T, & 2 ITRL
TEART Y a— > CUBOIE(EE T o7z, T b,
A 15 ~ 16 BRNCHE 72 KEKICEEL, BhAED
DEARFME LTHELEDD, £ 2 1R LE3KKIC 24
WIS L TR L, 512 2 HRKICIRREL-. &8
% (N~T 58ecm X 28cm X 2.8cm) [Z/AKFRE AL+ (< &
bW, JABEeb) 6 HREORSETAN, B
12 ~ 13 |, ZucHo &k LT 180g 3" o #FfE
L, BEA FE2) 2EELZOoBRUELETELL
BEHY— FEE L CTHIZIC 3 HIARE Lo, 20,
— hEHFB LT 5 BRIATEKE LTl 2R b s, B
BRI RIFICcE=— v (Y7 ©) 2R = F M7 AN,
BEHMNZORSOPENREE TRATLILHIICL TR
WL, el 2021 4E7 A 21 HS 24 HIZHNT THR
6 SR LTzTo), TOMMIET 7 A TRAR O %
T AERNICRE L, BHIC 0TI, 2tk oiz
MUEEE L0, X EPEER U 2R1% (B 2
~4 HAl) &, BHETESGFHOREE #/HET-72 1T,
BAEIZ T KA E T 7. BAEaT RIS, SEBRXIZS Uiz
B FRLiRE 2 8 L, B B ICHAEEA] (& 2)
RIS LDb, HXANIC 3~ 4 Enom (XL
% TdEBE 193 5 T 18 ~ 26cm, [H—F/3A ] T 20~
28cm) AEBHT=V 44, FEM 15cm « £5[# 30cm TTHHE Z
Lz, B 6 ~ 7 ARBRICFEKRNM Z B, BREAH (& 2)
ZAVER U7z, DARRINFE = C, 1 R &K - K E
DX KMEEBS T (BN R XE 1
BRICHE L TWD 7, FFEDOXRIETEKTHZ &N
MEETH Y, Lo THRFLIZ DWW TIEHERL T2
V). FEAE 48 ~ 49 HAZIZBREA, Al & # Al (R 2) &,
S DIZHERIHNS 1~ 4 BRICHZERAF (F2) Z0p

L7-. BB o B EHRIROHER 2, FHEEE &b
WX TR LTz,

7pds, 2021 29 HHENIZHEE 14 523, 2022 49 H |
WEHMIZERERER 11 5L 12 AR LS, W
THOXIZEBWTH BTG E - TR LT, HERORE -
BN B EN A DN RE Th o7z, 2022
2L, TIERE 193 750 @ 7 ARPEXKICEWT, Bl 2
B Fa UROSNHRIZK ZEORENHERE SN
Tele® (56 2 HOMBEZGFEE LIHLSEH, Wih
bt AALFELVEEYY Parnara bada Moore T ->77),
B 21 BRICHREBRA] (F2) OLBEITV, 7 A%}
VIBRICBAE L RFR L T —F 34 ) IZbAkRIS, B
fi21 HRICIRA 2 LB Uiz, F 2RI, TbRe193 5
D 7 HAPEXICEWT, HE%IC A X AHH Passer spp. I3
ML, WEBREETIONRLZOEZOBESNEZN, 7 H
BPLIBICBR LXK - M CIEE S - AE TR LN
RoTol20, ZHH~OERITIThR)N-T-.

YT U TBLVAER

2021 4EI21E, WTNOKIZEW TS, SMEE (BEHR
BT D0 2 0L EFED 5 BRoMTIcE R %% 7
TTv—7 L, INOLOKREXGIZ, B 4 W% O
R ET, 6~ 8 AMBECTHIL (i bREEDLIE
FITFEOERE TOREED I BEWT ) % lom HL
THEL, ¥¥ATELE. IO VW TR &1,
HIFRAHR (B0 9 5 10 ~ 20% THEEA RS- H),
HERI (A1, 50%), $ X O (A, 80 ~ 90%) %
HETCHE L CEELZ. BMA»OHENE oA
ZBIFEA L, MR ORI £ <o B BRI
E U7z, TbRE 193 5 ) opk#diiE, 78 H Atk i 2/
RENTARBEOFEEOFSIE (EH - /M, 2019) 12
2B, HE D OREAIRSY 1,200 A -°C IZELE
HE L7, ABECIZIZOEND 3 HRWIZ, ~—72 L
725 BRERRLE LT, HEEUDERPRDEVEORE



(HEHGHEEHIE CORE) L2k (A, BoLimET
DES) & 2mm B THEL (BRENOLREZ W
EERREE L), Mkaiisk Lz BT, ik - BRBA
A RN TR EEE DO DO TV v T EFT o
Too Th—F "4 TIE, HWENS—» AZEBR5 LD
FhAL B3 0 CEUR, BRI BEE ISR 25 B b D720 (B
RSt S— FF—T LA ) 2020), BAEEHNZ D5
B2 D — 30 ARl (REFZECIE 28 ~32 AfR)
UK & L, TJERE 193 5 L RBRICRRRE DT —# 70
BV T T BT o T R B ARSI, ~—
7 LTE5HRD O BALE D 3BRA XY & o THEL , ZORILE: -
TRIEFAICIL, SMEHZ 02 @D 60 KA
Lo THEL 7. B - BV ATRARIC OV T, 3 B
ZHRARTCHEREST 2 BRI -0bL, £ 7 e
OWTHIZSL, WE7 VEEZHANTLIE, WE
HNTeb D LRI T2 b DI, Rix (BEIEA
FeflE L) B L7z, AN b Dz o0 TiE, KK
WREL, BPARELOEARTRNE LTHRELZOLE
AL, SOOI LBRSAERE L. ZKRIE -
TRIBEFEH OISOV TIE, 12~ 15 kol Tz
PpaT 3~ 4 MREESE0b, gk - FHE - WY
WCHE L7, BB O 59 00T, K Ze Ky & PB-1D2 ((BE)
7 NEMERFZERT) AW T ZKOKSERE 2 [T

