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FEII RS HTH S DB EROIBREICHN OGN TE 2. TBETIE, EIEOHFT
RWEENTEENMY (5 vava, F723, v07)) Dz, HET
ANWEENTELELDONMebo7zb D (w4Y, =0y, ¥ 1 3) PRI TE
D, BIEIZRMEE LCHEIRT, HWVITARRAOREE LTHW SR, $%EITE
IZEEFHEE LTHOWHILTWS. LR 5l E D160 RIRHRDHEY) I,
EFE 72 EANLRFECTRE SN I LT AR Lrpdhs (BH,
2007) .

AKX FEIEHRA R EEIE THO LD D, EF, E57R EOIEMRELZ G
PEEERNER STV 5. PEEEES CIIRREEERANES CIIAS ek 2%
Blbd o (SFiE, 2006) , 8FILL EOEMAMIBRICES ZHWZ ERnboL L)
(B ARBS A SRBIAI 2, 2012) . Pk 22 AR BEICITA TR R B & O FE 00 1 EE
T, EFRAEGRA (B R RA - FICIK) A ERTRR D HERINT D &0 ) B
FHERSTen, ZHICKRT 2840390 T EEFE - TEY, &R - BENGNS
BRSO N DD LEZ DD,

AEIITEDEOEFICK T RNE D TH L0, JREHEKOFET 80%LL | &l A
TS TV HBREBE XD L, SBROLBEMBIIALENH L. S HITEF, RAROH
ATETH D FEIZEBWCFEHEROMEN EH L TEY, ZTORKIE MEHROMD
iz, THEENOFZERE) , AR - BN IEO LA, [RE %L 3h,
Ltk & BIFEHEE Ok 1T @ E R LT ETFRIEND (B ABEE A KA
2, 2011) .

ZIE CENOEMEYBIGEREIIAMEN Th 72 (Fig. 1) , ZEMRGEIIERE

SNLHEFETIE, ENTOERMEYAEENER S TWD. [EPNEAM O m TR+
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Fig. 1 Changes in cultivating area and number of farms making medicinal
plant from 1992 to 2008. The figure was made from data the published by
Japan speciality agriculture product association. Data of the year 2003 and
2004 were not found.

BEEINCE > TEN, HEDOOBANKE, (Miss EA L TCOLBETIE, 4%
Mo E L ENEEOMS T E D L EZE A bND. Eio, MY OENAREIL L —
PEU T A HEa X M EOHRTHAITHY, PLIRHOBESEYD L L THHER
IhTW5.

TR REE S E R S o — T TREFBIRICET 2 RIxZ L, E7efdibsn
TWAFEMEM TH - TH, HEEHNT N < NHDHEELMA L TWDHER L.
—77, RZEWIEEAKGER, WAEFOBINEIE TE L, SinElL, LHoFR)
M, ZNEEBLTE . EAEMICEO TS, RSEAERNTIE M2z b
b LEZILND.

T ZCAMIFE T, aHEMEDOY 7Y (Swertia japonica Makino) & Az B D
I U~ WA 2 (Bupleurum falcatum Linne) Z x84l & LT, ZhERAYEPESAN ORENL

ZHIEL, EBESENSICE L MTTERIIOW TR Z1To 7.



BTV eI v AN, HEPRES RS BT VITRAZRR
MO —>TH Y, PFEHIER A4S I L LTHWDS. EHIIFHAWR0D,
B EORMBICEG END. FEMBEICDEN DL LEDNLTEY, FEA
RALFES AR EIcE 7Y R ARFEE SN TWD. AROATHER NGB T U D
HEAG T A ARENTAERE S W ClEhbil Wb, —J7, I~ ¥ A aof|HEA
(IR T, FEARITAEIE T2EHA) LR, RITEFLFICHO B, EEOFTHAE
HENZWHE TH D, PEOHEEZ ETHEMIIEHINTRBY, TBETOMG
TEICHENS DA > TV 5.

BT DRFE R o T2 2 FEOE RN 200, AB I E RF T HHR
LA ZAOMNCT 2 2 & T, TAEOIAMED LS (BT DRI

DEZHTLHHEDEZZHND.
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5 H Fram
> 7 U (Swertia japonica Makino, £
. EHx< . .
B4 w7V, I L, Vi FUuRtt

LT Y RO AEERAT, AAREORY MRS

‘ Tz Y 20 = ‘\'
O OECEBERELOEHICHATS e SR b

Photo 1 Seedlng of S. japonica plnt
(wild type)

~

(Photo 1) . K/ X3, v /vavya
EWSAARD=RKREMFED 1 5L LT, RENEHEHSC TR, ERRSICHLn
TWo. AAERHNEOAERKTH 205, BEITLITITIIHN LTV RV, &RIIE
a4 U RA FECHE{AD swertiamarin, sweroside, gentiopicroside, amarogentin 35 & O

amaroswerin °% ¥ > b U FFEIR O swertinin 35 X O swertianolin, 7 7R > C-ihE KD
swertisin 72 & & & A, FEEMH HHIEOERT X R SEHEE K E LTHOY O
% (Photo2) . F7z, BEDEND DL L &H, HAHTIEEERAl, ~AWIVERRE

DALBEMIC B ERE SND.

2\ I
2
AR ATIEE:S M
FIE v i 26 =

iy %

H
i A

EHRNE

2otz dha i

Photo 2 Drugs and cosmetics containing S. japonica

BT VIFAARTROHERREEDO —S>TH L, AAREEICALEMNH Y FIT
ANORF o lzZENERIZHDHEEBEADBND. LivL, KR40 FARF0 5 REFIR

TARKB R HEE N A E D 50 FRPEEE TIZ, kg H72 v 10,000 F2>5 30,000 P



N %L TBYAENBOODRVRETHT-Z L3 fEE s D (Fig.2) . iU
THISCIER 72 EOER O T O IS EENY 0 A SR B AN L2 b, &
ANV Igo 22 ENFRKRTHD EEZHND UMK, 1974) . fEkiE, BAERK

DRI - TR L7V AEEMTORTELR, Z5 0ok F TRy 7 U #

B OWFRITERD Tz,
Al f Al - ‘? BT Y DA BT
g v B /I V
v w / \ N -
/ \ TR AFER BT
" nonf — (W
Hit \
/ ' ZBWTY, B - #E
/
0 b / |0
- A/ FATRE A<, HAH
/ \/
/ LA BRI FET B~ T,
nt ot 10
HILINETHD L ED
tEE
DIIIlllJIIlUUIIIILlJIIIU T (R, 1948) .
m 1y 197 191 1972 1975 1978 1981 o . .
(%) (%) bR T Y EHTY
Fig. 2 Changes in price and amount of production of
"Senburi (swertia herb)" from 1972 to 1981 R 78 S KB IR T,

(Kobayashi, 1982)
P 3RAE & BRI AG

Bt (GREF AL &SRB EA ) TI9T3 N LB T Y OFEETEICET L, FIE
SFUEBLOEEMICB T 22 HER ERFLNIZIN, 1976 1287 U OFEHEN
KR ENTZ. B1977TENSITEFZ TR 7Y OFIEBIEE Y, 1978 FFE b s H
TEN, BEME LTESLTEE. o7 UMM A ERA, BRI kS
BB EWFEE R N E N SNV IR Ko TREI L2 b 0T, B/
KRR OLHII L 5 25 G765, 2010) .

— T, BT OFEFIIFEMES OE EOREAEZ BB L T\, Bk,

APERPCIISIE T2 Z &6, HEimRIAk S 700 1980 FFLARE, Az EAfiliks 23 S



WK T L7z (Fig.2) . B2 7 U ® 1981~2002 FDOENAFERIL, A 30t FEEE N LR
T (Fig.3) , B 7V OFEMEREN OB 2 TEUR TITFER 30t REDAEE T4 T
BV, ZAUL EOWBIEEITAEEZME O THEIZORN LA RERH 5. BIfE, R,
RAROBUEDFUBIPIRIL & ISR NE LA ETH Y, ENERERCAEREL M
BAHHREZELTRBY, BB L TiE, 4% b8BEN TERICAR > T

EbND (AARFFEREMIZ, 2009 ; Fig. 4) .

35 = All of the domestic
——Nagano
30 —{+Kochi

25

20

15

Amount (t)

10

1980 1985 1990 1995 2000 2005
Year

Fig. 3 Changes in amount of S. japonica production from 1980 to 2007. The
figure was made from the data published by Japan speciality agriculture product
association. Data of the year 1983, 1987~1990, 2003 and 2004 were not found.

Sales routes and contractants

Distributor

Nagano Producer ——>| JA

Drug maker

Kochi | Producer I WI Drug maker I

Fig. 4 Sales routes of S. japonica produced at Nagano and Kochi.
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L)L, BUROAEEZHERF L COIZITW S SO0 ORERH 5. FTHEEFD
W Ths. @A LT, MERFFRI 10 FRETLEL TV LR, REFRT
AR RS R F T LA BB VT D (Fig. 5) . F£72, 2005 FLAKE
(ZAPERD 10t~ 16t HiIE TH Y, THETOELL LFPENRETH S, EHET
1% 2002 72 5 2005 FEO NI HEFE A2 - TR Y 2005 4, 2006 -5 DA FE D
BT ZNUCERT 20 B2 65, 51T, 2007 FEICITRE R CAEERN K
IEIZH - TV 22 (Fig.3) , REBPRIFELEEIRBIGICLL L, TOERIIF{ER (&
YTV IR T AR Y F =) OB LD RETHS EVH  (Photo
3) . REOALEMRIIHERZOBADZHMBNRH Y, TR ITHHG B O AR E

-
bk
7R

3

Sh5.

5,000 - 1 600
4,500 E=Cultivating area: Nagano
4,000
3,500
3,000
2,500
2,000
1,500
1,000

500

0 | [T T e T T
1980 1985 1990 1995 2000 2005
Year

Fig. 5 Changes in cultivating area and farms of S. japonica from 1980 to
2007.The figure was made from the data published by Japan speciality
agriculture product association. Data of the year 1983, 1987~1990, 2003 and
2004 were not found.

Cultivating area: Kochi 1 500

I —&—Farms: Nagano

——Farms: Kochi

Cultivating area (a)
Number of farms
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BUEIL, EHEOT~TEEN
PECTHE>TWDN, 4% L bLFE
IZE 7Y 2T 57201
TV EMOILR, INELIE,
BRI MATHDLEEZEZDND.

L2rL, ZHETHEESICHET 5%

RS, SRECORMEOE T -oledls infected by unl
& ENRFEIFEORER I L, HTHIC
BT 5b0ThSD. AFRENELD LNEHE, HEHMDICED LD B %2 Kk
ET 0, AT - RFEMERN EORES L0070 L, KRR ENRZ .

Z 2T, AWETIIRE O R, i, HORGFEFER, B - R ECTY
DEBRERINEMNINETHELE A L2

F7, BEWROBURNSEMOIRKNME LB 2 -7, & 2 8 Cidskbstho
TR D 3 HUE TTHEES TV, AEE, swertiamarin 2 I MAF TR A TN 0Y, ks
HIZ X o TAEBICREREN DT, HEWTHIEHMA BT 2 2 L 2 BIEIE, #3
HiClX swertiamarin IS 7Y VAEAKOF AMEZRE LZ. £/, ¥ 7V
FIXPFEL EOREDR KRN E SN TEY, BREHPEE SN TR TH D03,
HEPEDE THERHT T2 2 3 EGAR R DENIZ B Tz > TR DL RITMEATH B 720,
BAFHTITE T U FD20C T TORIEN, FHFRLEEDAET, FHMIREIC
FETHELRE L. U EORERNG, 1 F4AK X OSSR TREOF -
bink7zole. EbIZ, B VIEFAARSEICAAL TWZ Enn, BIETERIT

BETHLHLEEZLNDTZY, F5HITlX swertiamarin IZ7EH LEEIR CTHER SN2 3
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SR, 6 BARICOWT LR « REMOERZHFAE L= L 2 A, swertiamarin 55 A R
DIFENH BN E 7o 7.
CLE, KW G, BT U DEE « hREERNBIBICEIRTE 250355

hiz. fFET, FRICED 7V OmE DO ATREEIN RSN b D TH .
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I OE S NAE, swertiamarin JEEIC K IE 2

&
(V)
=

1.

o
il

U7 BT, BRI S DY, ORISR O 5 HREFIR
IZRWT 1980 AR L W F ¥, R & bICHIEIAICH 5720 ThDH. AkeE bt
V7 BEEMICHKET D72 0I2IE, FIEHOIERZHRIFICANLVLERHDH L FH 2
Lo A, B VIIRFRESMEO—EHTLNEEMThL T LT, HEFICH
TLT—=ERZ LW, BT VIEEHERE LW E SN TELEERHY, I6IC
Y7 U OERREIMTE A2 T o 72wl (1948) 1%, & v 7 VIREB AR B BE A
AR E TRIL TWD 2 b, BB oRETHE LN O THDL LH
bbb,

—J7, BIEOTEEMTH D EFRICBNTIE, o7V oA GERLTE
e BRI HDWTRIERBR 21TV, ZOHNORIEIE LR 28k L, ML EK
LT&7z (R, 1981) . TG A TE AR & el U CHEFICE L TnD &35 2 6
nd. LinL, TG ZEMTH D REHREAMTUNOREET — 213720, 22T,

HEOEICIIERRCHERE, BNt r 7Y 30, 2R FICOWTESORLS 3

e

o, B (B 1800m) , /hNiE (BE 815m) , #1 (FR& 20m) (2 TREF 21TV, &

Pl

3 L O swertiamarin 12 12 RITTREEOFHE L 1T - 7-.

14



2. MBEBLUAE

#HERE-RKE S wEX 1B, REZ2E, BREE3E BIUER
“S-1177,  “FEREL” ZfEE L7,

g REE EET (REPREFEIREEEEERM, 5 1,800m) , RER/NGET
(RO BB A X BRI A, EE 815 m) |, THERMT (TR FERBIRERE Y
A=V Rt Z—, fFEm20m) O3 rHrE L.

