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& - E 1T 54. 7 6.3 a 100.7 a

b NS * o

PV F IR TA3IA~11A21H
YEEBICBWT, A ECTRICAEREL L (Tukeylk, #x1%, *5%KHE)
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(FN %Gk Ylwk ‘FhidNL) N HEHEE B IMENI 1 DG AHEY,
HIZHTITI~HISHL @ L1~
Hi| — & L— L LFELAN ERBMHEQTSEBR,

SN SN sk * % SN SN SN SN * « HE
0°0] 190 9€2T ©S¢'6 9ee'8S 8E°C L°08 0T L°09 ®L'€6 L) H .- W
0°0I 6S°0 9611 2988 qL'8 6£°C 6°6L L1 L°6S dB T 06 ey Rdsy . W 58
0°0] S9°0 ©B8'¢l 9816 99°'8 9¢°C G'6L 821 L°8% 9B 798 1) H . LU
0°0I 95°0 ®BI¥l 9298 ®BO6 680 8°6L .21 8°8G d€'€8 (uIEE . ;LN

L (v (%) .5 . (war) (%) WgEf (uw) (8)

_ . _ X oW

P AxTmyg  XLIg A ¥ EFRE kMY 4F W HT

(#72002) @52 LRI 2V W ER CNFE O KM F02H
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BIE RBERE FE REO0LO>HEEMYOEFR
®g 18 ‘FlE DERESSIUBHMANISAR/ A FEE
LDRAEIZEW T, BEEBOILLIC X 54 EEEB OB NN/ E
Lo T&ETWD., bz id, BRFHIHEx REOELS & T
R ThHY, Fls Lt bICABENMMTI2ERE SN, BRAEER
Flcksa TrHoEIEERIEMR I VD (MER - @H, 2003). [
RlIcZomoEEEHERIZHLTIE, BHORBREEOR THEWE T
i 28 A mEBLL TETWD (FH, 1999). 1 Y EIX, 7
TFRIAN, e Tr A4 NK8, I~V v, TAXy, UE) AL RFRE
DEEER T EZSEAELTND (BFH, 2006). 774 /A4 FEOD
ANZANY RS rF oA, BMREROT AN ¥ AFEEN
(Kanno &, 2003) X 5 & A #f © & F AN (Kim 5, 2003), ¥ > 7 L F
YR ELVF I EME oM - &S EM (Bracke &,
1994 ;Minagawa & ,2001), il # VLDL (very low density lipoprotein)
B E oMK F/EM (Manthey, 2000), 72 6 ICBEHE U v~ F X B i i 8
EWCHE ST 5~ N vy A RA T a s T — ¥EAMEEM
(Ishiwa B, 20000 D H 2 Z &N HWE SN TWVWD . T b AEMRD
oY EEOEFEMEMLLICORT I E VW @ ERNDL DH (ARG,
1989/ M &, 1991 H &, 1999;Tanaka 5, 1998; % ¥, 1999). 7=
Ex X, MWMBERREDO Y -2 v —Y% — (C depressa Hayata) %,
RIA N7 IRy THLD /BT ryraa@82Rn5< EERERKSH
fESEH AR D 5 (Murakami 5, 2000;Sato 5, 2002), 4 pE 2N i&
PEfe LT ad (KHE,2004). 2, MHKLEARKED "Coids’ (C.
Jabara hort ex.Y.Tanaka) &, {EMEDEREZEM T 22RO H 2
FTIUIALFUrEERZ NN, AEORMBICKEIAEBRKL TWVD
(KA 5, 2003 ; F 41, 2003).

—ERTIE, 19T ICRBEREIALLEFBRY XY CHET P =
BEREPHCTCImoOARICHEESR TWD ¥ F NF (Cs. tachibana)
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WEECEL, AEHCRITHBA L L TRERBBENFE A HEINL
Tk, WMBRFELI YL L THEINGEE> TS, ZTHET,
AFNFTREDODT7 TR A RFEGEEICO W TIXEH 5 (2005) 2 45 FlHH
DI Ry EEBEFEL, VAN, FUALTF Y, NRAY

VIR SVg

171

v, *AF T 4 A R

171

v, xA R Y v, T 44 A
tFr, JELFUBIVOX U LFUEERICEL L ARG L
TWD. Lo T, 2FANAFTOHEBKBEEZLZDLNL T WD “FHE (M
ME AN BEEREMBEERE S, 1992) oW TH, ¥F NF LREEIC
WEMER D THDL 7 IR /A FEEZLEAT DL ERHHEI T
7z. Miyake(2006)1%, “#Hli REORRLEITDOT7 IR/ AF
oy gt LR, Rk VA MY v, FUALF L, ~ANX
VyYr, FUvy¥r, JELVLFUBIO®FY U LT UESZLSEAT
HEHRELTVS. BUHEMELTOFMBAREZLND FHE I
TRBEOADFHAPLEATHYY , REDOEHMN T 77X 4 Fa &L,
It OKREBE LR LI2RARABy0GRRE, #FMAeBRIAPRD LN T
AR

T, AMFETIE, —ERTHEELINTETWVDIHBI X
YoOCH T oMMk THDL T TR A NGERE T TN, T
NRF,MEER, Cro02K K, WL xo5BXO®EFHITHLNITL,
HHH oY HTHL Y -7 v —H—, ZFANFTLHEBRBEFLIEL.

HHBEEUVAHE

1. tE#H
SERBEEMEREE 2 - RENER GEM R B E)DER
BN THERESATWD "R, ¥P—7 v - -—BIOYHED

ot (ZEHEREHT) CHBET D242 F T O KRBREEZ
e L. “HMlE BLXO®FFNF X 2006 1 A 5 H, v
— % — 1T 20054 1 A 11 HICHEBWM L. “#HMlE &¥—27v—H%—
3L 1YY 6 RaekitL, #F AT X 2#Hrb 15 X%
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BEBRL, ThETh R %2 IHELTIXETHMICHRAL . B
LIERES T VT AREE, REHTERRNBICTEEL, 5612
RF, TARE, EER, LroooM, BLrOBLOMETICH

L, BEbICT A or Ny 7 ZHHELTOoRMCHEAT 2 £ T-70C T
AR AE LT
2. YU 7L HAH

AT R v d, gy B E AT IS SRR Ho R (R s Bk, EYELAFD-1000)

L%, = —t — I (IWATANI-1000) TH ML THHR L 7= . ¥ m
o T b oMt L, Kavai B (1999) O HiEC LMoz, &
T, BT 10mg A EMFETHBRECHEL, M EE Ino[ 2
A ) =)V AF A NNKEF Y R, v/v)] &z, 8% (Yamato,
BRANSON 3200) AL E L 72728 5 =R T 10 oMt L. 2ok, =0
Sy BE (12,000rpm, 156min) L T EiF & B L 72 . 0 B Hf % 45 1mo
ZM&x, EWHAERINT S288FEL 3BEG DKL, bnl A X7 T A2
WERLE®E, AT 707 402 —(fL8 0.2 mn) THE L T HPLC
AT i L7

3. HMEREXB LU HPLC WM EH

= YA bVY ¥ (ECR), U LF ¥ (NRT), ~A XY ¥ (HSP), =
AR U (NPNC) B x> F » (SNT) oM & L THifik &
nTWwafidh (7F7=2v) 2HWwW, JELVF L (NBL) &% 5 LT
> (TNG) @ £ dh ik, (M) JB 3 - & 0 2E 3 5Ol R & 0F 28 3% A% R Bt oF 28
iy YA ERL AL RESTZ S O ZMEL .

