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{Hlahoi (F—FERE). LT,
TEE B AR O FERRIL, BER
NicER L7kt zEgETsd 00, =F
LyEBZRTEIZA L AEZ I HRRY
tEZON. FREVEL LA, EAHE~D
W AL R 2 T, REOKSHERE
BRLCEFEREOLF LV ERB L UL
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b x T ARV Do EEZOEND.
Bt LE b OB IETE ORI
HERMNE 2 & Bkt

AEFREOLFL EKIE, Azt (BH,
1981) THEERKE 1 ~3 X7 — T,
Co** (ltamura®, 1997), Ni** (Zheng b, 2006),
Mn*" (Itamura s, 1997) TIZREMNAE 2 ~ 3
HOBRAERMASORBAIORET, Wbl
EENBIERHLPII R TS, 2HbD
4 A i, ACCRLBAETNHEZ KT SEE 2
EEoT, TFLUAERENHTAZLICE
D, AFONEROKRMMHILIZCHFERTH S
(ltamura &, 1997). & 512, Zheng® (2006) i
WAL=y 7 H01%EBERD 9 AB LTI0H LG
DOEMBAMEIZL Y, ‘L’ OB B
EDRERLIZE LTS

—F, BT 5 (1996) &43¥F 5 (2009) X4
TEEREHORE, Ay BITEFOMIE
BEODBER LB LE L PRI EEHL
2L, EREOMEETHD L I &L
AL L SRIC R D 9B L ERBLTWAS,
FET, 5~ T HICHEE~ v 05%EHRO%E
T I X BEEAMnE OB INg £ % et
Lk s, BBIUFAY MG EIZL LY
IR 2R ALNI S OOERE E OFICE
BEEIALLT, BATMIEREE L
drods, TOEREBEELT, EEILBENERL
TMnIHEANETRHTLL00, MnDiFEN
TOBEHEIEPRETH L Z L9 5 (Bukovace -
Wittwer, 1957), ED L BRE~OETEER S
Wi dholfcbeHFELORSL, ZOZ L
i, MnRZHEROBEITHLTFY ‘Fydx
TP oI ABBEEREOFHIIBVT, I
B~ 20 ISR OERRAR LB RETH S
OO, BEICEE T THAT L LHERA
LY, BE, £ b REICEEME R
ETALEFRSHAIEDPSLLIPHFLE T
5, 1984). AEERTIE, BEZD 5T
HITAHEHNERAM LT &ITLD, ~
FHOMERIFEMT 2HEIED Sz D
DO, REBMEREOHEINIA LN LD o7,
ORI EE, TFYTEHEE,LRIN S L
MaAS BRI E R P ICBITT 2018 L, &
FTILRMRATPSORINSL LS 2, B

EANOBTBREALTbORENWI EEZRLT
Wwh, fEoT, FEAMEEY S0 A TDITI,
MnZ fEEHEC & LT R L, bk
Wy 5 HFETEVEEHANMEFELIZ N
o] R g A
MnDWEITIE HHEpHIC A & { EfT S, Bl
BI-CTREEAENT A2 Z &b, pHS ~ 6 2°
W &S NTwb (MR, 1967). £, TEE
T HEE ik (1967) IR T ApHE B F&
FiEND DD, LFEpHSSE EDOREIIZBWTH
RYOBRFMnEEF D E {, B Lo
EVLSNEADIEDO LN TWS (F— 7 HEE).
REBOER, S, LEpH6EE ORI T
(i, BHET % 02 150kg - 10" BED A 47
EESHTAIEILLY, TEpHEFL5~5.01C
BIETE7:, LyL, 1EOMEIC L) REE
BREDZIEPL, BHECLELHFILEND
REEF T THALHERATAZIENEE LW, R
R TIL, REpHOET I X AMnd IR EE(L
MR T, Mo&EM O NI X D EFEHROME
BN EE - 724, LEpHDETOATD
THRBEEIHREEL LN

