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ZIT, MEVBEETSDICHR CalBRERBLOKBEME CalREZ RO DM HIEEHNLT 5720
(Z, UNHER AN IE T 3 K UM TR RE R Ca S B 12 MIE T 5B > W THRET LT,

3.1.2 MHEBLUAHE

AR T ] R SRR S %ﬁz}%ﬁﬁﬁ%%m@m&ﬁﬂﬁl%fﬁoto Vo — Z MRS LTS
S, ?Elaf:“b\ﬁ@ﬁfoczo//ffuu@ CHRTESE L CENE o2 WA HEER L7z, 1997 49 A
16 HICHEER - (BHEE) 207 10 53— 3—=K > b (4. TemX4. TemX 5. 0cm) (ZHEFE L,
AT AREANTI HMEE Lz, 10 4 17 BICEMBERICEM L, ~ VFREE21TR-7-, AH

T EE L CRBBE 4K % CaO T 66kg + 10a”!, N, P,0.,, K,OZZh X 25kg + 10a ' fiii
MLz, BRI I X32HKEL, SKETITo7e, o7V 270319974 11 A 13 H, 12 H 16
H, 199841 H 20 H, 2 H I5 HB X3 A 17T HO 5 EfTV, &ML K & Sem LLEOEE L F
RTCHERL, 40286 L TAKELZNE L, £0%, ZHDOEEK 5mm A4 A TEY:
ﬂ%%%u CaJREDHITITHR LT, LFHREN Ca IREDOHSHTIX, 1 & & FEKICHS>DLFTERE

W THro7-, MCalBEIXZNOM OO FEIRIED Ca BEDOSEE L L, %ﬁﬁﬁét@f%

3.1.3 #£8

HUELER T2 BICRhRD EMTEVWAR L, 2 18 BICIEBRIE L=, BN T3
A 17T BECTBRIELZREIRO LN o7, & 3-1 RITERE 0 3B L=y & 2 SLFE O I HE R
B O BEE & R u‘:o HERTENR OEFEIT 12 AIC 1600g ik bEL, TO%, BHESEE O
WXV LT, TERNX OEHEIT2HFEFT REMLK LREERICHEE LY, 3 HICEHOE
muL iz,

FH32RITKREVFEE LT 7 “HEENR OLFEIERER] Ca B I T T UNFERF I 0 28 T
DWTRLTE, BCalBEIX 1L A2 1.78mgg 'FW & b mhr- 7220, 1 A% 1. 26mg- g 'FW 121K
TL7z. L2L, 3HICIL1.86mg-g 'FW & BN L 7=, (LTINS &, KIENE Ca X
ILAPD 1T AIRPT TIHRAIZIRTFTLER, 3AIE2AXVEE o7, EalEtE, B stk
K OMERE AT EME Ca IR EEIT 11 AD 1 A ETIEZENRR -T2, 2 AU LE, 2o
{LFICRE D Ca 2548 Ca (2 5@ 2 L RIFUNEREINZ L > THERR 72D, WT O HERHIZI W\ T
KA Ca RPN RS E <, WO TH AN Ca, FEBRATIAME Ca DIETH 7=, £7-, Kt
Ca & HHATYEME Ca THA Ca D 90% UL & 5Tz,



% 3-3 £l H&‘: DEREE LTy T CENE O LB RER Ca IR IS T UL HERE ] D S BRI
WTRLTEE, “BEAR O CalBRER X UUKENE CaBEIX, 2 HETIx “REMLER Jilﬁﬂfiﬁu
WL, LL, “HEMSER THALNZIHDOE CaREOEEVIX N7z, £z, HEAE
PEds K OME RS PTESYE Ca IR EEIZINFERF I CENRO bR o T,

FALFTRED Ca 3R Ca lZ D DR L INERFHIIC K > TRV, Zo#BIT “HELKR &
Ak TdH -7z,

COOMBETHIEET S L, RTONEMM T “HWELEKR O CalRERNE -7, ZHIEZo
DMFETEE Ca ThHHKEBEM CaIREN R, “FEMLER TEIP-2LIELEIZELHDHOTH
Sty Fhz, EENKROEL, L2bKEM CalBENE > IVHERIZ 12 H TH - 7=,

3.1.4 X

72 VWEEI N R 5 R L CENX o2 BREE VT, IHERR B C B f’ﬁ‘Ca
RERS XL OMLFERER Ca JREZ MR Lz, 2 ffli & BICIBE ORI E W 11 A D 12 HiZniT
TRAMICARL, EHIF 12 AR LELS ko, 0%, [UIRDOIK T E & HITAEE OMH wm
BEOWEDZDICEER TR oz, 2HETOEROHEBIZ2MEL bREETH-TZ, LIL,

AN TIES3HORED EF L L HICERENEM U2, JTEMER Tk 2 ALERHZ W,
BAAEIC VY, FEEITH LT,

WO CaBEIX, 2 AFTIZ2MEED 11 ANKbEL, 12 ALK, KT Lz, K& Ca
RELHR CaRELFEIL L ICHR Lo, (bFRENICAD L, “HEMLER TlEWThok#ic
BUWTHAKENE Ca ld#s Ca D 50.4~T74. 7% EMDOILFIERED Ca LV Zvo 7o, A IKIEY Th
HX Y XV, CalBEDORWEHI CIXEFT L EI, Ca DWINENE L 75D (I, 1982), £7=,
XY TIIAERBEONINIC LN EE~D Ca EFEEN L 2D (HP S, 1996), Y7 FIicBn
Th 11 A~12 AIZhT TEENAMICHEML, RealBELE<, ZOREIZ Ca DRSO
B X O EHA~OBITHEAThHoTmEF A bND, — KT, Ca DWIL « BATIXIRE N & W
ClREIND, 12 ALK, 2 A £ TAREME Ca IBENKT L2, KIRIC X2 ERNRKFO—D
EEZOND, £, EO CaGAERITIFMEN FMELY &L, FAETIIKENE Ca g AR
MWEWCKHE B, 1970a, by HA - KH, 1959), AT, CaldfiikT—EEICERMIND L H
BEhLIic< WZ &2 5 (Jones » Lunt, 1967), ARAFZFET 12 H LIFEICHR Ca I B0 KIEM: Ca R A
BETFLEDE, EOFEIZL 5T CaoKIEM Ca J 2D BV P IENEIE L= 2 &b —H & HEs
S5,

72V B D CREAER L CENE TIE 3 H O Ca REE, KIAEM Ca JBEOHER M
o0, 3AICE HEER O CaBERLOKEMNE CaRBENELS 2olz, B - EA (1976)
b=k, N7 A TIERHBAMEMLUREIZ Ca WIRENSEINT A2 Z 2@ E L TWD, “HEMLEkR
F‘aﬁ?EEli)izﬂ 18 H, ‘BN FBEIEEN4A3IHTH-Z 0D, 3AICBITS ‘ﬁ”’“E;E
EOUEANR O CaBER X UOUKAIEM Ca IREOHBE N R >7-0iX, BAEMOERICEISD D
DEEBEZLND,

3.1.5 I =
Ca B B/BOBENY X FAAETHIENT, P WEHRRZ Y 4 2 WA AWT, EE, &
Ca R L UMLFEERER Ca IREIC KT TINERFFI OB LR Lz, Y7 T OKEE, B CajRfE

e



BEUUKENE Ca JEEITINERFIIC Lo CRES LB L7z, 2 s EFEIT 12 ANKDBEL, |
AU Lz, BN TIXEEN 3 HIC 12 A LRBEETHEINLZ, B CalBEk LUK
WECal@EIX 2 il b 11 AR b A<, KT 12 ATEL, 12 AUBEK T L7,

UEDZ Linh, CalRERIOKEM CalREZGORDLmWINELSG DI, 12 HITIX
HETHLEEWVWI ERHLNZRS T,



FI-1R HREYBBELEVYT F2aiEQIREREAR DESE (g/%)
I HE B 4

=

i FE 11A13H 12A16H 1H20H 2415H 3AI17TH
SR 243a” 1600d 1093c 883bc 625ab

HINX 190a 1711c 1308b 1367b 1817c

2 RHOTNT Ny b BSCFRNIRFE 1T OB U ERFHA 25 % K HECH B =
H Y (Tukey DFRTE)

E32R BEYRELEYY T WEEER OEEMERCaEE me - g FW) I
RIETINESEHOSE

CaILSTAE L M

11A13H  12H16H 17204 2H15H 3HI1TH

K MECa 1. 33¢? 0. 90ab 0. 70a 0.7la 1. 02b
(74.7¢)”  (62.9b) (55. 6ab) (50. 4a) (54. 8ab)

Y A ECa 0. 38a 0. 43ab 0. 45ab 0. 56bc 0. 66¢
(21. 3a) (30. lab) (35. 7b) (39. 7b) (35. 5b)

FERZ A MECa 0. 06a 0. 08ab 0. 09ab 0. 11be 0. l4c
(3. 4a) (5. 6ab) (7. 1b) (7.8b) (7. 5b)

Wl A Y HCa 0.0la 0. 02ab 0. 02ab 0. 03b 0. 04b
(0. 6a) (1. 4ab) (1. 6ab) (2. 1b) (2. 2b)

f&Ca 1. 78b 1. 43a 1. 26a 1.41a 1. 86b

CRPOT VT 7y N OBESCFRNIXIE AT OUNFERF AR5 % /K UECH B 7
& (Tukey DR IE)
Y () NOfEITRRCalZ 5 L FEERERICadD LR (%)



33k HMEURELEYYF “BRE OIL2RERCaEE (g - g 'FW) IS

RIFTIRERGOEZE

Ca {L2E T e LS ML

11A13  12H16H 1H20H 27 15H 3AH17TH
K ECa 0.97c” 0.57b 0. 29a 0. 33ab 0. 35ab
67.7¢)”  (59.2b) (39. 2a) (41. 8a) (41. ba)

bR PN EE(OF 0.37a 0.33a 0. 35a 0.37a 0. 38a
(26. 0a) (33. 7b) (47. 3c) (46. 8c) (46. 3c)

HERL AR MECa 0. 06a 0. 06a 0. 08ab 0.07ab 0. 08b
(4. 2a) (6. 1a) (10. 8b) (8.9b) (9. 8b)

g AT A Ca 0. 03a 0.01a 0. 02a 0.02a 0.02a
(2. 1a) (1. 0a) (2.7a) (2.5a) (2. 4a)

#aCa 1.43b 0.97a 0. 74a 0.79a 0. 83a

2 RPOTINVT 7y hORICFRNIXE AT OUFER IR IZ5 % K HETHE 2

»H Y (Tukey DR E)

7 () NOEIEHRCalT f5 ) 2L FTERERICaD R (%)



F28H AEBEEAYYTOLELERER CaEEICRIZTEE

3.2.1 ¥#E
LEICTY T EEEDREE LGS, R CaRERS XOUKEME CaBEIX 11 ATHRbm<, 12 H
DIREI A U=, 1B D Ca ORI - BITIXIREIC L > TEFSIND Z D CEH L4 K, 1981),
ZOFRKRADO—>2L LTAEFTREDODHEENEZ LGNS,
FIT, VT EEEVEE L, {LFEERER Ca IREICKIZTTIREDEEBIZ OV THRFIL, B Cals
FOANETOFHERE KB CaREZEmD IO OREREFTREZHALNICLELY &L
7~

3.2.2 MEBLUHE

CRUEAESRT L CEARET o2 BiFEA 199849 A 6 HIT 10 B — R—R v b (4. TemX4. Tem
X5.0cm) I[ZHEFEL, 7 AMENT30 HMES Lz, 10 A6 HIZ/KHLHEA 7 -5 TH 12.5kg
REWO T2 1/2000a DU 7S —Ry M IHRTOBE L7, tEE LTRYy FY720, REE AKX
% CaO T 3.43g, N, P,0; K,0% 1.25gfiffl L7z, MidfiL & 24 Ry M& A THE LT,
10 H 26 BICZDRNNOAEBTORI-1-& M 16 Ry FFo2EW), BE 171°C, HERRF 12
B (PPFD 248 pmol-m?2-s™)) DATKERIZB LT, 25 HEED 11 A 19 HIZERE4 Ry ¢
SOMEtEY T S Lz, Y 12Ky DL, HREAR Y PFOIXFOEE ITCO A
TRBEIZE LT, %D 848y M oW TIX, HE 12 K[ (PPFD 248 umol-m?-s™!) TIREMNZ
NENT 2ICOANTEABEICEKELE4 Ry hFOBL, Wb 1210 HECTHEELE (B3
1) o ANLKBETOREHMM P, HEOEFKENRK 22%I1275 K912, 1 B 1EFFTI~D0
BEDOMICHERy hOEREZKFE(A 7 —45, TOLED ID3S) THIE LN SHEK L, o7V
yﬁiwﬂloa’ﬁoto%i FEOEKBIOEREZFHE L%, %1%&ﬁ%murk
FRER Ca R E 2 AT LTz, M CalBEIXI N LMD ZIVEED Ca IRED A FHE L L, Hrfif il
W= TERL,

3.2.3 #£8

EIARIKREVHEE LY r TOEFTICRIETIREOREL R LI, “HEMEKR TiX, 17C
KIZTCR IV EXOBRENKEN-T-, 72, 21CKITTCK &g L TRENHEVMEHEIICH > 72,
WERERILITCRN TCK, 2TCREVEN-7 (FE3-2K) . “BNX & REMAKR LR
i % LTz,

B35 RICHKRE VL LIy 7y “HELER OLEEREY Ca BEICKRIZTAEAFTFREOR R
RLTE, MCaBEITARTREMR CENBD LN, ITCRIXTCK, 2TCR LV @z, Kb
JEHED Ca IR EH A D L, KIEMELS L O AN Ca IRIEICABIREDOEENRBD LN, 2D )
B, KEME Ca BEIT ITCXN TCKX, 2TCR LV @Ehotz, T, HWAENE CaBEIXTCKE
FOITCEM2TCX LV @Ehodz, Tkt L, FEEE r[iEMER X OMEEE r¥AME Ca IR I AEF IR
FERTENBDO RN o7, # Callkt T HKENE Ca DEFEIT ITCREB LV 2TCX A TCX &
DEMNo T,

F3-6RICHKREVHEE LIy 7 “BENR O(LZEERER Ca REICKIZTEFTIREOFEL R
LKO%CM%@iNTEﬁ7TEi@%ﬁOEO%M%%%@Cm%z%ﬁék,K%@ki@



HLER AT YAME Ca B ICIZAETIRE O RENRD LI, KIEME Ca B, W AITAME Ca AT KELE
kLRI ThHoTo, TSR L, HEEBAEME Ca REIX TCRIBLIO ITCRR 2TCK XL
Dm0 Tz, K Callxtd DKM Ca DI HELEKR LRKIC ITCREB LV 2TCRN 7C
KXo @mhroi,

ZOXEIITREIZLDY T OAF, ¥ CalRER LOKEME CaREOLEFIIREL, 7C, 17
CBLR2TCO=>ONBEFEEM TIE, ITCTERENRKHEL, B Cal LOKEME CaiBE S &
No T,

3.2.4 £

VI FTIHITCTIC, 2TCLE VR Ca BLOKE M. CailBENEL 20, AFREIZEL->TZ
SO CafRENRI o 7=, MWIE— I @ W IRE TR A 42 ORI BITHNEE S LD PR, i
WIRENFET D CE@ - fEx AR, 1981), Y7 FIZBWTHAEFBREN 1TC T 7CB LV 27C
L VRNED Ca DRI, I EF~OBITHEE I I, FEOHK Ca B L UOKEM Ca IBENEE - 72

