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Two-year-old plantof 7 1 £ 7 4 7 F A, mongholicus.
Flowering (left) and cultivation on tnal in Nayoro, Hokkaido (right).
Photos were taken in June.

5

e o W . 1
One-vear-old plant of & 7304 77 & A, membranaceus .

Flowering (1), llowers (2) and cultivation in Y asato-machi Ibaraki-Pre. (3).
Photos were taken in middle September.

Plate | 74 -E74 7 ¥ (Astragalus mongholicus Bunge)
XN FFA X (Astragalus membranaceus Bunge)
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Two-year-old plants of 74 £ 74 17 F A, mongholicus (left) and /344 7 F

-
B o
|

A. membranaceus (nght) in early June in Tsukuba, Ibaraki-Pre..
A. monghaolicus 1s [lowening, while A. membranaceus Keeps vegetative growth.
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Crude drugs produced in Shanxi (Li7847), China (right, 'L_.::gun‘nt.'-; of A. mongholicus.
Specimen No. TS- 3105, 3108 ) and ones produced in Bar represents 5 ¢cm
Japan (left, No.TS-1667, 1668 ). Bars represent 10 cm.

Plae2 71 €74 7F (Astragalus mongholicus Bunge)

EXINTF X (Astragalus membranaceus Bunge)
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Cultuvation in Hokkaido

. -
= s, S

Flower (in Nayoro, Hokkaido)

Subterranean part after harvest. Crude drugs produced in Hokkaido
Bar represents 10 cm. (Specimen No. TS-3097).
Bar represents S e¢m.

Plate 3 -2 & =77 (Cnidium officinale Makino)




Flowers of several strains

Flowers of Papaver somniferum L. cv “lkkanshu

cultivated on tnal in Tsukuba, [baraki-Pre., Japan.

_ 2 :
Alter scralching the surface of capusle (at week 2 after flowering) using special knile (left),
Optum is exuded from the capusle (center). Opium is collected by special spatula (right).

Plate4 7 > (Papaver somniferum L..)

13




661 °d "W¥ CWHEHI' L BEUHEEREE, (E261) BMl mME ‘¥ & X[ EEYEEN

'901-60 1 dd ‘¥Hs HIREFE—% " ERE# L. ‘(6861) e EgEn T o
LES-SES A'dd ‘P -1l gdd ¥ ‘P EEHYYEY TR L%, (L66l) BIESHEITRH WX

(Lo L8 "RENAO—E @ Bi3y)

13 L T Wniajiuwios jaaeded oLy

ME (@dT7) SEiElE HEERE (L)L) BME ¢ (L312) B <o -

wEES EFRY I BUESs (SLAHHIE) i

(ZVLUR AU ED - HEY)
ey CEEE WEGHE T IR (SWEE) WHEH W Sl Ha3

OUD{BW B[BUIDILO LWNIPIUY LT3

(NTAA 'B3¥E RBIFEDd : HEE)
1E B g 2R¥E f¥xa  sbung snojoybuow snebensy o yo3bo

(B Jr¥ccor )) WiEwn

wwEZY 'EdFEYE (Mopisoebense HBr=dL) AEFm (E+H#BHE NTAA ‘2 @BIEHS  fEZy)

WA AT ERTFL B S Hiig * (Eopisojebense) [gs %  BY fxa sbung snedeveiquow SNEBERSY &G fy/
S EIS YL L EEEEYT IHE ZFEE ZH (&) ZlsH (20¥) Zlgak
LICIBHO TR RE T EMC S M A TRl I 2E

14




B2 FNFFOFETFAETA 7 FOIEE B9 2098

Y AR DEZEETH S F 3514 7 F Astragalus membranaceus Bunge U A € 7 F 7 FA,
mongholicus Bunge Duziitilid, SLCA 8 F 0 LEHIY & L T+ =8F H AR 94b)
SR STV B, BRFIENRLE, bW, FIUREZEHAE LT, flihaas, ks, t©
Wl Pl EOERFWH IR ANARELLEHTHY, FOpisrE LT, astragaloside 1
~[V40), 5 -aminobutyricacid' ) RUA V75K 4 F 1 ~V8I% Eamei, farTid
astragalosideIV \Z = VER LHIRAETEH SRS STt a Y, Z 04350 B 13 80E TRk
W h, FRGES, HRSH Y, ERITR OBELGSERO A2 DR F23 S0a)k
LTiihTiF £, Fll#200 t 250 E, BEROILHIEEL YA ShTw 3508,

TN A 7 F A membranaceus Bungeld tRE B, FEdL, U4, 35, HEREER Y
MV LY, RETIXEFAERERLL TWAD, 1BE AL R cish3d), |

AT S L[] RO HA LU}AH:-HL!]]]rr”JfﬂEﬁ? SILTW A ’“'] HAeEAAIZB v Tiddl i’fH-JL =

FRUFRITHISEEI N TWwAL, FiEoRER 3%, 2o ER L5720 (13 ha 120
t, 19924F) °2b), @E R O HATOIREC L o CHATBAG STV AR, SR
W% {03, EMRATE L SR LR L WEEO SR 5TV A,

“Ji, TAEDATFA mongholicus \ZHEHAL, HEL, FHBEVMIZHG LD, thE
I~ BWTILIEE, & &EFidh, & B EkEH s A LR, KL EEO iz H7- 5 LA
HARATIMARDEZIR, & IR B OME L IR AR5 1.300 ~ 2.000m L) 11 % bl b 2 e
SNTWVAEIY), HARTHICB VTR, AH2EE L 324800 D 2 % R TWVA AT,
BAEPE 6 DEAIRIFLTH Y, HAToOREEREI 2T hTtws, L L, BBco

R E BT E 25, BEPROTHY, Lo SRORENEL L, BTFHSE

LT.'.