RER T, EBOHEX O# Ei{bFE4ERI10
%L EDLEEIE, 9 HTEHORARMER
FEEA50~ 100ppm D&, BRALPFILFI 4TS
HiLizh 0o, # EBRILOFEES B 2w
I FOREOEE TIERH LR R AT 4
Mol COBEBOHERE LT, #EEbERE
EIFACCEELEEREE &S {, EAPMEE
#50~100ppm R E T b ACCEMLBEZE D iG %
WHT BN ALNE S OO, # Fik{bA R
FERTEOBEERELLWITEEE VA ML
AWD G ., ACCEMLEERIEM S Ky &
DEEZON, FRESILIVETSEL-0IC
(R A PME & A50~ 100ppm Tid D vz
EBbRE. ZOZ LS, BEM ERILORE
AT 57200 RRPMEEOHIL100
ppnfBE L EZ LR, FOMOBEETIEHAY D
300ppm, ZES00ppnEE L EZ S5NE. I b
DIEEHE 5 (2009) O3 & et L, BEAS
80ppm, ¥ B X PEH100ppmE 2> o 7225, #f
F#Ab 2 BB B TERE - EDFHILES L
FHEL0E, CORELLEIZECHENME
ETEDLLENDHL EEL LN,
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WERES R/ -2
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EELE
(“EBE"R)

MEIZLD < " L RE

"ACC

EHIRE Rk B8

%ﬁt;éXFDKI

it EEREINEl a—

<ILF

BEL
C>mm
TRpF2. 3BBETEERA DL
T B AL BpHL.5~5.0~DFHE
MnE# D iE R

B3-11 ‘TH4’ B8 LBILS 555 — v LS8 — > ot

T/, REBRTIEME & FBHRANICHEE S
YA F 7200, 8 Ld LI zh 4 % B & 7>
2952 EEERICIT - 2728, Mol &4°
W TH >R EZ HNE. REROF
AW, MnOZEHiHIC X 2 EFEER,
FIEPHDE T I & 5 CaeMe e E DR ZIEIR,
Fe o # Flfi IR Ze LA FRIE E ILFERE S e 2o
72 0O, EBICHMEY TR 554,
AT DT 24T - THEH & 2 TRE T 5 L%
H5.

REERDEZ AKX T, IS 2o Bk i
Pl S e b oD, BELATR R S B )
DA LNTz. HEMHORETNELFL O
Hid, HREROETLRADT &SI % -
TWAIENFEEEINLZIELEL (WS,
1998), RENMnOIIIA T F L AR %
L, PNRIE A IR S ETE v,
DEnZ bhs, HigpHIET 2 & 2 EEE S
DEFIRIL & RALBHE I & 5 A HREEE D 5
AAZERE L 2255, B MaE E55100ppm L
Rz b &9, pHIREEM e MniLE O fiE
BT LB D .
ZILEVNFORMLEHEICLS

15 L ER{LRh L %h R

B L b ok, LEoRAOMESR, &
MIREBICE VRS hBEEZONL.
T, A& L OB T OB EikibBiik

e LT, R RIS X ARl PIRE X &
12X BiAMIE, ML rAKRKSTLFIZL
BELIEIG IR 7 ERHER A AT E ST & 72,
B ailatRichh 2 Tnhw, 2#2C, £
LEY— bV FelaTICempEL, W
ICX AEEAZREIGICHEERET S £ L DI, pF
260 LR LAKRBETHrAKTAZEILL
B B s & fES L7,

B Va4 fEEETIE, —ikicE o
eEEE LT HBE LTIV AN—T I F 5t
WA D L/2~2/3IC BT B 45, R GICL 5
ABETOBENDH L 28, FEAmHB0T %
ThH%9H EHLEICIT> Twa, SR L,
AL~ v F ISR ATHIGEL L, ST 2% B
AT BENP LR BEFOPHRIFTIRTHE. £
2T, WA ERD 7 H TS AN F T
Blam#E v, o8 Likbss 43 %)
FIZDWTHRE L7z, ZILE~ NV F KO LK
ST pRE2.3THRE L, ko g{bs/h s
Molzl b, ROAXMLVADPEL Lol b
fEgish, FEOZF L A FBEEFHL I
HlS v, B LEAb sl b A EICDH - 7.
ZD &I, RIS LT, 7
~ 9 Ho@iBilc B50) 2 IR o %
BT SEhwizo, PIhrE LTARMET
F, HikE B THZ LR, REERTHRFE
B HNTEIE~ VT ORI AR 2
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FEWCRNHIBEEZLND. E6II, RE#E
ICRERASRWC D, BESEMIIC LY, 2B
EOEKRESENTAILIZLIBATLAILL
B, ZFLCEEFEML AL S, BEA
N DERE R B RN 2 B O BOKE O3 R
THZENEETHLH (H3-11).