HLDOEEZBND,
UED X1z, ABFREICX > TEDORK Ca B L OUKIENM Ca JEENEH# L, ﬁiﬁif{}% ERARIA
FEITCTENLNELS poTz, HBIEHTHEVEE LY 7 “HEEKXR EHNR O Ca

BRLOKEMECalREN 11 ATHKbAE L, 12 AU, RFLERRO—2F, WMEOKTIZELY
RGO Ca ORIL, 1 EE~OBITHAIGE SNz LB oD, £z, [AAPKLI 25 1~
2HTHLRIRZ ITCREIZHASDZ LT, B CaBIOAKTORIHEN GGV IKEM Ca R 25D
LD RREME N R S LT,

3.2.5 WE

i Ca BELRAKRTOFIHENREWKEME CaBELZ D LD OEFTIREZH LT HHM
T, YT EKREDREEL, (LFERRER Caoaf“ ZRAFTIRE DRI OV THRE L 72,

EHREICL DY - CREER BN OEF, ¥ Cak LOUKEME Ca BEOLEIT
K&L, 7C, 1TCRB IV 270@;00)U%{m£{ﬁﬁ'ﬁmi, ITCTHERN K BEL, A Ca P LUK
WY CalRIEN @M oTo, EFNREINDIRE 1TCTEDR Ca 38 L UUKIENE Ca BENFE < 72
Sl Z e, ARBREOHBEIZL T CAREOE WY FFZ24EETHZ ENAEETHDL Z LN
mENT,



% 3-1 IR AL (17°C) O £ T

32N HELEKTEHZOAT
Enb 7C. 17C. 27C K



FIAR HREYRIELI-YT T DEBICRIFT REDFE

R - dule (0 -

TEHER

EE (cm) 50. 8 48. 3a° 47.8a 49. 1a
BEH (KO 16.8 19. 8a 23.0b 21. 6ab
HEH (9 314 317a 402b 305a
T

g (cm) 48.2 50. 4a 50. 9a 49. 0a
BEH (KO 15.0 16. 3a 21.3b 19. 5ab
HEH (9 257 298a 462b 287a

7 RPDOT VT 7y NORSFINIIFEATORERFZ5 % /K UET
BEZED Y (Tukey DIETE)

#35&k MEYBIBLEYYT REER OILEMERICARE (g - g 'FW)IS
RIFTREDHE

Canfbipng LI 7 O o7

IKIEMECa 1. 36 1. 38a” 1. 81b 1.33a
(73.9) (67.6a)" (74. 2b) (70. 6b)

AP ttCa 0. 39 0. 52b 0. 52b 0. 44a
(21.2) (25. 5b) (21. 3a) (23. 5ab)

HEfE R MECa 0.07 0.1la 0. 09a 0. 08a
(3.8) (5. 4b) (3. 7a) (4. 3ab)

Y Al MECa 0. 02 0. 03a 0.02a 0. 03a
(1. 1) (1. 5a) (0. 8a) (1. 6a)

faCa 1.84 2. 04a 2. 44b 1.88a

7 RFPDOTNT 7Ry hORTFRNIERE AT OB % K ETH B
»H Y (TukeyDFRTE)

7 () NOMEITHECalZ 58 DAL FIERERICaD R (%)



FE3-6% HEYHELEYSF HAE OERERCAEE (Mg - g 'FW) IS
RIFTREDEE

CaDfbFIERE e 7 E%}(C) 27

K ECa 0. 95 1.20a” 1. 60b 1. 39ab

(68.0) (65. 3a)” (73. 3b) (73. 4b)

Y I ECa 0.33 0.47a 0. 44a 0. 36a

(23.6) (25. 8b) (20. 1ab) (18. 5a)

HERE AT 4 Ca 0. 06 0. 10a 0. 08a 0.12a

(4.8) (5. 3a) (3. 8a) (6. 2a)

Y AT A Ca 0. 05 0.07b 0. 06b 0.03a

(3.6) (3. 6¢) (2. 8b) (1. 7a)

#aCa 1.39 1. 84a 2.18b 1. 90ab

2 RPOTNT 7y b DOERICFINLF AT OB LN 5 % K HETHEE

VD (Tukey DFETE)

P ==}

() NOAEITRCals 5 AT HE

BCad R (%)



E3H BRERAENYSTOLEEREN Ca REICRIETEE

3.3.1 #E

W2HTRRE VB L2y 7 Ok Ca B8 L OUKIAENE Ca IR IL, £FMEESNIEECTEHE
Sl IFMOEBICEREHRIIREREELRIFL, WRICEXMHAEZHSCST EIEWOLER
WRESND, £, EWIIMMBEERZE CTHDIMEEA 4 v OWILIZ & by, Ca®t, Mg¥, K%
BRSNS (fhm, 1986) , 26D s, BHEMEAEITY 7T 04LE, {LEERER]
CalBEERB L OMEMA AV BEICEEBEZKITT I ENEZLND, LML, Y7 TICBWTIXESH
i B S AL P TERER] Ca R L OMHIE A 4V IRE & OBRBREZH LI LIcHEITA ST LR,
ZFIT, BEMHAEOFEVNEY 7 OKY -0 HE, (LFEREN Ca BE R X OREE A 4 > Rk
WCRIETEEEZRAL, R CaBIOKRECARELZFEODILOOERBHAEZI SN L,

3.3.2 MEBLUAE

AR E N R R ERERBRIGERI OGN O KB ES CITo 7, i LTy ) ‘K
FAER H MWz, 200349 A 22 HICE = (FFHEE) 25Dz 10 53— =Ky b (4
TemX 4, TemX 5. 0cm) (ZHEFE L, H 7 AEEWNT3B BHEEWH Lz, £0%, 10 A 27 BHIZAHI(IZ
EML, v /VFEEEITRo7, KRB TIELBEE L TRES L AK% CaO T 66.0kg * 10a™!, P
KAtk % P,0O; K,O TEILEI 12.5kg - 10a ' i L7z, NIZOWTIZCDUZEHREE H W TR
Sy T 12,5, 25.0, 37.5, 50.0kg -« 10a ' fifH L, 4 KUEDKERIX 2 5% 1T 72, FekeITnEmE 145
cm, #Rf 40ecm T2 4&TFEBMEZ & Lz, BBRIZIX 168kE L, SKIETITo=, Vo7V 7032
0034-12 H 16 H & 200441 H 13 HD 2 BTV, HERAEFLZRLICAKEZREL, TOK%
ST L7e, & bem UL EOBEEZ 2 TEREILL, FHEEEZME L7k, 9 5m AI2%A Tl
FIHRER Ca JRIE R X OHEEA AV IRE D HTICH W=, [LEERER] Ca IRE O HTIXE 1 7 &I
BRICIU S DAL FIBIEIZ 31T TiT o 72, #CalBE XN O S>DOLFEERED Cal2EDAFHE L L,
P E M7= TR LU, WMEEA A R, AFED 10 FEOREKENZ TOKGH TER, b
L, EHIZ100COBKP T30 MR L%, A A 7u~ b7 T77 4 —IZX0 Lz, A
7 L% TSKgel 1C-Anion-PWXL (TOSOH #%) , BEhHIIA YW — T v a @ u Y v ARIEBER = H
W, BEIHOWEZ 1.0ml/min i LT, BXUREERHAICE VA A 2Rt LT,

3.3.3 #& -}

B3I TRV TOEFRICKRIFTERZMAEOEEICIONWTRLEZ, 12 A 16 HOKYS =Y O
HE (X %2 F i A 12, 5kg XD 748g 12X L C, T OfOREBRXIL 1,063~1, 164g & FEICEH) -
7o 1 H IS HOKYZY ORI, EFEMAENZVRBKITEE» 72 (B33, F3-4X) .

12 AFRBEIO L APRICIE L2y 7 OB RER Ca IREICKIETERMA RO AL
TNENE 3-8 K, & 3-9 RIT/R LT, # Cak X OUKIANE Ca 25 13 % Flli & & I RERF I X
S TEB) Uiz, HATENE CaBE L INERIIC L > TEB LAY, ERHAEORZE IR LN
Mmolz, REHBNCA L E, 12 H 16 HIZB T2 Ca IBEIXERBRXE TAEEZRNRBDO LN -
Too KEEME Ca JEFE 1L 25. 0kg KB LN 37. 5kg K23 F N E 4, 1.40mg « g 'FW, 1.35mg -+ g 'FW &
12.5kg KLV A REICE -T2, EAHEME CalRER X NE OO Ca (BEEE P EAME Ca+ HEEE AT VA M
Ca)IBEIZIY, FRBMXBE THBEENBO LN o7, # CalZ 5D D EALFIERER] Ca D LRI



DNTHD L, K%@%@%%iMBkMQD%9%*ﬂLT Z DO ORERX 2N 71.8~73.9%
EEnoTz, WHATERME Ca D RIT 12.5 kg XD 29. 2% 2% L T, Z DM OREBRX A 23. 3~ 24.
5% LK o T2,

1 A 13 HO# Ca BEICITRBRKXBEICHEZNRD HH, 37 5kg KEB L ON50. 0kg RNENEFH
1.7Img+ g 'FW, 1.82 mg+ g 'FW & 12.5kg KL W AREITE o T, KIEME Ca JEEITHRBEXMEICA
BAENFRD b, 25.0kg X, 37.5kg X3 & T8 50. 0kg XA 0.99~1. 21mg *+ g 'FW T 12. 5kg XD 0.
68mg « g 'FW KW HERICE M- 7o, HWAlEM Ca R L OOt Ca BEIZIX, FRBRXETH
BENBD N> T, KEME Ca DHFEIT 12, 5kg KD 52. 7% 2% LT, £ OB X )
62.3~66.5% & o T2, HATERYE Ca DELRIT 12, 5kg XD 41. 1% 2% LT, Z O RERX
29.1~32. 7% L1 o 7=, WHERFHICLb- 2 &, 1 H 13 HICTUFHE L 7= 7 O KIEM Ca IR EIX
12H 16 HOLD X VIK»roT2,

12H 16 HE 1A 13 HICINFE L2 7 REEKR OMEBA A U REEICKIETEFEMHED
BTN ENE 35 XA LT, 12 A 16 HOMBRA A v BEETVWITLORBRKICBWLTH 1
A13HEYVEMN-To, 12 A 16 HIZHIT DA A REICIIARBRKXHICAEREENRRBD BRI,
12. 5kg X 976ppm (2% L T, fOFRERX N 2, 400ppm B E A EICE -T2, 1 A 13 BIZRBIT 5
WHEEA AV RELARBXEICABENRD L, 12.5kg XA 20ppm, 25. 0kg X 23 338ppm & A
ST <, 37. 5kg X 2% 922ppm, 50. Okg X723 1, 236ppm & “EHE i H BN LV Y, MEE A 4 o
THEEICE»- T,

3.3.4 & ®

AT, ERMHEEL Y 7T OER, {LFEREH] CaBER L OHEE A 4 IRE & 0% L
oML, Y7o Caiifalis L ToR AL & D i 70 & 3 i ] & 2 Mat Lic,

EHEMEHEA 10a 2472 0 A4 & T 12. 5kg~50. Okg £ T4 KUER T TR LR, VY- ok
HIL, 12 H 16 B 25.0kg L EFEH L2 BAX CHE o7z, D%, 1 A 13 HITITEFRHED
BbHD7R 12.5kg K CEMMNHI 2D L L HI0, XBEIIT VM TUNREBELT, EBENWD L
oo ZDO—J7, TOMORBX CIXEENEML, EHEHAENLZVRBRXIT EHEE 8L 7=,

VT O Ca 3 X OUKEEME Ca R B IFINHERF I L OVEFE A &EIC L0 A8 L, INHERH I
LAH1BHEY 12 A 16 HAEL, EFRMBHENZ WX TH Ca 38 L OUKENME Ca IRENE o T,
T2 b, 12 4 16 A% 12. 5kg fi X IZH X, 25. 0kg & 37. 5kg Jiti F L 72 X T/KIEME Ca I B2 &
Mmol=N, Z0H%, 1 A 13 BIIXEREBHENZVWXIZE, V7 ok Ca B L UOUKIENM Ca B E
DE o T, TEEEA A I 12 A 16 HIZ1E, 12. 5kg fiti /X T 976ppm & K2y > 7273, 25. Okg
LB LR T hd 2,400ppm i & movz, TO#%, 1 H 13 BIZIZT_XRTojiHK
THYEMIR DREIEA A IR EEDME T U, & 3H i H & 23D 7 Wil X ié:ﬁﬁﬁk/rzr,/ﬁ%F*ﬁ>ﬁ£ﬁ)<>f;o
¥z, 12. 5kg i I X CTiE 20ppm & Mg 12K D> - 72,

—RIAEOAEFILX, EFROWINEITHA L (FHE S, 1985) , HEXRM TII L Fhm H &30
THE, AREBIUCHBEARIIE L 725 (Barker et al, 1971; Maynard et al, 1976; %
5, 1990; 5, 1995b) . KBFIED Y 7 F OREEEA 4 L IRE DB )5 12. 5kg i H L 72X T,
1 A 13 HICEENEAD LEERE O 120X, 12 A L O 22 F WA o e FH XA H X, fii 1240 2
ODNTREREZEZLND, HF D (1996) FFx v XY 10 AR L ¢, ERMHESL 10a {7
Y 15kg~2bkg £ CAB S, HFRMHAENLEHRR D OEHARICEZ LDEELRF LIz, £OR



B, BREHEZHECT ER2ERTARBEIMNL, ZTHICHE-STCadHAELEL OMETHEMNL
T EHLMNMI L, £, B0 - KE (1959) X, a~Y I EEERELC, EFEHOA
I L EHREN) Ca JREE IS KON Ca 12 5 2 L FIBRER Ca DHFEZFINTZFER, EFR VKL -EIK
THEET D L&, KB Ca B L ORIENE Ca BT & BT L, # Calzkt¥ 2 RiEME Ca DR
DEEHZEEZHLNILTNS, KERICEWTH, EFMHEICEVDRH DL HDODOERESRE
DA LT BRI CIXFERZR RN GO, MR A 4 OWIIZ & b 72wy, Ca', Mg,
K 45 & [A B (WU % (M, 1986) ., 1 H 13 HIZ 37.5kg 3 L T8 50. Okg fifi X T 25. 0kg L T
DR XIZH AT, 8 Ca RER L OUKENE Ca IBEDIK TOREN /NI 2572, ZiuiE 25. Okg
UF Ol HXICH AT, 12 A 16 HLBE S EROWINAEIL, LIS Ca OWRINBMEE ST
TeHlBFExbd, iz, EHFRMEHAEOHEIMIEW Ca ITxT 2 KEENE Ca DN E E - 7203,
ZAVITHEEE A A & RIEFICAR > BRI & 472 Ca¥ Ay, fHEE ORI VAR & fE S L Tl
ZELI-ZIicLbeHaZEIND (Raven, 1985)

bz enn, YrFaREVEETLILA, ERE2MmET 10a720 25. 0kg fiiH L,
12 ARAICINET 52 & T, M CalREBLPOARTORHENGVKEE CalREZ RO OLND
ZEBHBMNE RS T,

3.3.5 ¥ =

BRI EOBENBRE VFSE LIy 7y 03EE, FRER] Ca RE R LI A 4 U IREIC
RIETEHEEZPALNCL, RCaREBIOKEME CaREZEHDL LN TEL2EHRBHELKR
L7,

BEFEIL 12 A 16 HIZTIX 25. 0kg LA EfE A L= X CHE<<, 1 A 13 BT 37. bke Jiti F X & & O 50.
Okg i |l X CEM o 7, AKEEME Ca J2EE 13 12 A 16 HIZ 1L 25. Okg i A X 35 L O 37. 5kg Jiti JH X 8 #
NEI, 1.40mg + g 'FW, 1.35mg « g 'FW T 12. kg KTt @-7=, 1 H 13 HIZIX 25. 0kg UL B
i U72 XA 12. bkg KIC @ o tz, INFERREICH 2L, 1 A 13XV 12 4 16 B I
L7227 F O KEEME Ca BE N E - 12,