WIS 2 EROBEIZ20%IcF X4, hEEFBREI-ES RS L5 B RO RRE

W% EARDR MUK (BUF, EHUR L £B142) o (&3 13350k o7
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IR LB hoRVWHE T, WHOLHZ2ITE L FhhTw b 49002

b)) L P
5 T TLA<,

EROEIZ O LROWHEMFTROLET - BIRRUHEE LToGEICRIZTEEICOW

PEDEDRIRR LT 2, FETIRFIAEVA OV FOBENTOLE LEEZTIEICL
FNTFTHAIFRPFAETAIFES IS, BERIROLEFEDFIELEFELTRET A

T2 7.

B 1A A EUAF UFHTORIR L 2 OFTMIEIC DWW T

ARMOFETE, NEFIZ & &SI MBS ) A2 W2 L v L i Cidhiio 755
RSN EV, Y ARDHTICBWTIIWEDFHE & 2 2 HT-ORIEAH & LTV 5455,
9 AT, T AFEICH L TR RER RS54V, 22T, AMOBTICRLNBR

FAGNDEHE & Z DRI D WTHRE #4172 7=

o VI FER R M OO ik

MR L L A BRI AL M AR S (B AT TR L st o
T A 74 7 ¥ Astragalus mongholicus Bunge #4:7° 5, 19914E6 24 HIc R4 L, 1
7 A SR TR S 700, T2 L, sCA&NTF ClmL 28 (10087 ; 0.759
+0.031g) =M/,

FET O MEFEFTRALEE © BAROY 2 HET 0 BERLER |3, 7% 17 0 0 20 fisd 7 /NEB )
(ELEHIS mm) ERITHT IS L 48IZ AN, 1550 ABBICHE Y & beTH- 72e
AOLEEIE,  WZRRHeE H T BOPCAM FTito e, BRS-MBULITIE, 2008 0T %3 ml
DASHREILNZ 5 mIN A 7 VARIC A, ot -22°C Tuliss X477 KDV A £ TH
e C BUTHIM L TiT o 7=,

3. MT-DEKEDWE | 5STHEM T Casr HINRTE L7, BRRUAY 72 BRI 2 4 % 7
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firzofiz1EolEIZHEAL, KRiFF (EB-330MOC, &ith) THWTANETE S

KTz,
4. FH el D EEIecmD AN b PO 72 0# (TOYO No.2) Flzs0kofir4 @

AL, 25 £1°CHESRIF ¢, 3L 7z

05 2 W1 SEERETARN EHE
iDLz oWT

FRINEROZRP I W U2FET-0, @IKELOH BB 2 583ERI1198% Th - 7
%, SLAORBRFIMATR 2 5 I T0EVESFREHF ICET L, RIL9H Mg < g7- T8
BRI L-HF O BERITN0% (MEZISHE) |, 31AMTIz10% (F) THo7-
(Fig.l) o M {XMKANGE 2 L KR (R, FEAKMIT- LA IcKR3 5 = & 25T 13
P 7 BEBRALER 4T o 7oFF- 0 Gk B BAL % AR A L 7, ok 12k (o i
RINFH TRl B, GRHIZ1 4% 536.8% IC5u ool L, 2405M#£1C1258.6%. 72
I 1L66.5% ICE L TRIFICE 70 — 77, FEMKEIT-CIEEKROMINIE4S ¢ 30 5
Na7pro7z (Table 1) o BLEDORRELY, KHETOWERICHED S BFERRIE, B
2RI X - TUESNAZ LA, ZOREITHEOMIEICIRET 2 ok &
2vDTHY, WD SHNE, TREUHTI9ET 2 B CHSELISET L. A1
CEVMERAIH BICIZ T TICHEATED S NA T LA G & 2o 7o,

2. FFOWEREIZOWT

MFEDITHIE L L CORBE 2 BB L, RN TH DI RO 2 0H 4 2 |- 12dk

MITIE 722 vy, Brant et al, (1971) i&crownveteh (Coronilla valia L) ¥i - BT, -80°Clic s

VI 24 SURELER b il L PR % 2 H s W SR L7 A%, WSROI T i izBsy ot &

THELTWAEY), - Midgrey (1926) 37NV T 7V 7 7T BWT, -15°Clc Bl 5
ORASALER & RO AR ISR TR BRI T H A A%, -5 °C L -15 °C T D ALHLR: B C 1AM
= CRAOT, MIERE GREE) BBV EARELTWAIY, 2B, ShLOTH
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T [._L VR jraiL ‘EIJ 'I—'LI.Ff::}I '-._II'EE?.}IH;_-' ’h’lulﬁ & 1.-:_.||t£ :_.; F'.;\ Lwvdh ?JJ‘, |1l,-_",]:,-ﬁ].:5[’_ ] g f‘{‘ ] r"r‘j [._:,'j,-iff.rir .-‘r_:{"\.?; i i