WAE RO RRMAE
B MHREO RN

hEF TR KB AEFRHET SRR
EELT, FEEORBEFHTONE. FHF
BEE T, SBRAENEIIIIH L TwaHE,
g7 7 v EOFBMEOE LTV
7% T, MRICLA2HFOBEMEN;LELS
ZEeHHbH. A FOEFMIBTLHKIREEL
WAHIEIL, —15~—-20CEE3NTw5E (¥
i, 1991). BREOH FEHTIHIAKLID
BEOREBICERT LI LS D, EKRFED
BEFMIETICKE CEETS.

ZF 2T, ARt E g LTttt M8
BORBEREICOVWTHRE LA, 8512, %
Ry, TETRHKBIELOBE THEEOT
YU TZy FEy T oNY) GBE
EHAZ LI NHEEEZEOTWELEEERD
NazZkds (5, 1993 ; Leng et al, 1997,
Leng et al, 2000), FORHEEEIC2WTHH
Ll L7,

MHE XU HE

1. fEs

e, HEREREEZDHEE BRALR
‘Pag’ “BE R0 “EET RBIO E
U O%, WK "HER” RHo R R
THY, BRHELD IWE A “ZE R
MBI AS L LEFTFRRMTH L DI L,
“ETET RPBLU MERT RKIEEESE
hRMTHE. BRFIIBT2ABYNEE
(20034F) OBEIEMELETH 7. ERKED
FEIEMALY, 20034645 "R RB LU HER
BHEAT3 A23H, “KEH” RAP3 AATHY,
20064 1E “EIE" RB LU "HER” RT3
AL17H, “&#%" ZA3HIOATHY, WE L
b CRE ROBIFHSRRENR. E12,
“FET RTHEFETROBEIHED LN, B

0% DIFEEFLRFTH 7.

2. TR

S 12 B 5 20034 B & UR20064F 0 1 B
54 AORBOMEE, i ELSmOMEIICD
WTTHEBEY T, F—F O —
(ADVANTESTH#LR7326B) (2R 7F L 7=, 20024F
B L U2005FE0 8 Ahb11H okES L UH
HERRR 1, #HTHOAMEDAS T — ¥ 2/ L 7.
3. 3AD 1 FEERERSLUVFRRKMOAE
“BEIT R “EE” R, EMT RBLIU
“HER” RSB 1 FERB I UFOR
ALY aE A ET A 20, 20034E 3 A26H 12,
FHAM OBEREE AL LEL L FAEK
(BTEORERF) % 184720 5 KRR L L.
PR L 7= LARAERE N, Bl & 3R, sl
HES S b emfEE % 5 m AREEICHENT L T, 3F
BE0E TORETOCORRLZBREATEE
W B TERE S A, TEMENE, R
BTV —THIBTEL 72 b O F80% Y /) —
NTHIE LT EEAZBILL, BERHRLE—E
TR, ABum A Y T LY T 4N Y =T
A LHPLC (Waters®, HiHige J R, A7 4 |
Sugar—Pak, B ; H,O, 7 T AR ; 80TC,
WE 1ml/min) T a8, B, 7 F7EBX
Uy hr=—nNEgEmL Fr7rid, ¥
WHREZ B U8 4N AR FRET 3 |HH L,
FERETMNLTERER T =/ — VIERE T
L7 (KB, 1089). WMiEHme 7T 7o
AR ERRIEERE L7,

4. 2ADVEARBLUERIFI 2T F
N OHE

FERHED VEERBLUHEREY v 275
NrEEFHLIICTAD, SUREH,DL
20064 2 A 3 Bz 1 AR (BIEORHER 5
RERWL, 1 EEKOPEES EFICHEL
7o VEEARRE, SHIICEBEHB X ORI
LA il (REEE LUARE ; 1.0g,
3F ; 0.5g) # AR, 80%MeOH & & (iR,
4 CEATCURERE L. LiEhat EHINE
X 51225mlD80% A ¥ 2 — IV THIE L7z, Hhit
fiid, 0Cou—% Y -8R — ¥ —THKH
ICHERGL, oo —F NV TRHELE
I F VARG EE L7 Rz DWT, RERE
FIF50mIE, HEIZ100mIC MK TERF L.
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80%MeOHH H{i&
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KA F THEBRE
J