Dz Ent, VirtoKEE CaBREZRmD D021, EFRE M & T 25. 0kg » 10a fii
AL, 12 HAFAICINHEST S EREWZ ERBH LN ER ST,



B3-1R YTITDEE (g/H) ICREIEFHAENFE

= FE & g IS
(kg/10a) 12H 16 H 1H13H
12. 5kg 748a 643a
25. Okg 1, 063b 1,170b
37. 5kg 1,123b 1,618¢c
50. Okg 1, 164b 1,678c

FRPOT VT 7y b ORSCFRICIEHES O £ K I 5% K HE
THEZHY (TukeyD R E)

% 3-3 12 A A ooRBRXDOAEF
F @i /£ 37. 5kg X, FHI A 12.5kg X

/= 50. 0kg X, + 25.0kg X



34X 1 AhAORBRKDAEF
ZERBXITIE I-3IKDOLEEBDY



FI-B&

128 ha)ICIRFE L=V 5+ DL EREERICaRE (g - ¢ 'FN) ICRIFTESR

EREDEE
B & CaD{b I HE

(kg/10a) K Ca AT YA MECa Z DihCa #aCa

12. 5kg 1.03 a” 0.45 ns 0.06 ns 1.54 ns
(66.9)7 (29. 2) (3.9

25. Okg 1.40 b 0. 45 0. 06 1.91
(73.2) (23.6) (3.2)

37. 5kg 1.35 b 0. 46 0. 07 1.88
(71.8) (24. 5) (3.7

50. Okg 1.33 ab 0. 42 0. 05 1. 80
(73.9) (23.3) ( 2.8)

LRPDOTNT 7Ry b ORICFRNTIIHES O X HNI5% K ETHEZED Y

(Tukey DR E)

70 NOMEIZHECalZ ) 2L F TR RERICaD s (%)

#3-9% 1AhAICIGEL =Y+ DIEERERCaEE (g - g W) ICRIFTESR

EREDEE
ERMH & CaDfbFIERE

(kg/10a) IKERMECa HE AT Ca Z DfthCa fCa

12. 5kg 0.68 a’ 0.53 ns 0.08 ns 1.29 a
(52.7)" (41.1) (6.2

25. Okg 0.99 b 0. 52 0. 08 1.59 ab
(62.3) (32.7) ( 5.0)

37. bkg 1.10 b 0.53 0. 08 1.71 b
(64. 3) (31.0) (4.7)

50. Okg 1.21 b 0.53 0. 08 1.82 b
(66. 5) (29. 1) ( 4.4)

PRPOTINT 7y b ORICFRNTHMES O X ENZ 5% K ETHEED Y

(Tukey DFRAE)
© () NOfEIT#RCalZ 58 Db F R RE

BCaD b (%)



EER A 4 EE (ppm)

WA 4 EE (ppn)

3000

2500

2000

1500

1000

500

3000

2500

2000

1500

1000

500

b b
12. 5 25.0 37.5 50.0
ERMAHE (kg/10a)
B
12.5 25.0 37.5
ER i HE (kg/10a)

£3-5F 12| (A)E1RARAE(B)EYLEYSY S

DHBAFT VREICREIEREAEOEE

‘HEOT AT 7y NRCFMICIIS%KETHE
ZHD (TukeyDHRTE)



BAE YTTOARKEYHBIZETIRBEE L UVRERENMCFERRER CaiRE
CRIFTE

F18H Y75TOAHEEYRBICETANELLFREN Ca REDRERER

4.1.1 #E

H2ETY I TR E VG T 2 LM E 0 REFICH AT, NN O Ca 8 X UUKEM: Ca
/&Vﬁ) KB BB oled, MR TITEICAE E Y FE M TRbLTnD, o

, ML E VR T INOD CalREL @D DML HIELWALT HDLENDH D, (FYO Ca JRE
1%, EEICHEAT A AKEM (Misaghi + Matyac, 1981; Demchak + Smith, 1990) , Z=EZE LB OfE
FoM & CNEE D, 1994; FHF - &%, 1995a; B, 1995) , AEHEE (k@ 5, 2003) , *
JE DA R L O O E (FH - & EF, 1995b, 1995¢) HIC X - TRAR DL ZEDPHESIN TN D,
LrL, V7T Ok Ca B FOKEM CalREL @O DG HIEL ML T D, Z0b O Ca AN
BWEHEEZAWAZLIZEETCHD, huEraY, F—, £ F D, ¥ XVEOEY T Ca
SHERICWHEBIZROH DL EDHLMNIZ RS> TWNAHED (Gorsline et al, 1961; Maynard et al,
1964; Albregts+Howard, 1978; Clarkson:Hansen, 1980; Johnson, 1991a, b; HH' &, 1996),
A E D BE: LTy 7 F O F T RER Ca IR EE D S FEE 22 B2 DWW TIXH H 22 TR,

T IZT, YT OME D EEIZB W TR Ca IR E R X O AER~OFIH D @O IKENE Ca 5
T D HDREFEZ P ST DD, ALFIRER Ca #if o 5hFE ) 22 8 4 /et L 7o,

4.1.2 HHEB LU HZE
ﬁ%iﬁﬂ%r%@Aﬁ%%ﬁm%%@mﬁﬁﬁﬁ%fﬁoko%@z‘ﬁ*ﬁ% , EN
¥, ‘HAF , HUX o4 SHEEMR L, 199649 A 7 BICEERE L GEFEE) %
RO 10 BX— =Ky b (4.7ecmX4. TemX5.0cm) (2L, 77 AEENTEE L7-, 230
B L%, 98 30 HICEMBESICEM L~ LT EEE 21T/ o7, KB TIZLELE L CREEE
+HIK % CaO T 66kg + 10a!, N, P,0,, K,O%ZFHNZF 13kg+ 10a ' fii/J L7-, F7/-iB %tb
T, 11 ATA~1HTFAEICBEZ20 HBZXIIN, P,0, KO%%M%MIEétDS@-

Z, et alEA Lz, BENABS X Z 1T ER-7210 H 27T H ﬁ%5&&f%a@£%%\%%
ElLTe, 0%, EHIZEYVDOEED LD 3KMOELME L, RBITIX6KkEL, 3K
TETITo 7z, IWHEIRA R E S 11 A8 H2 S 3 A 25 HORIC 12 [, MZE2 534 L flk: ¢
2L LR ID 20~25em ICE LB OXINHE LTz, INEDITELICAKB LOEELHE
L7=%, 9 5mm AICZ A TR EER Ca R E O HT Ik Lz,

{EZPTERER Ca R EE O/ Hrid s 1 &2 & [FERICITV, R Ca IRE XSO/ FERED Ca RE DA G
e L, TNENHEEYZY TRL,

4.1.3 #ER
%41%K%ﬁgwﬁ%LtV#%&@@ﬁ%tDM%%%LEO%%t@ﬂ%*@%@%%
DD O, T72bbH, 11 A~12 A1 “FEMER ORY 7D IENR HEE [T TH

%umﬂoto CENE ., CHAXR oYM 0IEE CCREEEkR L R ofiTch

57, 1 H~3 AOWEIZIZMERM CHRBRZIRD DN ho72y, MO EIZIE 11 A ~12



ﬂ@ﬂi;kﬂﬁ%foﬁuu@?ﬁ%ﬁ%b B H AT,

FA2RICMEBEE VR LY 7 RO Y =D INEAK S LN I RS- E&EE /R LT,
BRE 72D INEAR B L O I RS2 HEICHIER CTHAEENPRO O, “WEMAEKR © 11 A~
12HABLNTHA~3 HOMY -0 IVEARSET BN LHEBEIT o720, “HHAX XV
BREIZEZ o7, U ORY7-0IEARSIT 1 A~3 A1 “mEER Lo AERICD2»
Sz, WHEHO 1 KL 7=y oERIT “HAR NINEREHZBEL CRLELS, RWVWT “BERNE
T, CREMER & WU TEESED Lo,

5 4-3 FITMIEL & Dﬁtubf://f%un@m@cw%f IOWTART, “JREMLEK O CaJREE
1£0.88~1.256mg » ¢ 'FW CHERB L, ‘BN BIY ‘LHX IvAEBRICEI-T-, “HUE
D¥a CaJ2EIL 3 HEBRWT “HEMER EENR M-Iz, A4 R E VB LY 7
FEDOKENE Ca JEFE, 55 4-5 RITITE AN Ca IBEIC OV TRT, KM Ca IBE X THEEKR
T0.44~0.6Tmg * g 'FW CHERB L, ¥ CalRE L HEE, ‘“BARNE BLO® "HAX XvAEICH
molz, U OKEM CaBEIX 11 AL 3 HEBRWT CHEMENR LENRMoT, WA
WYECaiBFEEIX 12 A, 1A, 3HT "WEAER BN "HAX X0VAEEBICENSTRN, ZTOMOKF
oMo Ll & ORICAEZITRD bR oT,

4.1.4 R

AW CTHR L7ZMAEIZIE, 11 A~12 ABI 11 A~3 A2 OKEY 7= 0 U512 5 R
ZBRNPBDH LN, T2DOL FEMLEKR ORYSTVIEIL SO ChTEL, AEEIX
WA, CENEE , CHAZE e ot BB O(1971) XY LRI TH D Bras
sica napus FEDF X 2 OHIZ VO RHE EPIHAFTORE S L OV 03 S XBE L, 72 v
BRI EWIORBERENEET, PHEOBENPRBWI EZHALNICLTWDS, SRV
AEDOMEWENIE CREER ARV E 1A TA, ‘BEAX , ‘HAX , ‘BYU¥ T3
HTFHa~4 A EfichHotz, 11H~3Hif@$§két©mﬁ%2&§m§ #-“%EEE T CHAX,
TR K AHEERIC£EL, BN J:‘Q%lﬂ{tﬁﬁ# O LNT=-DIX, TOXDRnfEOAHE
E%@éb\ EkdrtvoltEXHN5, LaL, BEANX BIW Hiﬂ%*’ I OREETERT B X

DU KV 1HA~3HETOIARY L VEENEN-TOIL, "HWEER LoOINEZE
;’Eﬁji TIX o7,

B CaREICITMEMERNRO N, T7 7 TRHEMTH L — L BLBF XY XY DED Ca
RIS EZRNH D Z LB HEINTEHY (Johnson, 1991a, b; HHF 5, 1996) , 4 & I[H
CT7 77 F7ROMEEY Y r - CREMERNED bz, # Cads L UOUKEM Ca I pE
ek’ CINHEHMAEL T BN BIWY CHAR Qtw%“ﬁxof:o Flo, HEMLEKR L N
U1 ZHRDE, 11 B E 3 AT HEER OKEN CaRE SR kv@Emsoiz,

11 ABXO2 HOHEAEN Ca BEB X OZOMOR ““W)Ca/);% \-Dﬂ*ﬁf"ﬁ;éﬂﬁ’fiﬁ)’)f_ﬂ

Z ORI O Ca JREICHAEM ZRENRO G- DX, KEME CalREDERNEEL T,

LDz Enn, [IEE e CINE, B CaBXUARAFIH ST WAKEYE Ca IBENE
Wi, R4 RFEOR IR CREEKR ThOIZ LR LN ol

4.1.5 /E
YV ORE E Y BT Ca BEXOUKIBIE CalBEZ B0 D5 ELHNT 572012, Y7



DY 7= 0 L& KO PR Ca IR E O MR A2 R A2 6 L,

Mk &0 REE Loy 7T OS2 0 RS LML BRI Ca IR EZICIT MM ERNR D b1
Too BRUTZDINEIT “RELER 2 "HHNR BLO "IAR I uoemc, B X
WHEEICEN- T,

i Ca JREERB X ABR~OFIHER GO KEENE Ca JREIC S MR ERNTD S, IHE S 2
BLT “WEER T HAE , HARE BLO BUR XvEhrol,



FNR AREYBELEYT T @EOKRIEYIRE (g)

. I 7 Ky )

a]a) Fii A~ =
11~12H4 1~3H = &

TSR 130. 1a”? 461. 3ns 591. 4a

N 118. 6ab 457. 4 576. 0ab

S TIE 81.5b 321.8 403. 3b

A 92. 5ab 418. 2 510. 7ab

©RPOTNVT 7y b ORTFRITIIHES O S FERIC5 % K UET
BZEH (TukeyDHE)

FA2R AREYBELEY7 T REBORIL-YIREREESSICIXRS-VES

o @ IEAE (K) IARY - EE (g)

" 1~128 1~3H & @ 11~12  1~34 e
AR K 11.1a% 30. 7a 41. 8a 11.7b 15. 0c 14. 1c
HNE 9. 7ab 22. Tab 32. 4ab 12. 2ab 20. 1b 17. 8b
gl 7.7ab 18.5b 26. 2b 10. 6b 17. 4c 15. 4c
HAR 6. 3b 15. 3b 21. 6b 14. 7a 27. 3a 23. 6a

s RFPOTNT 7y b ORSCFRNNIHEY O SRS % K ETHEEDH Y
(Tukey DR E)



#4-3% ABEYRELEYS T RIEORCEEE (ng - g 'FW)

T A T

HH 11188  12413H 1H10A 27 14H 3A8H
TR 0. 88a“ 1. 09a 1.13a 0.91a 1. 25a

BN 0. 66b 0.83b 0. 80b 0. 78ab 0. 84bc

I Ea 0. 75ab 1. 00ab 1. 16a 0. 86ab 0.97b

TH3E 0. 62b 0. 60c 0. 70b 0. 70b 0. 72¢

P RPDOTNT 7y b ORIFENIIHES O SFERIZ5 % K ETHEZEDH Y

(Tukey DR TE)

BA4K BREYSELEYY T RBOKEMCEEE (ng - g 'FW)

. I fE
i 11H18H  12H13H 1A10H 2H 140 3H8H
FUEALE SR 0.47a” 0. 55a 0.57a 0. 44a 0.67a
(53.4)” (50. 5) (50. 4) (48. 4) (53.6)
BN 0. 31b 0. 38be 0. 33b 0. 32be 0. 35¢
(47.0) (45.8) (41.3) (41.0) (41.7)
il 0. 39b 0.51ab 0. 59a 0. 40ab 0. 46b
(52.0) (51.0) (50.9) (46. 5) (47. 4)
HHE 0. 29b 0. 25¢ 0.27b 0.27c¢ 0. 28¢
(46.8) (41.7) (38.6) (38.6) (38.9)

2 RPOTNT 7y b ORIFRITIIHES | ORI % K ETHEED Y

(Tukey DR E)
Y0 NOMEIZEASTFEORRCaIZ (5D 2 KIEHECaD R (%)



BA5E RBL YRS LEY Y+ BEBOEAEMCARE (ng - g 'FW)

o W Ry M
11H18H 12A13H 1A10H 2H14H 3H8H
FUERAT SR 0. 30ns” 0.41a 0. 44a 0. 38ns 0. 46a
(34.1)” (37.6) (38.9) (41.8) (36.8)
BN 0.24 0. 35ab 0. 36ab 0. 36 0. 38ab
(36. 4) (42.2) (45.0) (46. 2) (45. 2)
R 0.27 0. 39a 0. 45a 0.35 0. 39ab
(36.0) (39.0) (38.8) (40.7) (40. 2)
FA 0.25 0. 27b 0. 33b 0. 34 0. 34b
(40. 3) (45.0) (47.1) (48.6) (47.2)