L, ZOFHEEDEHE L. LA TREICOWTIE, %
kK- RIFKEZBRELEZET 250g 28V LY, ZhiC
GENDRIEFE L CRM L., ZkE - TREE D,
K53 15% DR DI L=,

2022 FEOFHEIEIC O T, FRICE T 5 B LEHRA
KGR E 3 BRE Lo &, BOUE ORI BAAIREI A oA
3EBNLE LI E, BLOWE - BGAETED
OOV TV TR 2RE LI EEDEE, 2021 R
ERBRICAT -T2, 7eds, [h—F 31 O 8 A% - KL
JEAEX O 1 7v v 7 OFBIZOWTIE, 1 BROT—F D
FRERNIC XY 2Rk B DT — & Lip o,

T— 3R

MESH 7 U — > 7 ; Rversion4.0.3 (R core team,
2020) &, DNy —T DO E D lmed (Bates et al.,
2015) @ glmer B, BLUMLDONWL 2D R /Sy ir—
v (LU 2HW, 2 fEENEhOT — 2 ~D—
AL B IE IR A & 5 /L (generalized linear mixed model ; LA
T GLMM L) ObTiEw &, B - fifiek &% o
NROBEZITV, KBS U TREX M TOLEE
HAT o7z, 2021 FORBRIZISNTIE, BAEREH O AT
AmFRER & i AR i 00 52 B BR O W5 T, 8 AR - k&
SRR OFT — X T 5720, Zith 2 SOREIT
MEHICIZMSE TR, Z o7, Zhb 2 RBEe4b

Bl OFEKLEEZ 005 L L, HroaEMEREICE
WL, T ERBRE 2 THISME (0.025) KV HAEE
RN/ NSITNIEAEE Ch D L HE L7- (Bonferroni 7).
2022 4EDT — X ORE T, AEKUEE 0.05 THE L.
BRSO R B O RoOMEIC D, B, Kk
HEOHET —ZIZHOW T, R 2%y 7 — <3 Imtest
(Zeileis and Hothorn, 2002) @ Irtest B9% & FIWT, fifesR4y
FICIEMS A RELTY v 7 BEE AR nET L
ERGMERE LY 7 BE e LiceTr, BX
OH o~ ofiaE L) » 7 BEe LiceTro
MEBEEEEZETNENEL L, BERBREICL> TIOM
ML E W FEBEICE oA GbEEHRA L. XE,
WESEDFH T — X OWTIIRT Y U5 Ai 2 RE L

Vo 7 BEERIE LIZET V25 TID . B
T, BH7=0 o (—FWE) & LThT 5729,
ARHE A HNZE e L, AKX A4V > b
HELTETMIMA T, BRAGAICBE LT, AW -
RO T —2Icxt L, “HESMEREL, V7
BE¥5 % logit & L7270 &2H LD, WTFROEHAIC
BWTH, R/Xw A — car (Fox and Weisberg, 2019) o
Anova EI%c& AN, 11 B OBLEESHFC & o> TEF LI
G EENROFEEZRE L.

2021 ARITIT B FOL - HHOMRIEN T — Z 1220\ TI,
B H 5 WITEER &, BEEE, BIOEnb
DEHNEREZE TR, 3 7oy s L aflak (B
WORBESAGCIX 60 Bk, MACEOFENCTIX 45 )
BEIUXLHRLE L GLMM 26 Ciddhiz. ek, B
R O eI RB Wik, A2 1 BB 254
Dhofelc® (FEREBM), WM ORI, AW
MAEWVNED DRORED 1 BOTF—2 ZEI LT, i
DFEFFEIZ OV, FAIE U TR S 2 e
BEEEHER, 7oy i T LR LE LT GLMM
ZHTITO . BN H 5 VIR RO R NA T -
7-% 4, R X v &7 — Y multcomp (Hothorn et al., 2008)
@ ghlt %A VY, [T GLMM (25T, i)
HDHWITMARE N RS XM T Tukey 2 DL HIL#E %
fTo7=. 72721, TekE 193 5 o &5 O 2F A %
WZBNWTDLH, WTFHORBRXKIZEWNTHMEN 3 7T ey
JHITR—Th o=, LR GLMM nH 7 v 4 A
PRELTOT B Y 7 ERWEET L (GLM) % & T
¥, R /% v /7 — ¥ emmeans (Length, 2022) % f \» T
Tukey Bl S FE AR 21T - 72,

2022 FRITERIT 2 B - ZE ORI T — X 12OV T,
BRI, MiCE, BHgEEEZS 0 e BEER
ZEEDR, 4 Tuv s EEREK (72 %) 274 L
HEL L7 GLMM %2 & Tido 7. 2021 4 L FEEkIC, &
BRI CHEAMS 1| MR LGENbH -T2 (R



ZH), FATOBRIZIEHMBRVE Y OROKR%ED 18
DT —H &4 Uiz, ORERHEIZ DWW T, B,
MR e N b DR AR EBEDR, Try s kT
ZLHFEL L= GLMM % & Tk, WITFNhoEER)

IBHEIE o726, 6 RBREZBEEHE, Trny s %
T AL L Lz GLMM 1IZ5:2 %, 2021 2L FIL R
Ny — e AR O CREBEXRETO Tukey RO % HE
a7 o 7.