A I;—?}I/%@JD

I |
. —5 )48 7K3H
{
Vy::V%@W%Miﬁﬁ%%

I |

LR (A) R
4
WEE, RIVATATEe RENL5
CT—lpA v a—rg
ﬁq%%
I 1
bioR e TR
(B ; Bz =/ —n)

M =TT = A-B
M4-1 FEy =755tk

IRLOMBHALIEY vy T FRy (R
LTF7 vy r37=2y) OFNEER % Peri &
Pompei (1971) OFETIT -7 (FES, 1987 ;
®4-1). %, idiZ3KEE L.
MMMy oo UEEEE A THES R
7o EEA (A) D, RAVATALTE FEEEtS
HTTIA, LEAEREBEDEEL. LEYE
Fy oy T7INY (FELTTF Y P T2Y)
OFRET, LEAFEM 7 = /7 — VI E S
B) &L FEFy =738y (FELTT
YRYTZY) BA-BIZEVEHELAE AB
LUBIEDFEY 7 =) — VEEOTHIE, 74—
] - P A (Swain - Hillis, 1959) Tf7 - 7.
s L LT, DA FF v EHW
5. 3AD 1 EEBBLUFHY IV OATE
BRHED 1 EEREBLIVHERY Y o v EES
W& iz d 5728, 20034E 8 & U20044E 0 3 B
A 1R (RIFEORRER) SARZHL,
1EEFHOPMES L FICoELL Wiz
WL, 80% 7t b »25mlC 1 B iR T
Bl Lo, 3000METELS#EL TLE
AEEILLz. 7 b rIHEREIC10%IEE M
A% 7 —N2oml%E A, 80°CIRE H T3043H
L, LA ERINE S 52 2 B EEEOEEE
AFZ /= LTHBLA 7E b BES, B
MRfEA S/ —VHIHES LS, BFR 7+ —

1) v - 5P AL (Swain - Hillis, 1959) T#% =
YEBEEEL, TR HBESETIEMES
vov, EEEA Y — VR ES AR S
vk L (F5, 1999).
6. 2ABLU3BD 1 FEREFOMREDAE
“TE” R, EBE RBLU “HER” R
micBi 2 REFOWMEMEIT, EMLRLBFET
SR L7z, BALERAT A 520064E 2 H21H B L U
IHI9BC L £ 5 F (RIEOREE, 20
em) EFEHE L, SAHEKMERAE L TR L.
LEEFEI T AF v Z7RERICAR, Fur
FAT) —HF—THKETICEB S, FHER
B, 2 A2IHRA A5t B (IR L),
—5,—10, =158 L F—20C, 3 AI9HHEES
AR (ERMEEL), —3, -6, — 9Bk
F—12C L L, SABIER I SR CHRT S¢
7o, FUHENEEIC b IFEERSE %, +5T
FCENENSREMT CRES S (B,
1993). fKiEALEEE, 1 AT HRERS 5 em
wHAEF L7, BB TS 2R T, Fi
WHAT05g 2 & L, 40ml D7KiZ20°C TL08E
Bz L. BEROBREZEE BRI EER
GRS EERTEL, C-17381) THIELX (C). £
D%, 05HER L CHEME KL, BERTI2N
BHE L THEEEREBEELE L2 (C).
BREREE B) &, DMTORXRTEE L/ E=
C/CyX100. E 512, 3 AL9AREBTIZOVWT,
BURM A S SEBI U TEEBIATOEL
RIS T 3 Y THECEDIT L, SERESAM
FERCTHE, BB, KB L UHOBER
EERE 0, 41, B 203&MKICHEL
A

1. SsEN

S H~11HOFMHICBITABEARE, F
D545 T D D IizaT L, 20024 A3348mn,
20054EH%382m T - 72, BB 0RATHIZB
75 HBREER I, FEEF0RETH L DI
2F L, 20024FA569705H, 20055FH%6220FE T -
7o, HEERE B B 20034E 8 L UF20064E 1 A
~3AD5 HEOREARDOHE LR 1-212
R L7z ZofEic, gl TR BERET
FRoEk L7