HIEHRE B 3 A TH~4 APRICIERE AT o 72, FhddEuhts, PRIE 100 cm,
WEEE 50 cm, IR 10 cm FEEE ORI ORERERAZ>< U (Photo4-A) , FEFEATIZIK
DHpIEZ < Tesd, IRbZ2+38EL TURmZV-512725 L7z (Photo4-B) . #&fli&E
i, 1m* 4720 03~05gFED LS KEL-FEFAMEREL L, 1m*4729 0.5 L F2E
OMEICH T2 L <EAL, —mlicH—I1ZR2 5 XD L7z (Photo4-C) . #fE
BIFELETOT, HREE T LN L E —EICWHRDHREICHE L (Photo 4 -
D) , ELIC1FERKE TENE S0%DEMNWEZ, ROFRHOE S 50 cm FLEIZ b
Y ARIVIRICHEE LTz (Photo 4 -E,F) . EEIFHEHET, 24FEABITHEDIMEIEE (A—
SR—m 7424, 180 HX A7) ZhiM Uiz, $R3KEE : 10 BRBEXSRICRHH AR
BRIV A S 5 O 38 % Ay, SRR & BALEATY 72 0 O P& FERREIL R D
EOBHEAITV, BHER EF LD ICEHEITo 7.

Swertiamarin DEE

(1) WEH  swertiamarin OE &I, HSMEMHEE (L -4000, HITACH) Zfifi 2
ToEERIR 7 v~ 7T 7 4 —& M, R 238 nm CRIE L7Z. 77 A% ODS
column (4.6mmi.d. X150 mm, S5um) (GL¥A = R) &L, #7L64—7> (L-

5025, HITACHI) #MH\WT, Z7AEE% 50C —EE Lz, BEMWAREEEIZIIK : 7

15



E: Bed was haded with cheesecloth

Photo 4 Pictures of sowing procedure and the production site




F=hkUL=91:9 (vv) ZH, BT7 K7 (L-2130, HITACHI) |2 CHBEHA
i & P HRER S 10 D FEEIC 725 X 5 ICFH% L7 (Fig. 6) .

(2) FHORAR IEL-BLr 7 VL, Kk, =RT3EMEEBRIEZ. S5,
A8 % IV (IMF - 650D, Iwatani) (2 TRORMWHAR (LT, HRET D) ITL%.

(3) swertiamariniith FKI(Z 10 mL @ MeOH Z/1x, 40°C T30 rfEHEE 5
L, EBRESEE, EEWICITE 512 10 mL MeOH 2N FEEICHEMELZ. /-
BEREMIZILE 512 10 mL MeOH %M x —MuffiE %, M RBARARIL, BTG
L7z, ZREWIZ MeOH % 10 mL M &AL, Z DR 1 mL IZBEMEELEZ 0% 50
mL & L, 3Rk E L.

(4) TE swertiamarin f2HES, (FOEHE) Z2H W CTER L7-RERIZE VIT-

7.
CH. 2 0.5 1.25 ATT & 0FFs A 12-17-A3  12:34
= t Standerd
CE LC- Fo1aa
152
Swertiamarin
CHE 2P s $wea “ATT A oFEs G 122089 {8t 0%
E Sample
A § =P = 1§

Fig. 6 HPLC chart of swertiamarin
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3. ®BR

FEHUERRE ClE, BUEDOAEEM TH H/NeE THEF ST b O L il U Tl ARG T

IFAEBNELL L >, EATIE TN TOMLFECTHREIL 20%LLF (Fig. 7) , HEALmFE
BV ONET ‘AEEX 1, ‘BEZ25 TIEI0%LLTF, ‘AEX35 TE

40%LL FThHo72 (Table 1) . £z, HITBW T, 1HFHEIICT X TOMFETHSE
L.

PREEE TIE, TR TCORESMTIER REERI S LN, REICOWT, HFEEF 1 E
X, NETHE L bDIZ O W T 2 KLY &<, B, MHTIIAEETAON

b

P2

otz (Fig.8) . “AEE 25 2oL, EATHEELELOIE, /)

14 ¢ BUeda OKomoro ®Kashiwa

—
[\

T

—

o
)

o
foN

Plant dry Weight (g DW)

<
~

<o
o

(]

Mimaki-1-go’ ‘Mimaki-2-go’ Mimaki-3-go’

Cultivar

Fig. 7 Plant weight of S. japonica grown in different altitude (Field
experiment). * represent significant difference by student's t- test at the 5%
level. Bertical bar indicates SE (n = 14).

Table 1 Yield of S. japonica cultivated in different altitude

Sit Yield (g/100 cm?)
ite

‘Mimaki-1go’ ‘Mimaki-2-go’ ‘Mimaki-3-go’
Ueda 2.1 + 0.17 31 £ 05 294+ 35

Komoro 36.8 £ 3.7 409 £ 4.0 80.6 £ 4.8
“Mean + SE (n=3)

18



07 r a BUeda BOKomoro EKashiwa

Dry Weight (g/plant)

‘Mimaki-1-go’ ‘Mimaki-2-go’  ‘Mimaki-3-go’ “Kanfuzan” “S-1177

Cultivar Strain

Fig. 8 Plant weight of S. japonica grown in different altitude (Pot experiment).
Different letters within the cultivar or the strain represent significant differences
by Tukey-Kramer test at the 5% level. * represent significant difference by
student’s t-test at the 5% level. Bertical bar indicates SE (n = 6).

L7zt D% EE>7203, MCTRELEZLO/NEEZ FRl-72. ‘AFEE 35 1%, &
BRI CHREICA BRI R o7z, “EULT , “S-1177 IIHICBWTEFRS D,
“S-1177 I TIIUNE T E oo Tz,

Swertiamarin £ IZ OV T, FBHEE T ‘AEX 15 TI/hETHE S
DL EATHEESNZLOOMICHEBEET R»-720, ‘AE&E2E BIW ‘A%
E 357 IZBWTIIVNGE & e B THEE SN2 b O 60%FREm 2> 7- (Fig. 9) .
T, SREEETIE, AEXF1E ICOWVWTHEHEM CHEEEIZI R -T2, ‘AF
& 257 IZOWTIE, /hGE, W, MoOIEICELS,  AEE 357 2BV TN,
M, EEIZE»-7 (Fig. 10) . “FEREIL7 13 TITEEIA R Y $0H T&E ko iz

7o, CFEREULT 0 “S-1177 1X bRHE, /NFER Ok E Lz, “FEEILT 13/hEE TR

19



R|No72y “S-1177 1T EHEAMERE R o 7.

100

80

60

40

20

Swertiamarin content (mg g'D

BUeda BKomoro

7 1

%

1

‘Mimaki-1-go’ ‘Mimaki-2-go’ ‘Mimaki-3-go’

Cultivar

Fig. 9 Swertiamarin content of S. japonica grown in different altitude (Field
experiment). ns and * represent non-significant or significant difference by
student’s t-test at the 5% level, respectively. Bertical bar indicates SE (n = 4).

140

120

100

80

60

40

Swertiamarin content (mg g''DW)

20

BUeda OKomoro

B Kashiwa

B Kashiwa

‘Mimaki-1-go’ ‘Mimaki-2-go’ ‘Mimaki-3-go’ “Kanfuzan” “S-117”

Cultivar Strain

Fig. 10 Swertiamarin content of S. japonica grown in different altitude (Pot
experiment). Different letters within the cultiver or the strain represent
significant differences by Tukey-Kramer test at the 5% level. * represent
significant difference by student's t-test at the 5% level. Bertical bar indicates
SE (n=4).
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4 ER

ORI D 3 FTCHEEZITV, #IEH O R 1T swertiamarin 2, B ICEEL
KIETZEDBRALMNE o T. FRCEHSEE: CIIAETICKIERZR N -T2, BEHED
HFZECIXEN (K 440m) & R (MEdk 30 m) CTHESREE 217> T\ 528, RIFT
DOFEETITAEBNEL 24FH 8 HITIXT X THIEL TRBY (GFEE, 1977b) , AR
XL fEREZ R LTS, AEIORER TIX swertiamarin J# 5, £HFICHEL LIFL
CEBENRERIIAATH LD, [T —FRmEO® TV AEARRREOMREDN A
FOHELEEIT T,

Z OEBRTITBHARIE BN T, MK TIX1ITFERICTXITHELTLE-. BV
VITEHIC A2 2856 b H DY, KEIFAL (L) mERH2 s BRT C o, RN
VB LT T, HEOGKERGWHINCHAET DL 0nbiud UMK, 1974) .
BIFHESINTY, B 7 VIR EIR T, ZORIOREICIE, ML
BAELTLEDTD, —HO BN 4~5KF#EH D LHK D 60%HiI#ICRDZ & DT
X, DOMHEMRHEVEL LRV ORNE ZARETHEShEND (BES
ESF, 1999) . —J7, MK THIEFHISRA AN R ORKEMEG TH Y, Hbs
MEEOEELNE LV E, KIIREILSEEATICHBELTLE D R EORMERH -
7o, iz, HEEO pHBMEADO EBIZH_E -T2 (A, 5.1/, 72) . ElEE
B TH pH DEIZOWVWTELINTHEY, E(ITIH62, RIEFTIXZ73 TholzdbL
TW5a., B 7 UEEHZBWTY YIROMEEIZAET ~ORENE TEOIFRITKRE
WEENDA ok, 1995) , FEMio pH2N 4 LI b &, WO Y U EROWIIE
KFT2E0nbnTngd xR, 1987) . AKIZEW X RO OV T
INeEE BRI o T s RSN, AT ARRICEABKRL WAL ERx NS, —F,

FHXOEHHE: TIE, 2FEEROINENTE 2. L L/NEIZHAE L INEDNS

21



D, Fio, BHIEE:, SEEIHICAERICT U U T U OEREMN R G (Photo 5, 6) .
FHX, S@FHEEETE L NEN B TZRRICOWTEHELWZ LIFAHATH L. L

L EHERKIVNGER & B, TR O AR RIBOREEE L 2500°C TRV, BREENE
TR E RES 2 L2 5 (RET, 2009) . KIBEA RLATFTTY VY ho T =0 AR

RSFHEE IS Z L%, YV A (Shichijo, 1993) , h”Ew =2 (Christie, 1994) ,

rA XF X (Leyva, 1995) THIGNTHEY, FHXOEU 7 VITHEWNTHKRIZ

LDARNVARDHST LD EEZEZBND.

TESAE A A o bkRER T, EE, BRI TTHREOEIC - EOEMITELS, Mick
WTh, o 2 KICEHAREII NS oo b o0, EFREENGELNE. 20z &
Mo, TROMESS, [ENUTW DL 2ERTIE, HOBREDONELHFLND
EEZBND. LL, BATOMEIZOWTIX, BIEOEMTH HEAMST & Bir s

BREL T I, EATORREFTIETEDOINEZHEKT 5 Z LIIRN#ETHY, BT VA

PEIC IV TIAFE 22 S IO BIR DI EHE TH 5 Z LR S e,

““: 3-

Ly Mt g, 7 ) :-i;&{-'f e s
Photo 5 Two-year-old plant grown in Komoro  Photo 6

Two-year-old plant grown in Sugadaira
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F3H RO 2D 7D swertiamarin Y O

1. #

i

BT VITHER IR 25K 18 - A LAEMBIM K <, HHORIHRMEN. £ 2T
7Y OEEOFAIIIERBIE, BEMEOERNENTH L LEZX LN,
BT U VREARRIZOWTOMRRRIZIZE A ER bR, 2L, AE3KE LTIERE
O 2EAKERND ZENBARERHFICTRESN TS Z &, EATER OB
EAFFOOLTHMBMREET, 2484 L M EN S B2 L, $KE
MELL/NSNWTDTHD EBbid (Photo7,8) . LML, BIATEARWVEESHE
B 27O RN D, REEEITIFEKROENTOLEEZBND. £2T
FIETIE, BT OfEBBIH, HEMEOERE BRI, BT ) 18EKROA
AP OW TR 21T o 7. H 2/ TR LI TREAERE 2EEKIZONT

swertiamarin J2 5 & BN OFREE L L, SEORHMEiZIT o 7=,

rrrrrr

4 ﬂ' .‘ g "R =
l_'l’l.l'll'"l'll'l'l'l' e
. FraEnE e
it
[l ad{aa
i g e
ErrEERE Y-

H-EEFIIIFIFFIIIIIIF’

Photo 7 One-year-old plant of S. japonica Photo 8 Two-year-old plant of S. japonica
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2. MHBLUHE

YR F2ac/hi (REREMEESABSGEY) [ TEshztr 7)o
2B 1% 14 10 A& MY, swertiamarin J&E ORI L 72, [UHE L= &
7V VAEAERITEES KEL DD, R LI bDZEE Lz, B o kiRig,
B2 HiCIRA L7 2 AR ORE IR & i L 72

IS

R, H2MICHETSD.

Swertiamarin DEE

(1) SHEE

1R, H2EICHESD.
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3. ®BR
swertiamarin 1%, “S-117" ZFRONCT N TOMBT TFERRIZHA, Sk 2
FERTEMNoTZ. “S-1177, "BEE 157 O VFERITERM 2 4K E
swertiamarin JREE MK o 72, HRFEE 357 T AR swertiamarin i B3R H1
QAR LEmdoTe, “BEE 25, “FEEULT IZRWTIE TEAKR L @i 2 4

FERR DT swertiamarin 2B D 7L 72 3> 7= (Table 2) .