F2. BEMLIFECT COEEA Y 2 —n Y
4 101 VESEP 2, 0 L7- Bt b2

BhiE 15~16 H @i

B 14~15 Haf kv 2 A/
Bhl 12~13 HAI

BAE 9~10 H Al

i 2~4 HAl

BALRT B

BALY A

Bl 6~7 H#

BAE 21 Bt: (2022 FF D F)
BhH 48~49 H#

TR~ 1~4 B4

AL —FCKFH, AIF
1000 %5 & 72 % L 2 did)

sy OkEK), BrEE [72)—FKCo7mT7 70,
FUCHAOBREM (FHRERIEEZ 4, 2005, 200 fF,
12 24 W R ]

28 (OkEA), A2z (1B 1[E)

R (180g/4H), WAL [ % F 7 L x—2x MYEAl (1,000 7, 1L/48) W],
Bl BEMY—F [P A= 7490, HEEELE (k)] %8
BEAY— INRE, AT ASBH

i REE

JEAESE F [LPBB2133 (N:P:K =21:13:13)]

HAILE [(FoavaF by 77747 kAl (50g/ %) ]
PRECAIAE [ A 8— 27 22— %o hifl (1g/m?)]

B ALE [8F o OkiAl 4 (3g/m?) ]

FRe Al [ 27 2 FORAl (1.5g/m?) ] - ZEH [7 27 kil (4g/m?) ]
v TORIA], XE U RiAl 4 (&b 3g/m?) ] LR

RAWE [ZA 72— LT o5 (0.5g/m?)]

=

c FdAl (X7

) fRlicZ Ebobenmn&E D, 24 - 2 fhfE I,

S = =
= & ]
E &' LEE193 %
40
3 JbEE193=
5
Wi 20
B B8NS an 9% a5 822 9% 147 WVI3 M0 IvIT o1y 1ifie
Py 1LEY
E_. ED +
E &0 H—F i
0
] PSRBT :
i @77
o 4 DIREE
Waf A
Bfl2 B/la 8725 a7l L/ af1s 9722 9% Io/7 W13 1020 127 '_'gjz'lrdﬁ'-:h

X 2.

A v R RIS D BAERE ) &, BAl R 4 7 HRERN O E ToROL -

HEH (2021F)
X OB D

HeR & oBIR GEAEEIXWT IO XIZE W T 4.8Nkg/10a) .



S

TibfE 193 B OAEF-INE L BHERFH & OEE (2021 5)
FoL L OGN T — 2 ~D GLMM & T Dk
E, TR THBERY, BEZERE ZN60
RHAERPFACAR LR (p < 0.025 ; FLopR
DI o~ U s BT, ELomReX
BOED ST = BB K-> TR D Z L2b
Motz FHEOHSE (K2) #/o5E, FRCEHTD
DENFETHY, =& 217 ARTHE-7T A EXTIEV -
T2 b L, 8 AREX CrEfln o R R
IR ER->TEDY, DEED L Tne—7, 8 AR
XTI, oo X & R TEE ORI ZE LD/ N E Do Tz,
BIFRH L, 7 ARPEXS 8 HRiXICHT THEIZ
L 7o TWVE, —FT 8 A EXKOMIZ 7 A% -8
HEPER I B ERICEL 2V, 7 HAlEX EGRICR
mbleholc (3, LUTRER) . FERIEIFIE, 8 Atk
KIZBWTHLO 3 KEIW AEICES, HEMELS<Z
Lotz BEICOWTIE, 7 ARRE -7 HEEXH
WCHEBEZITA ORI, 8§ AfPREX Tl ns 2
RKEOVFEEICHEL 8D, 8 ABLEXRTIEELICEL 2o
7o, BHE SRR CHEBICR e b o T,
—FERENCOWTIE, 7 ARRERAS 8 ARRERIZT
THEIZHD LTnE, 8 AR CITHOEML, 74
B LR L 7o T BEREIIT R COBAERE
THEICRRY, 7 AP TRbEL, TORIE TK
lpolz. TREIZOWTIE, 7 HAEER2S 8 AR

KIZMT THEICHEIM L TwWE, 8 ARTE - 8 H#E XM
WA BEEITIAON R oz, LRINECHOWTIE, 7
A% OMEAMIK I FEICE S, Hi\T 7 AR,
8 HREIY: - 8 AL R OIAIZIK 720, 8 A 2 KMICH
BEEEAR LIRS T

Th—F/\ 1] DEF-INE L BIERFH & OBEE (2021 £)
B L OB T — 2 1oL, ek 193 5
ERIBRIS, BRI, BREtRESRE 2N O EERAO
WTINLHLEEERD (p < 0.025; fEESAASEEE), T
BIEOHER (K 2) 1o\ T HEBI L m AR L.
BIFEEEE, 7 HarER»S 8 ARPERICHT THEIC
Mo TWVE, 8 AFY: - 8 A ERMCIXAEIC R
LIphols (3, TR . fRiimic>n»Tix, 7
HARPEROMEA 8 ARPEROEL D bAEICEL, ftho
2 KizonwTiEEn ooz rL, XhEbHEE
ICR B h ol BE, BRI L ORHE BRI
THREICR RS hol-, —FREIC W TIE, B
DB 2 D1 F ERAFITHM L T EA DA B A28,
7 A%ERE 8 ARNPEROMICITAEEENA L) >
7o BEVESIZHOWTIE, 7 ABEXKOERMOK XY
AEWCES, fHWT 8 AFPE -8 AR (ZAb DM
IZITAEZERL), 7 ARPERONEIZKLS /e otz FhiE
WOV, 7T HBTPER OO 3 K L0 AEIC/IEL,
3 KBICITHEEZ A ORI T2, RIS FIERIC,
7 ARPERCHERI/NES L, o 3 KEIIZAE SN &
Lo T,