34

EARIE R R ¢ > & — Wi

# 405 (2010)

10

—— 2003 ---Ac-- 2006

BESIE (C)

1[2[3]4]5]6
2H

1]2]3]4]s]6
1A
E4-2

2. 2BBLU3 B0 1 FEEFHBIUFPRK
tHhasE

20034E D ZMRRFIC BT B, BFEATHO
VEEER EFERT T, HEREEE, B
&G hkEEF4-1IDRLE, SkED, &
FfE L b 1 EERDBI~52%, FHHI~60%T
Y, FFIEEHIDARICEP 2L D0,
AFEEERAL NP o7 L EERFOT
FrEEIL, 3RETRENRVWL DD, &3

1]2]3]4]s]6
44

1[2]3]4]5s]6
3H

1~4ﬁmﬁwésarawﬁﬁﬁﬂ®%%(m%ﬁ,m%ﬁ)

HEbaEPRLE L, RWTHRE, 7FY
IV F—VDONETH -7z "B RO
| EER T, o 2 REE LY afEL Y
WE M= LEEBEVPEZI L ol BFEHO
Fh SRR, REBICAFEERAON Lo
hoo, “RE RTHRO2R/KL AR
EMichof. Zhid, "8 ROTFUHE
SEISMO2ZFELVERL ISP N
FERTHor. 1FEHEFORUBEEZH,D

G RE RO 2RFLHARIISR b, EKBRERES DTN I EEHLIVEER
otz VEEMPOEOEEL LTE, 3554 CEhol. Fr7rvERR, HREELD 1E
%4_1 :@%y “Ba::ll:!‘]‘n "ﬁ%ﬂs” 7_{:’ “EE%” ;‘F‘\iSCtUS “[I:Ejgr;—ﬂ" f’—ﬁ%{’:ﬁbj’%} 153-:—‘&.*\2
B LUERORBEMMUEESE (200343 A26H)

& o ey , FERLAR,
ww R ST 77V &R oo —oTom g Ve
(%) (%FW) (%FW) (%FW) {%FW) (%FW) {%FW)
“HEER 51.1 7.46 2.82 b 1.79b 0.40 0.56 0.07b
EARE  “EE” 51.2 7.18 3.63a 244 a 0.50 0.59 0.10a
“HEERL 51.7 7.00 3.24a 2.18a 0.34 0.57 0.15a
HEMHY 1.S. n.s. * * n.s. 1L.S. *
“EEEl” 59.1 5.15 4.64 3.33 0.69 b 0.61 0.01
3 “SRE” 59.4 495 5.20 3.67 1.07a 0.46 0.00
“pEm” 59.7 5.38 4.94 3.39 1.14a 0.39 0.02
HEE ILS. .s. I.S. n.s. * I.S. n.8.
W X sk R E3 3
MUEO e e e o L e
HEE “HET * * * * n.s. 1.s. *

* R SR Tukey® £ B FIZ LD 5% /K BETH R ERY
AT L0 5% K CHEENY, s AEEEL
R I DDk 197Kk HETE, ; 5O KB TAT A Y.

s FEEEL
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25r
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~ . ERHET
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T

4 a

2 2

y

N

Q ns.

N

4

Y

&

L3

E 3 14E 2 e REVE ARG

M4-3 ‘Pug’ “BRIM LE” R, “EE" R
B "HWER” REICBITA 1 FEERAE,
STEH B L USRS v = T TNy
(FELTT7» o722 )&E=(20064E2 A 3 H)

EHHE B E R T (= 3)

Y Tukey® £ EARTE I & N BIFEMIC 5 %KRET
HEEHY
OMRTATIZ & Dns. s 3ARFMICERAERL

HEEME L, BICEEEREERRLE DFEFHE
Blgd ol HOARNEREOMMBEEICD
WT, ¥ afETiRIEN, VIVE =TI 14E
ERPENFRERFEE DARICEL, 7FY
B, BEICOWTE, BEEERALRE P
7-.