¢ RBOT LT 7Ny b ORCFEICIIHES O S FERICE % K ETHEED Y
(Tukey DR E)
V() NOEIEA S FEDORCaIZ & 8 A A AEMECaD 2R (%)



FE2f BWENMIKREYBELEY7ZTOREBELEFRER Ca REICRETHE

4.2.1 #E

VT OMEE D HE T, BERICLDINEMOERLZLE, WHEEEXLZRGIZT 57201
FD%IC EMEOMENMTOR TS, VIRl EST v TIRERICEATE 2T VIS HI R
Hé, BREFO CaBENEE D (Fit - F%, 1984; Forshey et al, 1992), 72, b~ hTiX
Ca RZIZEDREOFRBIVEDFKAEN, MEIZL VLT D (EHED, 2004) ., 21D ORERIT,
VO Ca B L OUKIAME Ca BEZHIELFIC L > TED D ENTE A REMEZRE L TV
5, LU, MZEMENAE S Y r ol ERE X OMLFEEER] Ca IREIC LIFTHEIZ OV TIX
OISR TW RN,

ZIZT, CaflifgiE LTOTFTARTOFHAMEZSILICED 2 BN T, MELAHEN T T ONRER
KO RER Ca IR IZ R IF T HEBEZRFT LT,

4.2.2 MPBKUVFE

AR T ] R R E R A R B R0 O K ISR B35 CTIT o 7, Y A SR ETE R A ik
A L7z, 2000429 A 17 HICHZ=E - Q) 255072 10 53— 3—FK v & (4. TemX4. Tem
X5.0cm) (ZHEFEL, W7 ARBEANTEM L7z, 30 HRIOBEHE%, 10 H 16 HIZEML, v /LT
21T o2, KB TIHICIE L L CREEY A K% CaO T 66kg + 102!, N, P,0; K,O%
FNFEN 13kg - 10a'ZHA L=, BIELE LT, 11 A TA~1ATHAIZBLZF20 BB &2 49,
1EM7=VN, P,0,, K,O%FNZFh 3kg+10a'Zh/H L1z, EHEBKI 1T ER-T-11 A7
HICHES MEE2 G EXT D Z2RELLE, TORELIZ, BYVDOFEED LMD 3B IV
6 DL, FHIEL T 2 DOLIX (LN EI 3 BHMIEX, 6 BIHEX) & BMEX LR T2, 7
B, TR TFTOHE T RICHOBIC B D SHEEORMIELZEK L TW\WbH, RBERIT 1K 30
BREL, SRIETITo7z, 11 A 7 BICIXERT O 6 BRO EBHEZFEMBNIC, 12 A3 HBIO LA
15 B2k, TRENMBEX O 4 RO B2 132 LIS ¢, AEEmEHT (WE TS
FREL AAM-T) THIE L7z,

FRBRIX EH 11 A 1976 2 A 12 HE TOM, &6 [BIREE2 b FA L2 flilEiz DT, FEE
2HEZFR LR EIN 20~25em IZE L2 b O ZIUHE LTz, IR, B HICINEA S L OEEEH
TLT, TO%, INEYZK Smm AIZZ A T Ca 2 EOSHTICHER L 7=,

LI RER] Ca JREE D HTITEH 1 T LRI T o7z, # Ca RE XM S O{LFIERED Ca JREDE
FHMEE L, TR ENHREE Y- TR L,

4.2.3 £ ¢

FENUAL &0 Y OERBICKIETRELZE 4-6 RIIR Lz, MELER 11 A7H) ©
LERY 720 oML, T80T 3, 349cn?, AL T 1,330em® T - 7o, HEHE & EA BN EHAI L 72
FERNLHENT S L, SKMERX L 6 MMERKICB T AMEEZO EXOERAIL, EREXD
ZINFEI66%, 26% Th-o7o, 12 A3 HIZEITA LRS-V OFEXOEmMEIL, HHZEX 5, 160
cm?, 3 HMCREEEIXAS 2, 149em®, 6 MCHEEX I 302em® TH VD, WEMEN L DB IFENENoT2,
—77, 1BRYE 720 oMM o EmEIL, MHEXBICABZRZIIRD N2, EXOEITIWTH
DMK LY, 1 H 15 HETICKREIBODEEE, ME L=, 1 H 156 BIZB T 20O 1 k4720 D



WAL, 6 MU EX CEMIEX, SHMEX LV /NS holz, MENIEY Y FFollEs &
OBRY 7 0 IR, 1 ALV ERICRTTEELZENLTN, F4-TR, FL48RITRLE,
11 H~12 HIZB T D ILER L OUEARSL, MEEXMICAEBEZNBO N2> 72, INHEY 1
AB-D OEETIL 6 MMEXDNERHEX LV AFEICE,P-72, 1 A~2 AICB T 2 EIT, HH
BEDCAN 1 BRM 72 D 298g, 3 AUHIHEIX DY 246, 6 HUMIHEIX 7S 1968 TH VY, FEMBN L R HI1EE
W Uiz, £72, 1 H~2 HOWHEY 1| A4 7-0 E&IFLEXBICAEREEZNRBO N> T2, 11
A~2 AZB T 28O ELLA~D &, ERHEXN I KRN0 439g, 3MEX D 401g, 6
K EE X 8 368 TH VD, 6 MR ITERBHIEX D 84% L HEIC Do T-, IWWHEAREL S I & &
[FEROMEB Th oo, TAUTK L, INHEY | AY7-0 OE &L 6 MMEX D MREEX, 3 HfiiE
XLV AEEICENST,

FEENMEL E VY T O Ca JREICKRITTRHELZE -1 KR Lic, Y7 T Ok Ca B EITAL
HEXMICAEEEMNRO N, T/4bb, 11 19 BIZBITS 6 MMEX DO Ca AT 1. 35mg-
g'FWTH Vv, MmHHIEXD 0.65mg g 'FW LV FEICEN-T, £z, 3 ﬁ%ﬁl:@f@ CaJRFEH 0.95
mg-g 'FW TH Y, MEEX IV EWEAARD SN, 11 H28HE 12 H 12 HIZEBT 5 6 A
%E®@Ca%fi1owggWW&L1mggWWf%@,ﬁ%%E®0ﬁm@gWWk07mg§WW
FOEBIZEP-TZ, L, 1 H8 HUMIZZAR D &, 6 AIMER & MHEX L OMICAEZITR
ORI, SHMEX L 6 MMEX DO Ca B4 %L, 11 H28H & 12 A 12 HIZE
WT, BEIFRMELZVARICELS, BELZ 1L.3~1.41E5H o7,

R &0 > 7 F OKENE Ca IR EICRITTRHEZHE 4-2 IR L, KEENE Ca B EITHR
CalRfE L RIERIC, 12 AFTIEHMEICIL - TELS R0z, 77205, 11 A19H~12H 12 HIZE
% 6 B HE X D KIS PE Ca JEEE 1 0. 62~0. 7T9mg-g 'FW ToH v, HEFHEEX D 0. 28~0. 35mg-g 'FW,
SACHEEEX D 0.42~0.50mg g 'FW LV AEIZE o 7-, L2, 1 A 8 H LK CIXLPR X Iz

MR BRI o T, # Ca lZxt$ 5 KEEYE Ca O EERIT, 11 A 19 H TIE 6 A HEX 2N 58. 4% T &
D, ERIEXDOAT. 0LV AERICE P T, ZOHRIT11IH 2 BBIOC12 H 12 HTHREEED
i CThH o722, 1 H 8 HURICITMHEXMICABEEZITRO N o7z, 3 MHEX & 6 HfiiE
XIZEIT 5 CalZ b8 5 KENE Ca DEEEFRIZIX, ﬁi‘%ﬁ) WD Lot (FT—2IK)
FAZERUE &0 7 F OB A EN: Ca RIS KITTHEZH 4-3 IR L, HEaiEM Ca BE
TEKEENE Ca IR E L AR, MEIC I > TEELZMANRD bz, T7bb, EaEM CajRE
X, 11 A 19 HBEO11L A 28 HICIE 6 MMERDEMIEX IV ABEICEN -T2, 3KMEXL 6
KA EX O AN Ca B EZ D &, 11 H 19 BICIXBEDO BN AERBICE -T2, 12 A 12
AUBIIAEEZDRD b o 7z, BERAIEMER X OB rIEME Ca IR, WTIhoX &b
0.10mg g 'FWEL FCHER L, WAKXMICABEZITR D bNehrole (T —F1K) .

MU DALFTERED Ca P2 E 2 b5 &, KIEEME Ca B 1TV 70 O UL HE B ) 0L B X & 12 b
B, WOTHERIAYE Ca IR, BEFEATIAME Ca IRIEDIATH -7, Tz, KIEME Ca &L AT¥EME
Ca TH Ca D 85~92% % 5 7=,

4.2.4 EER

ARETIE, TARFIZOWTAE 17T HERK (11 H7TH) ICEAS 5 EEZEDTHLL, &
HIZ B D 3R WL 6 A A FIEN L C, ZDORICHKAET HME DI EF L UL ETERER] Ca
BENEDOLIICTHBT 2002 M5 LT,



ZORER, SHEFEDL (19 OB I L H D LI, HEITY Fr TOMBEOMEICKRE REEL
FIFEL, 1 H~2 AIZB T 20N &1L, MERBRNZL R21EELRrole, 20X, ¥
TFOMEE D BT AR LRFEORMBEIINEDKR T2 L0 T I EBHLMNE o T2,

WA, FEEDN Y 7 OB O Ca JRE R L OMLFEIRER] Ca IREEIC KIETHBIZOWTHAD &,
HERMEX TIE 11 A~12 HIZB T 2 Ca R EMEL<, 1 ALK, BIEICL D EXOEREORD
LBl CalRENELS ooz, ZTHICK LT, 6 KMIEX CTIXULERIFM 28 L T Ca B2
BWKHETHERF S N2, F72, 11 H~12 HIZBIT 2 IUEY O Ca IR EEIXTEMEN L < 725 1F
EEVEBNZH o722, ZHIEHEICL > TEXOEOAENMA LN, ZORETHFIZ Ca
NEVZLERBB LD LHRIND,

IKEEME Ca XA MR 5 L OVIEREIR & L THEM IR ICAFET 2 (N - BV, 1963a, b; KH D,
1970a, b) , HEH DR LWL S 7z Cald, AN TITZEICAEHEB LA L TBET 5 (=4
1970) , F£7=, Bl - EA (1976) X, b~ FBLONT YA TKEME Ca BHEY) D 2R “ET%:%%@JLT
WHZ EEREBLTWSD, KFRETIE, fEICID Y oADK CalBERNELS b E L bIC
KEME CalBE bR E 72, ZNOHDOZENS, Y F2MELEEE, KB Ca BMIKIZLY
LR L, BRI b LHEINS, 20 L H1T, WETAMEICHE LT W AENE Ca
BEZGODL ETHTOHSL Z ERRINT, ﬁﬁ%i 11 A 28 HE TOEAIEME CalRE L E DT
DS, OB T KEME Ca JRE XV /NS ho T,

FRF OFEE TIIAMIED SHTHERX LFRIC L) RfEL —KICiToCWn5, ZOMEIKD
WERESE, WEROEEREZRO IR CTEHEREELR-oTWD, LML, TATERMEL
tzﬁm, 6 M EE X CHFFEEX D 84%, 3 MIHEX D II%ICWNENBL T2 b, NEEZ W

M ESEAEDDREELRRETHD, VT OARE Y EETIIEMEICEYVINENRNE DL Z &
ZP%&%éﬂT%D CUNHEE S, 1990) , A #%ITHFAMEEORFHT LV # Ca 36 L OUKEEME Ca IR E
ZE MR LARND, WEZMA ESEIHETEERFNTILERD S,

— 5, I E DY I OMEIE, 1 ARY Y OFEETKMAT SN TEY, 10g L EOLDORFHM
ELTHMMENTWVS, 6 IHERTCIZ1IL HA~I2 AD 1 AY - oEENEL, BHEXB IO
SMFLEXAZ L ANERE R m E L, 2D X DIT, MEIC K> THEMME 28 L T,  CakB LW
KM CalBEDE WY r &2 AEETEH 2 &75)5)%75)&72@0720

UED XS, YoMl &S Tix 11 A EAORLIFICHET L2 Z Lick- T, 910
INFE D Ca B L OAMKICHIH ST WKIEM Ca lBENEELZ ERHLMMNE o T,

4.2.5 HHE

e CaB LOKEM CalREDEmWT AN T EAEFET HHBT, MENST ST OMBEOIE, ¥ Ca
BIOMLEIERER Ca IBEICKIETEEE BT LIz,

11 A EAOROFEORHIEIC L VMK OMENIMZ biv, 3MMEX I XV 6 KiMEXIZK T 5
RN B TR EX IS RT, ZNEN 9%, 16%IK T L, 20— T, 11 H~12 AIcBiF 5%
Ca I LUK Ca JREEIL, WML 21T Em< o7, 1 A~2 AICHBIT 5 Ca
BIER X OUKEM Ca IBEICIE, RBREBICABREN M- T,

EDOZ Ens, MIEEED Y FONREIFMHIECIVIERTT2H00, FIH O Ca 8 X OUKE
MCalBRENEED, 6 MMEX CITNHEHMAZEL THEW CaBEZHR T LR REBIN
7=



EA-6% BWEMNMIBEY YT FOERRE (n’/H) IRIFTERE

11H 7H 124 3H 1H15H
JLE X - - .
REX — 3 T K T Uk
MEREHEX 3,349 1, 330 5,160c” 2,936a 564 5, 229b
S EE X — — 2,149b 2, 954a 0 4, 776b
BRI 2 X — — 302a 2, 453a 0 3, 038a

LT RPOTINT 7Ry N OBIFRNCITHESN O KL% K ETHEZDH Y
(Tukey DR IE)

FAIR BEDMAREY VT TORE 8/#F) CRITTEZE

I
AR 11~12 1 ”21%2; - )
HERIREX 141a” 298¢ 439b
AR T X 155a 246b 401ab
R HE X 172a 196a 368a

T RFPOT VT 7y b ORI DK ALEERTIZ5%
IKETHEZD Y (Tukey DR E)



FA8R WMENMUREY V7T ORI LYRERBESICIRSYESICRIETEE

” Ny——
JLEELC B A 11~12ﬂu¥@7ﬁ%§ﬂ(2&) A 11~121)%2'Két11%; = 2R
AT IX 11. 7a” 16. 7b 28. 4b 12. 0a 17.8a 15. 4a

REEEEN 11. 4a 13. Tab 25. 1ab 13. 5ab 17.9a 15.9a

ORI EE X 10. 6a 10. 6a 21. 2a 16. 2b 18. 4a 17.3b

L RPOTINT 7y b OBRSCFRNTHES DO E AN 5% Kk YETHEEDH D
(Tukey DR E)

16
1.4} b
b a a a
= 1.2 | a a a
29 (o] a a
'w 1.0F ab a
. a
b

2 08} a
~ a
&g 0.6 | ?
S
$ 04 |

0.2}

0

11H19H 11H28H 12A12H 1 H8H 1 H28H 2 H12H
v ## H
F4-1R BENAEEYYTFTORCaBEICRIZTTEE
My o7 T 7 Xy NEISCFRICITANE R O
LRI 5% KETHEZDH VD (Tukey DR E)
OBABHEX B3KFHEX OKFHERX



KBEMECa B EE (mg - g 'FW)

HATEEMECalB B (mg + g 'FW)