HT7 TR A RKRSIE, BEEE I rm~ 7T 7T LN ST
SHEERGE L, 7 F 8 0% 285nm, AU A RF T TR VT 360nm D
WL A X7 bV &Gk L CE®R L7 (Vandercook and Tisserat,
1989). + 7224 %, TSK-GEL SUPER ODS # T & (¢ 4.6mmX50mm) % 4
HElltmdEEKk s e~ b7 77 (BE®ER, LC- 10 ¥ 2T A, 7
F NEAF - FT7T v AR AW, 754 - T RE 40C,
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BEIMHORHE lntnin' & L,2 27 v 7H L IE3AT Yy FITESD
2R 7 7 v Mk (AR : 10mM U U8, Bk : A X% /7 — ) 12 ko
THBEELZ., = VA4 bY v, FUALFUrBLOAAXY U rod
YTV ENET 4p 0 &L, HBESRMHEIFT(1)0-50 4 :20-80%A K,
(2)50-60 4y :100-0% AW & L7-. ¥Rk Fr, JELVFL, &
FUrFrBIUOxrAFRN s ror I AEAEIT IO L, 4
B 4= 1% (1)0-20 43 :30-70% A ik, (2)20-30 %3 :60-40% A &, (3)30-
40 43 1100-0% A K & L7z, o0 T — Z 3 oo 24T v,
Tukey-Kramer {512 KV £ HE L& & % 17 o 72 .
BRBPBLIUEER

R, TFARNTBRIYY -y - - O EEE S E DA
MEEZH 21 RKRICALE. FIEEZ, WITHhTHEW L x50HEN
KbmMhol., “HES TIE, BLro>okiC7IXKFTEHL, T
NN R MEEROBEEHAS TR »o 2. W EITHMEEE LKL T,
WTFRORE - BWETLR LY OHAENBRLS Y, HTroHaNE
< 7o o7z

B, AT AT BN Sy DT TR A REREE
22 KR L. THEOZ IR ) A FEHE, ¥—2 v —-H%—-—0O=
VAT Y vERE, R L2 TConryFY TRBEIR, &7 7
N4 FEEOM - GEMCAEREEIRD LN, T bbb,
B’ X2 IF A" F L= AN U, FUATF U ANRANY D

2F Ry, VRV EFUOBIORTIT IR A FREEDE L,
JELVFUERICABREZEIRDONT, ULV FUERITIEN -
. F, “HE OFXYy-—Zv Y-V A YU, SV
NF Ly, AR B IO VYR UCEFUOEERE LS, ~ART
VUERBIAEERRDLNLT, JELVFUEX U LT UEEIT
Koo, 77874 FRlmil<cix, A L2 TohrYIicE

WT~2A2xRYYragarsz A M)y, FUALFU, XAR Y
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Vo, ¥YxreFr, JELFUOBIOYEZEUAFLF UL E NS

R, AT AT BRI - v - DA T TR AR

b

i

&

BEAEAHE22IRICARLE. £ 7R /4 FEEICIE, WA M TEN

E=11108

b, “HE O ox VAT RYUVEEITTITINREETAANNFR

oY Er

& A

i

L <<, WRWTLXrI2IDIHIBETEL, MERLEBL XIICH R
Nz, #FXFTCEHE7I_KFTEmL, TAHrRRFTbBrEBEnE. &2

B, 2FRXFTOT7 I RXRRFNTOGEIX "“FE OBXE 43% Th o 7-.

-k, Y= v -—H%-—TlEHaea KB Ihhroe. “HE oSV
NFrEREITMHMER, CrxOoO0OKE, TAXFOEIZEHLS, 7T X
FTbvbmtiashiz, 2FA"AF Ly -y —-—H—-—0DFIVLVFraadd
MER, Crxro028, TAXROIEIZHE L, oo Cikm
MafvZehole., ~Z2AXY o iE, A LLELLETOI Y THib

2L BEND T TR/ A4 NG T, BrUoEHMTHREINTE.
CEHET O OANARY D UERAEITITARNE, EEER, U oD )k
DIFICEZL, wLr s TvbBREBEEINTE. £, 2FAANFT LT -7

— - TOHLHER, TAXEK, LrxO205FE, UL xH0IEICEN
Sl XAR U X, “HES CTHEHMEKR, TAXXF, Lxroo

S, TS REROIEICE N>, BB, ¥—2 v —% — TIiL,

N
N

17

REBLIOTARRCTCHBRH SR ARNLo7-. KU ARFL T T

DXy Fr, JELVFUBIOYEZ AL F R, AL

AN X

W

DHrHFYDTTRXRREETARXRRKTHRHEESR, 79Xk
A IS A G A

B 7 (2005) X, RARFEEL T I XK, 7AXXEF, LxoHodkE,
RAICHTE L THAL, AFETHEAESSZ L LT TR A4 FKa
oW THEFANFTIE, = VFbvY v, U ALFr, ~AXRY Y
Y, VFrrkFr, JEVFU, XUFLFUNRT T RECEL,

TARXRRFThHLbBHEENRDZZE, ~"ART DR UyrEF ET IV
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R TRV ELoZtEzHELTWDE., £/, V=2 v —H%H—7T
b, 87 TR A4 PO MmN T — 0%, Z2F N & FEEDOM
mMThdIlea@mELTWVWD., AR TIE k™ , #F AT B
Ny =2 9 =% —=¢bH , FT7 TR A RNKDDHAMT 5 FERMHE-
HFEIFTEFEREOEmMEZ L, = VAT FY v, YR URETF L,
LISy, FUFLVFUERBEITIIRNRFRTRLAEL, FTUALF UL
A2AFRr I ragrIIMEER TR bES, ~"AXY VU FHE KR E
TARKNTRbE»> 2. 2k, BF (2005) BDHHEERET LA
RzR—-4SmeELTHMLEZEEZ2EETRLIE, B1E H+ 5. %
7=, Miyake(2006)i%, “HiMi oHBRAEEIZY -2 v —% -0
FEICEHELS, ZofBeE LTV A T P UyERENEWV I & L H
BLTWL2EHELTWVD. AFEICENTS, “FHE 2ix=
TRV UBELGENDI LRI

— 5, BJ5 (2005) XX, FFANTFTARE 100e 5720 oY
A bV, FUALFU, ANAXY DY, FLFRVI v, VRV
tFry, JELVLFU, XU LVLFUERBIFIEALERN 9.1, 6.1, 328,
2.6, 6.5, 54.3, 42mg, ¥~ v Y -—TEENLZTh 2, 6, 411,
3.2, 1.8, 30.3, 18mg Tho7m. & xiE, ~AXY T &hlLL

e, AMMECTCHELONTEZTFANT LY - v —Y% - REOLYHE

pals

el 7 IR A4 RIRENGEAANDO 7 IR 7 4 FegEExHEMBL, &

bicHfipl i EEH G2 RO TCHEBLAEAERE 100g B2 O~

My

ANY P UERIT,ZEN L 166.8mg & 274.8mg TH Y, B 5 (2005)
Doy fE 328mg & 4llmg KV b BFICIED -7, £, AT H
L FR"RFox VA Y)Yy, vEre®eFr, JELF Y, Fv
FLFUrEREET,H H (20500 MEOZETNZETN 63%,43% , 44% ,
53%% Cohol. —FH,v—Zv—-—H-—oDFIALFr, ryrrxrkFo,
U LT 0k, B O(2005) OO ETNER T6%, 200%,

160% TH YV, JELF L IFIEERULEETH-T. 5HKS DB
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RERIZETEBHTLHZ LT, — RICHALDNLDIBEZLTH S .
2E, Y= v —HF OV TEHEZLOERmPA@E SN TED,
BIZEENLD T IR/ A FGRECLEDN LD (FA (FHE)

2010). Z o X o1z, KW o R EEH S (2006) 7 T K A

TEEDEWVWIZOWTYL, KR ER (Kawai 5, 1999), A

O &b (LW B, 1996), PFEMMER, #IE - HH L0 XML LI

W 2 EMERENERELEEELHERS .

£ 72, Miyake(2006) 1%, “HM™ O 7 T K A Fks O hh i
BB LR, 5 oMMH T 60 yMMHOIED 50% I
LHlwmAE LT WD, BH O (2005) O E RMFITO LI

ek
ES
5,
R Bk
(58
it

St
1k F

B2

WMHEBEREZ, W TR A E ) — L AF L ZAALARFTY R(1L:L,v/v)

TR —ToHo7n, MERMBIZ, AHFETCEMHLEZ=EIR 104 X3 [

Zxt LT, BhH (2005) [T=EIR 12KMETho7e. 2T 0 X 9 7

e lhs

MOEWLE 7 IR/ A FRTOSHBEICEELEZLEEXLOLND.