Table 2 Difference of swertiamarin content between plant ages

Swertiamarin content (mg gDW™)

Varieties One-year-old Two-year-old Two-year-old
(Pot) (Pot) (Field)
‘Mimaki-1-go’ 64.0 £ 427 100.2 £ 4.7 =¥ 117.5 £ 5.1 =
‘Mimaki-2-go’ 64.1 + 0.8 126.8 + 3.6 =« 66.8 + 0.8
‘Mimaki-3-go’ 719 = 0.8 1074 £ 3.2 =« 56.1 £ 53 =
“Kanfuzan” 749 £ 2.2 1242 + 44 777 £ 4.7
“S-1177 727 £ 2.8 515 £ 10 = 1208 £ 2.4 =«

“Mean + SE (n=4)
¥ * within the line represent significant differences as compared to the swertiamarin
content of one-year-old plant by Dunnett's test at the 5% level.

25



4 ER

AW NT, HEAKRITIEITE () IcTHE s 28EE 7Y LN,
1 ERALFE « R EBRE, RFREORED swertiamarin 5 H 35 Z ENRP LN E7Ro7-.
70, BEOTESETHD HEE 25 HBHERRE 2FEEKREKETS L, TCT
DMFE « SBHE T swertiamarin £ IXEFRE D), ZLLETH D, swertiamarin 7> 5
T VEAKROBER RSN

1 FE4E KR D swertiamarin J2EEIXBHEIE O & D L RS LRIRE TH 720, —7,
PRCHIE Lm 2R E T D &, “S-1177 ZBRE 1 FEKKD swertiamarin JE 1X
V. 24RO BT, SRS X 0 Sk THEES L7 2 AR D swertiamarin
EREDo TR, IMREIT3ERECThH-7- (F28) . HAEEx25 o472 Y
O swertiamarin &%, FEHIFEE T 39mg/Bk, #AET T 36mg/k CTH VD, 10%52 5 72 Hidk
Db DONEnoTc. MO - RFLTH, BRH72D O swertiamarin 5| L FEHIEL
BN, $hTHEE LTzt 7 U O swertiamarin #2523 570> o 72 O 1 3AEM K )3 1
K LDy o 727291 swertiamarin DIERE ML Z 72720 B2 B 5.

QEAMEMTH D T VITEBRBPIENAENZ EARE LOREO 1 >Th D, B
TVIEELS DL 2FABEMO LD EHNLONREVE S, F72 swertiamarin 23{E1Z
Z<EENDEVOWELHD (KD, 1976) . LinL, FIES (1980) O#E Tik
2 AR R E R O swertiamarin 2 ICOWT, S AR TR L&, BRI T
THLELTWNDZENGRAMBHICAEGEBIERICRD E O RO TIEIRNEBZ LI,
swertiamarin J&E72ZER T2 O THhIUL, 1 FAEKOFIHIL 2 FAKEFIHT S X
D HLREICHAMTH D AREMENRH D Z L AVRIR SNz, AR HFICTEY 7V IX
2EABREMORREEHESIND D, HHFEREZAETKLE LTHWD Z LIETE R0,

swertiamarin |%, ¥ L7 —BIEMERERMNY), IGF-1 PEA(CER], HGF 4 PEIEER] D
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JREHZ 22 5 728, swertiamarin O &)=Y AEFEHATITRIEICEM TE 2O TH DL & E X
bihd.

U7 VREAROERBIIEKOREEEL b OOHLOrE Yy NRETHY, AL
o - PASHR AEPES AT LA T 5 2 & T, BALEAE Y 72 Y O swertiamarin { fEHE
MARE LB Z bID. 22T, ARSI AREY AT LA TR OIS swertiamarin I & %
RE LD L&, BUATOREM AR TH HAL D swertiamarin I g D g 2384 7-. FASA
BEAEE AT A THHE T 7 A (MKV R U —AERS ) OEEAERIZSEE - 6
M- 4BEb LITXSETHD. 1FERKIIeE Y MRTESIESE VW LERND, =
CTCIESEBETRET S, 120000V A XOU SRRy bT CBREE 25 ELKIZ
S54gNHETE 7. W7 7 ATHEE T 2BRITITH OB RS (300mm X 600mm) % FH 9

SERC ROBBEERPAEOND. FMEC TG 21T SMET S L, @\HT

1% 4 AVIRRETRE, 10 A R RIIHETE 7720, #EREDGINEE TR 6 A2~ 0, 18AT
TOHREEHIF T 3 EUEN FRETH . EITHETO 58EH 72V O swertiamarin DI E 1
#11323g, Hi7 7 AT 1£H720 D swertiamarin DULEITHI 373.82 TH Y, #I 3 {5
HTHZLENARETH L. LIV T VITHMABRE CHEOEKIC LV AEF
DHEIND 2D, VERICITERZ 5 272005, FASIEARE S A7 A TG 1T
Bty, MEEOBEROLEIT WD AT 5 Z R ARETH D, B2 fi ]

L7 a O/ET & swertiamarin R E~DEZBORBUS S L5728, ZORE LY § FEE
DONEIZZNE D & RiAD D, F£7z, ARENIHEIMZ 6 » A& L TRE L2,
PN AFES AT L CHEEEZIT O CATHENEE DL Z LN TRINDLDOT, IR

B HIADL D THD.
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FAH T ORIFFEDE - OFIFERE L OFEA D swertiamarin ¥ 12 K IE 352

1. #

il

BT ) OREENEELONEBO 1 D3R FICH D (REEEEBER, 1999) . Dk
D, FFORFREEHODTDIT, A ORFRI-CEEEN 42 RS ENHEL S
no (MR, 1987) . HEITO® 7 UREETIX, BEBL LIcEFI3RFR a2k &
SINDHD, KITEHRIR LI 2 BEICHEE, RoTBHIIEL TWLERTHS.
ZOh, HRENSE T Y OFT- R 1 0 MREUH K 2 Bk £ CRFRRE 123 88 ik
BECHY, BERESEET S XD RFRNEE -GS, THEOR TSR HE RN E
WO REDRD S

- OFMICONTEIRG (1981) (FEFZKETIXRFED 5 Ahfi~6 A TAEIZIX
KB OFEFDHFE %D EHE L TWDN, RAEFIECI VBN KDNIZD
Dy, FELOFEMEVREENBRONTZHONEIHAL A TIE ARV, —F, b~k (&
B, 1997) , =0V (=J#, 1998) , o (i, 2001) Stk 2E9 T, K
R - AR T CHNTETFORFEN MR LI EEMTE LI ENMbATWD. £
T TABIZETIE, -20°C FCHRESNTZE Y T VRETFOREER, BIOEADETR,

swertiamarin JEFE I OWCHRHEAZIT - 7.
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2. MBEBLUAE

EYHHE RERGELERBIGEASES (ASES) oY (KRB RAE TEH
s ROALHAR R, S 660 m) THIG SNk 7Y ‘BEE2E Off %,
1992~2003 £ 11 A EAICERI L 72, BB L 72FEF1%, BAV 300 pm D550 T/
Rif 1 K OMERy, W7 & DRMEM AT BRWTZET ¥ v 7 & DR Y RIZAR, -20°C
IZRRE LT AT 4 1V 7 U —H— (MDF-435, =¥EHER) T, JEIFERB L OHES
R E THEARGT L. BB BRICB O TR E LR 71F, SFBREOFFEICERRL,
TEATICHE U CHEA S NI Ik LR T U7z, 8 3FakiaR & sl o ik U 7o Fli -+
DEREEEFS Z ORAFAEE A Table 3 12 L7z,

AERTFEYLRFRICRIFTEE 2008F 1A 7 HIS, R T2 10 mL D&
HMARE ANy Y —1 (B 9em) 12 100K S#EFEL, 13°C—E, @il e Lizs
7 —AF ¥ /3— (CR-14C, HITACHD WIZH#E L7z (F1L, 1981 ; /hbk, 1987) .
JEIRIIAE B R HOE T 7

(FL20SS * BRN/18-A, HUZ7 A 7 Table 3 Harvest year and storage period of

S. japonica seeds used for the experiment

v7) vV, vy — L RO E

Storage period for the experiment
Harvest

FHRBEFEITH 30 pmol m? s' & L7Z. Year — (year)” —
Germination Cultivation
FERCASHAL, SRRV L2 b 0% 2003 4 2
2002 5 Y
FEIFL L, MBRBIAGTR 3 B T LI2% 2001 6 _
1999 8 6
AR U7, R TIX, FHA 1998 9 .
1996 11 9
FEIZ S v — LI BED Bz, 7eds, 1004 3 "
T VAT RERRNEORE 1 2

. . “Harvest year is not counted for the storage period.
SR Z Wz oy — LT : .
MIRNZ &, HillE vy — LI Y The experiment was not carried out.

THEA 2 ERT D18 H OTGIETIEL
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EOREIZ L DRERIKTNEL D Z LD, RRBR TORFRBRFTEIA ST
DWEATEICE > 7. BRI 4 RAE TV, RBRP s, BUKOFRE DK KE
BMU7z, RBRITRANCHESF LI T2 B TE 22 A 1 2B 3 11 A (40 HFHD)
FTIToT-.

AERTEELNREDQOIER Y swertiamarin BEICR(FI &

(1) BIESEHE nidoESGIC, EIEEEHET, @ 160 cm TEAE 110 cm, &S
10 cm ORI DA A AE- 7=, WAZ R 2 C & < $EE L7=1%, 20064F4 H 4 HIZ, 0.3
g (£96,00047) OFEFEK ILOKICIEALT, M 1Im* 4720 ICY 3 vn THECHE
L7, BERIIELEITDT, HRES SO TREREZE, I 52
B 60% D BIEMII T b R VPWE LT-. T OMOEEERT, o 2 EiFE MR T
7o BISEBIISRAE IOV T Im® & L, KEIER T otz

(2) £FRE IWHEEH (FAEBIEER, 1999) & S D 2EOK 20%23B4E L7z
FEHALC 24 72 % 2007 4E 10 A 10 HIZ4 X 400 cm® 4y DR IA 2 Hh < B i L, k&
ZPE L. INFEIZEX 3 »FrCiTo70. 612, SR T3IHMEEIY, uwhEL
HE LT,

Swertiamarin DEE

(1) SisH

B, F2EICETS.

(2) HHFR
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3. ®BR
HREIRAFRE T DFEHFRIL, 1999 X OFE T Tl b m < HERB L, REHEIFRIT 74%
Tholz. REREFRNE BIEN S T2DIE 1992 4F X 25%, DT 2002 F-[X 29% T H
ST, TOMDIEE A EORFEETIE, REEEFELRIL40~50%TH 7= (Fig. 11) .

R L B ER L ORI, —EDOBRITRD biviehro7z (Fig. 12) .

Harvest year

—0—1992 —{—1993 —— 1994 —>— 1996 —— 1998
—&— 1999 —4&— 2001 —— 2002 —%— 2003

70

60

50

40

30

Germination rate (%)

20

10

2/1  2/4 2/7 2/10 2/13 2/16 2/19 2/22 2/25 2/28 3/2 3/5 3/8 3/11

Date (Month/Day)

Fig. 11 Changes in germination rate of seeds harvested in different year and
stored at -20°C.  Different letters represent significant differences on final
germination rate by Tukey-Kramer test at the 5% level.
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S 70 F
8
S 60 |
5
S 50 f o o ©®
=
= — @
E 40 t o L
]
)
ERE . .
a9

20

y=-0.26x +47.93
10 r =-0.07 ns
0 1 1 1 1 1 1 1 J
0 2 4 6 8 10 12 14 16
Storage period (years)

Fig. 12 Relation between seed storage period and the final germination rate. ns
represent non-significant correlation at the 5% level.

Flz, EAIGTO 2FAEFEAOINHERFHAE T, T XTORXT, 2EDOK 20%03 5
EL=DIZ10 A 10 HTH Y, I HICRFFEROEEBII R o7 (5T —2E0E) .
AREEIL, 1996 AR LAEITIEIT & ZENR o720, IRTFEHN 104E2B 25 1992~

1994 X TITEITE W HIE< 72> 7= (Table4) .

Table 4 Effect of the plant grown from the seed which were harvested in MBI IR TR
different years and stored in different periods at -20°C on fresh weight,
dry weight and swertiamarin content RO T BB T
Harvest year Fresh weight Dry weight Swsgt;?gl?rm )
(kg m?) (em?)  (mgDw) o0 EAERoL.
1992 7.10 + 020° 1.71 £ 0.03 33.1 £ 10 (RFAER L AR
1993 6.88 + 0.20 1.74 + 0.04 544 £ 7.8
1994 7.03 £ 0.21 1.69 + 0.03 355 + 89 CORIIE, A
1996 7.58 = 0.18 1.82 £ 0.03 451 + 13
1998 7.44 £ 0.21 1.72 + 0.04 485 = 12 T2 B OFHEENTED
1999 7.35 £ 0.31 1.73 + 0.04 40.6 £ 6.3
2003 7.85 £ 029  1.93 + 0.10 481 + 53 Bavieny, EEE
2005
(conventional) 7.59 + 0.24 1.78 £ 0.06 449 =+ 14 DEX T T

* Mean+SE (n=3)
ol RIFFREIWE & ORI, AERMEEIER) -7 (Fig. 13) . RIFFE9

HFELIN (1996~2003 4E[X) TiX, 18T & T swertiamarin J2 (221X 720 o 7273,
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swertiamarin 12 1% 1992 4E[X & 1994 X TIBITICH R TIK T L2, REFEENEL &

% & swertiamarin J2EPME T T AMHANH 72 b DD, MEHIICHELRMABEITRD 5

iR o7=

Weight (Kgm?)

Swertiamarin content (mg gDW-!)

60

50

40

30

[\S IR VS I L 24 B =) TN B <IN o)

(Fig. 14) .