= —
ibfE1935 h—F 134

110 + 110 «
E 80 80 -
E}; 70 70
50 50

30 - EER (Nkg/10a): @ 48 40 - FEIEE (Nkg/10a): @ 4.8

A 96 1 A 72

24 ] W44 30 - W5
I'Féli ED 4
10 10

9/ 9/15 9/22 929 10/7 10/13 10/20 gfs 8/1s 9f22 9/28 10/7 10/13

AZEH (2021:F)

FHER (2021F)

B 3. A2 RA2 SRR D MRS, B 4 ORI E TORIL - XEOFHEOHER & O Bf%.
MERE 4.8 Nkg/10a XOT — & 1%, K 2128175 8 ARIERO L O L [F—.



£3. A2 FADKES 2 WO AEF

AR T — 2K D B AR

B2 981

5

(2021 4¢) ¥

S BIRER %D A RE i I — il AR THE 1 FE[la]d 7P

B (H) (HEE) S (em)*®  (cm)*» B (%) (g)? ZKIN F (kg)
de i 193 =

7 HRTY (7/15) 66.0a(9/19)  6.33b 1172 83.8 a 24.1 109 99.8a  443b 21.4¢ 0.87 [26.4] b

7 A% (7/29) 653b(10/2)  6.67b  11/19  83.1a 22.9 135  912b  679a 2230 1.03 [31.0] a

8 AR (8/12) 63.0¢(10/14) 6.67b  12/7  79.6b 22.3 125 80.5¢  387¢ 23.0a 0.66 [20.1] ¢

8 H£Y: (8/26) 66.3a(10/31) 9.33a  12/24  699c¢ 21.9 139  97.1b  29.3d 22.8ab  0.53[16.2] ¢
J—=F A

7 ARECE (7/15) 64.7a(9/18)  4.00a  10/18  79.7 23.4 16.5 78.2¢ 17.9 ¢ 22.6b 0.48 [14.7] b

7R (7/29) 60.7b(9/28)  3.67ab  10/28  80.6 22.2 159 86.7b  56.7a 239a 1.16 [35.2] a

8 AREIY: (8/12) 57.3¢(10/8)  3.00b  11/9 79.9 22.8 160 87.8b  50.6b 243 a 1.21 [36.6] a

8 H 1% (8/26) 56.7¢(10/22) 3.67ab 11/22 772 20.2 153  98.7a 49.4 b 243 a 1.16 [35.0] a

1) #AEX 3 7 ay 7 OFHE.
W) . 2) Hr~onti (Vs =%tk .
72 L)

3) ERSA (V2

TEE193 B 1IN EF - IWNEICTHEIREA RIZTFE (2021 F)
ESLORIFR T — Z 2oV TIE, B & & Bk HE
DNENEBEE T2 (p< 0.025; Ho~ndi, Voo
=%, TN OOLZEERITAEE TIERL, #ED LT
EHOTNTH LN, MIEENRZ VX OIE I DI FEE
DEWVIREECHRE LT\ (K3). ZHORRENT —X
TIE, Bl BXOzn tiElEo BAEANE
BEL0 (p <0.025), ZHEDNNE — 3 fall i
Ko TR Z ERbhoTz. T2k 21E, 4.8 Nkg/10a X
L 9.6 Nkg/10a XTI, BfiEte 48 9 H9H) 2654
O A 15 )T TEENBD LTzob, 6189 A22 H)
W CHERMLTWS A, 144 Nkg/10a XTI, B
&?&4 70 6 WIZHT TR Licot, 7389 A 29 H)
M CTHEEF LTS Lo mmEn A EEgEsn (8
w,_obt EVWHAAERZEEME LTRSSz E
Bz bbb, BIEEMIFIZ DWW TIE, 4.8 Nkg/10a [X & fill 2
KORICHEZENA LI, HEENSLY 20l 2 Kol
D HEEAY 1 BT (3R 4, LUTRIER) . Bl H 2, fRE,
iR, FEEUC SV 3 K ERIC A B AN A BT,

KRN T — X F R LAVRBRIKIICHEED Y (p<0.025 ; GLMM 0 & Tukey

W5 R I

=xt#) . 4 KT vy ST OMAE. 5) ERSA (Vs Bk

Nkg/10a [X, 14.4 Nkg/10a XDNEICHEL 72 o7, THhIE|C
DWNTIE, 4.8 Nkg/10a KOENMLO 2 KLY FREICKE
Mol TOKIENT 3 MEALKYEM CHEICRZR L2
7.

=424

Foa

[H—F 1] OEF - REIZERELNRIFT (2021
)

FOL ORI T — X 12O\ TIE, Bk BEEOHRED
BWHABETHY (p < 0.025; 40 ~507, Vo7 =50,
EDREEARAEIT I T S EERIZ, R ORE & & HITRK
LTz (K3). ZHORBHT —ZIconTi, He
B2 193 5 &RERICEMEZEL, BLOEn L Eiten

REERPEE LD (p <0025, 7= & 21X, 48
Nkg/10a KIZEB W Tk BirhfEenicmd LTunizo

WL, ZNEVIEREEDZ WK T, WolzAdid L
THHLFEOEML, £l T 2L 0no X2 —0iE
WAR B (K3). BIEEAEICDWTiE, 4.8 Nkg/10a
X & 7.2 Nkg/10a XOBNZH BN B, #%E THEER
1 HiENZ2Y, 9.6 Nkg/10a XOfEIZmHE O TH Y,