o,

ZRVOT, BEICIIWT LR (cooling) MIETH A0, 14 A Hicg B 58T
2L, 77 BMS°CTHRAFLA- T4 B oA U FHTFEKkE L §12-22°C C17H [ s
S, ZOERMRSEoRR, Wi IcEL AR SED SR (Fig.2) o Z DIk, #
il & o TRUITH TEEMRM LB EE, RAT2HMW L WL =8 E L TIit, 20
RN AELFRO bk o7 (Fig2) o RICEFEITHIC RIZTHETM o RS A2 H 705
180 H D M THRES L7z R, 2H MOSEEE T H R RIE5S & 1L7-45, AFRIM 4530 0 M
LD s, WS P RFEFRoMNATED b, FICRFEDMIC B 2 BER L
& Cdbo 7z (Table 2), %3, WHEITWHEE LTBLELSMSH, TILT 7T rHTI
BWTIERINTH S Z P EEINTE NS 58 72 Kifii-owT 80Tz BT 210

ROLHE Gl 7E AT, WS THHIRIEE (B b hkd o/ (F— ¥ £t .

4 3T Kidw

SR C BV TR 6 A O BESA VO BURIE, RSO T 20t 5
FECAETAMEIZLLBKHEICLALDTHAEZ EAHBHL, #OWEITRHICI12-22°C ©
REIITHT 2 8t 88, TOHRMET A2 HESDHRUTHAZENHE L E L7, F

7o, COREUBIIZOE M AT 8&1c, LhxEshEz a2 o Lol EmE L7,
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Germination

100 & O O —©
80 7
Immediately after collecting
9 days after collecting
60 - 19 days after collecting
31 days after collecting
40 7
20 . .f% % i z}
I
g w7 :ﬁ
e
D . T I ’ T J T

2 4 6 8 10 12 14 16 18
Incubation period (Days)

Fig. 1 Germination of Seeds Removed from Legumes Dried for Different
Period after Harvested.
Matured legumes were harvested on July 24,1991 and dried at room
temperature. The seeds used were removed just before the
germination test. Three replications (50 seeds of each) were used.
Bars represent standard deviation.
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Table 1: (f.har]y: of water content after soaking in water 1n the seeds
mechanically scarified.

Seed conditions Water content
(%) Fresh weight

Before soaking

Dry seeds 1.4 £ 0.3"

Dry seeds (powder) 8.8 + 1.1

3 h after -~:ﬂ+r1.l--'.ing1

Imbibed seeds 36.8£3.5

Non-imbibed seeds L W i
24 h after soaking

Imbibed seeds 58.6 + 2.8

Non-imbibed seeds At W o B
72 h after .*::n;llting;

Imbibed seeds™* 66.5 + 5.7

Note: Seeds used were removed from legumes dried for 1 month al-

ter harvesting and then stored at 5 °C for 4 months.

* Fach value represents an average of three replications + stand-
ard deviation, Twenty seeds were used for one measurement. Wa-
ter content was measured by the water content meter,

** Just before germination.
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100
oo e Scarified
---&-=*  Nontreated
—O0—
80 R=T
-refieen o |
1 &
- )
: "
S 160- -
=  pemien T
8 B et . il
E 0 e
&
3
20 - \ "
4 i !
0 --"I SEE I O R S SSSCR ferm :

2 4 O g e 1 14 16 18
Incubation period (Days)

Fig. 2 Effect of Scarification with Gravel and Freezing Treatment to
the Seeds with Water at -22 °C in a Deepfreezer for 17 Days
Followed by Thawing on Germination Percentage.

Alter freezing, the seeds were rapidly thawed in boiling water
for a few minutes (RT), and were slowly thawed at room
temperature for 2 hr (ST). Bars represent SD.
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B2H AT Y T OWEFTHAC BT S R B o v T

WLENZE VT, AHDRFIANHCORE L, RGOS T REoGEAR e 2
MEECENTHZVOKMFICL20DTHAZ LA L, 2OWEITHICI2-22°0 T )\ Qe
ICHT 2 W S, CORMRT 2 HEDSMENTHEZ EIMWEDERo7-0T, L1
(72 MURE Y % FENL 5 7o, SRR IR BE Ny OPOER B ISR 24T U I L3 B > o T RE |
MRE 2Tk o7z, Eie, WEMEFFL 2 VHIS- 49 % A membranaceus Bunge HiF-1zo v

(@ Vst 1 Y A

o1 KBRS

L. M¥ D BEELA A AR GRS R S (2%l TRy L gl st
D} A €7 F 7 F Astragalus mongholicus Bunge ¥ N IS ¥ /53 7 XA, membranaceus Bunge
WRMD, 4199248 H24 B R U199 LIFILAGHICERZRINL, 14 A MR Ot x4
2%, SRDPLHFERYML, SCTERAETTHML M5 (L00ME : +4E Y45 F
0.801£0.022g, + A4 €74 7 F0.631+0019g) *FH\/:

2. AIN UBGEALEE | SOREIRALEEE, 150D TF25mlD 2 544 F2—7FicAh
y Ta—T7eReldREEz D (-196°C) D TITR o7z B, 2544 Fa—T%
40 °C DIRE ANz 7 — F — N AN B MR L, Aisdrs,  Solislium i,
150N DT % 2mIDAEHKREWIZEmID 7 S A A F 2 —TIC AR, -196°CIE Hifkgz I
b=y <T6CHEFFATAARANIA S ) —Ih|Z, -40°C, -30°C R TF-20°CIx7 0275 A
7V =3 — (Eyela MPF-40, HURIER) PICHiZZ LAy 7 — )i, £hEhFa—F
EHEUDTIT o700 W22 R BEELEEIZ, 150MOFET % 2mI DYk & 32 5mld /5 4
TIRAZ AR, NA TIVRE SRR (-22°C) (170 MW L TiTo 70, itk 75
1 FFa—TE0E5, TILIRE40°C Ok AL 4 — & —NAHIS, KBITA T
B L (Bri) SckicfsiLz,  BEodllElk, 732 VisEst (Model CT-500P, 7

AT LAMR) EHWTITo 72,




3. HMAER . T AF v 75 (16 (H) X 8(W) X 3(D)em) AIDE-7-08# (TOYO
NO.2) LEVZ50NDHFZ@ERL, SIEIC L 208 T, 25+1°COEEELED | &
T, SMIBBLL 720 IEWIZIEIE L -2hill, FEME2 7= 0 IRl |-t 5 SR (Tt
Vi, TSI L7ZET- RO Lo T2 A v b L, BEMICHT 288 %KD 7

4. WARESE T oalsls Lol ricHek+ A 0o g a3s - s el E2 1D
e Tha L7oh2 kg THRMEEER (HE28 cm, EX30cem) IZFHL, 199249 H2H1-

1w b S720) 200HRAE L7z, BFR2WAL AR, 19924E10H2HICIHE Y P42 15
MCHE, MWR70H HD1992411 A 120 (CbR%EH D B, Bk, 3805 USHL - in.

H O R 2 l5E L7

B2 FRR
L. WAREERIC X 2 Bl R UG AL STl TR - 2

TAERVFUFHET 2, KETURGMBARERE L s, Kenzent
WLER U 7oA B (T e, ST & DB RN TH o 1048, FAAMED - D) W | = 45T
23 HALZZXNEY (injured seedlings, Fig 3) LRMBHETFEDIBICE & 9EMT 2 Wit
(killed seedlings) 4%, MHB{EETHED LN/ (Table 3) , HFMIEIZBWT, KEMZ 2=
GHiT A ETORMOBEIZOWT, HEDPL UM O M CRIT LR 4o 4
FHTAZ B W TS TR R R CHRIITES S o 725, B2 RS hnE v
A TFHTIZBWTIR, KRENZLEZOMIIZEA, 2440 BRI TI24190% D)
BEFAEI L, TEH Zhid2%ic T E 447 (Table 3) ,

2. WARSFEIT X 2 SRR R M 255838 e USSR o A 5 |- R L34 e

TAETATFIZBWT, 105005 240F M O ARSI 1= L A Slial s L Asmi 2 F T ni %)
R, BHRURFHEDOIDEDOET I RIZTHECSWTlRa Lz, 27, Buliiiy (-22
°C) TOHR2 ol 33, 17HMEE L CHEITRAE L 787 - s+ 2 kit - o
W b [ERRICIE BT L7z SEFRBRICBWVT, HURRRHEIC L 5-196 °CTO) & Mkt L

ROTGHIEIZ X 2 22 °CTOW 2 2747 SAS AL G IS, BEURE |- He SRR ST R 3550
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L ILTZhY, WUARSEFEIZ L A Wy VI ALDEE b TR E LTS &5 - i
Y7 (injured seedlings) 7684 2 tidn (killed seedlings) A5 3HEETHBL L - (Tabled) .
71, 22°CTDW AR EHENIETIE, FRPIRHICHE A T 7= (158 b3 ks
GNP o7z (Table 4) o HASFTEOUBIGM ATHEFTRE R UM £ % 203 - S o 1 51
BIBENRITT L, 10005 24HE M O B CReES L 745 -, MLBRIRE o0 R L300 & L 7
o7z (Tabled) o Hv MILZEFAEBEOE, BEHLK DS 385653 HHAS
“ITERED B ITCAS, ARSI Tl 2 2 - S 4563~ 68 % D MRE T HIE L
ttf—#k%ﬁ}“m%&muuuﬁu&mmmmﬁﬁ.ﬁﬁ&ﬁ%t%%%ﬁuu
RSB XN U522 °CCT D W A R0 7 RS ML HR X [ 12 A7 85 7 22135000 & L7 v o 12905,
PSRRI X OB TN, @52 D% RSN (2 T S oD, T3 R |-
Wi T ST N DORIME R 1385 Z L0 bk 257 (Figd)
e PESUR AL T B ORI AT £ 0 F o FHET- 0 3R 1= R 24 o

-16°CT L], SIRF[E] A UF24IRE ], 40°C K TF -30°CT1IRAN, -20°CTLIEM, 5% 1F

241 M BORBH 21TV, -196°CTD L0458, 1HERM & US04 ME i S ik LEL. 22 °CTHWw 5
RP BRI L7 H H R O o6 L B L7, TRTO RS LR | ST (o %R
WO BTN, HATIRBEAME T T 5 12 EME 2 2 - o BB IR L, e
DENNTHFIZ-T6°CLAT THFE ISR S f: (Tabled) ., -20°CT D 24BEH K 1X-30°C T 1
FH O S B AT o 7o &1, IE % 520 7= 3R o BB A5% £ Lo TE B0k s
BRONDBENHAC EHHE A ER 57 (Tabled) o 7=, -20°CT ) 2 415 H] 52 2 o s AL
WEAro %ML, 5°CT (WGREHER) (CORME L 7-8h e, TRIFTHh 914 140 H 1L MER:

ENAH L bfEAD (Figh) o

w3 L
Yasue (1966) (X, -190°CJ UF-80°CIZ L A BIEIRAAEEE L > 7§l 0T 20 i3 |- %) 20y

Thah I L LTwa80) | BRSHRIC L2 2% 2 IERLELNE, 4 €94 % FHTF0




TS KIRITH ), TORRIEARE L 2, Elblanim -t -© —@ilEss
EWHB I ER DTz, ARRIL, FTORBIZER SN2 KO SATEEITI I REL B
TFA AT EERERLTWAS, Hamly (1932) |IMelilotus alba FETOWokit, i (strophiola)
Rl LTBI LB T LERLMCL, WEOHTICE VTS bTFHTH2HIHER~2Z
(hilum) ZH L TRPASTVAZLE#BEMLTEN Y | 424 T IcBLT
. GU B D MAE TR S s S b ki HIsE S 2 KOS 5LAS, B2 o) — B0 % Rl
L, Wz LL-bDEEZ LR
Lar L, SLERTIL, (RIRAAEICH N, TERLERICHEI TS S WmRe, R
35 GREATRBIE T L, FREICBELITLS S M-l oiit708 Biz B4
R, BRI E_ELLHB2 L HL P THo7,  Brantetal (197111,
SEMIZ L Z2WIR0 5, WRSEFEICL 2WEITHIE, SBRIREXIC k- THiE o BREB
e IZAluR (macrosclereid layer) 2SS SN2 bk AT L 24BHL Twab) | 34 *
TATFIEBWT, BE-RRIC L o TE LB WA REXO EAGRE & 2 ), M H
BACIEZ BT ORNTICE CRAZHSR, TERIEHICRGNEBELS2-bnLbEL
HAL7z,
/i, -20°CT2405 M K UF-30°C T LI ) Sl otk U 24T = 7ok, Sl 247 73
, R A o MBBEAE L, HoOEREEIBo 28805 5o L8
WM L7220 T/, 7075470 —=W—NTRAY /= NIC X B-20°CTO . EME ML L
(LN IZ BT 5-22°C TOW 5 R0 L BASALEL b % =734, BI# O ) HViligedT pish
dH o7, BEERNHOYE, BT-ofokit, 73 44Fa—T53% ) — Wl
ST LIRS 35 S L ASBB EANZAS, WA R LML DRSS, /514 7 IVIRILE
AUZ L W ERA4 ICHHI SN A0, KOBHET 5T TIZ356~407% L7z,  Sakai et al. (1975)
I, &) (cooling) — WEAL (warming) @B THIT-27%1F A EDFEEIL, B —IB{Lo s
BTET LM OKOEFORESICLZZ E2BHLTWALL) | KifgicbunT

HRTLER |- & o THEA I S 0, BOKDTHEE %5 702 R 3 BAWHTHA45, i
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RO BT ES TR OBEEISEVEE L3S LS 2 TH Y , OB T =125
(strophiole) %, % (hilum) %38 U THFPICHFRICBA LIoko, #ikko BB TR X
NZIKDERDRE SOBVY, SHOPBELRIZLTVWAbDEE LS, 2kEoE
Wi, SR G H OB CRET A IR0 kok S (intracellular ice crystals) @7
B, HEEZITHZEPMENTVASS 70, T1) | FEMETE XL VEINFF &8
HFIZBWT, 5 EDFETIIKIZRAE 24 M Bk L, 2D ikon 2t s
LN EDHTFIIERE L IBEL ST O EELI SR,

HZZ-20°C L ) TmBESF 1L, J8A (freezing mixture, K EIEEIDIRSY) ORI L
> THBICTRAZENTES, FHAZHN-SBREUAEIT L »>T, B E2ETED
(7= ¥ R&{gik) , WHEITHIE L L T-20°CTo 224, 2 07£40°CT o S8
ORALTR (L4880 TRETEIIM A Tk TH B, £/, AWM AT 720, S°CF (SREHA)
ZURAE LS, TEEITHED R C L L 1400 MIdMER SN A T L QMBI L -, =h b

Difg A, ARULFLEAHEE LRSI BV I E2RTLOTH S,

LS I <

WIEFTREHE & L CRalolal — SR o B B2 Kl L 78 , MRS Ic k2 25k
WALIR L, 4 Y4 O FRTFOMETRICHROTH Y, = OB IR0 X -
T, “MRELZEPWE Lo, TOHBE LT, BMREEE kI, T
£ 72(3HEH (strophiole) %2, ~% (hilum) % CTHTHICBEAL =D kss, ks
DEIETKDFEFHZHE L, MR ENTIROERIT L OB KT L TlWiiE o —&
CRAEL, WEEZFTHMLAb0LELI LN, L L, WERSHEIC L 258 HE 0T
RIRARE & 2 Y, TIELIERN SRS 55 WHEY 258 3% 3 2 S A% s b <
L, Tz, TRICEEDGED LN MRS T70 0 HiCBIT A4EWTE L, FH At
MG HE D EHH L. 22T, 20°CH5-196°CE Co) [} T @ BUE T BE M