.-\L —o—0— o
- o ¢ @
[
y=-0.06x + 7.78
r=-0.822%*
y=-0.01x + 1.84
i I =-0.598 ns
8 -8 = —n
0 2 4 6 8 10 12 14
Storage period (years)

Fig. 13 Relation between seeds storage period and fresh weight and dry
weight of the plants grown from those seeds. *and ns represent
significant correlation at the 5% level or non-significant, respectively.

(]

L o °
(] o

- y=-0.44x + 47.08 L4

I =.0.29ns
[ ]
[ ]
-
0 2 4 6 8 10 12 14
Storage period (years)

Fig. 14 Relation between seeds storage period and swertiamarin content
of the plants grown from those seeds.ns represent non-significant

correlation at the 5% level.
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4 ER

AR CTITBRFEFIC L VR ERIELDERHHHOD, T XTORBRRIZEBNT
FENHER SN, FIRS (1975) 1IRAFREF DI THONT, FIRIREE - SR T
RAELTEHE T 2 EDBEREFE LRV E LTS, 51T, SRR LR T2
FHRFETLHOZMERL THY, REFORE L LEKSIT L0 A ORI IR
INDID, BENPRKONLNEDTHDLEERZLTND. ZOREICELDE, &
Y7 VREFITHRIC XV RFE R OTT (LAY N T U MET) Th D ARt
REEIND. L LARBOEIELIZ-20C TH Y, 7 U —WPHNOKEE LT
RIS BN D0, RFFEHIT L ORFROVL45%TH Y, BRITHF LR
Mol XKiTehotz., ZORENS, B 7 VIid—kiefE (A—Y Ky 7 AfE 1)
& FIRRICARIR « WS - IR TRV FEETH D EEZEZ LN, HRLOWE T8
KT X VFEHEAMET-ND & LTWAER, B 7 VETORERE LICITEE T T
DIRRAER G THY Gk, 1977a) , EEFEBOY » FUTIE, BALEIZK
DARIRAFTIR 41D Z & n (2B, 1968) , 2 FHICHEIEN R LN IZONT,
1A B ITARER L T e fl 1208 88K 73 & ARIRIC K 0 ARARFTIE 23 T oL 72 vl ReME N & 2
bihd.

F—Y Ry 7 AFEFCIHRE - %8RI KV RFED LR Lo >REIRAFET 52 &0
ARETH D (MfE, 2005) . BT VR TIZBWTH-20°C F CHRIFRICHEL 52T,
10FLL EORMRIFDSFRETH 2 Z LS BN Ede o 7o, 4RI OFRER C i Pl
(IATORN STy, V= N 7 ETHEFORMMREET O%E, REREAIKRIC
rOIED, FEFOEKRRIZOVWTHESHEFFS LS (FAO/IPGRI, 1994) . 7Y

FE T2 DN T S I PRAF O R PN BE PR T3 KRN G- 2 5 5B 2 i~ 2 BN
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b5 EELNDN, KEEMAGDEDZ LT, IHICEMERFETE S AHEMEDR
mainbg.

AHFIECTITERFER Z & OREIEFFIN 74%~25% L 1IXH D ENKRE L, S HITARRBRN
TR NRAFFEC T & o 72 2002 FEER U T- D B A& FE I R1T 29% & 1992 1T
WTIRD o 7. A ElOFER TITERFERF D FEERBR AT o T o, FEERDRE
DRAFRTN D DT DOMEIZ LD b D0, REFPICHEFAFHIL LT LES/2dD b
DOMIARATHS. L, FEHEITHOW TR OKIRNFETDIRIRIE R 2 %
B 22 ZEBARXTHRINTWD (MlE, 1972) . 22T, 3B LTI, HREFOD
BAMEHI D D INER £ CORIRA T2 & 25, 2002 0% 11 A FOKIRDMILOFIT A~
% LIRS, #iC, thoBRFEETIE 11 A FRIOREIX TCU ETH D DR L, 2002
1% 4.1°C TH -7 (Fig. 15) . 2002 4EICB L TIE, ZDOZ ENRBERITMONDE
BEBIEILTWLAMEMENREWEEZ OGNS, B 7Y o4 N LIZIZRE O
T OLZEMBIIR DI NZD, BEHOSWETZ2ERFL CRBEEEAHTLZ L
X, B EARRBIRCH L LEZBND.

BT TIE S DIARAFRE 2 L CRBICE 21T o7, TOME, T XToHR
TR DRI 02 B ER 72 FEEDMG H AV, swertiamarin R & (RAFFEL ORI A B2
MBI RGN o7, BALEESH 72 0 OINEIZ OV TUIRGFFR & EREICA R
RAOHBENRA LN, 104 T 0.6kgm’ DT HRRETHY, EL LTUIMENLO
ThH. LU swertiamarin £ S IRIEV R 25 LA T 2HmRHY, 7Y
AL LCTHERT 254, BARIEEIFIZT swertiamarin Z#) &H 720 2.0%LL E&Te
ZEERHESNTWDZY, INE - EEZERE LIS E, RMEFEEDY 10 A0 OFE 1

ERIEICHWD Z ENEFE LW EZXBND.
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VL EDOFER NG, HAERFIIRFRICHEE L LS RWENRREFIETHDL 2 L
WD SN o7z, & BITILER swertiamarin J2E 2 BB L2 HATH, 104FE/RED
DT DARETH DL ENH LN o7, ZTRETEV 7 VT FOFMN LR
FEHIABR DTV, FEFORFMEATREL 720, Fi e ERIBRR ~DE T
2bDThDH. Fio, BERDRWVEOHEFZRFL THB LT, MEDRWHET
DLEMAGISATRE L 72 5. A B O VTR IR 28 id s %ot 7 U 4

PEDORNFIICHFGTE Db D E b,

18
16
Year

14 —— 1992
Ll —.—1993
© —&— 1994
§ 10 —%— 1996
é g —%— 1998
i: 6 —— 1999
s —0—2001
éﬁ 4 —A—2002

5 L —0—2003

0

early midle late early midle late
October November

Fig. 15 Changes in mean air temperatures during ripening period of S. japonica
seeds. The figure was made from the data published by Japan Meteorological
Agency.
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FSHEI SR - RHEIZ XD swertiamarin O FE R

1. #

il

NERHE DO EITIE, ZRENORRETHICES L2872 72 MO B RS R 72
V. RIFFERCIE, SEOBRICHTZY, REOECT Y AN OERE L TE 2R
Ao TRIERBR AT, TORp0 0 RFRORRIREICHT 2 HEX 15,
‘HEX 25, BHEX3E O3HBEAPEEINTEZ (FIR, 1981) . LaL,
‘HBFEE3E ARAZIS, RIS STV,

—J7, e E BAERORMBICHE > TWAAEETILMEDIX L E NM#EE 2> TH
D, BEFEIZEWNTYH, ZUIAAREZREHMELIZbDOORITEEDL Z L0, 3K
W —EITRD Z L AREE R AR E D7 vy (R, 2009) . B 7 U
swertiamarin & FEIEI 5 35 0RA Y & G Fr, ZOWENE LT Y O EERIR Y TH D
Ewvbid. HASER Tl swertiamarin 28 2.0%LL E, £FEOKRRFICEEND Z &
2, AL LT - AT 270 0%ME LTED LN TWD (AARKEF,
2011) . X -, swertiamarin OD&EA &R, £EHKE L COMNE LM 5 L TR EE
RLEDOTHDLEEZLND. £ZT, Vo7 U ORRMAEEICET L #HOHED O
EDE LT, EHECTHERIN 3 MFE, 6 BHICZ OV T swertiamarin 54 & % FEIEIZ

SR ZE S 2 A L 7C.
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2. MHEBIVHE

EYHE RFRTHERINZECTY 3afE ( BEE 1R, HBEZ 25

‘ﬁi% 8%‘, ) , Eiw6%% ( “4,, , “14_A” , “15_&” , “S_117,, , “éﬁ
BA” , ‘gL ) oBTE#R X OVE L L swertiamarin G A EDOTHEEZIToT-.

T U7 VT T R TRBERE AL BRI ASIG D Bt L T2 72 vz, 2006 412
R R 0 X A S o B ROy IR, A% 660m) (CHREFE, 1ETTIAIC
THEFL 07T 10 Al L7 b o 2 fal L 7.

BIESH

B1E, FH2HICHEL .

Swertiamarin DEE

(1) SisH

B, F2HEICHELE.

(2) FHDOAR

B, F2HEICHELE.

(3) W HAIEFH (2011) &&= 1K0.5g% 100%MeOH 20 mL & &
HICE LA IS AN, e 2T IS ORHIR E 5%, =00 BER (05PR-22,
HITACHI) TiElvrBE (2,500 rmp, 1043) L, EEAZSELTE. 2 b OBEEET
2[E# IR L, it E AT, 100% MeOH T50mLIZER L. SHIZZIh

5 5mLZEER L, BEHERT20mLICER LIS OE2 0 HaEhak & L.
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3. ®BR

RHIZY OB “BHM" TRICES, 1S 243g THoTZ. Zhilke
&, “EREULT, ‘AFEx 25, ‘AFEEXF3E TEWEIELS, 1KLLV IEBX
Z20g L ETHoT. BTV OEHE R BN TZD1F “S-1177 T 0.95¢ TH
-7 (Table 5) .

BT UEY) 1g 720D O swertiamarin &, “S-1177 TibEhr-o7-. F7-,
“U5-F7 Rk Camnrole. ‘AEx 2%, ‘AEX15, 47, “%
JEVL” IR O 2 BRICH AR TEMNMELS, 19 mg~25mg Th-o7-. Kk ba A ENMEN

STERFIT “BIEH” T, 146mg & “S-117° OENFEES 7=, LvLans, £

H7= D O swertiamarin = DWW THDH L, “FERIL” ,  “15-F7 3, $47 mg &
KbE<, DWT “BEH” , ‘AREX2FE OFHENRENP-o. MMEHTZV O

GHENRbEPoT ST 1, MBTEVEARETHRD L322 mg &, SRV
T2l - RO RN TIEPLTH 72,

Table 5 Difference of swertiamarin content and dry weight of the plants among
varieties

Dry weight swertiamarin swertiamarin
Varieties content content
(g/plant) (mg g DW™) (mg/plant)
‘Mimaki-1-go’ 14 £ 027 v 232 % 1.6 anc 313 £ 3.6 a
‘Mimaki-2-go’ 20 £ 04 a  21.0 £ 3.8 b 418 + 12
‘Mimaki-3-go’ 20 £ 05 a 146 £21 268 £ 4.6 4
“4” 13 £ 02 o 225+ 1.8 be 289 + 4.6 4
“14-A” 1.5 £ 02 b 18.7 £ 2.8 ¢ 269 + 45 ,
“15-Haya” 1.5 £ 02 b 313 £ 33 a 468 + 89 ,
“S-117” 1.0 £ 0.1 339 £ 1.5 a 323 + 35 ,
“Kanshoyou” 30 £ 03 . 146 £ 1.7 437 + 7.8 4
“Kanfuzan” 22 £02 214 £ 05 pe 475 + 45 4

“Mean + SE (n=4)
Y Different letters within columns represent significant differences
by Tukey-Kramer test at the 5% level.
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4 ER

SEOFER KNG, swertiamarin @ A RHL L LT “S-1177 ,  “15-F7 | Bb7c
D swertiamarin & & L Cix “15-77 ,  “®EILT , “BIEM PAETHLIEEZD
N5, ZhOORBEEANHATHZ LT, BUTOMEL Y B EFEYSZD O
swertiamarin [XE&Z N TE 5 & L b2, FEEME L TLAHTH S L Ebhs.
DAY &[RRI, FEAEMICB W THINERLME DM EITX, EZEhoRsE
12 B WG Uo7z e i O BRI K 0720, 8 2 i\ T, REFIREF L X
RBIGICCTHER SN2 ® 7 ) W - R E V2, oIl CiEAEE»E L <K
TLEZEnn, BT VITARICEY REESEDRVEY THh D B2 LS.
LoL, B 7 VIEARSEICAAET 2D THD 2 L, RHFRICBWLTIMAE D5
AL HLWT—EDNELZHFETND I D, FIFHIZBWTEIST 2 M - R0
BPESCHMT, FEHIERDOILR B ARETH D Z ENREBIND.

S BT swertiamarin JREEIZ DV THIR A RFEHI ZE R TR0 B IENT, BB
(Z b A FE - SR TERARD O FER Lo T, BIEA - ERILREIES T
ONEL FEXNBATRHETH D ‘HFEE 25 LHALPEY (Photo9) . BT
O HfFHE TIEE L 10~35 cm, 3 0WeE, M IEERZ VN bDO L END T2
(H AR ERED 2, 2002) , BIEM - FRILRFITHAICHE LR/ ThD &5
25, HMIEUIMBOERT, HRMEESCEZOIEH G RiAD D EEZ b

5.
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Photo 9  Plant shapes of “Kanfuzan” (left), “Kanshoyou” (middle) and ‘Mimaki-2-go’
(right)
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5 oHT il

BUE, tr 7 U OFFFTREE RO A ik kO B/ sk & iR oo i 5 81 ¢
ITONTWARETH LD, EMARESND Z &1L, 7Y oREMGIZHET D
RERMETHD. 1978 FFICR B REF AL & SRBRIG AL BGEER 2 & 7Y Ok b
(CRE) Lo BUERNE, REFPIRIZT TR, FEARSRIR, R &aE CHs
kA BTz (Table 6) . —FRRIIFIGEMENE A b 00, RHRIZEOIEL BIF
LRTELT, ZEALORTIIESE LR o7-. AR THHMEDEEMTH 5/
LS TIIEBNE LAY, FHEAFETH-TH, BREEICENMRVED THD Z
ENREENT. L L, MRD (1975) 1 JAUEER A5 2 fk RS 5 2 & T
OEREEICHE L7223 DD . BIFEOFRESHIDIANC O REIE 005 23, EEHIZ U
WGBTS TICHAET 280 7 ) kRS 5 2 & TIEHIIARETH D LB X
5.