MR A Z AL B ORFEICEET 5 & v 9 RIS 7 WG E AR Do (F4, LT . —J7,
Mote., —7F, —REE BHBREIT OV TIE 3 MifEK VRN TR ) ORET R TIZTRBWT, 3 JflkyE
HERNCH B ZEZNA DI, —FEIIR &N 2 51F 8 MOFEZEZTAONT, JEESEEST S L0 9 GELT
%< Y, BEGEAIL 9.6Nkg/10a X Thiebm <, 4.8 ‘oo,
E RO
g =
h,'.
» SAERRE - MR (Nke10a):
i CTEmi¥ a8 @7EERE 98
T HTEEY 48 ATHR¥ 96
] OsBf4 48 WBEFY 06
10 1= —— l..
AEEH (20225)
4. TJEpE 193 5 (2B 2 - St &, Btk 3 B DR £ ToEL - 50

I OHER L DRER.



FA. A 2 REUKER 2 WFROETE « INET — 2 2k 5 MR & o

I
2

(2021 £ 8 H 12 HBHH) v

FIfE A # 2 g BE E —FE  BRRBE THE 1 EE[la]dbb
AR it R T KD
(A WD (em)®  (em)*Y K (%) (g)» LKA B (kg)>)
el 193 &
4.8 Nkg/10a 63.0 b (10/14) 6.67 79.6 223 125 80.5¢ 387b  23.0a  0.66[20.1]
9.6 Nkg/10a 64.0 a (10/15) 6.00 79.2 23.9 12,7 834b 457a 223b  0.84[25.3]
14.4 Nkg/10a 64.0 a (10/15) 6.33 78.0 23.4 138 919a 29.6c 222b  0.66[20.1]
H—F A
4.8 Nkg/10a 57.3b (10/8) 3.00 79.9 22.8 16.0  87.8  50.6 243 1.21 [36.6]
7.2 Nkg/10a 58.0a (10/9) 2.67 81.1 227 149 89.7 494 243 1.18 [35.7]
9.6 Nkg/10a 57.7 ab (10/9) 3.00 81.2 225 16.1 882 504 24.2 1.24 [37.6]

1) B3 7 ey 7 OFLE. Mt &4, 8Nkg/10aX O T — X%, R2D8 ARPERO & O &R —. IUHE R (X4 193 %5 ) T12 A7 H,

[H—FNA4) TIL A9 B.EHFEANTH -T2 L20RRKMICARES Y
(H—=F A | TEA =DM (EbIc) 7 =x%).3) =) 7=
ERSA (Y 7 B L).

Tukey B Z B IL#) . 2) THLFE 193 %) TIXERLA,
). 4) FTm oy 5T O E.5)

TLFE193 51 OEF - WE L BHERY - EEE L OEE
(2022 %)

B ORI T — 22N T, BRI, e,
BRI OE, 7o b OSBRI - & o AIE
AL, BREY - BHBREKOZEERANEEZ 72 @
<0.05; E#A, VoKL L). ZofRE &
LADNiEARE DR OB T DAL X > TR
LT lE, RERY—VRBREIIC L > TR Z &
oy, SEREOHER (M 4) #55 &, 4.8 Nkg/l0a X
L 9.6 Nkg/10a [XOBDE LB, FEAEEEHI BN
RIFENSLS B LR Z, /2 7 AR -8 AE
K TIEELNDLHONTEM L THD 00, 7 A%
X TIE, Wo 7z A L= o b RIS 803 4 5
N5, 29 L o@E A g EARRLEEMRE L TR
ENborEZLND. —F, MIEELEBREEZEKD
RHAERICOWTIE, 2021 FEONIEERER & FEICAE
T, MRENRE/SY — NI ET D L v ) R
Rinole. EHORBHT — X IZOWTIE, B,
BRGEEEZNOOREEM, BLORE LS Bk
HWIEDOZHAERANEZETHY (p <0.05), EHEILD
WRE— U PSRRI L > TRRD Z 03D
Mol REOEHMEOHR (K1) #R25 &, 702,
FEN R E 22 DEOBEE R, & OREOMMABAE
REHIZ > TR -T2 (BRI, 8 ARTEX TR
ERSTMOMENNEY), HDHWET ARREROT —4
PFICERT D E, WHNCIIMIEREIC L > TEOMEMNR
RBDIKI L, HBEBITIHIRIER 2725 Lo o fH A
A END. ZOX I REMOEWIZEY, b 2 D
ODRXANEHBFEE o2 boEEZLND.

(p < 0.025; GLM & %\ X GLMM O b

DRIz DWW TIE, K5 ICTF—Z &L, EfEH
BCIIBME O RIZT N AR oo bDD, 6 3
BXEOZELETIE, EOROMICHOARENALI
otz FERIMRIICOWTIE, BRERY, BLoEn
LR EDOZEEANAEE THY, MlEEDFENBH
REIC L » TR D LIRS N0, EEITIT SR
HINORiIE &3 Bre 2 KA B EZN A Do i iz
W, 29 LIAEENZAK T, e L TR
DSBEVIE D DFERIOCHIM AL R AN A b, B
FETHE, WTINoOMREL AR IR, FRIZON
TIE, BHEFEHONRIZTNEELE 120, AEENHR
LA OIIHEEE: 9.6 Nkg/10a DLAETTO 7 ARPEX
L2 KOMEFTHY, 7T ARTEROIZ ) BN -
7o BETIE, WThosRbAETIERroTz. —H
Iz Wi, BRI, MIEEE 5o EER
FTRNTHRAETHY, ZOMHE 6 BRXKOEHAEHE
MCTHEICERZRY, HIEENZVIEE, hoBEH N
BWEELL o TWe (FERREERL, BRI
MC, MIREICL2WBOEDORENRELRLZLIZLD
LHEDND) . BREBEAITOWT S, BRMEHY, felrs &
RHERTRCTHEETHY, Z< O0RBRXOMAL DY
MICHEZEN AL, ZOMEIEL 7 A% - 4.8 Nkg/10a
K Thcbm<, 7HBPE - 4.8 Nkg/l0a K TR bR, i
DOREIZZENL OHREOEZE TR L TR Y, Al R < e
mEHE LB LI A SN o2, ThEE
LRI ENZDWTUE, W7 & BRI O RI2 0 B
BETHY, 7T HIPERKOEMLOK L 0 HEIS/NEh-o
7.