TN 7 TR A FICESZY C-HEEERSLORBIZE W

T

BHEMALERZOM, RITREGELEELLRELEbh 5. HE X

ARC IO L RALZERTLI2AELEM I b, Ri-®REM
TOHBOAEERESE V. TAREFERL 7 IRXNFNIZELELGFEN 5
LF Ry rrvF o, RECHDEDZ T RV EHE T
WL HlE 07 TR A RRSOMBICITBKIHNAE S TH

&L
J B
&

5k

DODW,EH H Y (Mivake, 2006), Z DO ME FESHE FEOEWLE

TIR A FRTORIT~OBITRIZOWVWTIE, 4%, Bitsnd

VBN D

y

Lo Xy, “HE 32 FARNFRY—-—S v —-—H -k
> rY Yy, FUNANFL, xF AR, VRUETF UEELL
L, 2O 679874 FKRDIFT7TFTXF, Uxrobdok, &

2L nMmT 52 EREOLRT.
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#H %S, HN DT SAeNL) N HEEH BEI B DA HEY |

P WV 2\
ALAAC TN ALAAKARTINS ANAANMEE TONIN ARG (Y~ TdSH AL LT LIN AN AK AT N0,

AUNVHE DA EZQIEFERBNEE 2NFGRL b O & ANETVIRO¥EN,

B 8I671 B GGgl B 176l q G961 2 G'TI B 9°88II RV 0°0 b f—n
q ¢°5L6 B 1706 qe 1766 q ¢'11 q €¥¢e q 0°1.9 9 6°6¥ q T1°€¢ L
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(%) SHENGTIE Q&N V(¥ £ £ SRR OB,

@E%G . FOH%L, FhONL) NV LFRH LN O M QWY MO HEY,
AENL Al PN ALAA TN ALK ATINS A AAAREK TONIN AR iz PASH LA A LIN A A = A0,
(0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 S
(0) 0 (0) 0 (0) 0 (0) 0 (€°11) p 16 (0) 0 (0) 0 ¢ T
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(0) 0 (0) 0 (0) 0 (6°17) B 91T (3'82) e 878L (§°87) ®© 002 (0) 0 NEE
(8°¢) q29l  (¢'€) qoO¥g (6°2) q8I (0) 0 (§°TT) q €8IS (L2) P81 (0) 0 RSy,
(3°96) B TVC  (8796) P L8E (1°16) ® 63 (0) 0 (L°92) °2LLT (0) 0 (0) 0 dvir —f—Gg—~4
(0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 P 1]
(0) 0 (0) 0 (0) 0 (0) 0 (¥°€1) po9se (0) 0 (0) 0 CTA@
(0) 0 (0) 0 (0) 0 (0°€9) qaIT  (6°SE) o 6V2I (L°vL) q€6l (0) 0 McwerQ
(@) o8 (@0) o8 (0) 0 (z'gg) ®99e  (0°6T) e 8IVS (9°12) ®9s¥ (0) 0 NEE
(§7) q¥8T  (8€) qgoT (§7€) q8I (9°F) oq€L  (S°€T) q8SIv (L7€) 98 @V qov A
(£°96) (2 00L  (0°96) 4® 8FL (5°96) & 88 (@l) »°0z  (3'8T) ;° 866 (0) 0 (8°96) 081 dvic WAV~
(0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 P ]
(0) 0 (0) 0 (0) 0 (0) 0 (L7o1) paLe (0) 0 (9% o091 ¢ TG
0 ol (§0) ot (0) 0 (L°8€) q€8T  (8°12) o Z¥0T (¥°95) q90% (S°LT) q 091 Mcwe T s
(€0) 07 (0) 0 (0) 0 (V') ®'LLS  (1°9T) q60LS (¢'eg) e 616 (9°1) o1.8 NEE N
(89) qab (1°9)  q8o0l (€9) q8g (9°02) q€6z  (9°72) e 2999 (§°0T) o €32 (0°6T) e €8¢ NRoYy
(5°26) (B LST  (V'€6) (P 99¥ (L7e6) \B€az  (£78) 6  (8°92) ,° G681 (6°0) PS¢ w (€°79) 422V Avic
JONL /TN LANS LONdN ,dSH LN ,O¥d
(3ystem Lap Sw 00T - STYHEEY J/WwLc TR B B

I-

Bed VL oIS L9k

DIEWWEN O L LBHEOEE  FECTH

101



®2H ‘T DEARICETAIREROARMLARFTDOISKR/ A
FEELALUICEHROHBICRIETEE

HrXVHEIE, 7IAR ALK, hweTF A4 K, 7~V v, T
VLU E A RREOEEERDEZLSEAL TS (% F,2005).
EDV Db, 7R A REHEIRRIZZLGENDI LN ML TE
» (Kawai 5, 1999), /JELVFra®@28omWVWitfiREED -7 v
— =Moo FE< oML &MAAEI L TER CRE, 2004). — 77,
SERCTIE, 19T FEICHREREIAEE®RY XY CHES (MM
BN REEXERLER S, 1992) EAKRICERLE RS R KE A
ELTHSEEMBOLELABMML TW5DH. Mivake(2006) 1%, “H M o
RV AT Y v, FUALF L, ~AXRY T, FY X,
JELVvFrBEIUOCZYTSVFUORNELGENDL LA, £, i/
Al s (2012)1F “FE 07 I XNV AFT MYy, Ry ET

, JELFUBLIREUFLTFUN, MEERICFTF I ALTF L XA

\

4:‘.
o

YU U, MMERETARRFIIAZART D UNRNEL GFEND D

EHRELTWVWDS. REICEZLSFEND 7 IR/ A4 Fz Rt icEmm

A

T, B AoMEEBILICORND, WHEE OREEHEIC
HHEKCT& 5 &5 %2 bk 5. Takenaka b (2007)1x ¥ — 27 v — % — & ¥

\

FHIC R OMEER DO R ~OHRMEIT > WL FIEERI LS
B, "V FT VUV AEHHETCHES 2B ET (UK, 2F94) &
eIy CCnEL, RIA MY T7I7R b Mansz e, i
HBOWEBRBREm W EERE L. Zhix, REE2EKICMEL TR
Ha®LIFEPER®RZEZbTICRROBEER 22 R ICKERMT
THZLEARMBLTWND.

AR T, “HHE ORBAREL LOKARZmEROE HE T
THWHLESAEOHEITENDPERTTO 7 IR 4 FEERDLVIC
EHANE (B, BE, RH6) 20 RZHRRE, TRVWILKIEFTESR
A L.
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HHBELUVAHE

1. #B8MHEBIUS YT ILRAR

FEEF AR A XY 10 A 24 HICIWEE L2 “HES o KRR
RE 12 0 5 Hic#ELERAREZMEA L2, Y 70T, K
SCTmm L7z, RES TV E2 KM, B L, #HRARICIET H
S RARBLOBARSE 5.0kg 2L, SKEELELE. 2FH 0
T E X o EEE K (HC-JHO-2B M, ¥ 7 — F~< v F U
- (%K), y¥—vy®HE&E 620) MM L. MEEDIT 6Mpa, 8Mpa,
10Mpa, 12Mpa, 14Mpa @ 5 BEPEFicgk & L, MEFRMEZ 5 5 & L.
mEB, MEREBLS 5 oMOBFMEREK & HFMEROETN A — F —
A xBHHE RS, LEL. BHIRIETIELICHM L, K E T-70C TR
frliz., IBRIIRKEREAZF oL (30 ), BREZ VR
Va—-—H%-THEIHLITRRNOALD R Z2HWIE.
2. 23R/ 4 FRPAH