3. BAD 1 EERBLUFRFESI =275
NEE

20064 EA&ZF (2 A3 H) 2, £EFARR
WMo “EE RE, AFFRFLR “HE RB
LU “HER” RO LEERRE, EELE
YUFEICBTFAER) 7o) — DAL, ¥
VISR (FELLTT Y N TZV) 35
ELAFRE*M4-3IRL. Fr =
FINCERE, 1 FAREREIRSE L, K
WTETHY, 1 FARKEPR D Ld o
kT ROFEB IV FEMEBHICBITS
ey TSI EREE, RO 2FRFKELY
Bl “EEY RTW, EhIEFvT
FONVERPMO 2 R E R LRI R o
FAS

4. 3AD NV FEEREBLIUHFPRIVZVEE
%%ﬁﬁl@%%$®3ﬁ¢ﬁmﬁﬁélﬁ
ERBIUEDY Vv EBEFRLI-2IIRL
Jo. 1EEEMF Y Y=Y EEIl2nT, TEHE
ik, BRBMTHELD 2% ATHES
FALNGole, TNHEMY ¥ i, 200347
X “EER” RA451% T 2 RikCH LEE
28 o7z, 20047 I3 REE L B 20034F & 1 B
S, REBCAEERAO LD
o FEhy 2 rvERBIIoOWT, WEEY v =

Fdad-2 ‘WL BEY “FER FR, “EBE RBLU “HMER” RSB S 1 EERK
BEUFEhOFy v EE
20034E3 A 20044F3 A
iy 7 AR R AT I
- Ho=y B Hor=y A=
(%FW) (%FW) (%FW) (%FW)
“HZER” 2.50 4.51a” 2.40 2.44
14EAFE “Jat PR 2.33 3.94b 2.16 2.14
“HiEAD 2.16 3.92b 2.06 1.87
Y 1.S. * n.s. n.s.
“EER” 3.71a 4.30a 5.19 2.19a
3 IR 2.76b 3.48b 5.75 1.96ab
“HERP 2.61b 3.61b 4.14 1.39b
= * * n.s. *
" “oE” wHX n.s. ok ..
%Mlﬁ.;ﬁl?é@ “IBE” n.s. * * n.s.
= “HHEA n.s. ok ok n.s.

R BT TukeyDZ EREICLVB%KETHEEEY
Y S ESTTIC RV % AETHEEAY, ns. B EEEL
*RRTEIZ LRk 1% K HET, *; D%UKETHEZESRY.

ns., HEZEEL
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20064528 21 8
1EE44%
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T

TAPEMHRS (%)

cont -5 —10 —15 —20

HUEREE (C)
R -0 —A— TP

20064E3R 19H
VSRR N

EARERLSE (%)

n.s.

cont —3 —6 —9 —12
MERLE ()

R O e S

4_4 ‘E%, “Bﬂ” "ﬁgﬁ” ;r_ﬁ, ‘tﬁﬁ%u ;-.,%BJ:(J;‘ “H’.‘l%ﬂ” ;‘%ﬁ{':ﬁ”’% 1$E$§j’3;t}“
FIIB A RRMREOBMHEMILE (20064 2 A21H, 3 A19H)
PRETATIC L Dns. | 3RBHICAEEREL
YTukey D EARTEI & O BAFZHEIZ 5 %RETHREF Y
“ERWEHRO 1 FARE S L UFIC B0 5 ERBELR

»E, 20034EE “KET RABTIN THO 2 R
MIVEBECE Lok, 0FEEZLE£RHEE D
2003 L DL PICE L, RERICEEERA
Hivhdol. REHsr=vid, MELD
“TE RAMLO 2 R/fEL DL L, & {22003
ER43I% EFEEFRO LNz, LR L
Ehy v EBEDHAMELOVWTADS L,
20034 ORI Y ¥ = i, “RE” RTEN
HEICEHL, REEY v =V “EE” BLU
“HMER” RCT1EEEFEEICS P /.
20044E1E, TS v = VIR RRELE DHFH]
FEEMSD 2L EEEICE oD L,
By v = VR EES AL N o
7.
5. 2ABLV3IAD 1 FEREFOMREY
“EEER”, “EIET B LU IMEMT OKUMER
R BT, BEFIOKATORIRLEZ 5
JER L BOBREREELRK4-4I1ZR LT,
i B O BRIz WwT, 2 HO—10TH
HE3HD— 9 CUEEITIZE DiRE TOME
ELTRETAE, 3A#MED, LFEER, IF
b sE2 A0S 3 AT ERERHE

o
5| -
g o -
w15
B ool
HEEN i
3
LT
a5t
a0l
LERAE B #
DRt Ol mesm

B4-5 ‘T’ 3FRMO1IEFEELBLY
FEWZBITLERAEIINT S~ 3 CTHRED
AR R M i 22 (200648 3 A 19H)