ORLERREM] ) 280 TR L 7ok, BdSRIEDME T35 13 EIE L S -4t o 11 B
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BIBEXIMIN L, {550 o iniz4Ec-76°CLLF T I BB &5 . 20 °CT D) SRS 2415

i, €DEI0°CTOZMEMANAC & 5 WE % 2T - GO MBI, HoOER

=T

Db NAREREWZ EPH L P EL o, $71-, AUH 1T 7 2. S°CTFIC{431F

L7230 G, WSEATHARIRIID R LS 140 B MiIdMERESNA T & QMBI L, AWML, T

KWL L L TREBOMETHRMMATE , T4 € o o FOPsr e iAbIcERE L 2

-+ o
") W

DThHAHEEZLNT,




Table 3 Elfect of rapid cooling and freezing treatment by liquid nitrogen and duration of
soaking the seeds in water before they were rapidly frozen with water at -196 °C by
liquid nitrogen for one hour on germination

——

Freezing condition Normal Injured Killed [totten Impermeable
Duration of soaking  seedlings (%)  seedlings (%) seedlings (%) seeds () seeds (%)
In waler
Astragalus mongholicus

Without water (cooling)
166+ 6429 214+ 6427 T44460¢ 106+ RO8C 340+400b
With water (freezing)®
0h 30,0+ 7229 I8 0+1248% 180469280 60+ 531 80+1.00%
5h 20.6 + 94430 30,6+ 758D 28 6+ 5044 180+ 530° 5343059
24 h 240+ 72238 20944 93 25448083 100+ 530 1124230¢
MNon-treated 1744 416 0.6t 1.16% 2.0+200° 66 504% 73242304
Astragalus membranaceus
With water (freezing)*
Oh 100+ 346% 2264+ 702D 2344+9m2 380+1834Y  60+2009
24 h 20+ 1164 134 1.16% o 0N6E 3062 60+2200
LSDX0.05) 10.4 12.8 1009 16,2 |

Note: Normal and injured seedlings are shown in Fig.3. Data were scored at day 17 after
the seeds were placed on the moist filter paper. Values represent the mean of 3 replications
(30 seeds) £SD. Values with different small letters are significant different from cach
other at5 % level by LSD test.  *; duration of soaking the seeds in water before they were

rapidly frozen at-196°C for one hour.
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Normal Injured pemig tu R -
seedlings seedlings T

Fig. 3 Injury to Cotyledon and Hypocothyl Caused by Rapid Freezing
Treatment 1o the Seeds at -196 °C by Liquid Nitrogen for | h
Followed by Rapid Thawing in Astragalus mongholicus Bunge.
Cut and slash on cotyledons are observed (center). Cotyledons
and radicles are separate in hypocothyl (right). Bar represents 1 ¢cm.




1521 s’

AQ [9A9] % [ 1B 12110 YIS WOLJ JURIALIP JUBDLIUFIS Ie SISNS] [[BWS JUDIAJJIP YA SAN[BA ‘(ST suoneordas € Yl Spaas
0§ JO ueaw ayy juasardos sanjep “1aeded a1 ystow ay) uo pase[d aram spass i 123Je Q[ ABp 1B PAIOSS 21am BIB(] :DJON

! SN 'L 66 8°Cl (1000)dsST
p90't F¥LL 00CF+0T Q91’1 +90 p9I'TF90 N90°€ FT6I P21BaI-UON
apa90't FPEE Q0TFO0C Q211 +0°C poq0't+99 q9v't F098 SKBp /1
(D, TT-) Sutzeay Mmo[S
jap90°'S FLET 911 F9°C 9 PF6TI pCOLF¥TE 580'8 F'ST Uz
J0ES FO8I 00'ZF09 291 F9°81 pll '8 F0'8C 2219 FH6T 4
RUY FO1T 91°1 F9°¢ p0€'TF99] eZV'OF 162 7Z0'S F9'67 utur O]
(D). 961-) 3utzaaly prdey
q00t F0TS 90°€ £9°C QOETFHE qrO'S F¥'S1 290'€ F997 T
q00'91 F0°TS 0EZF¥'1 q00ZF0F >q97 € F0°TI ~91°91 F9°0¢ yg
2q8L°S FObp OI'l F97C QOUTFH'S qP0'S TPl 917 F9°Z¢ g
(D, 9.-) Suizeay pidey
1ap90°€ F99C ) il e qOETFY'1 p2g90°€ F9'9 qe0£'T +9°09 4
(D, 0p-) Suizaay pidey
JTV'9 FHLI ' I F9¢ QClTF0Y P00 TF0Y qell'8 FO00L 4
(D, 0€-) Suizaay pidey
F0'S FO¥I 00°ZF0t @Ol P F9¥ p00TF0C 91IY FEL 4tz
1opllL F0'9C ZI9FHGS qO0 v F0'} pOETF'I qe?0’S FP'€9 g
pal9F F9°9¢ 00ZF0F QOUIFPE p9I'TF90 q0£T F9%S g
(D, 07-) Buizaay pidey
(%) Spaas (% )Spaas (%) s3urpaas (%) s3urpaas (%) s3urpaas duizaaly Jo uoneIn(g
2qeauradul] U310y POy painlug [BULION uonIPUOD 3UIZIL]

ﬂ
a8ung sno1joysuow SNpID4sy Jo uoneurunas uo Suimey pider

AQ pamo[[0] SuoneINp pue Sainjeraduws)

MO[ SNOLIBA JOPUN JNBM PIM TUIZIIIJ MO[S pue pider Jo S109JF + 9[qe].