B (em)

7R 24
SBREEY 2.4

ABF

JEIABSER - FERLER (Nkg/10a):
@TEEE g8
=+ 48

= HeHd 24 MBREF - a8
m a
’ 8/17 f3a B/ nfE 0714 9,22 L] 1045 1641 H kT 1026 11/3 11/0
#EEH (20225F)
5. ThH—F 1) \CBT LB - e, Bi% 3 B ol - 5o

TENEDOHER & ORISR,

#5042 FRUKER 2 ShEDAET « BT — 2 25 5 BRI & IR 02 (2022 4) V
SR Mt E BEREAED R R iR —R BRSO TRIE 1 E[la]d7e b
I A Fa% Y
B (H)  (Nkg/10a)  (RHEEED  HIRT (cm)*  (cm)*®) Bk (%) (2  ZAIlE(ke)®
bk 193 5
7 AR (713) 4.8 68.3a(9/19) 650ab 11/4  70.0 19.8ab” 110 40.11Y 463d2 213b°  0.55[16.6] b
9.6 68.5a(9/20) 6.75a 11/4 733 19.4 b9 127 525e”  57.1¢® 21469  0.36[10.9]b%
7 AN (727) 48 68.5a(10/4) 550bc 1121 70.8 21.9 ab 1.7 70.6d  72.0a  236a 1.06 [32.1]a
9.6 68.5a(10/4) 500c 1121 711 22.1a 128 802c¢ 623c  235a 1.08 [32.6] a
8 A (8/10) 48 67.8a(10/17) 4.75¢ 12/7 705 21.8 ab 125 861b 66.1b  240a 1.16 [35.1]a
9.6 68.0a(10/17) 525¢ 127 702 222a 130 941a  67.0b  240a 120 [36.3]a
B —F A
7 RN (729) 2.4 64.8b(9/30)  6.00 1031 68.1c  21.6ab 151 61.6d 47.1a  222b 1.02 [30.9] ab
4.8 64.5b(9/30)  5.50 1031 724ab 23.1a 175 753b  481a  223b 1.05[31.7]a
8 A (8/12) 2.4 65.0b (10/14) 5.75 11/14  702bc 232a 155 746b  386b  238a  0.92[27.8]ab
4.8 64.8b (10/14) 5.75 11/14  743a 204b 16.1 868a  347c  235a  0.92[28.0]ab
8 A4 (8/26) 2.4 69.0a(11/1) 550 12/ 684c 21.6ab 163 703c  342c  240a  0.94[28.6]ab
4.8 69.0a(11/1)  5.75 12/ 67.0c  22.3ab 186 773ab 33.7c  242a  0.88[26.7]b

D B 4 7 vy 7 OFHE ARENTH-XT2EE LAVRBRKHAICEEEZHY

ML ELE). 2)
YUBEIRL) . 6) Tn OB L URERER R ICIE, A X AL D MORE D FIR

).

A=t (Vo =xt4).3) EMNM (Y7 =x).4) %70y 7 3KTOMAE.S)
CEBELTAREESD D

Th—F N4 OEF - IRE L BHERH - [EIEE & DORE

(p < 0.05; GLMM ® b Tukey

RS (U
(AL b

BAOL TRy Ko A, EREOMIERRL

(2022 )

B & O RIFT — Z (2o TiE, MFICBWT
B, BELERBS X OZENOOLZEERNAET
otz (p<0.05; ELXTIIH~ofh, Voo =xt%)
—5T, iRELEnE G AERITIWTNLAET
e ol ZORERE, RE & EEED S — R
BHERHIC L - TR 25— 5T, MEENZICEET
5LV I RHIE AN T & AR BRI, TEAEOHER (X
5) IZBWTIE, B EMEHRT 2 HI O HECRE
DM L > TRAED X HICR %, FEHITBW
TIEBMERFIC L > T, Dol ABMLEZH & DD D
LR R (B, 8 AB PR TIRMgIEE AL

TW5.

fOEPEIC SN TIE, £S5 ICF—Z %< L. EIRH
BB ORI NAEE LY, 8§ AR RO
EAMOK LY b KE o7, BRI T, WFho
MERBAEBETIE R o7, BEICOVTIE, B
MifE R & FNHOLAERTXTHAFETHY, 7 Hik
X E 8 ARER CIIEENZ VR DIE ) B - 7=
2, 8 ABYERTIXZEDO LS RAETALNT, hofho
BRI L 0 S EWE AR S, BRIV,
BAHIEH] & R RO AERZTNAETHY, 8 HAl
X TITFEAE R ZWIE D DL 7o TV R, o
MR CIXZ D X 2 BT A bR o Tz, BT,