U7 UREF1E-200C FTRHIRENTE D2 BB 6NERY, SRITERTFEIR
OHEFRF B4 E TRV EIITA 5. AWFFETILEE 5T C swertiamarin &5 A /03 LU
SR, MR 2R T BCRFIME TE 2 AIREMEAVRIZ S L7z, ARBFIE T
swertiamarin J£EIZFER L7272%, o7V BARTIREICBIEL TBY, ook
O BRER I L7 R/, BAR L T 28 A b ORMHMG H AL D ATREME L&, fl
ZIERBO braxk g T, vty MEOBGHIEERFZE S D Z EnmbnT
BY, BT VT 2FAEROEMERECLERRE, Thbb 1FERICrE Y ME
LIZKS W, HoWEe By MTISE S 2R 2 A3 5 /N8 K T & 5 ArRet:
WD, HIE U AR E M T hIuiuE, L0 e o7 ) A

MAREIZIR D EEZD.
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Table 1 Major production area of S. japonica from 1980 to 2007 in Japan®
Prefecture”
Year Ist 2nd 3ed 4th Sth 6th
1980 Nagano Kumamoto Yamagata
1981 Nagano Nagasaki Kumamoto Iwate Yamagata  Tochigi
1982 Nagano Kochi Nagasaki Kumamoto  Tochigi Yamagata
1983 —
1984 Nagano Kochi Miyagi Ibaraki
1985 Nagano Okayama Miyagi Nagasaki Kumamoto
1986 Nagano Kochi Okayama Kumamoto Iwate
1987 —
1988 —
1989 —
1990 —
1991 Nagano Kochi Tokushima
1992 Nagano Kochi Tokushima
1993 Nagano Kochi
1994 Nagano Kochi
1995 Nagano Kochi
1996 Nagano Kochi
1997 Nagano Kochi
1998 Nagano Kochi
1999 Nagano Kochi
2000 Kochi Nagasaki Gifu
2001 Kochi Nagasaki
2002 Kochi Nagasaki
2003 —
2004 —
2005 Nagano Kochi
2006 Nagano Kochi
2007 Nagano Kochi

“ The table was made from the data publishued by Japan speciality agriculture product association.
Data of the year 1983, 1987 to 1990 and 2003 and 2004 were not found.

¥ Amount of cultivating area are sorted in descending order.

AW TIERAFIRE 2-20°C & L7c7c, —OAEEE BAL TIIH D HUVIRER T

HDHEEZLNDN, HEHB (2011) OMFFEIZ LY SCLLTF, 72 BFEREH hEE

FTRFN RS TEFEFMT2RFHRD ZENHAGNE R TS, T PRAFHI



DR CE I LIc kY, S%RITHREINCIRE S22 2 BRI R OfENLAY ATRE
Tho. BlzIE, EEERROIHIZTE L 7V AEICBOWTCLED THLEEZ BN
5. EENOBEEEDEET S Z LT, HEMBROE TMENHIRFTE 51370, HERER
ZRET DMENIELS 7o BT, PFHFEED ORIEEBEN RIS, S OICTERMIR
EEMET S 2 L0X, BSGORAEOR BRI TE, SIHITHEFEROEIE (Photo 10)
78 ECRERR TR %05 ) A7 OIRBIC b 2722 5. F7-, 5 3T 4K
DERERH LN E IR 072Dy, VEAKROFIHIZH > Th, BFEHOH LT D
FUHRIIMNETH D, AP BE O TR b LI BT 2 5 %, 1EH
B2 & D T - A FRIBR R O 7= b O B R RN TH 5.

LLb, REFEN S, £ 7Y OB, INEORE, HIUIEBRCE 2135
nic. <, FHICE 2t 7Y ommBEbo et r S iz, B EoRMEz

FRRTE 28T 7 ) REORELEZ KR TE L5 bDOT, BEFLOWEM, O

=

W7 U OLREMKGICEHEEGTE S

R e,

et

'..

Photo 10 Rust disease spread loer the field.
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H1E Frim
AR @éﬁjﬂ T VR OZFAERERI v~ A 2 (Buplewrum falcatum L.) DR TH

0, NGOG DIE N OB F T IV 55 (Photo 11, 12) .

Photo 11  Drug containing B. falcatum  Photo 12 Roots of B. falcatum obtained from the
market (3 from left) and soilless culture (right)

H ASK R 77 TI3#A sikosaponin (saikosaponin a 33 & U saikosaponin d) % #2412 0.35%
UEGTL b0 E LTHEMRT S, AAERST TIEI v~ A anh a8 ok
L322, hoE<TiEfm (L) 55 (B. falcatum) EI3IFENR R LK (B.
chinese DC. B. scorzonerifolium Willd.) &42EAOFEFHEY) & LT H . Seiid—i i
J7 AN 210 BT 32 IS E ENTEY, HHED HERZ V. 2008 4R O
TUX, JREHESE 248 S EH, EE B 1400 Th D (BARBEGAIERAIHZ, 2011) .
I AARTHEORWODORAEEI NS LEONTEY, FdEb i <nb
o, BUETEEICHEMIR, ZER, FERAQRETEESNA TS, 1990 £R4IEH
21T D/NEREAG O TGIERIC K 0 ENERERIX 210t, k&I 7000 [ /kg £ THER L
7225, 1996 FED/NEEAEEC K HRIERIRTEE, FAfio 5] & T if e & CAERITHD L

(£, 2010) . BUEIEZA = —8KNT K 2 BKBEE & TRICEENFR I TN D
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(B AEE S A SRBIFIH 4, 2010 ; Fig. 16) . Z 9 W o 7=f&Eod, 2008 128\ T,
A aOFEHERN 44t ON, HRTEEINTZDDITHI 23t (K5%) T, EH oD

95%ITFEIZHENS DEIAIZFH > TWAHERTH 5 (A ARBE S AKBAI S, 2011) .

Sales routes and contractants

Kochi Producer Product organization H Tsumura & CO I

Ehime Product organization H Tsumura & CO |
Gunma Producer WI Tsumura & CO |

Fig. 16 Sales routes of B. falcatum produced at Kochi, Ehime and Gunma.

i

/41

L2y LiAE, e & e th EERBHEROMKR S L7 LTEBY, v ~<H¥ 1 anF
WAEFEDOHIRIZIAE CTHH B2 BNDH. ZOX I 7RRIT, FHE5mAEIE—ERD L
b DD, 1999 F7 5 2008 FE TT2fELL BT A TETW»d (Fig. 17) . &<I,
RFRIEA — I —ED b & RFE 21T 2 T D @ AR B W CRs w2 IERR 12
LTk, A—N—LAERKLOBRS RIFEA 2D (HARFEHM, 2011) .
S BICHFETIE, BRRCRER, PiARRZECHLREGEBIIEMENTHY, I
VA AREFCHIR A R T EIRR B A TE T D.

IV A aFEPFERE SN TNDL—FHT, WEITZEL TRV ORBIRTH 5.
ROEMTH D EHMREICEWTHRINDOZITFICL > T3ELELICRDZEEH D
(Fig. 18) . EDOARLEMITHEEDEE LN EICORNBDHEEZZ LI, NED

ZREFENE I v~ YA a0BE 2l ETHRRTXESMEO -2 THS.
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0 r C—1Cultivating area 1 250

80 —8—Farms: Kochi L
—&— Farms: Gunma -] ] 500
70 —@— Farms: Ehime o
Z60 T - g
g — [ 1 <
§50 - e "i ) L—:
< ?_’-.d/ :::: <)
240 a2 = e 8
g £ % 5 I 1 100 g
530 f z
= o
© AN e —
201 A PR s0
o £ ] -
10 o5 g B I
® L2 S 5 IR ! N e
O 1 1 1 4 1 L s I e [T s L S O

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Year

Fig. 17 Changes in cultivating area and farms of B. falcatum in
Kochi, Gunma and Ehime from 1999 to 2008. The figure was made
from data published by Japan speciality agriculture product association.
Data of the year 2001, 2003 and 2004 were not found.

=3 Amount of production: Kochi =3 Amount of production: Gunma Amount of ptoduction: Ehime

Amount (t)

—— Yield per area: Kochi —&— Yield per area: Gunma —&— Yield per area: Ehime
14 1 120

12 : 8 1100 %

10 | in =

4 180 2

8 - ; 5

. : 1 160 &

6 : : g

: _ SV

4 ; 40 %

2 r —g 20 ”

0 R | | | | | | | | o | O
1999 2001 2003 2005 2007

Fig. 18 Changes in amount of production and yield per area of B.
falcatum produced at Kochi, Gunma and Ehime.The figure was made
from data published by Japan speciality agriculture product association.
Data of the year 2001, 2003 and 2004 were not found.
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W2 2EMOAEFTOMEIIIM TR OB N RENWEEZELLND. —F,
BRI 2 L2 WA, IR 2 A S & Bk D 2 L h, 3
YA aD XD ITRERERAL & 3 2 S D A FEIZ BN T B R ERIS
FHTEDHHDEEZILND. IV~ A IDOBEHEFICONT, ZHET
Ebb&Flood 53 (FF 5, 1995¢) <0, Wik (95, 1997) TORELITEET 20501 H %

, REONEITFE TS SN oI, R LEm< s &N
WESNTWND., BEBIFIC L DEEN AR TH D Z E PRI TWNDDY, M7
HEHIN OMNL E TES TRV ONRBURTH 5.

T, I~V A 2 OBEHIEEINHENL 2 IS, ARUFE CIXE R 1
HHUEBRR RN I v~ A 2OAFORO BB KIEFTHEBLHFAE L. H2/iT
IXRGHE & RS, B 3 Fi CIIESBIROIRE N I v~ A 2 DAF, saikosaponin i

(52 DB OWTIHEZIT 72, TORR, ERBEIZ X DROIERHE~D
AT R O o TS, EEHUIAR DI E:, saikosaponin I8 % R IE T2 & 23]

Bk leot. Fin, ERIKEEEIZOWT, H EEHOABTICITEERIKEEEIC L5

#

D& T=h, ROULEF I O saikosaponin EEIZ AT B e - T=. S HIZ, HEY
RO IRED D, I~ A 2OESRIFEERH G E 72 o7z,
Lk, AAFIETIE R v~V A a OBEFIGEATHESLO 72 O OEFHIL,  FEa8 kg PRIZ Y

TOHOMANEONT.. TN6IE, BEEREICBIT S I v~V A aLEOYRE, NE

H
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F2H  EIEEHEHIR D R - BERBE OBV DVER - EIZRIT TR

1. #

il

BIRBIE BT, HEHITHR D EERMTHEREE DO 2> Tdh D, FIIv~H A=
AR 2RI & T 23 TH 2 DT, HTEOMELMEOEWNWEIC R K&
AR . BERFE T, EEHCIRWT, HHEEOREE GHE S, 1990) , +
Bt (Hosoda etal, 1992) 2MROINE, SEICHET L ZENMLNATND.

MEGICED &, RNEDNW, ), fHE 8, Emt, it EE) o
JIEE 720, saikosaponin JEEE L), LW CTEVMEZ R LIZE LTS, 2D EMnb,
IV A I IR EOME LR ERE Y TH DL EFZ L DD, BIRIET
v I U —IVIMENTRETH D LS, <O THOLA TSR, v ~TA
I DFEWHRIE TIT E D L D 7B 38 LTV 2 Ol L7285 7e .

T, KB TITMEOMENLELTH L EEZX LD (RS) , NS
W T EN 1y 77—/ (RW) , WEMEMER, [BFRICLE LTV D15
T, WEANATRIEREITHHEA SN TWDHRLR T = 7 —/VtE (FP) @ 3551 (Photo
13) TERENREE LTI o~ A 2o NT, BOWNE, FEABEGMS THD
saikosaponin J£JE, X HICI VA I LRRLREONBNE ENDD, LR
NS OFERIEE LT, R O A LI A A L.

Fio, BRERICENTE, BoCBEFTRICERERICL-THEALNDL D, £

DESCHE L, WYOATICREL RFTEE2 65 (MM, 2005) . % Z TR

72, BERIROFERBE IOV T S TRHRE LT-.
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Photo 13  Substrates used for the experiment, foam phenolic resin (left), rockwool (middle)
and river sand (right)
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2. MBEBLUAE

WIEAE L 20000V AT (BR) oftE IS b orx vz, fiEi
TR CORZEREEE Y « — /L RRZE ¥ —NICERE ST 7 AN T T 7.
2010 4 HIZHfE 4em, &S 50 cm OREEH L E =—/v (PVC) Ay 7 U —
MR Z T L, A 7 1IARY=0 I 10kERE L (Fig.19) . K1 »ABFHLE
W EFF 6 A, vy s v—n, Bok7 =/ — VBB Z FeHE L 72N 4 cm & & 35
ecm @ PVC XA FICEMICHER LI A 728, WEaBH L. 2208, (471
ARYT=0) OB 1R/ 5 K O MBI & %217 o7, PVC /A XA EOIER B
BB 0.5 m™ H72 0 60 AFREDOFHE Tkl L= (Fig. 17) . MotlCak @ LT
2—7 L0 RENT R BUGTEEFRIR 1/4~1/2 L (EEERFICEI V) 258750
WRAEEE (ZBEEX 0 4L - 9[|I~S BBk B DHEX : 4L - S5[EI~3 [ Bk H) TH
ZTHEE Uie. RERBEIIRFZRIC L Vs Uiz, B 7 » ARICHEZIREEY, 4
B mERAEICHE L.

EBRE KB 0 6k To%hEly, 2hEnsE, 1R, Xo, Bl
%, WWEZRE L.