WYy wBE LYy e — kb — 2L (IWATANI-
1000, HAEXEX (FK)) THMH L%, Kavai b (1999) @ Fikic L
el o CHmBMEROMBEIT o7, T 2bb, kY v 7L 100mg
P EE (A% 7 — 0 DX F L AALKRFT R (1:1, v/v)) 1m0
T, B B (BRANSON 3200, HA = =Y ¥ (#)) Tk &=L T
10 oyl Hh i L, =05 B (12,000rpm, 15min), £ O LK & [ 4L
L., &6, WEEEBECHREOMBHBREL 3EMED KL, E{FK
ZEIL, A b T HPLC oA kb & L 72

HT7 TR A REGEEF, sHEKRE s~ T T 7B KD 5 EEF
E L, 77237 0% 285nm, AU A MF 7T KL 360nm T
L7t —7mMEZb0 P UOEMRIZEL > TERLERERICE S
TR L7z (Kawai b, 1999). 72 5H, TSK-GEL SUPER 0DS X 7
L (¢ 4.6mmxX50mm) ZHEEF LLmEKRAE m~ 777 (LC- 10 ¥

AT L, T Fx A AFT = FT7T VA&, (K BERMER) 28V,
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BEIMH O AEIZIE 10nM U UBARKEBEKR, BRIZIERAZ 7 — i v
e, BT 5 F -7 ViREZ 40C, BHMOWE In0-nin™t & L, A
RS OLH AT BIRIEBEZ 20% CTH B L, BEMRAE T 50 5 #%IC
100%, =Dtk 1040 100%. 727UV aroghodaid BIRKIEE%
30% TR L, EHEAE T 10 5% 60%, 2055 #% I 100%, T O
#% 10 M 100% & L 7=.
3. RARMHSLIUKERH

Rt o b E B X OVEE B (T M B G (NH-2000, A AR =& ¥ W R AAHE
aEE ), Ritaixs W ait (CM-5, ==

141

JNE ' T
(B)) (&K - 10 ¥, 2010), pH X pH £ — % — (pH-mV METER MODEL
CoM— 8, EXfbFi 2 (K)) T ZENMWMEL L. Rt ok RE M
TRk E (TS—5000Z, (KR) 41 > 7 VY= b ¥ -7 7
7Y —) (§T%H, 2006) CHELE. £, R o0oRKEI1CEV#EI
B (FF-2020, (#k) HEER/ER) (2 5, 2008) (2 & v 5Fffi L 7= .

S o N T — XX AT 2 1T v, Tukey-Kramer {512 X ¥ % & L
®E & AT o T2

HWEBIUEE

1. MEENDORBVARTOBEANRNESICRARNBTICRET R
IO OMERZZT S 2B HY 2206 68T, MEENOIK
WRHE R D ol BMMERHREEST XLV 4.0Mpa K WIE DI
ElicEslliTbivle., MEEIPEGEVWIEZEREIREINL, RE
DR EZMPET 2N BELABEICX Y, FMERZKDSHEML -
LboEEFEZXZOLNT., BEIHIEOHEMIZ &b 72 5 INEFE £ o8k, #§
HERBIORITFTOT7 IR /A FEEBCEEZRLEIT T LHRINL
(% 24 %).

CHE REORAOHLOHET RITIREICL > TRALY, AR
(39.4%) NABRE (34.0%) kv bE»rok (F 25&). &2FI
DHEHT BRI THLORE TCLEEITENBERNVITENS WD BN

104



F2aFk R REUR, HTR BEARIZI T DR LNEREL

7% (lpa) L
JLFH [ X
LI TR PR (E/5)
6 Mpa 6.1 2.2 2.0
” 8 Mpa 8.1 4.2 3.0
(;ff‘;fkﬁ%) 10 Mpa 10.1 0.1 3.0
12 Mpa 12.0 8.0 3.3
14 Mpa 14. 1 10.1 3.7
6 Mpa 6.0 2.0 2.7
" 8 Mpa 8.2 4.1 4.0
(Ej?;hiﬁ%) 10 Mpa 10.1 6.1 4.0
12 Mpa 12.0 8.0 4.0
14 Mpa 14. 0 10.0 5.0
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7=. 6Mpa TN E T, “HE N KRHBR 21.5%, AR 29.2% T
»H o Tz

X H (1983) 1T 11 AN D =2 X ]I OHEIHFITHO W T X
I T 18.0%, 14> 7 A4 A HEHF T 43.1% & #H & L, Takenaka
5 (200M)iF X v PAEWHRICEI LB ERITY -2 v — ¥ —D 11 H
I FER T 38%, 12 AR CA42% tHELTWVWD. b DOFRE
HrFYOMPBLEEL T, ARBRICBT S HME RRAR, KR
FEOWWHRIFTIZFIE -FKLE.

MEETDOENIZED “HE ORARSIOKAR ORI E
E, MEEBIORT pHIZAEEZETRDO N 20 o 72
MEEDTOENIZEZ2RITOKSGE RIS HE RARTEIAEE
BRAEFRDODLON R o, “HlE RARTIETERITIVRANO
HORFFKRKSEEDLSE <, TR KL OMBMEE R DM AR

DEOMEOBITICLID2bDEE XN, B, HIHEET O K
SEEIE, THET ORABRTEMEEANEVED LI DMHER

R LT “HES ORARTEIAEETALNLR M- L.
EHomwsERT LE»S, REILEHLESSGIE, R0 BH
ERRELSBEBTFTL2EABHAL NI, FalikeaoloiE
BIEICHY T 2 af @b, “FHiE ORBR, KARLLITRAOD
HBEKRORIFTHRANBLS, BIHIELLII2EBIARALNLR L 2.
HELHFOMOMBHEFLICMH YT 2 bHEIZO W TIE, LEOSEAR
BICRKRIEHEHT DI LETHBIRKERTLZ.
2. MEEHDEVHEAISKR/ FEEBEICRETEE
MEENOENPREREDORITO 7 IR ) FERECRETRE %
IO AR L., ABIAELEZZ IR ) A4 Fid=U 4> U v,
FTUIAF U, ANZAXRYV DY, XAERCY U, YR EF Y, SV
VFy, AT LF o THETH®DL. ZOI)LRHEADO B EHES T
RHICEFENLD2ERT IR A RF=V AT FY v, FUALF U,
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NAXRY Ty, XFRU DO 4 HEETH o 2.

¥, 2R HICEENDLE 7 IR A4 RIFTHET, 205 b, #
HEOMEE DN EBELDECONTREETFRENEE > 20 E, “H
B RKRARBIOEABAROKR Y A FPF T IR O ®F &,
JEVF Y, U LFUBIT HE ORARRO=U AT NI &
Tdh o7z

o ENDL, ‘Bl CHEREREEKTHEITT L LICIY RKIZ
2L GENDIARIV ANV I IR ryrOvFRryrEF Yy, JELF U,
T VFUORBATL, TOBMTMEIEHEIN G ELZELSIHEMNT D
ZEDBMW B NI o 7o, Takenaka b (2007) X ¥ — 27 v — % — O #H I
LT, vAFALrsELF Y, JELFUOBIRX T LT D
EH~OBHERIIAZ Y 2 —F L 2ARXNEHFHEDD XL R EHHET
Mmool EL TS, Fe, 2 ALS (2012)1F “HE , ¥
FARFBLYY—2 v —-—H-—RE, FIZ7I7XFZBWT/ ELF
BT VLTFUOR SN L REL TS, KERORRIT
TIRFRILZLLEGEAHEINDIFAII A MF YT TR VO R F U,
JELVFrBIOF oS LVF U, WEXNEEETEICL > TH R
HieBiITTFstERrLTWND. —F, RALCHLZLEGEND 7 T
NI VEHO~NZAXY P F U T rE, MERXROHETFHTHETL

FTERWITICERAOLORIT ERENKWVER TH - 2.
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(FENCG*  Frol %l “FEAONNL) | HZHE