1.0

08

0.6 F a a

04F a

11A19H 11H28H 12H12H 1 HS8H 1 AH28H 2 A12H
N # H
42K WENEBEEYYTTOKBHECaREICRIZTEE
EH o7 nvT 7Ny NEISCFRITIISINER O
LRI % K ETHEZDH Y (Tukey DR E)
OEMEX B3 HMHEX OKHEX

0.6

0.2 |

114198 11H28H 12A12A 1HA8H 1H28H 2 A12H
I % A
43R EESMABREYYTTOEMEMCaREICRETEE

DT vT 7Ny B FRICIEAINE R O
LEERIZE % /KETHEZH D (Tukey DR E)

ODMMEX B3 HWMEX OHWERX



RAEBER

WA, EROBRESCREBICHTIERDEED, HEFITEEDICR L TEWVEREMSLZ 2
ZRDOTWD, —F, EEFIIEMBFSOWMALITHEY, TG THARRIEZIT I 72DIZRED
EMWEREYOAEFEL BIE L T\ 5, B3RO MEMRER ITIIG AR, KRB, 28, 4K
TS RE R E Y B D 03, ﬁ%f“@@?;‘é@fﬁi% IR, A, BEEEOEBLREIC L > TR b
TWb, L2L, REFMEIIHBERXROMEOARETHY, HEEORBEEFOEEVICIVIERE
&’%@%515§%@Efk@of%1wé(hikw Lo THHERREWR T THLE LD

W, EicE > ThEHR, Vo, BV ULLEER, RHATLEO—DOTHDL, TDOLDIEHOH Ca
P L R & OBIMRIZOW TR, 2L ORENBRIN TS (Palzkill et al, 1976;Palzkill -
Tibbits, 1977; Collier « Tibbits, 1984; i AK, 1986; Johnson, 1991a,b; T « &%, 1995a, b,
) o L22L, B FNOREBERSELTD CallEFEHT H2%G, Ca D AR TOFHENEDLFEELE
WL o THERBZ ED B (Tisdall » Drake, 1938; Kempster et al, 1940; J&, 1951; Patton *
Sutton, 1952; Patton, 1955; Heaney, 1988; 1995) , #MCalBE & L HITEWICE TN S Ca
AL RERNZ I, jﬂéi%%#k@%%%%%ﬂ ITAHAMERDHDL, b L, BEMIIEEND Ca
DI HANETOFRIHAENE D Ca BEZNENICED D Z ENTEI X, KEmMICENT-FEMLE L
TEINLTE, ZTOREDOMEBIERICEND L EHICARMBENAIREICRD EEZLND,

awvF, IRXAFTEOY S FIE, OB RIZHAT CaBENE W (F)I, 2005) , f&H IR T
AWFEOXI G & LIz fAlE &0 0)“//7ﬂ‘ Wh BTN TFTOREEDREE -T2n, T F O X9
LW FOEERBOZDIZIE, Bilo2EEB2ROEZ UIHEE2IEKRT 52 EBRMEARAKT
HD, TDEHITIE, FTFIT aiﬂék% WRA SN T VEFEIFEED Ca IRE A H O T, o
B LENMET D2 ENEETHD

ZIT, VITFTIIEENAMFERERN Ca B L RS L OMFREHALMNCILT, AETO
FIHR B EVEFIERBOD Ca IR EZ @ DG HIEZ LT 572012, INHESRMIZE EN LT
BBA CaIRIEA ()Y 7T L DHER, (2) ZODFIFIE, MIELE 0 R LR E 0 Fls & THET 5
LB, QEVEETORERMBSIOEZRAREORE, WA EVFRE oML X
O ERE DML RER Ca IREIC K IT T B LRI LT,

I Y FEMDERLEDLLFERIER Ca RED L&

MLV T2 ), BREVT 2V 7T EBIOEHEIERD Ca 2 /KIENE, M A, BRI EM
BELOMEE A TIEME O SO FEEREIZ 71T T, AT OUHERAL O Gt Y 7= 0 OPRE % ik
L7,

A EVBLOKEDT Y 7T Ok CalBEIRMOZEIICEFE LI EL, ¥ ta DB L% 50
~m%@mmﬁ%f&oko%%m/%*%@%ﬂf&ﬁ%f%otﬂ ZOWREILY i
ATz, AT LY UD CaldZDIF e A ENHEREFTEANE Ca T, KIEM Ca I3 {HE
MULDEENTW o7, Cald RN THER & KEEOEZEE L (=3,1970) , b~ bR
NI YA DOREINCITHED CalRIEED LA L L HIC, ARBORELEELIZENALNATVD
(%-iﬁ,wm)o/7%®ﬁ%&%fiv&x FAr_XYBILORT LY DIZHREND
e (UL, 2009) , fhOIERIZHSR, YT O CalBENEH VO ITEKRBRIEENE N & &
B LT\ D o b e éné



RERVE, HERTvAME, BERR ATVANE, MR FIIRME D US> DL ZIERED H B KIEME Ca 38 L OVWERR AT IA
P Ca IZ AR TOFIHE N E < (Kempster et al, 1940; 37K, 1940; Patton+Sutton, 1952; Patton,
1955) , MERIEEME Ca 36 KL OVERE FTEAME Ca IZ AR TOFRIH =RV (R, 19515 B, 1995) .
rF 2 AR KO v X I O BEFRIC LY, R Ca lZ 5O B KIENE Ca DLERNFE o722 b
NhH, TNHLDERICEEND Ca T AE~DOFHAENRFNVEEZ LD, WIZ, AU YT
GEND CalZTDITE A ENERAENE Ca TholzZ &b, AMR~OFIHENERNEE XS
N5, BREIZEEND Ca D ANK~OFIHRZFHOFNHR L TR EIZZ V., ZD7RNT,
A S (1954) (FF v XY D Ca OFARIL, DO Ca bRETHLZ L EZHLNITLTWVD,
F7-, Heaney & (1988) IZA T L vV 7 dD Ca DFARITFAD 18% TELLIELS, ZNITFY
Ly YD CaDIFEAEN Y 2UBREMELTNDHZLICLDZEEZHLNZILTWDS, 4,
AWFFETH SR 272X ¥ XY O Ca I 5D D KEM Ca DILESLFR T U v Y o O EE A
Ca DHFRIL, THOLDOMRLZEMNTIEDEEZOND,

LEDZ b, FEEZOR CalRER LML FHRIER Ca BEICIIREREVREDO LN, V7
TR Ca BEN RV T TR, AMBTOFHENREGWKEME CalREbRNroTmZ &b, %
DN TH CaflifdiilE LTHETHOL Z ERHL N E T,

2. VT OREBEFEMMEFERER CaiREICRITTR

R TIT O TV D “HOOREETTTE, MIELE D 3RE: LR E D BRI K 2L RER Ca R %,
LAYA, 1 HTA, 2 AR THE Lz, TORE, M TIECT I APoRk CalREB X
OKIENE Ca IREIZENRBO B, BRE W HIEP A E 0 HEFITH N, # Ca R T 1.3 %, KiE
PECalRET L5 fF@mnolc, FEHEOIIKEVRIE LY 7T Ok Ca IR E I L OUKEME Ca IRE %
EALANCHE TR, ERELV b EXOEMKOEL Y bEhro7cZ E WML (K
HO, RIER) . HRE DR TITUHESAL R IR DY TR Ca 36 L OVUKEEME Ca IR D &V FAL
EREENDZ &, ALY CIHAKOEL L OEZ NS 5 Z L2 n, WHE HIETH Ca
IR EOKIEME Ca IRIEDN IR 572 DL, T O DOUNHETNLD Ca REDEWE KB LIZ b D LB X
bb, £, REOKEVRED 1 A PAINHEDK Ca 3 L OKEME Ca REOEIE, 5 1FHD
12 AAICINFE L= r o Uhiese” LRI TH o7z, MR EV BEEDOE G H 1 EOME & T
B0 Te, ZOZ EITINER I EORE R EMEIT D2 LT, #CalRE L & BITKEEME Ca f?
EazIbllmdd I ENRTE D REMEZREL T,

DlbED Z &mbn, I E D HEEH O M FUEEMAR 2R EVHEET 52 & T CaREL IV
KistE CalREZmd 6N D Z ERWALMN LR oT,

.U FOMEYRBEICETRINBHRPS LIV ERBAENLETER Ca BEICRITTH

2 E TR E DR ICH R, BREVEE TR CaB L OKEME Ca RIERE N -T2 &b,
FEE 0 B CHEIC(L RN Ca I E 2 m O D IE HIEEZWP ST 520, IR B L OvE#
fiti = 2MEF T RER Ca JRFE IS KIETRHBIC OV TR L7,

BT, v CREER BIO TERNE OWHERHIOEWIC L D2 EEREL UYL RE
Bl Ca JEEICHOWTHA L, 2L S 11 H OBERIIMIICE - 7228, 12 A3 Aicsm
LikbEL oz, 0%, ‘FELMLER TIE3HAETEALE, “BRE bREMKIC2HAET
Wb L=h, 3 BIZIEHOEML 12 B L RIBEIC R -7,



CalREIZ 2 M E L 2 HETAEADLE 1L ANRLEL, 12 AUBIK T L, 0%, ‘K
IR OF 3 AITHEM LTz, (LFENCHD L, KIEYE Ca 8 X OHE AJIRYE Ca 238 Ca D K6
EED, AMR~OFIHRDE O KBEME Ca I 11 AR b E L, TRLIEE, & Ca BIE & Ak
WCHERS L7z, AR Ca I OHERIZMEIC L > THRA Y, “FEMLER TIE11 H~1 AT
MO BN oT=n, 2 AR LE, “ERN¥X TEREEMBZEBELTC-EThoTt, Z
D XD ITH Ca JREEF L OUKEENE Ca IR EITINHERHIIC X > CTEEY L7z, #EWIT—KIZEWIRE T
IR A 4 ORI BATNMEE S D2, WIERNFEET S CEE - 2 K, 1981), IURER: O
EWZE > TR CalRER XM FRER] Ca IRENE R > - HK O —21%, AFIREDEWVIZE
HH0EEZ N, T, B2HITY X T OAEFERB I OYLEIEEN Ca IBEICRITTABTIRE
DEBERF Lz, TOME, 2L 7CLY ITCTRENRL, ERENEN -T2, # Ca
EBIOKEMECalgEIZ2 ML L TCLY ITCTEN 2T, H1HOY T oABFHE D
BRIRIE, EMES 11 AR £TIiX14.3C, 11 HOWRER S 12 4 OIXH#E R £ Tl
11.0C, FARIZ 12 ANS 1 AETIH7.3C, 1 H»H 2 AETIT4.7C, 2 AH 3 AETIE8.6C
TholoZ end, BN O Cal X UOUKEM Ca JREDOIVHERFBI OHER X, EEDOEWN
MRESEELELOEZEZOND, “WEMEK OILAPL2AFEFTOINLD CafREOH
BOLAEBRENZELTWDLEEZLNTN, 3 H DK Ca B LKA Ca I IZIRE S 48
SNDEVLELoTe, - T, BEUNAOEROEENEZ NS, B - EARQ976)1TN7
B A TIEBAELIRE, Ca WIRENHEINT 5 & LI 7 = @) v IABoEEN L, RN s
NizCaBDINODOHMIEEEZEK L CAREMECa b LTEBE#TLIZL2HEL WD, IE
£k OBEMIZ2 A I8 A TH-o72Z &nD “HEMER TIEEEICEZ Y N7 1 L FER Ca R
IWEREML, KB CaRENEETmbDEEXLND,

W2H THRE VIS L2y 7 Ok Ca B L OUKIENE Ca 21X, £EMEESNIEECTEHE
o, —MIEMOETIL, EFROMMAEIZEEIN (HED, 1985) , F v Y CILEH
BEAHEOT EMKRE, EXRTARBLIC CadAEIEML (HF 5, 1996) , a2~V OEERK
BECIEROF®ICLY, AERE, KEECAREEBLOREME CaBENEEIND (HO - K
H, 1959) ., b Z b ERHZIZOWTEMRFTO2MERSL E-B N, £2 T, &
Fh B A 10a Y720 5y BT 12.5kg 7205 50. 0kg £ T 4 KUEF T T, EHEMMBE L ER, b
TERER Ca IR ER L OMHIEA A IRE & OB EHRET L, M CaREBLIOKEMECaRELZ®mD D
FOORFEHAEZW LN LE D & LT,

ZORR, VT OKRYET 0 FEEIT, 12 H P AIE TIL 25. 0kg L BRI 25 EEHLS oo 70, 1
AT, EREHENZWIEEERENEL ole, V7T OKENE Ca B EIX 12 A H4],
1 ARAE BT 25.0kg DL ESEH T D EmE 7208, 12 AL 1 A A oKEMNE Ca BE % X
e 12 ARADR o T,

BPSERREE TITUT4E, EEa A FOBIEE & HICERE~DRZEICEE L T, T KLHBEEDIE
PACERDLZFZOMEELZHI T 2M VBN ITONA TS, THLOB ALY 2 — 2 HFEE
LT T e 550, ERMHEIIMRSET 10a 720 26.0kg DHUITHDL EBZZ BN
Do

FIEDOWREZELDLEY T TEREVBEET 25 61%, EF LM E T 10a 472V 25. 0kg
MR L, 12 AhAICIN#EST S 2 & T, ¥E, MCaBLOKEME CalBELZEDOND Z ENHL
MmElpol, £, CaiRENMETTH2LHICIE, PRV WERICLVAFTRELZ ITCRE IR



DI LT, # CaBLUOKEME CaRE2m < HERFTE 2 REMEN R ST,

4.5 FOAREYEBICESIZ2REE LS UHEEEESMEERER CaRECRITTR

B 3ETIIRE D EE T, # Ca B L OUKENE Ca lREZ R D D HE HFIEIZOWTH LT LT
5, FER R TIIMEL E VN ERTH D Z & h, RE T E 0 FEE TR Ca B8 L MEF B
RERI CafREEZ @ DG HTIEZWI O MNICT 572012, Ml KOMEREN I b O Ca REIC
FAETHEBIZOWTHRF LT,

Jed, MR, TERI ., RUIET, THAN o4 RFEO(LFEERER Ca RO b
HREZERICOWTHRF L, B LZMEORY 20 IEIE,  “REMeR , "B, ‘&L

¥ TEL, R TEMNo7m, ¥ CaB L UOYLEEEER] Ca JBEEICH SRR ZE RO 5
U, INHEHIM 28 L C CRUEAER Tho 3 WAL DR Ca R, KIEME Ca JREER X O AR M
CalBENE N> T,

E2HTIIR Ca BLOKEME Ca Il EE D E o 7= il FUEER 2L T, MERENZ
NoO CaBEICKIETERELZMRHN Lz, Y7 oMk &0 5 ik, AL 17 ERCRFEOME
ERTT-ODICERRZET EAL 5 fiZz /07 2 & FFFC, BRI X DIWNHEY OERR IR &I
FEEZRG T D7D OZIC EEORHE M TOR TS, —MRIZ B 2~3 ERFHEI N T
BY, EAL4~5FEE TORMBEII—RABDOMEREIZEEZ KT RN EIATHD VERDS,
1991) . 11 H FAIORLRFIZEXZOEZ 6 ffET 5L, 11 A~12 AIZBIT 5 CalREB IO
KATVENE Ca JBIEIL, TN ENEMEICHNFEmE o720, MUYZVINENSEREI VR, L,
L, EBEOKREEZN T TND 3KBEDORHIEL LD L INEIXFRRE T, # Ca 35 L OUKANE
P CalRENEED, AME~OFIHAFRD S WVKEM Ca lREIZB L Z L.5{FIC ko7, M2 T, Ml
EDOYrFTIRINHEY 1 RS-0 BEECTHEMNMT S, 10glEOb0RFHME L THMI
L0, FLEEC 6 MET S22 TCIAYZDEENEL Y, MEoMEL RN,