Saikosaponin MEE MO HOWT, BAIEEF (2011) (2t~ T
saikosaponin a 35 L WNd DI 21T > 72, 72725 L, HONTREMEME->T2720,
B, A EEITXTERFO 100018 Lz, T747bb, W 0.1 g% Bk
IZFFE L, 90%MeOH Z /N2 T 15 3R 0 IRY, =O0BR, REAEsRLz. &
DITHIHFRIEIZ DWW T RBROEAEZ 2 [B# 0V IR LT, T XToO LEAZGDE,
90%MeOH T 5 mL [Z/ER L7z b DA flitik & L. #fiti#k 1 mL (2 0.1 M NaOH 0.25
mL Z /1%, S0°COMEIRAM T 1 REFEINE L7z, & 512 0.2 M KHPO,—NaOH fE &K

(pH=6.9) % 0.75mL &Nz 7=DbH, [EFH (Cosmosil 75 C18-OPN, T U7 A4 7 A7)
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Filled whit Rock Wool

“ 4B

2 month later

35cm

e

./

PVC pipe

Irrigation frequency
Lower : 4L X 3~ 5 times/plant/day
Higher : 4L X 5~ 9 times/plant/day

Irrigation tube

Solution BUMD

Fig. 19 Outline of the recirculating soilless culture system used for the experiment

Z W TR U726 D% saikosaponin 73T HEUEHE & L7-. saikosaponin Ji# 5 DHIE

137" 7" (L-2130, HITACHID) , UV #iftigs (L-4000, HITACHI) , W7 LA —7
(L-5025, HITACH) %% 7= HPLC ¥ A7 A% M\ 2. # T L1 Inertsil ODS-3 (4.6

i.d. X150 mm, 5 um: GL %A = &) |, 77 NIRRT 40°C, HEIZ206nm & L=, B

BRI IIAK : T F= KU L=60: 40 (v/v) ZH\, BEFEHEEIL 1.0 mL min’
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& L7z (Fig. 20) . #UBHIEH @ saikosaponin 2/ 1%, saikosaponin a 35 J OV d 22 4E 5, (Fn

FMFETE) ool —7 Lol L EH Lz,

=
1]
)

2.38 ATT & OFFsS

.,_
)
%
A
o
)

o 4 M8 oy, 1 c.s 2.5 ATT 6 OFFS
R i 2 .83 -
I.54 e
783481 =
2 .43 "
= HEE 9.9% L Sajkosaponina —18=| 'S =
11 7& -
15.1@ .
19.91 aT
20 .38 =
25-
52 -
> <5 .98 ——— Saikosaponin d =
] 8- 15.P 298
2P 15600

Fig. 20 HPLC chart of saikosaponin a and d

BORNBHEHRR A shiciishizI vy~ A aRizo0nT, MBS
(1992) DOPAENZEZE ZE AR T Uiz, #IBES 5 1 em 0T OARMEr iE D
Y% 2%7an 7y —EERIEICCRa L, YRaBomks BEgmrY 7
(Motic Imamges Plus 2.2S, MOTIC CHINA GROUP CO.,LTD) % AW T L7z, Y

H D TRIRE,AEWTIRIRE X 100 2 A{bFES S L7z,
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3. ®BR

B GE+2E) EWEDP R Lo OV HEXRW Th -7 (Table7) . K
WG, ZAHPEXRS, DAEEEXRS, DHEEEXFP ONEICHEN L0 > T2, ZHEE XFP,
ZHE XRW OH FEHZEIIMIZ L Th o Tz, REMEI R HEZ>T-D1X
DBEEXRS TH Y, WNTHBHEXRW, ZHEEXRS, ZMHEXRW OJE/E>72. FP
DB, ZHEX E BREWEDIMIC S TO R o7, i@ n ot 217 -
el 2 A, RHAEME R oTo, M EEE EICITABRIC L D 213 h o 7o nd, AR
W IR HIENIC 2D & Y, FP TIIMOBE#THES L2 b OIS~ TR E D D72 )
-7z,

Saikosaponin a JE 3D XFP The b | <, IRWVTEHHEE XFP, ZHHEE XRW,

ey
W

BHPE XRS, DB XRS, DHEXRW ORI R AN> 7=, saikosaponin d i B 1T BHEE X
FP Tl b %<, WWTELHE XFP, DB XRW, DB XRS, ZMHEXRW, £
EXRS DNEIZE A > 7=, saikosaponina, d, a+diEEIZOVWT ol E 0N 21T
ST & A, WTHIUTEBWTHRAERIEZZ ) > 7. saikosaponin a #2121 THEHIIZ X
H7EMB Y, FPTHEHE: L7 b OIFMOE M CHRES L2 b DI TE o7z,
saikosaponin d, a-+dJREIZIFAERIC L B AT R T2,

AAEFEENT RS 55 TIRWME W Td - 72 (Fig. 21, Photo 14) . REE & AEFRH D
WX ERMEIE o720 (y=0.032x+0.094, r = 0.4226ns) , HiihZ & TlX, FP,
RW B Cl3A B2 IEOFBEN H - 72 (Fig. 22) . —J57, RS TIIRE & AL O

(ITA BB, IRESHEAR L TH ARMBFEEIE) > 72,
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Table 7 Effect of irrigation frequency and substrate on dry weight of shoot and root of the B. falcatum plant and

saikosaponin content of the root

Frequency Substrate® Dry Weight (g) Saikosaponin content (mg g'DW)
Shoot Root a d a+d
RS 45 £ 15 7Y 10 £ 02 30 £ 03 36 = 0.8 66 = 1.0
Low RW 55 £ 1.3 09 =+ 02 28 + 02 40 + 04 6.8 £+ 0.5
FP 36 + 2.7 03 + 0.2 43 + 03 48 + 03 9.1 + 0.5
RS 46 + 33 08 = 03 32 + 0.5 33 + 09 65 + 14
High RW 27 + 0.9 0.7 + 0.1 33 + 02 35 + 04 6.8 + 04
FP 27 £ 19 04 + 0.1 38 £ 04 41 = 09 78 + 13
Frequency 0.48 0.56 0.91 0.38 0.56
ANOVA Sub 0.8 0.01 0.02 0.34 0.12
(p-value) ubstrate . . . . .
Interaction 0.78 0.8 0.35 0.94 0.78

“River sand (RS), Rockwool (RW) and Foam penolic resin (FP)

¥ Mean = SE (n=4)



River sand

Rockwool

Foam phenolic resin

Photo 14 Cross sections of B. falcatum root stained with 2% (w/w) ethanol solution of
phloroglucinol and HCl

57



% (stained area/
cross section areax100)

% (stained area/
cross section areax100)

40

35

30

25

20

15

10

(S

—_

RS RW FP

Fig.21 Lignification index of B. falcatum grown in river sand (RS),
rockwool (RW) or foam phenolic resin (FP). Different letter represent
significant differences by Tukey-Kramer test at the 5% level. Bertical bar
indicates SE (n =5)

60 r
RS y=1.0113x+11.255
r=0.5809ns
50 | RW y=6.5911x-5.1773
r=0.9986" .
FP y=14.7x-344
r=0.9607"
40 F
30
A
20 |
/
A
10
L 2
0 L L L 1 y
0 2 4 6 8 10

Cross section diameter (mm)

Fig. 22 Relation between cross section diameter and lignification index

of B. falcatum grown in river sand (RS), rockwool (RW) or foam

phenolic resin (FP). *and ns represent significant correlation at the 5%

level or non-significant, respectively.
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4 EE

AR WL, BHOREIIIRE, saikosaponin R IZHE LY KIFT 2 L5
MmERoTlo, MG (1990) 1& 5 FEHO HEEZHWTI v~ A az s Lics 25,
JIHDCHeEE L7 b O OIRDO W), sakikosaponin £/ & &Ik b ooz i L
TWh., ZOZENBINIEII T~ A aOFFICHLREMTH D EBEXLNDN,
AFABRCIL RS & RW THES L7 OITR O E, saikosaponin 2 & & 1222 A3 20
Sfz. —J7, FPTHEE L2 v~ A 2 OROGEHEIIMO KIS 40%FEFEK A >
72. FP THESN=I v~ A R P D saikosaponin FEEIIMDOX LV & Eh- 7278,
ZHULEULEM DN ERE L2 Dy - 1272812, saikosaponin DIEFENIB Z >R TH D &
He2xins.

RO R E S saikosaponin Ji L IFEFHIZ K o TEDN L OGN DIZHK L, BERSARE T
I XN LA 2T R oo T-. ZOEBIZHONT, ARBRTIE, —Rm472D
DI TR LSO DEE#REE 52TV 2 ERBER L TWD HREMRH 5. £
WEREAT D 2L DAY v ME, 1EMOKGRIU o THEIHERT 5 2 & TIEE
ORI EERmD D Z &, BBXSLEDREDOHNENRHRL DEHSZENTEDL D
ETHDHN (M, 2005) , I~V A TOYHAEFITEIE T, KSLESE L 1LY
P Lo mREEND S, AR TITEEOMRE L, —BlH7e OFEREEID
T2 ETHER AR o T2, Ak X Vv A 2 OFAKGRIRREZ B BN L, EhiC
BOETREREEHE R T OLENRHD LEZDND.

F7o, RBFETIE, SEFFEOEEO—2 L LT, ROWHEFEDOERETM b A
1To727, ZHUEIRS TIRWEHEB TH -7, I v~W A aid, “Laen” bR
BWEEhTEY, BEEMETHLRNBOAIEREZRZ b OB 20ndb 5. 2

VA 2TBWTUE, AFBEDRIZ O TAREO ARG 2 &bt T
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5 (G, 1993) . & <IZHIROMRBAMALIEIIALAETe DS, [RIRFC, HifE &5
A%E, BOMIMEE LRI L SbiLd. £72, ML (1995b) (FAEFHEDIC
DIVTARENZ BN TR AL DFEEE~D U 7 = AR KO LA ES, TR
YA TOFTHNMEITHEEEL RIFTEERLTCND., ZOZENPLREOHEKE L HITK
EFEE B IEINT 5 L B DAL DD, AWFE TR ED &V MEM Tdh > 72 RS TR
BB MBI TH 72, £72FP, RWICTHES L2 v~ A a2 W ko A1k
FREIT~50 £ TEINL722%, RS TIIi7ZWERTH 10~20F2E Tdh-7=. RW, FP T
HE: Lo b O TIHMRER EARMBIEH L OMICHE BERIEOHBEIZ® - 727, RS TIEAER
MEIEZR o7z, ZDZE 0D, RS TIHRONENEL, WEHO LWEHNELND
EEZBNSD.

THER, TEOWEKMHIII v~ A aOKRBORNMUIZEEL RIFT EH®ESNT
W% (Hosodaetal., 1993 ; fFH &, 1995) . F7=, HKDBWIGATARRIEHIZE T 5
(BAAHER, 1999) LEbilTna7e®), SRIAVEEIE, WIhb5HEE,
BEREH N ESONIEM A RN L=, vy 7 o—LRiik, 7=/ — gL HiC
RAHRIT 40%LL L, FLERRIT 90% LA L & BN - WEE2 b5, —J7, IO LRI
S50%FREET, KDRT =/ —WRHIEP R v 7 U — LITHEAMENWZ LR RERENTH D,
HITEERE G R LEZZ26ND. 22T, 3B ETIZ, HHAKSEH (5STM and Em,
DECAGON) % HWTC, ZNENORHOMEID 5 om (HEORHE, AEEKkRE
HE L7 (Fig.23,24) . E&HJEIZ RS, FP, RW DJEIZEVMEMIZH - 72 H D DR
IRIEFERRICHERS Lo, — TS KROEBIE M T L IC R D HERH Y, B
Hi T O KUMERCHE AR & B I TR > TW e v[RetE D H 5.

AFRER D B I X DROUE R E ~D BN L0 L 2o 728, RO EN

w <, ORFREDMERNNMETE) TH 5 ) IS X v~ A 2 OAEICET D EE R
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Sz, JIRITHEERMCWE N D 5720, KERREREEE L VO 9 A S IO
HLUWEHTH L2, AR CTREAMODRWE#THL LW ORELH Y,
v A Ao E LTI TE S, EROIE, saikosaponin JEE D 51T,
By 77— LbAHTOLEZXAONS. vy 7 U= LHMEFIICLZELTEY, )]

BEREEHE O Lo SIZB W TEN B TH 5.
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Fig. 23 Changes of temperature in the substrate. The temperature was measured on 12/21, 12/22, 12/25, 12/26 and 12/27 (sunny),
and 12/23 and 12/24 (cloudy).
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Fig. 24 Changes of volumetric water content in the substrate. Irrigation time is 6:00, 8:00, 10:00, 12:00, 14:00, and 16:00 in every day.
The volumetric warter content was measured on 12/21, 12/22, 12/25, 12/26 and 12/27 (sunny), and 12/23 and 12/24 (cloudy).



FI3E BEEIROBIENAET, saikosaponin IR IZ M IF T REE

1. #

i

UV A TIOBEAEINCONWT, ZIVE COMRITAEBFRMESCH T OEREIZ D
WCEHFE B L 2 T 5 Z LN EAMTH Y, BERIROEERE, /W
etk o722 &, BIGHINICBET 2 X 5 igihdzahcunian., LiL, ZhE
T Ebb&Flood FRAZFIH Licwe vy 7 v— gk (5, 1995¢) X°, 27 Hid)ilib%
FEHE LW HECOZE (5, 1997) TiX, HTERINEIXBEHIAES & A% H 50030
LD EVIFERNESNTERY, I ~P A aDEEICET 5 BRI OA M
ITRENTND.

BIARE T, EMOREIC X - THRERIFBRIEE TR D 2 LR — KM 5
NTWD. B IERERAST & W56 OfF %K EC 1L, b~ M Tl 1.2dSm”
FREE, ¥a2 7V TIL2.0~25dSm’ &I (B, 2002) . E7oA FF T, 4
RN REIC L > THRE < BAD ZEBRESh TS (I, 2002) .
LR o Ty~ HA 2TONWT Y, BHGREZIS T 2 I 22 ks B B A 2 M3 2
BT, BREIREOBRFNIEFICEE THL LEADND.