DRI — B[O B OB Y — [ O HEr Y,
A O QIR AN P — Lo — T R AR NI E MW 3 70
HE @R AN HAZYTEN O ((HS I,

s s * SN * SN SN SN * o
BgG'€z  B8I'6 e G9 g1 G606 42°SL  S9°C €L°¢ ¢'8 By 68 QMY
POTOT  A¥L°0 P L6°S 1°06 BZ6L 197 s e 0°6 qe L°L&  edy 1
PoT1e°IT 41870 po 189 206 B6°6L  ¥L'C 9¢ "¢ 68 °0 1°9¢  edy z1 ()
Po 86 1T 4250 PO $2 L 206 208 9.7 89 "¢ $'6 90768 edy o1 ek
296821  90L°0 99 6L 7L L 06 2908  €L°C LS °¢ 68 PEZe  edyg
968°F1 48570 9606 706 2018  SL°C gLe z°6 9762  edy g
sk ¢ * * *k SN SN SN ok B
BL°G  BI8°9 e 87 LI e 116 °9¢°GL  ¥9°% 28 ¢ 9, qe 0 've  ; LMWK
9168 q€2°0 q1e°s 9606 P6°LL 9T 99 °G z'8 B 0°9¢  edy pI
q2% 6 9620 qaLs 9906 POF8L  6£°C 6L°G 1°6 qe 6°¢¢  edy zI WY
9916 q€1°0 qLe°S 99,706 °98°8L IV ¢ 786 68 96726  edy o7 i
Q1¥°6  29¢€0°0- q69°S 99,706 9B ¥'6L  GE'C 969 L6 98°82  edy g
q968°0T  28Z°0- q0L°9 qe 6 06 B8'6L LV 80 9 0°8 p STz ,edy 9
*q B ] +3E P (%) (%) (%)
B N2 Hd HoH XTIg si-Heid A
T LR A MER QT sk Pl U NE O LTI S LIS WA G, Wy Blfl,  2E9c
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HE RAAR AR

a

ab” ap ab 20

140
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| b

- be b |[]
25 I 25 cqbed =1 M
E ml 20 44 — H
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600 600

AR

(ug+ 100mg ! d

FAH Y
(g 100mg™ dr
s
S

)

] 500

inninininies 100

BV LT

Rt
&
EES)

%19 iR KRB, R R OB R B W TR O A #ERS L O 0
WHRRH D7 TR RERIIRIZ T2
@ — ST 5% K ETHEZR L (Tukey 15)
SHRAORL, B ERAZTTOBLENEZ NS RV 2 —H— T LERADOZOR,
TNLINIIR e DR CRESMEEHN Lz & 2 0F9t
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3. RADOKE (@

R EEIALEEENE®RYEICIEE L CEEM L % &
T EFMBALEECY —Z2EHEL, ANMOFELHUL KR
TR % M fEfb T& %5 (Tahara- Toko, 2013). Z % TIT b Bk Bk 3
EErffvwa—b —, BHEBLLNEEKEDOKOFEAMICO W THEFR
Bl D RS, 2001;%2 &, 2007;% &, 2012). — % |2 Bk 38 ok 3%
BICE2HEFMTIE, THROFLIEROAFEOEVEZFMT D
BHRMELITLN S, ARRICB T 5 Ek, Bk, k= s ol
LbHEHKOFMER THL L. TAUNTELREZDICETAULEEREB OKT
b D EEKOFEMTH D .

TR A8 Ak AL E L, RUBHIR & A HEWR (30mMEE L W U U A L 0. 3mM i A
bl dKEik) EOBMAEELE%, TOBE Y — 2 KHERT
B e, REHERPTICREL CHEWME LK & EER L OB E
AHEKELTHELTWVWS., S —0FBBMT —ZI1F, EEON
BY 7 hUZTICEADENETNNOBEEEAMMICAER LE 20 KITxH L
o, BREMEEOFNMME 1 OFEVWITABMAIKOEWEFHIN TE DL
NI T WD,

I O RRARARTIEH, FBHMa B LUK TEBTEDL GG E D IF
FrmlZzol., B THRRNDODALDO R 2RO EN 11T,
WA EE LGN, THET O RARTIE, RAOHZO R K

2RIV OER, B, HK, ERA2IAE, BEHRTIEHEAMIZL KL
HZREOEWE R L. IO, BREIEHTEDDREVEGE £ - .

UEozZethrn, 2RHEFTRANOALAORF LETERY, BAHEALE
RS RI2BRICHD I ERDMhoT. B UrXYEICEBT 5 EK
X, Ty oo/ IV itk Tr EE bR TS (1B
KB, 1977). @A - EA (1983) &, wEMHM o IV TR K,
Crx 720758, HFIIEFPTOREXRSVWZ LZ2HRELTVD. &b

™

, MU B OEDPRBENEEICE, THRODLR VR DBZHFELI D Z
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LEHELTWD AR ok GEo “HE RRARO SR T,
FHOHLORHICHRFHERRIBP o2, HKFOETTOEWLE O
B XXXV Lo/, LML, BEERIEX “HE KA THEH
PO EDHREEREMBC, A - BA (1983) O EHKICEHT 5 KR
EREETH - 7.
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+6Mpa ®8Mpa +10Mpa <12Mpa 4 14Mpa = REID >

S

b s

AR R

F20 K ORTR ARRCE, R EROPEH AT HI B W CREO A IR LOIEES O
TSR R E DA RGBSR I E T
CRINORE, FHERNEFTOMELENE > RV 2~ — THIF LIEZRNOLORIT,
TNLSMNE e 5 ) CREBIRAE LTz & X DR

112



4. BADICH VEEE

R DB O FMAIC BN ERICEID FEMRL L. B VE
FEBIZICE VWV ZHULE LRI FS THEMEMIMLT 2L TERTE S .
B EZ, YT AL FERETAOELMEEL 0205 100% TH
RLEbLbDOT, RETZADONE — v ERFHREMUELZE%RT 5.
¥/, BRAEERABMAELZ2ICB VORI ICHY L, &KL R
HOWTTPTHLEHBEBZCAHMOEEOMELZITVWREEHINAL DT
MLk KFBIET U E2=T7TUANT3IUEDODEDD DHFZHD 220
BT, ABMORTE CTCH oM e etEabnTWD(HFIL,2006).

BV EEICI 2RI BEHUEZE 26 RIZ, RIFEHELE 27

(R

ﬁ
FIWRLE., “F#H RARBILIO® “#HH RAZTOLE2RENTORK
FUELREIFELLOWT, MEENOEWICL D EZFT /ol
MEEDDOENIZEIDZ2ICEVVDENWIL, BEXFLHET3IULEDEND
LDRMB N, ANCXD2CBVOo@EMNITE®ELNEEZEX LN,
CHM ORAFRLEBRARCBITIERTHOBHELUEIRAO L O R
HILSHLRTHMER, 7IVk, REAFRPIELS, ERVICTEW
NEEol MBI, £, RAFHFCOW TCEHELE TH
SlemER, 7T IR, RIEKFERIIMAT, TvrE=7T, TILVT
tE FR, =227 %, FdEZRI&GEL, RADOHRO R ITHATAE
REHFEBOVRB N ERRI N
CEBVWHNOFMB & LTix7 L - FRORLDEARKOFMSR
RLEMOELUME R ERND L. T, TRI -2 VNS EBEAOICE
WO RKESEZHBLEZEZAS 2007V —TFITH T bR D EF R
ARohTwad (Fill, 2006). 5%, 2RV, REKSEAOD
FEBORBEECRY, RECIShZRHEOREBEICAHED R FEL L
THHEN2EEDORFObHLELEEZDLND.
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(FV BT HANIN]) N GFEBAMEIC —HO Mo HE Y,
A O QAN RS — o — =L AR I LR 2 7,
H R U HUPURHYT R HO I,
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REER
TE, RYWEOWEEE M IX 2K I RME MmN 26, It
MO AISNDEEERBO NFTF , A4 F vy TV, 7RI RRLE,
ZHEZE2MPFEHEEsBLLCERICREIALTWVWS. £0H T,
EBENEORDBEIEIRKE~ = —, WEO I HAEFREDOERKF
FETZ7 7 REROVWTE, HWEREEIEHLLLEERAIBEmMIZH 5. =
HERRAMMBORFEL TCHLDL Y a2y I r0EERD B M

J

MAFEWT WS, MFEMIcks Ty v ay
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BRI XY
DK IFIAEEO RS U FVHOBREMBEOLZI L —~KNTH D
N, ROV FEZADOLARWKRIZHBEERELE K-, £, FEHOE
ElZXksk - -mEHEoOoEVWICHTLIRELREHATWS., 295 LK
HEREEKRZELET D720, HEERY OBMFHLE LA OLELZ K
D, MEHKELRISLEHE T LI L THRAIC “KE T TN NS
MERESCHEE R EEICREBEINLSDS2H 5.