FAFEDOHRAEE LD LY r T2 E VT 254, W CRELER AV, M
DRFICEZEZD B 6 EAMEST 5 2 L TR Ca IBEL T OAMEARIL SR T VWIKEN: Ca B E %
BmOOLNDLZENHLNE ST,

VL EARFFTETIEL, Y7 ® Ca, 72 TH AR TOFRHENE VKB Ca JRE 2 5D 5457
BIZOWTHLMNI L, Y7 Ok Ca BT gLtk TEFHLAEZICHLED ST,
HERE Al PR ME Ca JRECHE R PIVAME Ca IBEIXIT E A EEF L o712, TR LT, KEEM Ca
TR EECHE FTEAYE Ca IR B IR EE SR IC K o TEBI L, 220> T HIKEME Ca JREITH Ca IREDEHIC
AOETKELSHEB LEZ, 202 b, Y h Tk CaBENE £ 55041k, RFFCKEME
CailEbmELbDOEEZDLND,

A, BREVFECTTEROER LB LKA L, 12 A Rac#EShE, RN TECIThbRT
WAL &0 REFICH AT, AMEANRIR ST WKEMN Ca REZ RO LN Z RN E
STz, HEFIZEEDIZEWVREMOEREZ G L TWDD, BEOBIEIIE 2B LT
Do ZORDYIrFTEERE LIEAMBICERINT WV Ca 22 GieY o — A EDOAPEIRTE N 7]
FRIC2NE, WEENTRICKDLZENTE, BEOWEILKEY F T OEERBICERLZ L O
EEZLND,

B3O WM 1T TS T CRE IC L > TR O B, T ORFBIREE I S L0,



ZORKFD—>2L LT, R FIEICK VB REOREBR D ORENEET 5 72D 4 1[5k
ERAL, TNERIETDHDZEDRRNERZERNEZOND, —HT, TERY VIAHEORIEHD
BRETIE, REARAMEN TR — 21 L CRWE £ 2B 2 JERE CF ~ 125
ML, BT LTS (EAKES ZBZRERE, 1995) . Y7 F O Ca I % % 12 FEAEE THoE
WCEHI L, BERIT D2 FERAMR S AT LTV, Y UFETIE, Vg BFREICE SO TSI
MO LTS (FHRERKRE 2, 1995) , 2056, MLTHGICHmINZT YR ED
ValEREE N7 v 7 BAL TR SR TR ICHIE L, BEIMRIC KTV D, 2
DEIICHB LT IR DOBEOHENREICTE, Y FUFED L) 2R HAFEA DK WFEE
A OED T, WEHICH BB NS RN DREOEWVICL DB N AEIZ/R > TWnD, i
B, EWIRT O Ca %0 MR IR %2 i 5 CHGEICIIE T D 2 &N TE B/ FE R AN B
Stz (D - Kb, 1995a; #aK, 2002) , Z O/NRIKCESEER 25 LT, JFEHH & LT Hif
ENTEYFFICEENDLH Ca R L OKENE Ca B EAZM T T THET S LT, Calckd
ZMARGEA FIRBIC A2 0 AEPEFR OFfFOmM LI ENR LD EEZXBND,

BEBIZ, SEH OGN LEEY 7T O NMESRIL S 003 W IKEEME Ca 8 B 4 & o D 3R EFHUIN I,
JEAE T BE DR T 5 AARNOEMENZ CaBIRAREORRICOERT LD EEZLND,



e

TNy (Ca) 1T AMICE > THERAIRRRKEBR D TH L0, AMRIZE T 2FHEIZ(FE
FERRICE>TERLZZENPHLNIZENTND, BYMOFTEHFITEER CafltisiRo —2>TH Y,
RNTHT 77 TR (VB0 T7RE) FCaREOEGWI ERMLATWS, 1EHO
Ca DALFREIZET 2WF58IXIT & A £ Ca OREMIEN TOAEB 2 EH 2 62002 T 272012
T, "7 A OREBAEAREMB TOAERAEREICE T 2 AEHOEES, Y7 OKEMN Ca &2
R OB EIZONVTHRLN TS, LonL, RERSELTDOCalZEHL, TORE
Z FEMRAY IS 5D D B HIEIZ O W T ORI RV,

R CIlx, WSV o> rF (Brassica napus) , WPWDDLFTANFTOREREALTHD, £
7o, =8 Ty a—AFREHELTHREDRE B ITODRL TS, £2T, ZThbY T O
IZE ENDLFRER] Ca R L SR L OBREZH 620 LT, AKRTOFHEOFHWEIED
Ca IR % @ & D BT HFIE AL T 272012, IVESAICE £ LT Ca IREA (1) > 7
ERLDIERE, (2) MIELE VIRRE LR E VRIS THET D & &b, G)RE VERE TOIER R
FOEREHAEOEE, (4) ALV To MR X ORERE ML FIERER Ca I EIC KT T
B ERF LI,

1. Vo) Lo BER L DILFIE RN Ca i B D HEg

VI FICEENDACFEERER] Ca DR EZH O NCT 5720, Y7 FhBLOERFEESLD Ca 2K
WM, MR, EEER I IAMER X OMERR AIIEME O U S DIEREHNC AT L T, TR TN DO ILEERNL
OFREEY 720 OWREL LG L7, AEERERS L O O CHER I N D KEME Ca IO &
FRYE 70 & CHERK S 4L 2 BWERE vTIEVE Ca IZ AMRICFIH ST v, Zhicxt LT, MiniEn X7 F
EREA LTICHE AR E Cals KOV = Vg Ca /e & THERL S L D MR ATV ME Ca lIFIH S it < Wz &
DHLNZEINTWS, YT, "Ly Yy, LEABIOF vy XY %28 H FTHAH~10 AHAIIC
BHEL, Ththo—RiQINESICINE L., 2k, Y- & LTiE YMak’ ke, ‘K
ALK BB E D Ui, UWHESAL OFEEE Y 720 O/LFIEER Ca B & bl L 7= %, # Ca,
KEENE Ca 38 L OME W[IEME Ca DIREIXY 7 b3’ ThRbEL, RWTY I gk’
Trrole, HEEATEME Ca JREITWTHOERTHIKS, Y oBERLE TRERET R,
27,

LEDZ Ent, VI FIFERXDR) TR Ca BIER X OAMB~OF]H N & VKB Ca R
WEWZ EDRHLNERST,

2. VT OREEFEPLFIERER] Ca IR I KIE T R

EIEANCIEME E 0 BREREERTH L0, —HHEY 2 —ADRFEE LTHRED FEN I
TWb, TIZT, ‘FEMLEKR ZMBED LR FEE L, INHEFEOEWPA LR Ca 2
WCRIETEEZRF L, 9 APAICHEMEL, 10 AhaIcHEBICEMmL, 1 Adhand 2 Adda
£ T 3 [N L T,

ZORER, W Ca ks L UUKEM Ca JREIL, 1 H FTAB IO 2 H AU C I mfes kM=
DI o Tz, Mo 1 AP RINEOLGA, ¥ED FRETIE, I E D HEERICH S, BtaB XY
IKSME Ca JEEE N E o T2, BRIT, BRE 0 IREE O KEEME Ca 1T K 0 BiED 1.5 TH - 7-.



REDFEEZICB W TIE 3 EIOINHET 1 A AU TR Ca BN & o 72,
Dbz b, Vit “FEMENR OKEME Ca B %2 & TR 2 > 512k, BRANT
BIENZWVVAR EDRHE LD Y, BREVFEIETAZEREVWI ENHAL N E o,

3. VT OMKE D BER TR T D IR B L OVE Ff ] =M RER Ca R EE i?‘%ﬁiﬁ
BEE D BRI féﬂi%%ﬂ#ﬂ;%otz}%?%ﬁmﬁﬁiwgw L OWEBERFL, 7kzm$cw;%r;:
DLOOREFMERALMILEY E Lz, YU “HEHEKR B “BRAX %9 A%A
ICHERE L C, MBRI M T aﬁﬁ?& 10HEP’7 BIGICEM Lz, 11 ANS 3 AETHEAKRE DI
LA, EEIT REEKR , “BEAX LbIC12 AnKbLEL, £0%, ‘HEENR
TIE3 HIIZ 12 HOESL T E TR Ley, BN X2HFEFTHALEHE%, 3AICI2A
DEIZHEIM L7z, #CaB L OUKIAEME Ca e IL, 2L b 11 A TR LELS, RWTI2HATEH
molz, 11 AT 12 A OKATEEM Ca JREEIT “HREEHER TT7H, ‘BN Te6HTho
oo 2MMFEDK Ca BLOKIBEME Ca IREAZ LD &, WT ORI TYH “HEER TEML- T,
bz e, BRED B TIIMERIZ 1L A»D 2 AICIES LTV, KA Ca BE 2 ED

WL EWINEE G HITIE 12 A ”X*‘E‘ﬂ‘ékﬁb\:&f)§%g7ﬁ>kﬁ0f:o

ILFERFHTIC X > THR Ca B L OVKIEYE Ca IRFEENEEH L7-D CIIAEFTREOREIZLD
LoLEZONTZD, AFIRE LT ’%%IJCaoﬁf&@FﬁM%ﬁﬂm IL&HE L, VS

HUEEMER BIO BN 2 9A LMICEEL T, MBRUERCTEER, Y/ —Fy RiC
EAE L, FAMT 20 HRE, 17CICHIE L7 N TREREIC 25 HEE W%, BE 12KROEMpETT
TC, 1TCBIO2TCORZDIBEITHBE L N TRGET22 A L, TORE, 2 Ml
EDH ITCTIROAEFTVEN, EENELS 2o/, M CaBLUOKEMECalRED 1TCTRbEL 22
Stz MM Z LT 5 &, 1TCTOMmMMBEEIL REMLER TEhroT, WHWDOAETLEM A 4
YOWIL « BATICIEEIBERNFET D22 ERMONTWDEN, Yt ofs, 1TCICBWTAEER
FORMNBED Ca DRI - BITHRES NS, BEDPLVREINDT-DIT, # Cad LUKE
W CaD|RENFEE T bDOEBZXOND, ZOREKIEN 12 HIZE Ca DY 7 F NI HET X
FRRAEEZEZ NS,

HEENMEEINDEE TR CaBLIUOKEBEME CalBENEE-7-2 &, Ca XA TEMITRIN
AR A A & LTRRFICWIN SN D Z 0D, ERIEHEDR Ca 35 X OUKEM Ca B
WEERIIETZENBEXONZ, £2C, "REMENR %9 H AL TR LT T
L7=t%, %£#F % 10a Y4720 48T 12. 5kg, 25.0kg, 37.5kg 3 X OV 50. Okg fiti Fl L 72351, 10
ATHIZERML, 12 ARAB I ARAICINE L, Z0fEE, 12 A Rl Tl i%iizaokg
LEDOXTENS T2, R Ca B L OUKEENE Ca R LT 25. Okg K3 LN 37. bkg K TR b Mo 72,
1 A AU fE ik, #EE( 37, 5kg KB LV 50. 0kg K The b E <, 25. 0kg X Tl 50. 0kg XD 7
B ThH o7, # CaB LOUKEGEME Ca 21X 25. 0kg LLEDO X TE -T2, IWHERH TH NS &, K
B Ca lREEIXETOREERXICBWT 12 AFATEN -7z, LLED Z &R & o Hijib o8l
MR DL, Y aREVRET L2581, EF LS ET 10a 4720 25.0kg e H L, 12 H
ﬁ@_W%ﬁé_kf,%Eﬁﬁ%kivm%ﬁ%@gﬂmié_&#%%ﬂk@otoit,
KIEPME T T 2RI, PR ABR STV ABTIRELZ ITCREEICHESZ LT, B Caf
EBLXOKEME CalREZRmSMFFT 22N TE DA RENRR I,



4. VT OMEE D REICEB T D MR X O ERLE ML AR RE R Ca JRE I IF T R

REVREEDO G DAIE E 03B L D i Ca B8 L OUKEME CalBEEN B 2o 72, & [ I Tl
B &0 RSN E ”ﬂonﬂ\é@f 1&1&5‘@%‘5% B 5Tl L ORWERE OB L R L
oo T, CREAR CENEET, U BXIO CHAX o4mMEEMAWEZ, 9H L
AICEEFE L, 9 H TAIC liE' EML, 11ﬂ7ﬁ>%3ﬂif“1ﬁllff3£%ﬂi?;%bf:o ZOREE, 11 AND
SHETORINEIT "“WEMHERK , “BEAX BLO “HAFE 1232, Zb 3 MmHEICHk
m“, N ﬂf&moto e Ca B L OUKEEME Ca IBEIX, 1L ANS 3 AL TONEHMZEL

HEER TE<, BN B “HA ?115%7%07‘:0 =7ZL, 12A0»52HETD
Llﬁ% IBWTIL, %h%@/&%f LR AT R ThEmoTlt, BLEDZ &

O, Ik E VeI CREER BINE, B Ca/)i%fp%i'()vk(ﬁiCa/ﬁrﬁ>m<7ﬁwTE§>oﬁo

wIZ, Fﬁ%%ﬂ“@%ﬁﬁ“ ZOWTHRF Lz, B E 0 3HE: T oM E 223 72 D003 7o
NTW5b, EHMTIE, ZOfMLERRICEONTORN EZ BAFIZL, NEEXEZ LT T5
DIZEXORMENMTON TS, HERB CIIERICHELITo CEKEFHIRT 52 L TREH
CalBENEED, b~ MIBWTHRMEIZL s TRBUVEDORAENE VT HZ ERALMNIIN
TW5b, ‘FREENR Z9HAPMICHEEL, MITMEZCTHEE Lw 2 10 A R ac@SIcERm L
7o THIEMVELZ EENARIE 1T IR > 72 11 A EAOFEOEIZITY, B D 3B LV 6 D
ELRELIZ IHMER B LU 6 MMEX, XX & L TOmFHEX O 3MBX 23T, 11 A2
HD2AFETINHELLE, 2O/, 11 APD 12 ADNEIZIIMEIZL2ZEFTRBO NN
N, TANPS 2 AOWNEFFHECL VKL 22V, 2 OKRINEIL 3 HFHEX CITEREX D
91%, 6 ACHGHEX TIL 84%TIA L7z, L L, WEOEEREH THLME 1 KXY OEET
6 ACTHEE X NMX L D b E - 72, B CaBER X OUKIAENME Ca I 1 AR IO 2 A ILHEE Tl
WEOREICL - THBINL o720, 11 A0S 12 ANHECIIMELRENZL 2 DIEEEL 7R
ST, W CaMBMEEIT 6 A ER N ERIEX D 1.5~2. 1 %, 3HMEX D 1.3~1.4 1%, KEVE Ca
BRI ZFNFI1.9~2.5 %, 1.5~1.6f5Th o7, 6 BFEX TIT/AKEM: Ca I EE 13 o B D
INFEIZ LR 1T AIFE TR o 72, LEDZ &b, Wit “FREER oM E Y FREETIEX, W
ODRFIZ 6 BRI ET 2 2 LIT K o T, MIHIINERF O INESALICE EN D KEME Ca IREEZmD 5
CEBTELZEDNHALNER ST,