WPNOE S A E TR oz, —FEEIZ oW T,
BRI, MIEE L R AEERT X TRFEETHY, %<
ORBRXOMAEDLEMICHEEANA LN, ZOMHEIT 8
ARPERIZBW T LD K& L, DoMIEENZ VI
IMKRENoTz (MekE 193 5 DA LRk, AERR
HAERIE, HainElc X 5O ZEOREN BRI T
RignZickaBbind). BASEIIONTH, B
R, MR & R AERT X TONAETHY, TOHE
AR GBS 2 1 8K TF L, £72 8 ARERICE
W E RV NE D MR- 7o —T7, OB E IR
THMERIC X2 EEZAL 2D > T2, THEIZDOWT
X, BRHODREZTNEETHY, 7 AR LEXOMM
DLDOX LY b/ Eh otz LRINEICHOWVWTE, Bl
B DRI NHEE 120, HEENRLNT-DIT
MaAr i 4.8 Nkg/10a TD 7 H#%¥ - 8 AL X OMZT T
HoT.

5 B

AFFRNL, B A U O K AR C db 2 J\ T (L ki
WIZEBWTHID T, A REKFEMEOAE - I
R L BB & OB, 72 D NS E D R RE
DR O B A RSRINTRGT L, AHk T Z i o
DHFEERC, ZOUGEIZMIT T2t 2D 572D D IAE L
RHBEERT — X G LUF, BRI L k&0 %
NZENIZOWT, HERES LN () <, 8ktkics
DA GBNTZJREIZDOWTHELE L, S HIZAHIKRICKEIT S
IS RO EMEICOWT, ik TomrZEs] & ik
LN HBET S,

WHRINDIBIERY, ToVICHYMTOREBEDOEIC
My oEE

WO ERFEIZEBNT, A£F - REICBT 5 2 ORE
DRI CHE IS R D 2 VMBI L, BRI, B
b EEARFETH 2 ZORNEICHER T2 &, [k 193 5
TIX, 2021 4 - 2022 FORFIZHEWT, 7 ARPER O
IM T AR BRI E 7572 (3% 3,5 ; FRIT 2022
FATBIT DI BEETE > 7203, ZHUCIFA X A DORE
LRI U mREME N B 5) . & 51T, 2021 4TI,
8 A% X T, 7ABEREIVERNE 2> T
B ORERNS, BIREACIE, TRk 193 5 OBAERE
e LT, SEFEANZHEANTIE, 7 ABERRbE L
TWA EEZD1EA9. —FH0O [h—F 514 T,
2021 4FD 7 ARTER O ZRIED, ELABEIZRER L2
KLY IR 220 (3£ 3), 72 2022 OB TIE,
8 ALK DOIED, 7T A%RER I bARITIELS 25
ENRboT (FS5)., TRHLORRNGL, Th—F 31
DR & L CiE, 7 A%EN S 8 ARTENE L THY,

ZOHEBIE Tk 193 5 L0 A< 72> T 5. Takai
etal. (2019) X, ZHd 2 WA GV O»DA > K
B RE R, RIS IEHE 7 0 U B THEEE L TXK
IS 2 bl U, Tk 193 50 2SR ik ¢ oo 125

LCWBDIZxL, Th—F 31 [ 3R & B OB 5T
DHFELHE T 5 & LTWA. RIFZEORERIL, KEAMIC
BN WA IZB W T, IR TOREFIZEN TV
% TdbkE 193 &) (25 L 7= BAiRe 23, #lar CoRBEIC
B [H—F 31 (Cl LB L0 b 2o
TUW5 EWH ET, Takaieral (2019) OfEiHEHFG LT
WA EOIWCRZD. ok, BMFEAEINICENTS 2
EnAE ARG & L BRI & IR O RFIA T T
0, RFOIFIZEBNT, 7 A%YERE 8 HARER Tk
RS IS E DML, 8 ABERTH DL LW RERBES
TWD (HF S, 2022ab ;7 ARCEBRIZTE 57T
W2V b h, T —F 31 | [ZOWTIEARMIE L
BRI LIZRER E 7o TV A2, B2 193 &) 1220 T
FAHE LY LAHETOIE D DSBS T 5 R O R 2
N TpoTWA, ZOMMEHND, KEMIC LV IR ISE
WAETTCIE, AHEE LD S TR 193 75 OFRFICHE
THHBREWEHEINS.

ARFGENC IV DR ] & I EAE R TSR & OBIfRICHE
A45% L, BFOREICHEW TR CHEEICHE
22172 <, THERE 193 5 i, WS TR IR
WCHBENALNDGEERH DL OO, ZZIZ—HLZ
BEREH NS, TO—J TEMEEE, 7 A% XU
SAORIZAH BT & R LTI T L Tuve (£3,5).
ZOED, RBFICAHALNZEINE, FE L TRAES
DEFICEDbDOEEZLND. ABZEICH T D 7 ARl
PN A DT BB A OR T, BRAMIR P, R
9 A FHD 10 AHRAICHT T, BIFOEIZBWTAIR
NESHEBLE (K1) ZEREBLULTREEND S.
F72, 8 HITBM LKITH T D2y, 2021 4£7217 T
B FK E L, SRR (B 11 A~
12 AWIA)) OKIRD 2022 L0 HIFIF—E L UK -
72 (K1) 728, (KIRIZ X DB EN K & 72 Al HefE N
b5, FEREBRT ke 193 5 O ZKINES L Bt
WL DBRAT G- F (HF S, 2019) TIE, 5-
6 ABME LT, 4 ABMEE 7 A TRILL THY
BRMIOKIRL 4 A CRbE<, 7 ABM TR bR
{lpo TN &mb, RUEEFE LB AR
TW5. F2, RWEOBFRKM TH b Iz VT,
BRI E 72 21T U L, ZAUHRIE & B L 72
BRGEDETICE D & STnD (K5, 2008). — 77,
[J3—F 34 1 ® 2021 4 -7 ARPEXIZE T DI
LTI, B, BRGRE L TRIED, TRLUBICEBRL
XL b HEICDRL (KL) ZRoTWeh, HTh
BHSGEDIKTNREE CTH -7 (F3). 202240 8 A%