—FHF T, ZL OERFABICHELNMIBICBEBYTHLHZMETRELE
LI V2OV TR WRENHBD TW 5.
EHICB Y TCHEHEEIM 2B EXEEERZEE T 200 EA0 0
EThY, EFEOEMTGHEOB D EIDLDETCHEBRITREIRRNLCS S

TOHOLEEHEEREABEAC, S ERIHTHSZAES LI OKMKSE
M HEELELIDI I VYHMLMEOERB L OB D ZIE L
ey Y MLSEOBRRE, kI r Y REOGLERFERLLEAN
R E o B 2D T E 2.

“ERELMNBIERICB T A XY EoBEMAMEE, FRHE
KR 16.7C, AFHMEKAW-2.0C (ZEREH T HBEE O T 2 &
A 12008 FF~2017 ) LEBAXKICEETNA TS Z LITH
5. — 5, W (FFBEAKRE 3 22Inn) VDT ENSKOBKEKITD
VEYHOMLMERTEAHSERTHY, EAARRIMEMHITH D
HCTlE~ArFREREEZTHOLEIDDL. L2LAENL, HAIMT
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T E A L I EEE EEANA oA, PEARMERG RENZ WV RIT
FHTH D .

¥, 2L OO N F Y EMBRICHLMNME O > Y EHD
WEZzHVHEWERMARAZDFHER DR, AENEL REHMTH -
En, ZEERBIOMEMEE X 1975 F X VER o Y s b0 kE
HogR Ak HE G G S BN, o X [ECE R OB 8 R e L L T i T
530ha O ' FYRMNER SN Z L THRN 2 FLHM AR T D
N TEL.

ERNOI y I YHEHBEHHOT T, BN RFEBETHD L
— 5, WKMo EL2EMPEFREOLHICERT LTS Z L a—
OO EHERI T, FLLVKHRICODDODEZHE - SESCHVLE
DREZAERTEL, MLERELLHEET LI L CHIBEEXS X
OCH 2 DEMEIT OB LD b0 EHMHEINLTWD.,

AimXTlE, #FMEZBEBULTHrFY 2 /EETEDHIREER B, =
HERELAMNBIBICBT 20 XY AEICEHTIRAENNOMEEIC
WTUHU FTow®mY L.

I REEBOENLLRKREERBEMTOMSR
D &/ A LVEHMALEKBEHRICKLIEESEZORR

B1IETEIREEROE b BB EFRBENOBMEL AR L 2.
P, RBEROE N TCETBIEEM 22 LEL T 58 EEHE
EZOoWTAEHIZIIWME ST ELBSR L, A OEE2HLNIT LK.
WM CEEINLI I FYOFEFENETHLIU v a2y I H
COEEREDLLODICITIREMBREZEMN T IOILER DL 00,
FEERLTVDEGEREEED OO~ L FRE TITHBET
LBRFEOMLERWD L, BMEFRIIHBIVLT W (KPP HEL, 2002).
RAERMREETRETDIHRE L CHRARBRIEBHEE I LT EER,
MRBICH R LRV ZD2FMPAEAEALRTNVITREMN RO R IE

OB Ry AN K5 ICEE TH ) Ry R TIE
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RLTbObRELEFTMOBETOEVHHFTE RV, 512, BH
RICLOYIERED TEELEH. 20X XKRAND DITH N0
PLHYT, MRICERA MDD O TCE LI ERLHME T 28N -
SR ERIERELS N T W holon b ThHD., ZhHETOH
EHOFHIFRECIIMESILEATH Y, HHMICHEEKEIKC
EEBEHRHMBE ST 5L EARAAETHLo. KW TR XL EM
STEKEHICLIIMEEFIELEZEZR, BEFX0E N{bEx AE L
LZARF I HEOWMEFEECLDP2FMIZTFEEON 50% 112 H
fE S, MEKX»SO0OHFMOREAEDL MW S/ (Ichinokiyama and
Okuda, 2018). JKWGHIZ & 2 5 W o 8 13 A M H# Ik o K5 e )
DIERWEETHREIND VY20 I CAEEIZHE L 2R FEE B
ffr e vz 5.
2) BB/ XA LEFALEBBEABKEGTR>CATFTLICEDIENN
BRAEDRER

Wi, mERBBROE bz BRE L, BT v 7 LB A VE
PR LA Dk EMmE2EBELE. BEBMAIFEM 14 BIREITD
No#HEEARAATXRREETHY (LA, 1966), RKEIC L > TIEWK
DHEMAETERB CBRMTLOILELNDL L. 22T, KEHEHTHHZ
AT WDHERED BELZH A - FALRBIE2HEERE X Vi FH
Lic& 2 AWM EIT 200/ 000 BT, MR OBEEBMIZIUERT
HEWE 156G Db 2 H 1L 18.4m £ CTHRIKZENDL Z EBHL NI R -
oo BERE S XV AR L2 1B Y 20 o oA BB AT RO IS
WL T 200BEICARI LD IEVHALNITIR T, "B T v ¥

Uy’ X RICLULEBRDROBRGE TIE, WHERHO RS/, »0

$r

IR BILIOF Yy ) F AT VIS XDOWEITIETO FEAMALE
FE% CThbdI ERNHERINT-.
BEWE /) AV A2 EFE LE-HEE2ENT v 7 08 E THEENDL EER

My L2y AT 2FEa=AFRS 2, 20 TEWNELSEHS N
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TS HAEMME CIEE AL WHETEHHFEIALTWHD
) -MEBEFTERBEWORRE (BE~DREE)
BEOBBAHEMELT, Tl I PV ICL2EERBKZ B EIC
IV Uk EHoLAEBREIORICEDIBEBVLB VO EHELE, N
oM EERICL R REREZREL 2.
DV aUI OB EWREEIMRS CHRA T, ZVELXEERD
0% BEICBEISZE LS. LI RS0 BEHEICL D EESEIX

RN OLEAAICETAATRRERT LR >TEY, IEHELORE
DRNT PR FTELLT KO ICEBIA TV b0, 1/
g

K EWERBT 205 AWABZL o0, RAN R KT E
fiLic< W, RO BEBILDNRIT, P77 AREDOKRMOGEIZED
(g A,2001), il REBEESIRLELTCHRZEHEL TV 5.
ZIT, BET-ATHEELL TV ERICKL 2 B F&RME %2 H A
L 7=.

A TIE, IR OMEBLIOHKEFEZ2RER L. BIETK
ENTWVWE BEEBHIEAORITFT A v 8o F Ci%»HEEICY

/41

nhigw., 22T, RV 27 r®E-OI T RICEEL, HICFET
Uarz N TERENRBAEZHSIZTE D LT L. £, 85FELBEE
MThHhoHr~y hARIMLREZAMMBL THEBIZKZ B E2EKICHKET
EOHOMAEAZTHBEEZLE. 20T AT T7ICESE , REZRBICED D
THmAEIEAMEI N TW D,

COHWMEEMES L THBEICKAETER LEEETCHKEST S22 N0
TEL2 Lot £, ko BEE (BEABES Y KEH
) LI FVIRED2AEFHREFOHAMBPINERLIICHL TS h
2T, MEPNZVWIHICLEREESW AR WEOEEZNYR
fHE T2 Lo, RERBETLIHEOHBICLD, KOR
KBEEZCAEDLDE THEBISAZICHS TEL2MHMEARAICR > TW D,

ta FYBFEYVSTC"ERMEBICIFTIATHEINLMEZYE LY
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oTLKD. a3 FIDODERFIILOKDODETHH ADEDENRN T
v avI A rofEHEICEIEEST DS (MRS, 2002). B IR
Vol EERIOBEoOMRBE TCH A TN T LY Va2 I v
ODMENLZNETIRLRWVWEARD D . REFEKORM A EH
DR Z LD OEHIETEDLIRPIFARTH D .