AHFIETIX, V7 F It OEFEIT R Ca B E, f;ﬁsf%kﬁi«@%lﬁH%@%WMFé@ Ca
BRERNBNZEND, CafiifiIRE LTHETHY, Zhbod CalBE42Emd5I1T1E,  “IEFEKR
ZRRE VL L, EFEMEHAELY 10a 4729 25. 0kg il LT 12 H dfy Jﬁ%ﬁé ERWZ L
Ot lpolz, 72, BREVEHEIV L ZNO6D CaBENERWAIE &0 FZEICB VT, g
fER ZHWT, ML 6 MEERIET I LICE-sT, 2TNHDCaBEEZFHDDLZ LN TE
HZEDNHLMNE o, BEAFBENEREL TS EREEFAEOR I, BARADEMERNA
Ca DEMARZHERHML THDLDOT, KMEORRIZIZFORRKICEMRT 2bDLE26NL, &6
W2, YT OBREEREL L COFMEED L Z LICbELDL, EHORERICTFET 20 LH
bbb,



w B E
MNEIZFIHENRLT W Ca BENEG WY X T OREE HiEZHET 5720, LLTFOEREZIT- =,

Y EMDOEREDILFERER Ca BEDLE

U F e EOMBERE L OFEE Y- O(LFIERER Ca B & ik L7z, # Ca JREE, KIEM: Ca
BEBXOHEAEME Ca BEEXY - /3 TRLEL, RWTY 7 EER (kL
V) TREdrole, BEEATENE Ca IREITWTNOER IR, Y MoiERE TRERETR
Mmool YT FICE&EN5 CaldFICKEM Ca THo7=0, "y LY UIZEEND CalfiT s A
EDRMEE AN Ca Th oo, KIEME Ca DARICFIHI ST W &b, Y7 FHIEAEKE~D Ca
AR E L CHERZ ENRBA LN E R T,

VrFORIEFENEERER Ca REICRIZTTEE

VI CREER ARHOCTHEE D B XU E B L, (LFIERER] Ca IBEOEWERG L
7o ¥ Ca R LOUKIEME Ca REIE, 1 A TR L2 A P aJULHE CIXmE: FiEMIZZIT 72
Dol=y, 1 ARAINHEDERES, BREVEEDIEI NEN-T2, - T, Y7 JREMER O
B CaRERBIOKIBEME CalREAZBO DL, BMEVRETDIEENVWI ENRHALMNE RS T,

VrrokEyY i;!it*(::Fs(-féll)l#ﬁﬂ%ﬁB&U%ﬁﬁﬁﬁ%hﬂt"‘#ﬁz%ﬂﬂ Ca REICRIZTEE

TR BLO BN ZHWT, [LFIERER] Ca IR B 52 T 3 UL HERE T 0 528 & fFt
L7z, CalBEBIOKBEME CalBEX 2MEEL L 1L AFARRLEL, KWTI12 AFATEH
<, 12 AVUBME T L7z, L2sLanns, EHEIF2MEE S 12 AhARnEbELS, 1 H A LR
L, BN f‘i?)ﬂﬂlﬂfj’12ﬂ¢ﬁ&ﬂ%§%rﬁimﬁaﬂbubfzo UEDZ s, ¥ CalRlE
BLOKEBEECAIREZ®ED RN EWINRELZHEDITIE, 12 AFAICINET LI ERWI &L
T2 o7,

WANZALFIERER Ca IR B IC KT TR E OB %2 FUEEMER BLO BN 2Tl L7,
7C, 1TCRB IV 2TCOMBEKM TIE, 1ITCRTEREN KL EL, # CaBER X OUKEN Ca i
EbEmnolz, 202G, AFRENXNRLRBOES, BEEZHHEHTAZLICL T CaBEDS
WY AT DI ENARETH DL I EDBRINT,

T2, 10aX7-0ZEHFE % 12.5, 25.0, 37.5, 50.0kg il L= Z L IC k2B LMmaIL-, EE
X 12 H 16 HIZ1% 25. 0kg~50. 0kg X TE <, 1 A 13 HIZ1% 37. 5kg~50. Okg X CTEH > 7=, KK
Pk Ca JEEEIE 12 H 16 HIT1E 25. 0kg~37. 5kg XA%, 1 H 13 HITIE 25. 0kg~50. Okg X3 @ 72> > 7=,
ko LIClEEEESRAZNWT 5L, V7T OKEME CalBEZED 52DI121%, ©#F% 10a
W0 25.0kg i T EREVWZ ERHLNER ST,

YTFORIBEYVRECETI2RBESIUREEENMEERER Ca REICRIZTTEE
IREEME CafREN WY T OAFEIZBWTIL, HREVREEO T &0 &G L0 b3 503,
R B CIT R, &0 FEEN FIITONTWDH DT, M E Y FFIZITED X S N E T 50
R Lo, # Ca JRE R X OUKEEME Ca R IXINFHEHI M 208 L C ‘IR 0N “5gNE,
‘HAZR BXO RUIE LvEhol, BRMEEDIEIT CREER N BN BXO R



A LRI%ETH-o7N, “BUK LvEhroiz,

WIZ, MEOEBEZRFTT L, B CaRER L OUKANEME Ca IREIX, | A~2 A CIIRBEXMHIZ
BEENR ST, 11 A~12 AICB W TERMER N L < 213 Em <, 6 BOEE X CTIIiE
M Zm L Tmhole, 11 H EAIORHOROREIC LV R MERIMz bnio7od, 3%
X L6 M EX ORI &I T EX I X TIR T LR, K TIEENZE 9%, 16% & ED
Thole, 6> T, HIEEVYrFTONEITMHEZIVIETTL2H00D, FIH O CafRER X
OKEEME Ca JIREED @ &£ o T,

UEDZEns, Ml E IO TIE AR & -0 TH.ORIZ 6 BUfIET o fEn
W5 ZERHLNERST,



& &

Kz bV ELEDDITHIY, FARBRERFPRAHEEZ —WHEATHE LICITBY TSR THE,
IR 72 b NS WIS 2o 7o, Z IR LU TIRERDIH#HEZRT D, £, RBEREZIL
FEoHM L, FRBERGAESL#E L, RBERLAECHELICEZZ< OMBIE L EKHEO Y 2 b -7,
JESHALH L BT 5,

ARFFEDOZATNOIY £ L OICED £ THIRE & HHELEZ b - 7@ R R ER SRR RS R
BB RE LIRS EHOTZRT D, £, KWXOERICHOWTHEE 28BS, RO TR
R, 1RAE & D W & W - 7o AR I R 2R A B G Bl B R IR E =&, R IR
ERBRGRESERPRCE L, fEREERSRBRERETEEMLSFELICRIEHOEE
xT 5D,

FTo, AKBIZEOZITICERL, < OME &)z TH 72 i Rk S RIBR G 5% 5 %/ B
FUER L, @R EE R SRR MR FHERICLOOEHOBEZRT D,

AWFIEDORITICH T - T, KB EH, P, SRS IR DTEV oM IR R ER S
RERG BRI S BB AZ R, Tl cRK, FHEEBEMAEICR, MTFREK, JohfRR
BNy arr, AMTRTFR, HE+F=FK, BRFBEEEARTEER, CHRNEFR, 705
FRICEHOFEEZHR L LT 5,

(53>



1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)
12)

13)

14)

51 A X M

Albregts, E. E. and C. M. Howard. 1978. Elemental Composition of fresh strawberry fruit.
J. Amer. Soc. Hort. Sci. 103: 293-296.
Barker, A. V., N. H. Peck and G. E. MacDonald. 1971. Nitrate accumulation in vegetables
I. Spinach grown in upland soils. Agron. J. 63: 126-129.
BR SCFF - BB, 1976, Z3ROH AT ARIICET 54858, (BB 18 TRDO R -
FERMICBT DN T ARIE ZDOERKESR. FH7HE. 45 33-42.
Clarkson, D. T. andS. B. Hanson. 1980. The mineral nutrition of higher plants. Annu.
Rev. Plant Physiol. 31: 268-298.
Collier, G. F. and T. W. Tibbits. 1984. Effects of relative humidity and root temperature
on calcium concentration and tipburn development in lettuce. J. Amer. Soc. Hort. Sci.
109: 128-131.
HHIER - KEAZE. 1959. AU AOARIEMICBET 258, (58 2 @) Ntk il X
WIEHE D 2578 Ca DIERL B AN IC KIE§ 5%, LRE. 30 189-192.
Demchak, K. T. and C. B. Smith. 1990. Yield responses and nutrient uptake of broccori
as affected by lime type and fertilizer. J. Amer. Soc. Hort. Sci. 115: 737-740.
Forshey, G. G. , D. C. Elfving and R. L. Stebbins. 1992. Training and pruning apple
and pear trees. Amer. Soc. Hort. Sci. Alexandria. Virginia. P. 62.
Gorsline, A. W. , J. L. Ragland and W. I. Thomas. 1961. Evidence for inheritance of
differential accumulation of calcium, magnesium, and potassium by maize. Crop Sci.
1: 155-156.
JFg &GS, 1951, Calcium OFIFIZB T 2 EBRAVFIE — KT H B ORI HIZHOWT. SRFEFH
35, 91 1-6.
BOK R 1940, vy A E O < HRERE. REEMERE. 220 1-23.
MR RIS E] - M HIEDE. 1994, HUBER O I 32 TV RETE IOV TORE.
A FHERE. 520 131-137.
MRHEZEN - 25 EE - B - B k. 2003, [NHERFHB L OEFTREIZLDZY X0
LR AN > T NEBOZEE). FHPHE. 720 169-174.
MR - S2F 0 - IR, 2010, N7 YA BROF v XY OFEERIEE, SEICK T D1k
PR Ay AE R RSP 9 197-201.

15) Heaney, R. P. , C. M. Weaver and R. R. Recker. 1988. Calcium absorbability from spinach.

16)

17)

18)

19)

Amer. J. Clin. Nutr. 47: 707-709.

Himelrick, D. G. 1981. Determination of total and ionic calcium in apple leaf and fruit
tissues. J. Amer. Soc. Hort. Sci. 106: 619-621.

VOB e RIS 1981, MEERA A N - BATIC KT TEREER OFE. p. 51-53.

KeAA v HEEE. R

PEILF5 . 2009. ¥ ¥ BT U —BEXIKENEIC L DO FEHEEWRR S OO, STk, 58:
1063-1066.

MHFEZ - Pk BE. 1990, HAHEREED FRhA. PEMm ABHARE. 61: 796-799



20)
21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)
33)

34)

35)

36)

37)

38)

39)

40)
41)

L CHE. 1986, MEEEZE R OWIN - [FML LAY, W AEEME O AR LS. MACKE. 73-106.
R KB« Sy E 8 A - PaJRUBLA. 1983, AT DI U AREATRREBICKIET IV T
LI O . LRSS, 54: 288-202.

Johnson, J. R. 1991a. Calcium accumulation, calcium distribution and biomass
partitioning in collards. J. Amer. Soc. Hort. Sci. 116: 991-994.

Johnson, J. R. 1991b. Calcium nutrition and cultivar influence incidence of tipburn
of collard. Hortsci. 26: 544-546.

Jones, R. G. W. and 0. R. Lunt. 1967. The function of calcium in plants. Bot. Rev.
33: 407-426.

INHEfESE. 1980. HARK I X 2ERIFOME]. BEls. 34: 49-54.

F)NF . 2005, FRTHIAH R GRSy 2 2006, p. 72-109. o753 KA. HUAT.

B - KATFFREE - M # - B OERS. 1990, AU L2 Y U ORESEROREE BB
BhER sy D28 E). PE RN, 60 157-178.

HORE IR, 1995, S &) T UEEMEDGIEhamEmFTFEREE. P. 4-17. B
KEE. HIL.

Kempster, E. , H. Breiter, R. Mills, B. Mckey, M. Bernds and J. Outhouse. 1940. The
utilization of the calcium of dicalcium phosphate by children. J. Nutr. 20: 279-287.
AINPITERE - B BB, 1963a. Z NI ZED Ageing IZE bR I BT U LAORF. (XD 1)
ABFEYICRIL S U724 Ca OIFREZ L. HAEFE. 34: 67-70.

NI - B TEE CBR. 1963b. X NI HED Ageing IZE LRI B AV T ADORE. (ZD 2)
BB XL OBEEMICRINE NI Ca DAFIZ & b 72 5 BREA . TIE. 34 71-74.
ANEKEL—. 1991, T mE— a a2l T 5 &RaEs. kLAY, 290 598-603.
JEL AR 57480 48 et B Jm) Fe 55 AR AE TS B I AR =R . 2010, AR 21 AR [E R AR FE - SR AR R o
FZOWT. p. 17-27. EABEHE. HL.

Maynard, D. N. , A. V. Barker, P. L. Minotti and N. H. Peck. 1976. Nitrate accumulation
in vegetables. Adv. Agron. 28: 71-118.

Maynard, D. N. , B. Gersten and H. F. Vernell. 1964. The distribution of calcium as
related to internal tipburn, variety and calcium nutrition in cabbage. J. Amer. Soc.
Hort. Sci. 86: 392-396.

Minamide, R, T. and L. C. Ho 1993. Deposition of calcium compounds in tomato fruit in
relation to calcium transport. J. Hort. Sci. 68: 755-762.

A A - RAERESL - S5 H . 1986, HARMICE T D5 L (Ca) DIFFETERE DFHE &
UL HER DAAL. %M. 541 507-513.

FE A - BB - A E BE. 1987, v PRFEORBIILED IV T AOFIERIED

fb. EZHE. 560 39-44.

Misaghi, I. J. andC. A. Matyac. 1981. Soil and foliar application of calcium chloride
and calcium nitrate to control tipburn of head lettuce. Plant. Disease. 65: 821-822.
—IEEAR. 19700 OBt T - IEEMES SRR S, p. 2000 PEACH:. RO

WAKEFD. 1986. A b L ML, dWE L EMRE. p. 116-119. REHINAR. HHEHEIER
2. BIEr b s. B



42)

43)

44)

45)

46)

47)

48)

MK EES BBy, 1995, I GE OFFMG A & BT Lo RIE. p. 1-32. EAOKEE
AL HA.

INHERZER - REHEEZ - BFRSC. 1990, F AT OLERIEEMN (B 1§ FRERY, Hfl
B R OVhE REE & I . @ ] R R s, 110 27-30.

INHEE VG - KBRS - MITER. 1991, TN F OREREEMN B 29 MEE0AEBTIC L
RIS D L, FEATE O 2. fmi SRR, 11: 35-38.

INERZER - FIHEAE — S - b BANE — - VTR, 1994, A PR AR o i A3 LR A A
VIRE LT AT OANT T AEARIZKIETEE. 65 441-445.

B fEAT. 1995, BEGEED ORI ~DKE p. 113-119. FIF & - Hl LB\ iR %,
BWRAE. AR R

KMBZE - (WA« HOER. 1970a. B> v AEE
KIEGEENDO IV T LOILFIERER DAl d KT T 572
R A (56 1 #) . BAmEE. 41: 19-26.

KHEZE - IUAFF - A IEFR. 1970b. B> 7 ABEREE 2 B2 5 K FEEYM O EIEN T L
T ADOALFEIERERI S A . BRERMIEN D V> 7 AOALFETGEER 0 An (B 2 ) . TRk,
41: 167-172.

, AL, ER DL EBPEOE VDA
N UL LN R N (s =

2

1

49) KHAZE « &I HAXH - HAER. 1971la. AKFRESHRNO BV T L5H E v o At

50)

51)

WMEOBG, SEEMENTI LD AOMBNSA (B 1#H) . LEEE.  42: 200-206.
KHEZE - &MHAXZFH - HAOEKR. 1971b. KRELS OEZIZE b5 MRA D V> T K55 F
DR, HRERWWIEN L T KON S (5 2#) . LR, 42: 227-232.
KHZE « $yARMK - TE. 1975, KREWEDIEN DNV T LO(LEREN A (5 3 #H)
B ZRADNVT T AO(LFETERER AT, LRGE. 46: 223-228.