— 10—



FRIZBWTY, 7 ABPERELSTEBBEEMET L
TWb—J, TREZDLLAKRELS o TWD (F5)
728, HIE BT DI & BB E O TR L0 5E<
L TWD I ERNbMND., D=, [h—F1] T
BWTYH, BAMOEIERD D WVITEEIZ L > TRASA
PMMET L, BUICORB>T=mREENE 2 b s, TekE
193 5 IZH ) 2IKIE & BRAOBKRIZONTIE, Eido
A B (2008) (2HN%, WK TOREZ X o Ttttz
FRARTAFTE (RS, 2008) Hd 0, ARGFEOBIEHIC
B AmmEE, Tave sV HLR%D ) ThHhD
EHEINTWD., Z2O—F T, @ERSA DO
B RFTEEINAL TR, £ h—F 1] ©
BECHOWT KR mIRORE L LI RHTH 5.

L7235 T, EREOBXNIELWINE D a5 7=
DITIE, KR U728 &t FCoRBRALIETH
5.

ARFIEIL FE 7=, WFORMBIZENT, W ONDEFR
BRESCZ ORRRFIN AL D /S — )3, BRI ¢ R 7
DEENRHDHZ EEH LM LT, Frlg, BB
A —rOEFEETHY, [k 193 5 © 8 HAilY: - #
PR LT —F A D8 A% TIE, 28T E—
I HERETIZ, BHONIEL L TW2—FT, Zhb
DIBTCBAE S 7= KTk, FESOEIC L » TE— 27 OfF
BRRRAEENHDHOD, ZEHN -7 AL
OBBNTHRT D Lo @ LisEmn iz o (X 2,
4-5). W ORIV T, FEICBARIE o F 5%
MHBLNTBAR TR0 (£ 3,5), ZOREI,
BEOWRICBRE L 72X DIEH T, L0 EL<ofmTF->
NAEULTZZEEZERT S, ZTRBEL L, BN
BWEDOIZH R, AFWHICI Y ERE D120, £
\ZE o T OO E & TeABENIERIC /o772
EEDbND. KFEHRE: CIE—IZ, 5T > &Ml L
THMESGERmDDLE, NELEND EShD (KT,
2008). Z D=, [1bkE 193 51 7 A # LRI OBAE &
[ —F /341 @8 ARPELARIOBM TIL, & HITHINT
DERWMNGDEZEZDZEMTEDREALH. AAKRLD
WEFEHITiE, 0 > OB ITEAE LT T Lo
FEMENEDTHDL EINDHT2D (KL, 2008 ; A5,
2016 ; 2B DB L B M), 4% LR OBAEREH
ICHEWT, 29 LA K DA TTREN & ) 2~
LHUMENRDH D, 1272 L, FFLOERIZHOWTIE, £EW
SREVEICA OB Y RFTHANZ N bmbhnb T
O (riis, 2020), ANELHIRIZBWTHF LOFES
AR A o RALFR DI L RIE T B A TR B BRI,
AR~ DR RIRFICEHI T2 Z E N E L.

IR T R &AL LT, BRI CRRICHEE A
DHBIDDEND, FAEFICL o TR o722 2%
Founs. ThkE 193 51 T, 2021 FFTiXERA BN,

BRI NE R DT ERRR L > TR (F3), 2022
AT I COEIX A b Nl odz (£S5, —JD
(7 —F 34 | X OMmE R L, 2021 RSO
ENH NI TR (FR3), 2022 FITIFERNALND
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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 idle rice paddies in the second crop of double cropping in the southwestern area of

Okinawa (Yaeyama region), cultivation of indica-type rice cultivars as materials for Awamori (Okinawan traditional liquor) has

recently been considered. We conducted field experiments on Ishigaki Island to determine the time of transplanting and the fertilizer

rate suitable for the cultivation of two indica-type cultivars, “Hokuriku 193” 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 results showed that many of the growth and yield characteristics

of both cultivars varied significantly among the times of transplanting. In terms of grain yield, the second half of July and up to the

first half of August seemed to be suitable for transplanting “Hokuriku 193” 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 non-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 to 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 50kg/a grain yield. However, the growth data obtained in the present study suggest that

the suppression of non-productive 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 Ralstonia 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 analyses. The names bacterial wilt of turmeric, wild turmeric

and zedoary are proposed for the diseases.

Hi#i © 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 11 (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.

Hi#L . Australasian Plant Disease Notes 17:18 (2022)

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

Takashi Hanagasaki

Luffa (Luffa cylindrica Roem.) is a popular vegetable in Okinawa, 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 luffa 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 luffa 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 after harvest.

Hill © 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.

Hi Bt : Journal of General Plant Pathology 88: 178-186 (2022)

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

Takashi Hanagasaki

Introduction. 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 Kunagi (5, 10, and 20% of fruit) varieties. The fruit was harvested in June, July, and August. We tested the samples for
limonin and polymethoxyflavones content and sensory attributes, especially bitterness.

Results 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 shikuwasa fruit can be used to produce vinegar drinks, Ponzu soy sauce, salad dressings, etc.

H# © Foods and Raw Materials 9(2): 310-316 (2021)
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