31




[ RUHI d
El Aerial pan

ah

b

L .."'3:;:‘." . ...'

.Il.l

)

b

ght (mg/plant)

N
b
i |,"I‘"| %

%,
b

=

N
W

e, i,

"y '-"':::.5\.

S

N
N
e

iy
L

Dry wei

u,
b

{%:1.::\\ by
'\:'\

S

1"‘:“"‘;

L

[ B

- 'I.I..- N s "
- "H{:}: .

MQ_h

.,
Yy
g, "?"‘i:"'

"I I.'I.

mmmmmmmmm

iy

"Qa

e e N
iy

iy
Ny
",

LT

: ﬂ -:T.
ing Slow freezing
Lh 24h

[0min

Fig. 4 Effect of Duration of Rapid FreezingTreatment to the
Seeds of Astragalus mongholicus Bunge on Dry Weight of
the 70-day-old Seedlings.

Seeds were rapidly frozen with water at -196 °C by liquid
nitrogen for 10 min, 1h and 24 h followed by rapid
thawing. Slow freezing; slowly frozen with water at 22
°C in a deepfreezer for 17 days. Fifty plants each were
harvested at day 70 after the seeds were sown in the pots.
Different small letters in graph are significantly different
from each other at 5 % level by LSD test (LSD: 16.2).
Bars represent SD.
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Fig. 5 Effect of Stored Period after Rapid Freezing and Rapid Thawing on
Germination Percentage of Astragalus mongholicus.
Seeds were rapidly frozen at -20 C for24 h,  After rapid thawing and then
drying in the room, seeds were stored at 5°C in petri dish. Each data was
scored at day 17 after seeds were placed on the moist filter paper. Fifty
seeds (3 replications ) were used. Different small letters represent significant
difference from each other at 5 % level by LSD test (LSD: 13.6). Bars
represent SD.
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Fig. 6 Rool System Profile of the 91-day-old Plants of
Astragalus mongholicus Bunge Cultivated in
Root Box
S, stem ; T, tap rool. Bar represents 10 em.
Pregerminated seeds were sown in root box (25 cm
length X 2 ecm width X 40 cm depth in the inner space)
filled with 2.6 kg of air-dried loamy sand soil with
2.0 g of compound fertilizer (N: P: K= 12: 8: 10) on
June 13, 1991. Plants were harvested on September
12, 1991.
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Table 5 Classification of the lst Order Lateral Roots

on the Basis of Diameter in Proximal Portion
of Roots

13 R Root diameter The highest order
N (mm) lateral roots observed
A 0.35> No-formation
13 0.35-0.40 Second order
C 0.41-0.60 Third order
1) 0.61-1 .50 Fifth order

()
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Fig, 7 Changes of Tap Root Elongation Cultivated (No

Water-Logging Treatment) in Acrylic Cylinder (5
cmgh X 50 cm IHeight)
Pregerminated seeds were sown on June 13, 1991 and
position of root tip was observed throughout acrvlic
wall every other day. Data show the mean-+stan
dard deviation, Arrows indicate the day water-log
_:.’,1'51_'.3, treatments were done,




Fig. 8 Transverse Sections of Radicles ol the 2-day-old Plant
Abbreviations : ¢, cambium ; ¢x, cortex : en.endodermis ¢
ph, phloem ; v, vessel.
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Fig. 9 Transverse Sections ol Tap Root (central portion) ol the 91-
day-old Plant
Abbreviations : bf, bast [ibre ; ¢, cambium ; kl, cork layer ;
ph, phloem ; r, ray ; v, vessel ; wil, wood libre.




10 Transverse Sections of the Ist Order Lateral Roots (Proximal

Frg.

Portion) of the 91-day-old Plant

A. B .C and D are classified on the basis of diameler in

Details are shown in Table 5.

Abbreviations ; bl, bast [1bre ; ¢, cambium: ¢x, cortex : en,

proximal portion of root.

endodermus ; kl, cork layer : ph, phloem ; 1, ray ; v, vessel ;

wi, wood libre.




Table 7 Elflects of Short Pennod Water-logging Treatment on the of Number of
the 1st Order Lateral Roots Developed

Classes of the 1st order lateral roots

Total Al B C D

Position of tap

root Trom soil
surface (cm)