IO LEMEBAo BB IE, RIEORTHEMD &V LT RE

ES}@
RS

INERH A ELY CHMNMT 2F 27 I D vERETIZ, BHIC
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THhREHEBT DLV RE LAATH 5.
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UKk EM o
FE

WA EEe E TERMARE S FECKSN, B3 NI oRER ]

w %

Ao R FEREHEMONE T EREHEZHR LN L E I N XK
25 AV v bW HD.
) ~ARFERBEWORARE (WWRICKXDHEWVHL)

Ea FYUEHEAERE 22 TCHREBEALCLIYBHDELDE L L2 VR
Kz miccbsrzoTcEHRLEALLSHIZS W, 22T, EHHEH OO
mOWHER CAN-—F -2V - HE1EEINE 5.8a ICEHEDD
Wi FEIC L BE DR E R L., BB CEIROTHHEE DR
N EEBRBDBIIBEN THL 2D, KL EZAE IR

KK EZBIEEICRML, BMice 3 FUDNESCREES £ T
My 278 g, TOo#RE, ca3 FVORBEHEFZ 3450

CWLTHENRBD SN
HNEBEFERBWORR®

RIIEFBBICAD TCHL LI TR, PV EZEMICE DT R
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Summary

The citrus industry has been a key industry in the Higashi

Kishu area of Mie Prefecture. However, the number of

fulltime farmers and the area for Satsuma mandarin

production have decreased since 1975. The characteristics of
the citrus industry in the Higashi Kishu area are as
follows.

1) Many orchards are located on gentle plains due to their
preparation for agriculture after 1975.

2) Although the area have much rain more than 3000 mm per
year, the soil in most of the citrus growing district
contains a high proportion of gravel and can drain water
efficiently.

3) A new citrus cultivar, ‘Niihime’ ,which contains many
functional ingredients, has been found and registered as
a new cultivar in this area and has spread

To energize the citrus industry using the above

characteristics, some management technologies for labor

saving, high quality fruit production, and the prevention of
bird and animal damage are being developed, and some studies
for new products of the new citrus cultivar ‘Niihime’ are
being conducted. This thesis is compiled from these results
1. Development of technologies for labor saving in
disbudding and pest control and for the prevention of
bird or animal damage

1.1 Development of a disbudding method in Satsuma mandain

using a water jet nozzle

A new disbudding method using a water jet nozzle has
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1.

been developed in order to reduce fruit thinning labor.
An experiment was conducted on 32-year-old Satsuma
mandarin trees (Citrus unshiu Marcow. cv. Okitsu Wase)
bearing many fruits. The disbudding treatment was
applied to selected lateral shoots, one day after
budding (March 31, transverse bud diameter: 1.24 mm),
seven days after budding (April 6, transverse bud
diameter: 2.30 mm), 16 days after budding (April 15
transverse bud diameter: 2.86 mm), or 24 days after
budding (April 23, transverse bud diameter: 4.99 mm).
Two types of nozzles with different discharge volumes
(nozzle 1: 43.8 m0/s; nozzle 2: 29.3 m0/s) were
compared based on the bud removal rate and time
required. As a result, nozzle 1 was more successful in
removing buds. When the nozzle with the higher
discharge volume (nozzle 1) was used one day after
budding, the time required was 49.5% of that needed for
manual disbudding, and the removal rate was 96%. The
time required to remove buds increased with an increase
in days after budding, because the peduncle became
thick with time. No significant difference was found in
the required time when the treatment was applied more
than seven days after budding. From these findings, it
was considered that treatment up to seven days after
budding (bud diameter 2.3 mm) was effective for
disbudding using the water jet nozzle.

Development of a new pest control system combining a

power sprayer with a boom sprayer nozzle and a light
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1

1

truck
The pest control system that combines a light truck with
a power sprayer connected to a boom sprayer nozzle for

paddy fields was developed.

.1 Performance comparison of stainless boom sprayer

nozzles for rice fields

The ejection rate per minute is about 28.1 liters by a
20G stainless boom sprayer, followed by a 20G stainless
boom sprayer with a switchable nozzle with a rate of
27.4 liters per minute. The reaching distance was 18. 4m
by a 20G stainless boom sprayer and was followed by a
15G stainless boom sprayer with switchable nozzle with
a reaching distance of 16.6m. Both the most ejection
volume and the longest reaching distance were achieved
when using the shortest hose of 5 m, among the three

lengths applied.

.2 Demonstration of the pest control system using a boom

sprayer nozzle

As compared to the conventional power sprayer nozzle
the per tree time required for spraying was 16%(84%
less) with the 20G stainless boom sprayer and 20% (80%
less) with a 20G stainless boom sprayer with a
switchable nozzle. The pest controlling effect for
canker and scirtothrips dorsalis with the stainless
boom sprayer is the same as the conventional nozzle.
Development of technologies for preventing bird and
animal damage by a method of covering the tree canopy

with sewing thread and by using a trained dog
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A method of covering the tree canopy with sewing thread
and the pasturing of trained dogs in Satsuma mandarin
orchards were investigated in relation to preventing
damage from birds, and a device for making cobweb-
shaped coverings for trees with sewing thread was
developed.

.1 Protection of Satsuma mandarin from bird damage by
covering the canopy with polyester sewing thread

Bird (mainly brown-eared bulbul) damage was decreased by
covering trees with cobweb-shaped sewing thread. The
correlation coefficient between the length of sewing
thread for the canopy volume (ranging from about 3-10
m/m®) and the accumulated number of fruits damaged by
birds was -0.73** (11 days after treatment), -0.72* (20
days after treatment), and —-0.53*(32 days after
treatment, late of harvesting time). The accumulated
number of fruits damaged by birds decreased as the per
tree length of sewing thread increased. The cost and
benefit were estimated in the case of a tree covered
with a 9.0m/m® length of sewing thread. The work time
required for covering the tree was 256 seconds, and the
cost was 105 yven (sewing thread cost: 51 yen; labor
cost: 54 yen). The benefit was estimated to be 2,858
yen per tree; fruit damage cost in control trees was
4,005 yen, while that in treated trees 32 days after
treatment was just 1042 yen.

.2 Protection of Satsuma mandarin from bird damage by

using a tained dog (Canis lupus familiaris)
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The effectiveness of using a dog (Canis lupus
familiaris) to protect citrus fruits from bird damage
was investigated using a citrus orchard (5.8 a in area)
during harvest season. A border collie shepherd (male)
was tied to a wire extended along one side of a square
orchard to allow the dog to run along the inner side of
the orchard. This watchdog system was effective in
reducing fruit damage by birds (mainly brown-eared
bulbul) only in the citrus tree row nearest to the dog
runway. The orchard was enclosed with a tall chain—-1link
fence, and the same dog was allowed to move freely in
the orchard. In this case, the dog persevered in
chasing birds until they flew away from the orchard.
This watchdog system effectively reduced bird damage to
citrus fruits all over the orchard, resulting in an

increase of crop yield by about 17.5 kg=+ a! -« day

-1
Effect of dogs on preventing damage inflicted by
monkeys and the development of the dog mooring device
Damage inflicted by monkeys has been remarkable in the
Higashi Kishu area, therefore some emergency
countermeasures have been required. The ability of dogs
to prevent from fruit damage by monkeys was

investigated, and a low cost device by which the dog 1is

able to circle the orchard was developed.