PR L ERERR T RS (n=3)
Y- 3 CnB%OEREREE/ZROAMED
BREEREE—-1)X100TEH

ML, WHEEET L. LEEFEFT
kE+sE, 25 0-10CAREOERERD
ik, 1EERNFL30~144% TH o 2O Wx
L, F17.2~243% L Hh o7, FHkIZ3 A
O — 9 CUBMEOERERMEIL, 1 FEH4D
19.2~26.2% TdH o 72D L, F1337.2~454
BLELIEL, FOWHEMIT 1 FEHEL VS
7. 3R19H® "L, RICBIT D LEANES
FUHEOBEERE®RE, — 3 CUETEFRE
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cont -3°C 6°C -9C -12°C
AR E (°C)

. :sﬁ%l‘s”

_— O .. uﬁﬁ%u

2r FEHLE

BERE

cont -3°C -6C 9C -12TC
MENE B (°C)

ﬁ % I_ILI:[IA%:E';F'!”

M4-6 ‘P’ “BEI” "&LE” R, “HE RBIU “HER” ARHEICBTL 1EEEBLIY
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Summary

The mair strains of the Japanese persimmon (Diospyros, kaki, Thunb.) ‘Saijo’ cultivated in Shimane
prefecture are the early fruit ripening “B-type” and the middle ripening “lzumo-type”. These strains in—
clude some genetically different “sub—strain”, “B-type” includes some sub—strains based on tree growth,
fruit yield and traits, tree fruit softening, and sprouting disorders in spring. To investigate an early re-
newal method by grafting on main scaffold limbs, we selected a “B-type” sub-strain that has high yield

and quality and is highly resistance to physiological disorders.

1. Selection of excellent strain in early-ripening typed ‘Saijo’ persimmon by comparison of tree

growth, fruit production and fruit quality

Among six strains of the early fruit ripening “B-type” from different origins: “Abe”, “Endo”, “B dwarf”,
“Yamasaka”, “Koto” and “Wada” strains, and selected the strain with excellent the fruit production. A
tendency toward dwarfing was observed in the “Koto” strain. Also, as a physiological disorder of bud
sprouting often occurred in the “Abe” strain, tree growth of the “Koto” and “Abe” strains were inferior
to the others. The “Wada” strain showed succulent shoot growth and vigorous growth of the trunk, while
the yield was inferior to that of other strains and its fruit had a late ripening period. The “Yamasaka”
strain showed a mean value in tree growth of all strains. The area percentage of tree canopy and leaf
area index per field area (LAIf) were high in the “Endo” and “B dwarf” strains. Carbohydrate production
in these strains was superior, and the distribution rate of carbohydrates was high in fruit and rootlet. It
is thought that the fruit yield of about 3t per 10a every year with high quality can be expected in each
strain of the “Endo” and “B dwarf”. It is thought that the “Endo” strain is the most excellent in “B-

type” strains of ‘Saijo’.

2. Occurrence of pre-harvest fruit softening among early-ripening strains of ‘Saijo’ persimmon and

its prevention methods

Pre-harvest fruit sofiening so—-called ‘On-tree early softened fruit’, in which maturation is abruptly
accelerated and over—ripened prior to harvest for certain physiological reasons, was compared among 6
strains of the “Early B” types of Japanese persimmon ‘Saijo’. We also examined the cause and methods
of preventing this phenomenon. Pre~harvest fruit softening was less frequently ohserved in the “Endo”,
“Yamasaka”, and “Abe” strains than in “Koto” strain, even in years with heavy rain during July to
September. In these strains, relatively higher activities were found in the fine roots, and except in
“Koto™, there were lower levels of ethylene evolution in the fruit during early September to late
October. The disorder might be promoted not by shortage of sunshine, but by high moisture in the soil.