ZZTAMRTIE, v~V A OB 2 41l e R & B 5 (T
TLHZLEFE -DOAMEL, vy U— A CHERICHV DRI OREEZZE 2 T
Ut A SRR L, BAROEMMEMICE T AT, BN x R EEH

L7~
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2. MHBLUVHE
BESE L, TERPEREERREY  —L MY o 2 —ICRE SN T A
RENTITo 72, 2009 FICALBERFEN MG S, BERTFELTRBW I~ A( 2
Hiv-%, 20114E 5 26 HIZw v 7 v —/ Lok &2 S5 L7z 200 XL b L—~fETE L,
BE Lz, BEHIBEY, 3 BIC 1R, KEBAK 1/4 BAE#KZ, ZOMo B iZKko
HEREWR LT, BEREL, ML —OEm» PRSI RRE LS Lz, 9 1 BIZ, A%
5~6 BURBHRF D &2, ™ v 7 U — VIR & e L 72 & & 400 mm X P 40 mm OFEE

FAb B =— R FER LTz, 3T BIEOHEER S A7 2% H 7= (Photo 15) .

£ "] 'EWL""“? v O e LA = J s - - =
o - e e d g A 250

1
A

Photo 15 Recirculating soilless culture system for B. falcatum and the plants just after
transplanting to PVC tubes

RA TR, EE A 60 cm ZE 1 CrREAL A MICERE L=~y RNIZ, #RRE, SRMEHITS
cm 7D K DI, 2FNTERE L=, Bl OREIGLFLAA £ T, oD@ Li-m

KT =2 —7 (FUo BRI LVFa2—7, MKV RU—2L) I2XkoT, BHEkL RO
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BIRAREWR LTz, BIEHI 208 UC, FEMRR R & B3 7 RE D 17 R E T 2 Rl &
2, THIZ6REIE L, 1EMYS7ZY OREREEIZTOmML & Lz, T 7 ARENOKIRIT
25C%H HRICHARZHA L, EHIFRERICITELER 60%D I —T I LV L7,
F T HARKIRDS 10°C &2 FEIG WX 512, IR FEH TN L7-.

MEBAE  ABRXE, FEMRT DS ECIZOW T 0.6dSm™ (1/4 HAZX) , 1.2
dSm” (12 HALX) , 24dSm” (1 HAZX) O 3/KMEL Lz, KEIRATITKIE B L
77, BEREUIA X 160K E L, 10 A 6 ARG LT, 7ods, JLBLPHAARED
JEBAZEREIT 10 BRRE CTh 72 (F—2 AW . 12 APREE TIE 1~2 HFEIZ 1 [,
ZLABRITIE 1~28], &> 7 WSRO EC & pH Z2IE L7z, 12 AEE TlE¥ v
27 W EC OB NS o 7o DT, FABX DR E EC & 725 X 9 ITH =R 2 )
WIREE L, TOREEEERBKESTETH 7B L. ZRUBETIEA > 7 NEC
DI CERT LI IR oTlod, X VNECHREME 2D X ) ITHik LB
BEATo7o. Fio, KSR PIce SR L. BEkoBn, Bies
FOEHIRFIZ, 85%H;PO, & HWT, H538iK pH % 6.5 FREZIZFE L7278, pH iZEIZfF
STHINIIND PIZOWT, R DEER EI ThR)1ho T

RE - AR

(1) &F 2012447 1 BIZ, BLHEXPLAEFTRHER 10 K48 A THEIY,
EARE L EZRIE L. 4 A 27 BIZIE, HoTok b 6 BRA R, HRE
DR, RBAEAE, ELERELE.

(2) Saikosaponin BE

2w, B2ENCHEC. 2L, RBkE, MAEREIXAARIRS (2011) (2#E

Uz, 7o, EEIIIEERD OIER L ez v
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3. B B

Mo SR A RERIC IR L D AT <, M AR I 1/4 BALIK Thch o
7z (Table 8) . Mt EEBRIMEIT 1/4 AL DS e b <, IRWT 12 BALX, 1B &
molo. VABRGIXE 12 BMXOETEE L TEOMMEDOEIZLILZLEDOTHY, 12
HALX L 1AL EDZEE, B LTEOHMEDEIILD D7, H N
EIZIXBE XN 21 e o T2, LTl >, M EMEmENRKE KT Lz 1 HAL
KIZBWT, fDKIZHEART TR MK 22072, BEAIEASUIZBE X H TAEIT 2
o7z (Table9) . HAREDRFERL JOELIE, V4B E 12 BZX TIIAERZE
MR TS, TRALX T IS 2 KIZHAThEL< D, 12 BKICRLT, #
NENHK 62%, 56% & 7o

BRI EC A2 DWW T, 1/4 BN K CIEBE ST £ 72 13383 £ Clc b B3 2 B8R
BOOLNIZHDOO, fo 2 KIZH~, FIEHMAE L TLZEL TV, LirL, 128
FERETTIE T A LIRS, 1 HAZRK T 11 LI, BEREC AR5 L5120, €D
L 2 A LIS CTh o 72 (Fig. 25) .

Saikosaponina, d, a+d DEMENT-V OEGHEITIL, LEXEIZENEN ST
(Table 10) . F7=, T XTORXIZEBWT, T D saikosaponin JE 1L, HARIK 7
DIEYERE TH D 0.35%DW % L\l > Tz, #2729 O saikosaponin L& 2OV Tl

LA RS @<, V4 BRARARBIEN- 7.
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Table 8 Effect of solution strength on fresh and dry weight, and T/R ratio of B. falcatum plants on April 1.

Solution Fresh weight (g) Dry weight (g) T/R ratio’
strength Top” Root Top” Leaf Stem Root
1/4 585 £43"a" 71+ 04a 186 £ 1.3 a 7.5+ 0.7 a 113+ 07a 20+0.1a 97 £ 02 a
1/2 61.6 = 8.5 a 49 £ 06 Db 159+ 17ab 80+09a 80+ 08b 18+02a 103 £ 1.0 a
1 463 £ 54 a 50+ 0.7 ab 128 £ 10 b 59+ 05a 7.0+ 06 b 21 +02a 6.6 £ 03 Db
“Sum of leaf and stem weights.

Y Ratio of top to root dry weight.
*Mean + SE (n = 8)

" Different letters within columns represent significant differences by Tukey-Kramer test at the 5% level.

Table 9 Effect of solution strength on number of fully expanded
leaves, leaf area and plant height of B. falcatum plants on April 27.

Solution No. of leaves Leaf area” Plant height
strength (cm®) (cm)
1/4 179.0 £ 23.5 a* 307 +5.7 a 1042 + 6.2 a
1/2 178.8 + 49.2 a 447 £ 29 a 121.8 £+ 8.6 a
1 149.5 + 139 a 277 £ 2.8 b 679 £ 39 b

“The largest leaf was measured.
YMean+SE (n = 5-6)

* Different letters within columns represent significant differences by

Tukey-Kramer test at the 5% level.
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Fig. 25 Changes of solution EC in each treatment. The date when the line is
disconnected indicates that the solution was renewed or replenished.

4/5 4/12 4/18 4/26

Table 10 Effect of nutrient solution strength on saikosaponin (SS) content and the yield.

Solution SSa SSd SS a+d” Yield
strength (mg gDW™) (mg plant™)
1/4 39 +£03 a" 45+04a 90 £10a 16.6 + 1.3 b
1/2 44 £ 04 a 57+ 0.7 a 109 £ 13 a 19.1 £ 3.0 ab
1 47 £ 04 a 55+ 05a 109 £ 1.2 a 241 £ 16 a
“Sum of SS a and SS d.

YMean =+ SE (n = 6-8)

*Different letters within columns represent significant differences by Tukey-Kramer test at

the 5% level.
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4 £ =

=R OBIAET BT DI R ORE Y, HEREFTIHELND, D
WITRFENENRZ N E WD Z L ZEEICRESNDHEN LA (BFH, 1985 5 KH,
1991 ; %, 1997) , AiRBrTlE, 47, saikosaponin JEFEN G, I 2R a8l B O HE
TE & ik ATz

IV HA ADEFIZONT, ARBROFIANTIE, HEHOMYE, RRIEDOE
mAE, woL, T/RHZS, 1HAZX (EC24dSm?) T, 1/4HMXKBIO 12 BAXKEY
HIETF L. #EMOEENSI20.6-12dS m BRENEY THD EEXLND. Lo
L, 1HAXTEIMO 2 KIZ b EFOAFNR L > TW eIl brnbbd, I
~ A ORI TH DROEME~OFBEIIR SN o7z, — RIS, HIEK
YR AR SN D £ 9 REET T, KBET vy VO TICH T 2 G 0EE T
KEDORE NI S5 (Nonami, 1990; Schuppler, 1998; SR, 2001) . kIS ICEH
WTh, BERIKIRENEG L 2D LERIKORERT Y VRMET L, HWOEKS
W3 <4, AF bRl D (FHE, 2012) . —F, HITE~ORX h LA THl
EEOEENIHEI S TS, HAREDIIH FHAMUE ST b 72D, IR
FUATTIZTREMET T2 Z D36 TWS (Barlow, 1977; Westgate, 1985; Hale,
2005) . 1 HAZX ORI 7 NWIZBE T HEREREOHERBZ LD &, PEBHIGTH
D HHRHY RN S & > 7 WSRO EC A ERT 5 X9 ichoT-. ZoORE RS
XY, 1 HEALXOREMIRBE K A b L A%, # EEAET OB T/R o
KFIZoRNomEEZLND. Zbh b, FHEKECE L T0.6~1.2dSm" &RET
RV, IEERAEFERT OO, INEE WD BN 51X 2.4 dS mT FREE DR
LI CTHD EBZbND. FTo, HERIKEEC % 24dSm FRE CEHT S &, HILL

EHAEPIH SN D 2 LT, BN SN, FHEIC K > THALIA S 72 O
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B AR cE st b H Y, M EHOBEHOE S b EFRIRIEE EC2.4dSm™
LEMEBZZLND. LML, | MR CTEBREENER L2, L ETOA
BFIHINE T2 LD, (FEEE O ERIT EC2.4dS m! B L HEE SN D

ARBRICBW T, BERIRIREE D saikosaponin JEEIZ LIF T BT/ NS WO TH -
7o, LinL, g (MiAR) 2380 “ R EMIC KIFT B2\, Carbon-
Nutrition Balance (CNB ; Bryant et al., 1983) <>, Growth-Differentiation Balance (GDB ;
Herms and Mattson, 1992) &\ 724G TlE, FEAEIZ X0 RGBT 5 526
TS, CNBARGRTIE, REEDH2ICHDLBRE T TNV IAATIRFZ ZEBICH
VY, REENP AT ORBERE CIIRVIAAVTERFBEER G E LV RIGEH & L THF
25 ETFHL TS, £/ GDBIGUCBWTIL, AF LB L — N4 7 OBfRIC
bHoHEZEZBN, FIAEBICHET 2 —RABMEESND L O RELT CREEN
T3 RILT) TR ZRAGEHP R EICHH S D & PSR TWDS. EH 50T
bR ICHHBRE I RS S D L B2 BRD.

IO ORFULFIC P CRIAES LTV DAY, Bot & (2009) 1%, k< K% 0.05~15
me L OHFIFHD NO; £ T CABERET L, Zh o OEOMEEEZ RS TN D, ZhiZ
£5E, b~ REFOT =/ —/VHOREEIE NO; R 0.05~3 me L [ Tl 20%~30%
BB T 528, 3~15me L B CIEBAD HEIE 10%FRE D, FEEIC K- TIoE 3 2.
— AN BRI B W THW LD NO IR E OFFN TIE IR EMIREIC 5 2 5
R NbDOThDEEZOND. AEEEBTHIZ 272 NO; B JEIT 4~16 me L
THY, I ~H%A a2 saikosaponin ([ZOVTH T D NO, LRI TITIEEIZ KX 72
EEIRNbDTHDLEZZHLND.

—J5C, B. chinense fRIZIB\\NT, FfERA N L A% H 2 % Z & T saikosaponinn J & 23

EHRFHZEPHESIN TS (Zhuetal, 2009 a) . Saikosaponin DEAFIZ DUV TIE,
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RV A ADRIIT Y ATV, TV, T VoA E

(BRWE) % APET % & saikosaponinn DRIEKATEH 5 A 7 7 L o G kBER BT 054
T 52 eAMEINTND (Kimetal,2011) . 2D L7 7 UBITAKA LA
MEZFET DB LVEE L THEbNS. ARBRTIE, SREORSERE G Lz
KIZBWTIEL, KA RLARHSTZAEEENRH D, A b L A saikosaponin 2 JE |25
BERFLTLEHEZONS.

AWPIE TITRE RIS saikosaponin = EEIZ 8 2 o ST 0Dy, 8 D WIS
B> e DNFERWNTIRE LT ORI D IR0 T2 ODEIH S TE v, L, We
FUZ L CHATBRFLFH N Tl saikosaponin i IZ KIE/2 281X B Do 7z, FEELES
KD EC 1% 0.6~2.4 dS m™ #iPH Tl saikosaponin 2| #E A RIFS WL EZ BN
5.