.1 The monkey-repelling effect of dogs

A dog was unleashed in a Japanese pear orchard (15 mX24
m) surrounded by a wire net 2 meters high. Observation

results suggested that the monkey could confirm the
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presence of the dog in the orchard and began causing

damage when the dog was not present

.2 Development of the dog mooring device which enables

the dog to circle the orchard

The mooring device consists of post units, steel wire,
and a ring. The ring secures a leash for chaining the
dog. A post unit consists of a pair of wooden posts
with a suitable interval between which wire mesh was
installed. Six units were arranged around the
circumference of the orchard, and a steel wire was
placed along the units so that the orchard was
surrounded, and the wire was passed through the ring to
attach a leash to the ring. Observation showed that the
dog could move freely around the circumference of the
orchard.

Production environment for the occurrence of the
creasing fruit and the development of management
technologies to ensure their stable production
Preferences of creasing fruit of Satsuma mandarin and
its occurrence

The creasing fruits with uneven fruit surfaces and high
sugar content could occur in hot and dry summers. It 1is,
therefore, supposed that creasing fruit is stably
produced by mulching cultivation in gravelly soil, the
dominant soil type in the citrus production area. To
promote branding of the mulch-cultured creasing fruit of
Satsuma mandarin, a questionnaire survey was carried out

to confirm the preference of consumers for creasing
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fruit, and good growing conditions—such as local
conditions, soil type, and mulching cultivation—were
then investigated based on the classification results of
the containers gathered in the JA fruit packing place.

1 Preference of creasing fruit of Satsuma mandarin

A survey was carried out to determine the preferences of
Japanese consumers regarding Satsuma mandarin (Citrus
unshiu Marcow. cv.Okitsu Wase) produced by different
cultural practices. Respondents included in this study
were at least 16 (sixteen) yvears of age; the sample size
was 302, of which 127 were male, and 175 were female

The average sugar concentration of mulching-cultured
creasing fruit was 16.3%,significantly higher than that
of non-creasing fruit in mulching cultivation or open
fields cultivation. The average acid concentration of
mulching-cultured creasing fruit was 0.89%. According to
the questionnaire survey, the creasing fruit were
favored for respondents regardless of age and sex.
Especially women under 55 years of age strongly favor
the fruit.

2 Effects of mulching cultivation and soil type on the
occurrence of creasing

The ratio of orchards shipping creasing fruit was 17.4%
of all orchards on which any sheet covers the land. The
creasing fruit mixing rate in the 35.4% of orchards
shipping creasing fruit was over 20% and that in 51.5%
of them was 10-20%. This suggests that soil drought by

mulching could be necessary for creasing fruit to occur.
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As well as orchards cultivated with sheet mulch, some
open field orchards produced creasing fruit
Moreover, the ratio of orchards shipping creasing fruit
was 9.4% of all open field orchards investigated. The
creasing fruit mixing rate in the 21.4% of orchards
shipping creasing fruit was 20% over. Upon
investigation, it was clear that open field orchards on
high ground produced creasing fruit relatively easily.
Their soil types were granite porphyry, mudstone, or a
mixture of gravel, sand, and clay. On the contrary, it
was clear that lowland orchards could not produce
creasing fruit even with mulching cultivation. This
suggests that some locational conditions, such as land
altitude and soil type, could influence the ease in the
occurrence of creasing fruit.

Effects of cultural management on the occurrence of
creasing in Satsuma mandarin fruit

The effects of soil drought stress by sheet mulching and
fruit thinning on the occurrence of fruit creasing in
Satsuma mandarin were investigated.

1 Effect of soil drought stress on the occurrence of
creasing in Satsuma mandarin fruit

1.1 Effect of soil drought from July to November on the
occurrence of creasing in Satsuma mandarin fruit
Experiments to clarify the effect of sheet mulching on
the occurrence of creasing were repeated for three
vears. The average rate of the occurrence of creasing

fruit in trees grown on mulching cultivation using a
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water vapor-permeable sheet from July to November was
24.5%, about five times higher than that of trees in
open field culture. The fluctuation in the occurrence of
creasing on mulching cultivation was also small, and the
influence of rain was difficult to determine.

1.2 Effect of mulching time on the occurrence of
creasing in Satsuma mandarin fruit

The rates of the occurrence of creasing were compared
between trees with early water stress and late water
stress. Water stress was applied by laying a vapor-
permeable sheet on the ground. Early water stress was
applied from July 28 to September 1, and late water
stress was done from August 20 to September 24. The rate
of the creasing occurrence was higher with late
treatment, in which water stress was applied in late-
August to mid-September. The late treatment period
corresponding to the juice accumulation time could,
therefore, be a critical period for enhancing the
occurrence of creasing.

2 Effect of fruit thinning method on the occurrence of
creasing in Satsuma mandarin fruit

Rates of the occurrence of creasing were compared
between trees in which all fruits on the top one—-third
portion of the tree canopy were removed and almost no
fruit was thinned on the lower two—-third of it, and
control trees subjected to conventional thinning.
Similar comparisons were conducted for mulching

cultivation and open field cultivation. The rate of the
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occurrence of fruit creasing in the treated trees was
37.7% for mulching cultivation and 37.0% for open field
cultivation. Conversely, the rate in the control trees
was 3.7% for mulching cultivation and 2.0% for open
field cultivation. These results suggest that excessive
fruit bearing on the lower two-thirds portion of trees
could enhance the occurrence of fruit creasing.
Application of the functionality of the flavorful acid
citrus cultivar ‘Niihime’

To develop new juice products using ‘Niihime  , a
special acid citrus cultivar in the Higashi Kishu area,
the flavonoid contents of whole and various tissues of
the fruit were investigated. Furthermore, the mobility
of flavonoids in peel into the juice was investigated
from the relationship between flavonoid content and
squeezing pressure. At the same time, juice flavor and
the taste of the juice were investigated by instrumental
analysis using biosensors.

Flavonoid contents of whole fruit and various tissues
of a new acid citrus, ‘Niihime’

A new acid citrus, ‘Niihime,  Tachibana (Citrus
tachibana Tanaka), and Shiikuwasha (C. depressa Hayata)
were examined for their flavonoid contents of the whole
fruit and tissues (flavedo, albedo, vascular tissue,
segment membrane, juice vesicle, and seed) at the
maturing stage. Seven flavonoid substances, eriocitrin
(ECR), narirutin (NRT), hesperidin (HSP), neoponcirin

(NPNC), nobiletin (NBL), sinensetin (SNT), and
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tangeretin (TNG), were determined using HPLC analysis.
The three acid citrus contained all flavonoid substances
determined in the present study, except that no ECR was
detected in Shiikuwasha. ‘Niihime’ contained more ECR,
NRT, NPNC, and SNT than did Tachibana and Shiikuwasha.
The total contents of the seven flavonoids in the fruit
of ‘“Niihime’ were higher than those in Tachibana. On the
contrary, ‘Niihime’ contained significantly less NBL
(65% ) than did Shiikuwasha, while its content was
similar to that of Tachibana. ‘Niihime’ contained
significantly less TNG than did Tachibana and
Shiikuwasha (30% and 24%, respectively). The flavonoid
contents in individual fruit parts of ‘Niihime were as
follows: ECR, SNT, NBL, and TNG were highest in the
flavedo; NRT and NPNC were highest in vascular tissue;
and HSP was highest in the albedo.

Effects of fruit peel on flavor quality and flavonoid
contents in juices from citrus ‘“Niihime’

Using a compressed juice machine, the juices of whole
fruit of immature and mature ‘Niihime’ were squeezed at
various levels of pressure: 6, 8, 10, 12, and 14 Mpa

The squeezing ratio increased as the pressure rose
regardless of the cultivar or fruit’s maturity. The
flavonoid content of whole fruit juice was determined by
the HPLC method. The juice of immature ‘Niihime’
contained significant amounts of polymethoxyflavonoids
sinensetin, tangeretin and nobiletin, and they increased

as the squeezing pressure rose. The taste of whole fruit
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juice was evaluated with a taste sensor system. The
whole fruit juice showed higher values for astringency
and bitterness as compared with juice that did not
include the peel. Furthermore, the smell of whole fruit
juice was slightly fishy, and evaluation using a smell
sensor revealed that it contained more amine components

than did the other juices.
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