In order to prevent on—tree fruit sofiening in ‘Saijo’ persimmon, soil application of manganese manure
along with soil pH adjustment to acidity, a “White porous water proof sheet” covering the soil under the
tree crown were investigated. Soil application of manganese after pH adjustment to approximately 4.5 by
sulfur powder application remarkably increased in the Mn concentration: in the leaves, calyx, flesh and
one—year—old shoots. In accordance with this increase, ethylene production in the fruit was decreased
and the occurrence of fruit softening reduced. Soil moisture in late July to October was little changed
by a “White porous water proof sheet” covering the soil under the iree crown, thus ethylene release

from fruit, and the occurrence of pre—harvest fruit softening were considerably reduced.
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3. Evaluation of cold tolerance among early-ripening strains of ‘Saijo’ persimmon and the meas-
ures to increase of reserve nutrients

The relationships between cold tolerance, carbohydrates and non—tannin flavans {mainly anthocyanins)
contents of l-year-old woods and buds in ‘Saijo’ persimmon were investigated, and the methods of
disbudding and fruit thinning for reinforcement of tree vigor were examined. Total sugar content of 1-
year—old woods and the glucose content of buds in early spring just before the bud sprouting periods in
the “Endo” and “lzumo” strains which tree growth were excellent, were significantly higher than that of
the “Abe” strain which growth was inferior. Non—tannin flavans (mainly anthocyanins) contents of buds
and cortical tissues of l-year-old woods in the “Abe” strain tended to be low as compared to the

“Endo” strain. In mid-March the electrolyte leakage of 1-year—old woods and buds of the “Abe” strain
in =3C and —6C treatments was significantly higher than in the other two strains, indicating the cold
tolerance in the “Abe” was inferior to the other two strains. Sprouting disorders in the “Abe” strain were
thought to have occurred from frost injury in early spring because of the lower cold tolerance of buds
and the l-vear-old wood. Therefore, controlling fruit setting by ‘heavy-disbudding’ is an effective
method to prevent sprouting disorders. This is because cold tolerance is improved in buds and wood by
an increased content of reserve carbohydrates and non-tannin flavans (mainly anthocyanins).

Methods of adequate fruit setting were examined to improve the cold tolerance of trees by increasing
reserve carbohydrate content. The effects of disbudding and fruit thinning on reserve carbohydrate con—
tent, fruit quality and yields were investigated. Four methods, each in a different plot, were investigated
and compared: ‘heavy—disbudding and light—fruit thinning’ where one flower remained per every 10 c¢m of
fruiting mother shoot, ‘light-disbudding and heavy—fruit thinning’ with insufficient disbudding, ‘normal—
disbudding and light—fruit thinning’ with insufficient fruit thinning, and ‘normal-disbudding and normal-
fruit thinning’, the control plot. The reserve carbohydrate content in rootlets was visibly inferior in the

*light—disbudding and heavy—fruit thinning’ plot, and had a large influence on growth the following year.
No significant differences were found regarding fruit yields among all four plots, although the number of
fruit in the ‘heavy-disbudding and light—fruit thinning’ plot was a little less than the others. The average
fruit weight and the soluble solids content of fruit were greatest in the ‘heavy-disbudding and lght—fruit
thinning” plot. The number of flowers produced the following year in the ‘heavy-disbudding and light—
fruit thinning” plot was also the greatest. The results showed that controlling fruit setting by heavy-

disbudding was an effective method to improve fruit quality and increase reserve carbohydrate contents.

4, An efficient renewal method for the elite strain by side-grafting on the basal portions of main limbs
Renewal of the trees suffering slightly from a sprouting disorder to a new healthy “B-type” “Endo”
strain was attempted by side—grafting on each main scaffold limbs. Two scions were grafted about 50cm
above the trunk on each limb. In order to enlarge the shoots from scions as early as possible, and im—
prove of the vields and fruit quality on the main scaffold limbs of old strain, girdling or bark inversion
were applied to each limb with a (0.8~~1.0cm width, just above the grafting portion. Scion shoot growth
was promoted by girdling or bark inversion treatment. In the first year of grafting, total contents of car-
bohydrate in the scion shoot were significantly increased by girdling or bark inversion treatment. The
rate of scion shoot enlargement, compared to the old limbs at 2 years after grafting, reached 70~-80%
with girdling or bark inversion treatment, which was higher in 20~30% to control. No significant differ—
ence was observed in scion shoot growth between girdling and bark inversion treatments, however, fruit
growth on the old limbs to which bark inversion was applied was superior to that on the limbs to which
girdling was applied. For promotion of scion shoot growth, before the flowering period (early June)

seemed to be suitable for the girdling treatment.