UbEXy, o~V A aomEIE BT, RBOILE, saikosaponin i 1% i
JROVRERIPH CRBEZZ T W ER b E otz LavL, ROWYE,
saikosaponin JRE & b, FIEKREN S WK TEZWMERN ThH o722 &, i EEOAFH

72 SO RN SIE, EC1.2~24dS m! DA EELEZ HND
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A I~ A 3 OSBRI

1. #&

i

FWAESE ClE, BRI O TSRy ORLER & RS, Bl G B2 R 5 2 Lick
D, MG ENFETE D720, (O EREIR CTo B SR REL 725
(ES, 1997) . LiL, v~ A aizBn i Zng ¢ L 2 hEitski o
# (M5, 1995a; Zhuetal,2009b) (XH2DH DD, F/HWINFFNEIZ DN TOREIT
. BT, By U= HHIBT D X U~ A I ORI A fENL T D 7
DOHLEH IO, 5 3HTHZ I v~V A IR O BEERIRE O E

1To7-.
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2. MHEELUVAZE
HEmE
2, BIMICHETS.
EVEOBEBESRE HEWESSHREOLZWITRICL, YU FUmEE— @Rk
Hik (KB, 1989) THMRL. BNZEF AKX —/VETRE Lz, £7288% 500C

TR UKL L, PIIANT FEY 7794, K, Ca, Mg I3 FIOEEETETHIE L7,
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3. ®HR
BERERR BRI HOWT, ETIIENEBEOLENED LN, 1 BFV X TRbEL,
1/4 ALK Che b 1K > 7= (Table 11) .

Table 11 Effect of nutrient solution strength on nutrient concentration in the parts of B. falcatum
plant

Plant Solution N P K Ca Mg
part  strength (mg gDW™)
/4 168 + 141 81+06a 368+128a 67+08a 46 + 03 a
Leaf 12 202+ 13 ab 106+14a 622+106a 75+1.1a 50 + 08a
1 233+13 a 87+12a 604+79 a 47+06a 33 + 04a
14 50+05a 41+04a 261+07 a 14+00a 1.8 + 0.1a
Stem 12  57+03 a 53+08a 406+58 a 16+02a 22 + 03a
1 64+07 a 42+07a 351+36 a 15+02a 17 + 03 a
1/4 106+08 a 59+07a 201+27 b 33+04a 35+ 01a
Root 12 114+13 a 74+10a 292+45 ab36+03a 37 + 02a
1 145+11 a 67+03a 330+24 a 39+02a 42 + 03 a
Whole /4 102+07 b 56+03a 355+67 a 32+03ab 28 + 02a
plant 12 130+08 ab 80+07a 504+68 a 46+06a 37 + 04a
141 +07 a 63+08a 447+48 a 31+02b 27 + 03 a

“Mean=SE (n = 4-5)
Y Different letters within columns of each plant part represent significant differences
by Tukey-Kramer test at the 5% level.

RTIE, KIREDOARIZENBO b, 1BIX TRbEL, VAR TRHE-
To. BETIE, ENREN ITHVX TRbmS, 14 BMAXTRUEP-72. £,
CalREN 12 BIX Tleb &<, 1HAKTRGE o7, ZOMIzon TS, s

XN AT 2R o T BERER ) O ME 2 #2435 72012, Rl O HERE R 73 e BE 2

/41

V7T NEBBEAICHE L, S5HICK % 8megDW! & &7 L CEEP OB D
GRIERDD &, WHEXECEOEIITIH DL ODETNEL, FHTHE NI
6.5, P1X 4.7, Cal¥ 1.3, MglX1.8megDW' Th-o7= (Table12) . F7-, EEDOMERE

RoyE A, AR T ZRE BALTT 1 BAAZRE R o0 BERE Rl oy R e & Pl
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L&, NIX45%, Cald20%, Mgld S0%FRE L, HERLI-EHRK L D LI - 7-0lC

$PL, PIX120%0L EEER L=k L 0 HIBENE -T2,

Table 12 Ratios” of nutrient in the whole plant of B. falcatum

Solution N P K Ca Mg
strength (me gDW™)
1/4 6.4(39.0) 4.8(123) 8.0 1.4(17.9) 2.0(50.0)
1/2 5.7(34.8) 4.8(123) 8.0 1.4(17.9) 1.9(47.5)
1 7.3(44.5) 4.4(113) 8.0 1.1(14.1) 1.6(40.0)
Average  65(396)  47(121) 80 1316.7) 18(45.0)
(meL™)
Otsuka B 16.4 3.9 8.0 7.8 4.0

“Ratios were calculated as K concentration in the whole plant was considered to be 8 me gDW™.

YValues in parentheses indicate the percentage of nutrient concentration in Otsuka B solution.
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4 ER

R 1 th D MERERR 45 & A He 7 B HEE L 7285388 i O MRS RR AMARIE, N :P: K : Ca:
Mg=65:47:8:13:18 (meL") &72%. ZiuZ, FEEEMOBIEHEFTIE L AW
BN TWDREFALS (K& BALS) <° Hoagland L5 & HEEE 5 &, P DILERRL0E
V. ARRER TSRO pH FHHIC 85%HPO, & JHWTER Y, ZDORENE X bz,
R L CTHhiz & 2 A, ERBIAA) O I £ CITIRIN L7 PIX /4 B(ZX, 12 AR T
#14000 me, 1 HAAZXC3000me TH o7, HIFHRIHPERIR E LTH X272 P OREIX
1/4 HAZ XX 2400 me, 1/2 HAZXIE 3600 me, 1 HALXIE 5900 me Tho72. Liziio
T, PHIMEED LD 1.5~2.76% (245 Lo Tz, Zo Pl G-&0Hngs,
AR BT HHED T O P EH O DN o I AN 2 b s.

— 5T, TNETIZEHTITOINIZMIE T, Bupleurum J&? saikosaponin a 33 (0 d
GHEBESLENDOWEL, TR OREECHALNK /> OFEREIC Lo TRE CHBI
NDZLEMHEMNER>TVD (M5, 1995a; Zhuetal.,, 2009b) .

AR OREFR DB 1%, saikosaponin JEECLE &, iR E-CEF IR IR & O BRIZHA
LN TERDoT. 2RO DOERZB GNTT H720I121E, BRI O R /A

EEZATCIV~YA azf 550 E, SoRHMEPLELEDNS.
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FSE i

ARFIECIEE RS P 51T DR, BERE IR (ZAR O IR, saikosaponin i 15
BERIFTZ LN SN 2128, KT, BHIC X DRONEDETIKE »o 72
WEICH, TEOWRMEN I Vv 2 RIETREPRESNTEY (HHG,
1990) , FHEBPIF TR N T HEYIRBEHIRIRO BB R END. — 5T, HbE:
TR DOPREITH B OAEBICHEZ KT L2, FIHEA CTH HROILER
saikosaponin IR D T/NI NS D TH Y, ETERBEEICL DD Ao 72Z
END, FERIRIEH HRRERVEFCEIEL T, ILEX saikosaponin J2JE (2 %
KIESRNEBZHND. Ez, AL TIIHEMEDO BB ASIRENGIZI v~ A
AFE Th D & B 2 LD RIKMHR IR RTE, I~ ¥ A o SRR K
DO DA E LN, FEIZOWTIEERFTORMITH 575, Bl FEREE
B, FHRICOWT oML, I v~ H A aOBIBRBIEEINELICHF G TELHDTH
LHEBEZLND.

728, 3 EHORER TITREHESRA 11 22H OWMIRZ I L TOoth/e E&21T-> T\ 5.
I IV~ A aid, 23 FEEDOKRZRMT 520N EE LN E SNDA, TEAK
THEBOL WL OEFFIH L THLIER Ve SD (AfE, 1970 ; BATEE KGR,
1999) . FEAMMIZITRET WM AEFIC RSO L L0, TEEBIMNRWZ & 1305
EFRY X7 NEL 2 D1E0, BREEOHNLLHT AU Y NTHY, oy &Ik
FIENEHRTOEHICH 2 9 2 b O ThIUE, EEEYME L THEHTE2 L HITE
BELTERENRDHD (£, 2008) . ARBRICHIT2HEMEN 11 »r ADI <P A =
RO EITR 2g TH Y, IS (1980a, 1980b) 728 HHETHI 19202 HREE L= H D
ERIFRETH 72, & HICTERD saikosaponin JEEIZOWT, FEH (1997) 1%, &

pEMCE <, FREE4PARETRbEZRD, i EORMIZWCREO LTI
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STRD LI EHME LTV, PiHRBRCIX, AER & FEROIE®E 2 VTR Lz
I~ HA 219 7 ARRD saikosaponin A 3 HT L7 fE R, AR CHE DAL IRE D
K12 Thotz (F—2EM) . LiEn->T, KB CHO WAL, Hbsiiix
BEITLVENSTZbDO0, EMEDORE S, GAMGES bIZAEKE L TR ATREZR
LU L TV B 2 b, BRI L D I v~ P A 204 F BIFEHE O "r6E
PEDSVRE S Tz, S 61T, W OFEHIEEE THIUTA NI EEAFEST 225, 1R
FENTITONH 3EORBRTIL, AW b RIS, AFakT7. MbH

(1997) HILERE CIIAINHIE Lieholc Z LA HE L THY, IRENOREET
X, I~V A aDAERIENITRETH D Z E bR En5.

B EREICN X, BAERRERATEETH D Z & D, B ICEO CIXEAM R
FEHIZ0 OIEMPYIFTEHbDEEZXbND. HIFMTHEH LIKE AT A1
VAT LT OHIUE 102 M7 0 ITHE T 5 LK 160kg 720, Z AT AE O HUX
EEOR) 45 DT D, Filo, EFEA—TI—ThHHAREEDOHNHERHI RS
TWbHIv~H A2 QFEAER BENEEERTHL2ETHD. A TIE, TT
DFRERT PVC A FITHMIZFE D T, By ROBKREEX HFEDO T RTE
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Summary

The aim of this study is to establish efficient production techniques for Swertia japonica and
Bupleurum falcatum. This study investigated the effect of growing environment, plant age and
variety on major medicinal constituents of S. japonica and B. falcatum and on the growth of
these species.

In the general introduction, the problems of medicinal plant production and the objectives of
this study are described.

Over 80% on a weight basis of the crude drugs used in Japan are produced in China. Recently,
it has been a matter of concern that maintaining a stable supply of crude drugs will be difficult
because of increasing consumption and labour costs and decreasing habitat in China. Therefore,
increasing the amount of cultivation of domestic medicinal plants is necessary to maintain a
stable supply of crude drugs. However, there are few previous studies related to the cultivation
or to the efficiency of the cultivation techniques of medicinal plants.

Chapter 1 of this study describes a study on the effect of the altitude of the production site,
plant age, storage period of seeds, and varieties on the swertiamarin content and growth of S.
japonica.

In experiment 1, the contents of swertiamarin in 3 varieties cultivated at altitudes of 1,800 m
(Sugadaira, Nagano), 815 m (Komoro, Nagano) and 20 m (Kashiwa, Chiba) were investigated.
In field culture, the swertiamarin contents of ‘Mimaki-2-go’ and ‘Mimaki-3-go’ seedlings
grown at Sugadaira were significantly higher than those grown at Komoro. In pot culture, the
contents of ‘Mimaki-2-go’ and ‘Mimaki-3-go’ seedlings grown at Komoro were significantly
higher than those in the seedlings grown at the other altitudes. The growth of plants grown at
Komoro was better than those grown at other altitudes. In experiment 2, the contents of
swertiamarin in one-year-old seedlings were compared with those in two-year-old seedlings. In
the case of potted seedlings, the contents of swertiamarin in two-year-old seedlings were higher

than in one-year-old seedlings in all varieties except “S-117”. In a comparison between potted
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seedlings and those in the field, however, the content in one-year-old potted seedlings in some
varieties was in the same range or higher than that in two-year-old seedlings. In experiment 3,
the seeds were successively collected in the conventional way from the year 1992 to 2003, and
stored at -20°C until the experiment was begun. The germination percentage differed among the
seeds that were collected in different years, but there was no significant correlation between the
percentage and the storage period. In addition, no correlation between plant dry weight and seed
storage period was observed. Moreover, the seed storage period had no effect on the
swertiamarin content of the seedlings. In experiment 4, the effect of varietal difference on the
content of swertiamarin was investigated. The contents in “S-117" and “15-Haya” were higher
than those in the other varieties.

Chapter 2 describes a study of the effect of subterranean environmental conditions on plant
growth and on the saikosaponin and mineral content of B. falcatum grown in substrate culture.

In experiment 1, the effects of the substrate and irrigation frequency of the nutrient solution
on seedling growth, saikosaponin content, and internal morphology were investigated. Seedlings
grown in river sand and rockwool showed significantly higher root dry weight than those grown
in foam phenolic resin. The “saikosaponin a” content of seedlings grown in foam phenolic resin
was significantly higher than in those grown in the other substrates. In experiment 2, the
seedlings of B. falcatum were transplanted to PV C tubes filled with granulated rockwool and
supplied with quarter-, half- and full-strength Otsuka B nutrient solution, respectively. Eleven-
month-old plants were harvested, and the growth and saikosaponin contents were measured.
There was no difference in the root dry weight among treatments, and the top-to-root ratio on a
dry weight basis was lowest in the plants treated with full-strength solution. The saikosaponin
content per 1 g of root dry matter was not affected by the solution concentration. In experiment
3, the mineral content in the seedlings obtained in experiment 2 was measured. Although the
mineral concentration in the plants tended to be higher in half- and full-strength solutions than

in the quarter-strength solution, a similar trend was observed in the ratios of nutrients calculated
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for those concentrations. The appropriate ratio of the major elements in the nutrient solution
estimated from the result was N: P: K: Ca: Mg =6.5: 4.7: 8: 1.3: 1.8 (me L'™").

This dissertation and future prospects for the cultivation of medicinal plants are described in
the general conclusion.

This study showed that the techniques used for horticultural crops can be applied to medicinal
plants. The use of efficient production techniques could contribute to maintaining a stable
supply of crude drugs. This dissertation and future prospect for cultivating of medicinal plants
are described in the general conclusion.

This study showed that the techniques used for horticultural crops can be applied to medicinal

plants. The efficient production techniques make a contribution to stable supply of crude drugs.
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