52) Palzkill, D. A. , T. W. Tibbits and P. H. Williams. 1976. Enhancement of calcium transport

53)
54)
55)
56)
57)

58)

59)
60)

61)

to inner leaves of cabbage for prevention of tipburn. Proc. Amer. Soc. Hort. Sci.
101: 645-648.

Palzkill, D. A. and T. W. Tibbits. 1977. Evidence that root pressure flow is required
for calcium transport to head leaves of cabbage. Plant. Physiol. 60: 854-856.
Patton, M, B. 1955. Further experiments on the utilization of calcium from salts by
college women. J. Nutr. 55: 519-526.

Patton, M, B. and T. S. Sutton. 1952. The utilization of calium from lactate, gluconate,
sulfate, and cabonate salts by young college women. J. Nutr. 48: 443-452.

Raven, J. A. 1985. pH regulation in plants. Sci. Prog. Oxf, 69: 495-509.

e ik, 1982, MEESET. p. 115-116. (LS BH. K FUSE HRRE.

Vepf oo BRAMECRES - WSS - B — « SR EL - NRIESE. 2004, FEELELN b~
~ DFRIENIEEIC RIT . FEAE. 3 183-186.

FARIEZ. 1989. &, BRIRCHE. 741 640-650.

AARE ST - IRERFEE. 1988, WP UL EBROPTEERERINHTZBYER A2 —
(DWW T, REPMERE. 461 85-94.

Bl TS - R - W - BRSO - B ZF - RPIEZ. 1991 BT U AR
FRAEI L BATRRDUCE T 255, SREFHERS. 490 17-24.



62) B F&. 1995. #EIEEHC X2 2R TIE X -FEHEF . p. 92 D 24-92 D 32, EIEFHIFIA
F AL 6 . 2Lk Sk, B

63) PR =. 1994. RFEYW OMREMENEICE T 2EME. FREYOFMZ FLIC. BEB X
WVEZE. 69: 1049-1056.

64) LB, 1971. MAFEOEME. p. 49-57. BREEHRBNET 2 2. FOXHS.

65) FHEE ME. 1985. BFSEOMBHERME & MR, p. 69-77. R EEELINAR HHEEREIEAR 6. 2 LA
Ak a. B

66) #ARHIFK. 2002. FHE - SO FE. RQT7 L v 7 X, p262 D 6-262 O 13. EEFHINAZ +
HERuAEAE 4. Rk SO, BT

67) W K. 1982. KHEMMH O N T LRI - BAT R, p5-33. HH BIiRE. W L &)F.
A, R,

68) miE T - HEE . 1984, FUOAEFEFICET LM% (5 5 W) HiiHE B & ASENT 23
EREER AN RIT TR, F7P- 64 (B 1) @ 118-119.

69) HATZE - mEEGF - BIEF - FAEMN - BHARER. 1954, BRI LT T LADORILIZD
WL SREFMERE. 120 149-152.

70) HHE - WEHEAKE - B B 1996, RARDLMPER L SVICEIT 5 F ¥ XY RO E
BELOERWINEFEICE T 2 MMM =R, LEFE. 670 49-53.

T1) BEERHET- - KILRTE. 1995a. {EMIRBEZW OO ORI R EER v AT JC L DR E
FOEICA T R a v e O SHEE. LIEFE. 66: 155-158.

72) FRESHET - A JRETE - B ZYE - BEARNE T - KILETE. 1995b. EEMHN AL Y T ko
~ VOB LR, T A NE VR, HEE, V2 VBREARIZE 2 5. LRE. 66: 238-246.

73) FAK O EAE - EHRMEES - WK, 1988, Kb~ FORBREIEAE L REND L
YU LGRS OREKR. AT R RS, 40, 8-14.

74) Tisdall, F. F. and T. G. H. Drake. 1938. The utilization of calcium. J. Nutr. 16: 613-629.

75) EHEKT - R - FHE T - e x RIL T - BIREEE. 1991 BELOX ) aHORE R
JFPEIZH>WT. HATES. 38 507-514.

76) FIH OME - HIRE. 19952, REERMICB T DEE EEBRBESKB N~ MORS S
A KT TRE. EMEREME. 33: 7-14.

77) FHOME - mE RS, 1995b. RERRWICBT DA 7 FREL REER, S0 BKE R~
ORI NFEAEICKITTHE. EWEREHME. 33: 15-21.

78) FH OB - mEPLRE. 1995c AR, EE, vV=aF Y —AEHAN Y FOR S SNEEICK
ET B AR 330 49-57



Effects of Cultivation Methods on the Concentration of Calcium

in Different Chemical Forms in Tsukena (Brassica napus)

Tatsuya Hayashida

Summary

Calcium (Ca) is an essential nutrient for humans, and its utilization rate in human body is influenced by its
chemical forms. Among vegetables, Brassicaceae vegetables such as Tsukena are important sources of Ca
because they are rich sources of this nutrient. Many studies have been conducted to identify the roles of Ca
in plants, such as its physiological roles during the vegetative and reproductive stages of Chinese cabbage and
the effects of water-soluble Ca on nitrogen metabolism in Tsukena (Brassica spp.), i.e., a group of
non-heading Brassicaceae vegetables. However, no studies have been conducted to identify cultivation
methods that increase the Ca concentration in plants, focusing on the chemical form of Ca.

In Fukuoka Prefecture, the lateral shoots of Tsukena (Brassica napus) are commonly harvested several
times during the cultivation period, and are sold as leafy vegetables (i.e., Nabana). In some areas of the
prefecture, the leaves are also harvested as an ingredient for juice production. To develop cultivation
methods for the production of Tsukena (Brassica napus) with high levels of water-soluble Ca, the
concentrations of Ca in different chemical forms were examined in different plant parts of Tsukena grown
under different cultivation methods including harvest type, harvest season, nitrogen application level and

the degree of leaf defoliation.

1. Comparison of Ca Concentrations in Different Chemical Forms between Tsukena and other Leafy
Vegetables
Different chemical forms of Ca, i.e., water-soluble, salt-soluble, acetic-acid-soluble and HCl-soluble
forms, were analyzed in Tsukena and other leafy vegetables. Ca concentrations were expressed on a fresh
weight basis. Water-soluble Ca,(e.g., Ca of organic and inorganic salts), and acetic-acid-soluble Ca(e.g.,
Ca of phosphates) are easily absorbed by humans. On the other hand, salt-soluble Ca(e.g., Ca pectate) and
HCl-soluble Ca(e.g., calcium oxalate) are poorly absorbed by human intestines. Tsukena, spinach, lettuce
and cabbage were sown between late August and mid-October and were harvested according to their
commercial standards. Of the two types of Tsukena, ‘Komatsuna’ was grown to harvest leaves, whereas
‘Keichikuzairai’ was grown to harvest lateral shoots. The concentrations of total Ca, water-soluble Ca and
salt-soluble Ca were the highest in ‘Komatsuna’ Tsukena, followed by ‘Keichikuzairai’ Tsukena.
Acetic-acid-soluble Ca concentrations were low in all leafy vegetables with no significant differences

between the two types of Tsukena and other leafy vegetables. Thus, Tsukena had higher concentrations of



total Ca and water-soluble Ca than other leafy vegetables.

2. Effects of Harvest Types on the Concentration of Ca in Different Chemical Forms

In Fukuoka Prefecture, Tsukena is usually cultivated for harvesting lateral shoots, but sometimes leaves
are harvested for juice production. We harvested both lateral shoots and leaves of ‘Keichikuzairai’ and
measured the concentration of Ca in different chemical forms in these samples. Sowing, transplanting and
harvesting were carried out in mid-September, mid-October and three times between mid-January and
mid-February, respectively. The concentrations of total and water-soluble Ca in the lateral shoots were
similar to those in leaves in the late-January and mid-February harvests, but total and water-soluble Ca
concentrations were lower in lateral shoots than in leaves in the mid-january harvest. The water-solbule Ca
concentration in leaves was 1.5 times as high as that in lateral shoots. Among the three harvests, the
water-soluble Ca concentration was the highest for the mid-January harvest. Therefore, we recommend that
cultivation methods be adopted that are suitable for producing high levels of water-soluble Ca in

‘Keichikuzairai’ Tsukena leaves rather than lateral shoots..

3. Effects of Harvest Season and Nitrogen Level on the Concentration of Ca in Different Chemical Forms
in Tsukena Leaf
We examined the effects of harvest season and nitrogen level on the water-soluble Ca concentration in

Tsukena leaves. We sowed seeds of Tsukena cultivars ‘Keichikuzairai’ and ‘Miyauchina’ in mid-September
in a rain-proof facility and transplanted seedlings to a field in mid-October. The leaves were harvested
every month between November and March. Leaf weights of both ‘Keichikuzairai’ and ‘Miyauchina’ were
the heaviest in December. The leaf weight of ‘Keichikuzairai’ was reduced by half from December to March
and that of ‘Miyauchina’ continued to decrease until February and then increased in March. In both
cultivars, total and water-soluble Ca concentrations were the highest in November and the second heighest in
December. Compared with November, the water-soluble Ca concentration decreased by 30% in

Keichikuzairai’ and 40% in ‘Miyauchina’ in December. The total and water-soluble Ca concentrations were
higher in ‘Keichikuzairai’ thanin ‘Miyauchina’ at all times. Therefore, the leaves should be harvested in
December, earlier than the common harvest time (January or February), to produce ‘Keichikuzairai’ with a
high Ca concentration without a reduction in yield.

It seems likely that the fluctuations in the total and water-soluble Ca concentrations from harvest to
harvest can be explained at leadt partially by the difference in growing temperature. We therefore attempted
to determine the relationship between temperature and the concentration of Ca in different chemical forms.

‘Keichikuzairai’ and ‘Miyauchina’ seeds were sown in pots in early September in a rain-proof facility.
Seedlings were grown outdoor for 20 days and in a phytotron (17°C) for 25 days, and then grown for 22

days in phytotrons (7°C, 17°C or 27°C) with 12-hour photoperiods. In both cultivars, leaf weights were the



highest at 17°C. The total and water-soluble Ca concentrations were also the highest at 17°C. When the two
cultivars were compared, total and water-soluble Ca concentrations were higher in ‘Keichikuzairai’ at 17°C.
In Tsukena, it appears that the absorption and transport of Ca from roots to leaves as promoted more than
leaf growth, resulting in an increase in total and water-soluble Ca concentrations. Since Ca is absorbed by
plants as a counterion of nitric acid, it is possible that the nitrogen level influenced the total and
water-soluble Ca concentrations. In order to examine this possibility, ‘Keichikuzairai’ was grown with
different amounts of N (12.5, 25.0, 37.5 or 50.0 kg per 10 a) in fields starting in late September. At harvest
in mid-December, leaf weight was higher in the 25.0 kg to 50.0 kg plots, whereas the total and
water-soluble Ca concentrations were the highest in the 25.0 and 37.5 kg plots. At harvest in mid-January,
leaf weight was the highest in the 37.5 and 50.0 kg plots, with an increase by 40% compared with the 25.0
kg plot. The total and water-soluble Ca concentrations were the highest in the 25.0 kg to 50.0 kg plots.
Comparing the harvest season, the water-soluble Ca concentration was the highest in mid-December
regardless of nitrogen level of the plots. By cultivating Tsukena for leaves with 25.0 kg N per 10 a and
harvesting in mid-December, high yields of Tsukena with high total and water-soluble Ca contents can be
produced without contaminating the environment with excess N. when the temperature drops lower than

17°C, tunnel covering is recommended to increase the total and water-soluble Ca concentrations.

4. Effects of Cultivar and Defoliation on the Concentration of Ca in Different Chemical Forms in Tsukena
Lateral Shoots
Although the total and water-soluble Ca concentrations are higher in leaves than lateral shoots, Tsukena
is commonly cultivated for harvesting lateral shoots in Fukuoka Prefecture. Thus, the effects of cultivar and
defoliation on the Ca concentrations in lateral shoots were compared among four cultivars: ‘Keichikuzairai’ ,
‘Miyauchina’ , ‘Sinkirina’ and ‘Gogatsuna’ . Sowing, transplanting and harvesting were carried out in early
September, late September, the period between November and March, respectively. Total yields between
November and March were not different among ‘Keichikuzairai’ , ‘Miyauchina’ and ‘Gogatsuna’ , whereas
the total yield of ‘Sinkirina’ was lower than that of the other three cultivars. Ttotal and water-soluble Ca
concentrations were higher in ‘Keichikuzairai’ than in ‘Miyauchina’ and ‘Gogatsuna’ irrespective of harvest
period. Additionally, total and water-soluble Ca concentrations for ‘Shinkirina’ were nearly identical to
those of ‘Keichikuzairai’ between December and February. Judging from the yield and total and
water-soluble Ca concentrations, ‘Keichikuzairai’ is the recommended cultivar to grow for harvest of lateral
shoots.
When cultivating Tsukena for lateral shoot production, the apical region of the main stem is usually
pinched and several leaves in the pinched region are defoliated to increase the amount of incident light on
the crop. Defoliation increases the Ca concentration in fruits in some fruit trees and tomatoes. Therefore,

the effects of defoliation on growth and Ca concentration were examined in the Tsukena cultivar,



‘Keichikuzairai’. Sowing, transplanting and pinching/defoliating were carried out in mid-September,
mid-October and early November, respectively. The pinching/defoliating treatments were; Three Leaves
Defoliation (the three uppermost leaves were removed), Six Leaves Defoliation (the six uppermost leaves
were removed) and the Control (the plants were not defoliated). Harvest was carried out from November
to February. Defoliation did not affect yields between November and December, whereas yields between
January and February were decreased by defoliation. The total yield of leaves for the Three and Six Leaves
Defoliation decreased by 9% and 16%, respectively. However, fresh mass per lateral shoot—an important
characteristic of quality—was the highest for Six Leaves Defoliation treatment. The total and
water-soluble Ca concentrations were not influenced by the number of defoliated leaves in January and
February, but values were higher in November and December as the number of defoliated leaves increased.
The total Ca concentration was 1.5 — 2.1 times and 1.3 — 1.4 times higher amd the water-soluble Ca
concentration was 1.9 — 2.5 times and 1.5 — 1.6 times higher in the Six and Three Leaves Defoliation
treatments, respectively. In the Six Leaves Defoliation treatment, the water-soluble Ca concentration was
the lowest for the January harvest. Therefore, in the cultivation of ‘Keichikuzairai’ for lateral-shoot
production, defoliation of six leaves at the time of pinching could increase the water-soluble Ca
concentration in the lateral shoots in early harvest season.

This study showed that Tsukena had higher total and water-soluble Ca concentrations compared with
other leafy vegetables. Water-soluble Ca is highly usable in the human body, so Tsukena is a promising
source of dietary Ca. In order to increase the water-soluble Ca concentrations in ‘Keichikuzairai’ leaves for
juice production, applying nitrogen at 25.0 kg per 10 a and harvesting the leaves in mid-December is
recommended. When ‘Keichikuzairai’ is grown for harvesting its lateral shoots, defoliation of six leaves
when the plants are pinched could increase the Ca concentration in lateral shoots. The results of the national
nutrition survey by the Ministry of Health, Labour and Welfare showed that Japanese people are
chronically deficient in Ca. Our results contribute a solution to this problem and also help to increase the
commercial values to Tsukena as functional vegetables, resulting in the revitalization of Tsukena producing

areas.
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