Non-treated {[1:4)31

(- 5 2031100 6.0 5.1 28T 38 % T =2 5 ()
5-10 2.8 17} 9.0 7.1 48+ 26 |81 2.1 03+ 05
10-15 2801157 6.8 13.8 00X 57 0 B sl LY ()
15-20 3081167 205x11.1 78 51 20123 D510
20-25 128+ 96 85+ 75 25+24 13+ 13 05+ 1.0
25-30 10.8+11.9 1091 28ERD 08+ 1.0 03 X 0.5
30< 381 52 20x 28 20+ 1.8 () ()
W1 (n=6)
0- 5 J A3 3.5 103131 |81 1.5 1.0% 1.6 24
5-10 V2.0 6.1 11.0x 43 45115 1.2 1 0.8 Q3305
10-15 10.2k 9.5 6.5 6.1 22 X 13 03 x 05
15-20) 581+ 609 453155 D8xX 13 021 04 3 55 Y0 e B "
20-25 52% &1 3.7+ 4.6 08+ 13 012 0
25-30 52+ 7.0 42452 E32503 () 0
30< 2.8144 2337 05038 () §
W2 (n=7)
(-5 81133 6.9x 2.0 1.0t 1.3 03+ 0.5 ()
5-10) 2141 43 141146 BhsE 2] 0.7 0.8 (1
10-15 Z22.48x 10 154 6.7 60X 1.6 LR T2 ()
15-20 20,6+ 6.7 14.0x 6.8 44X 1.6 V9 1.1 132 1.0
20-25 994+ 7.1 AsE 54 l6x 1.8 1.0 1.7 0.0
25-30 S54=L 65 391+ 44 1LO=x 1.4 6= 1.1 ()
30 0.7x19 0.1x04 D6x 1.5 () ()
W4 (n=3)
0-5 12.0% 3.6 10.7% 5.0 L2 15 () ()
5-10 2133 Tl 20749 60=L 3.6 0.7x 0.6 ()
10-15 33.7t 6.0 240 = 23 8531 60 e 1.2 ()
1 5-20) 113t 23 233L38 53+ 29 L il 133 1.5
20-25 G e o o) [ i 10374 237132 5 UL e gler 20217
25-30 27x 4.6 1.7 29 03 =x 0.6 b= 12 ()
30 () () () () ()
|) Details of A, B, C and D are shown in Table 5.  2)W1, W2 and W4 are the same as
Table 6,

tach value represents the mean =+ standard deviation.
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L7zo At & ok F ol L, BEIZA Y ) —)b200ml #H0Z 78k, M0 L CF
e Lz SOEWDLOm €Y, 045um D74 Ny —%iiL, 2WEA VT FHE) A4
FIERMBEREEE Lz BRODAY 7 —)v19ml % 3JE T TilsE L, #RifI12/K20.0ml
TMZTHFEE LR, 10mlD P nF V-7 C2EM L7z €@, K% 10ml @
n7 ¥ /=Tl L, o787 /il e SO TRET TRM L 2. 7RiEIC43%
T bh=FJ10m (AEEESE & L Tl-menthol 2.5megdA) 2H2 TEHMRL -5,
045um D7 A ) ¥ —% L, AHi*astragaloside Ef ARG E L 7=,

2) AV 77K A FOGHNRN | #3F  BesstliE®Eiifks o~ 757, A5 4 ;
TSK gel ODS-80TM (4.6 ¢ X250mm), FEh#HH ; 7+ b= k1) v/ 2K/ BEBR (270: 730: 1), i
#1.0ml/ 45, BT AREE; 40°C, HlERE ; 2808 X UF254nm (74 — ¥ — X4905#8 7%
ML HEERRR) |, SURHEAR ; 10pu1,

3) Astragaloside @ 44T 4t ;| #88% | H VL-62008EGEMk s u< L5 7, BT A ;
Develosil ODS-5K (4.6 ¢ X250mm), BEIf ; 7€ =k I/ K 43:57), #i#E ; 1.0ml/ 4,

iR N HH!].H;JL . lﬂni(‘ %’,Ll \BF . ,IE,IH]H{{P_},J"J‘-IT fni (L < ERC-7520), ®&UEHEAS | 20 u s
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5. P LBEOWEMER MEFEM | RS 15em® B & DRI L -84 HwT, +Hof
eI By PR, TTIGERER RIS P LA — FEOD S T, FhENATo . 3
kX, EESem, £E5emDAT Y LAWY 75— (EEMMETED & HwTiE 20
em L UFS0em® LG 8RN L, i I EoERR+0la L1, 106 C C5EERTEE L
CHAH DA G R IRIEEZ RO, BN L R LB LB EHWTE S S A—% —|=

> THEOHRZNEL, BRIEFARMHOKEGZRD 2T, £8ipHIZ, BE15em®
B SR L 72 1 H210g % 26mIDZZ K T304k E 5 L7, pHA—% — (HORIBA F
13) ZHWTHE LA, LED3MMEREIZIEERE S, 2o H8oBzv3hi
WHEEL AT 1994412 B L HZEE L 7z HHEWEREIL, 19944E8H 25 H - LWipeat (Aol
L% DIK-5520) & MW, BEE80cm¥E THH AR 2 eI llE L7240, K&

badb e llsEL, FRMEZ b BT,

45 2 Bl FEHRRAS A

L. SRl BED W EEYE R UM g

SHHAL LR L D E B Mo 3D LEIC TR, KM R U ORIGI128 -
25, int, BER2RUEREHRALTIE, ZIZREOEEGTH T (Table8), T/, W
THhOLEE PR CREL RIS NL, SHEEESET T A MRS S,
THOpHIA LR b & {, BEFMELESIICKE, it BF7 LORTE o2
(Table 8), T#EEMED G MAZHP ARG W L, D3O LTI ITIZE —DHA R L7
(Table 8), LM X4 LB E & (ZIZIZMEEDO B AIBIUEZ R L, 13kg/cill T OFEH
THER L7z (Fig 11)

2. EFHFDIEL (Table 9)

R LA L L, BEFHECICKE, tho2 BT L oz, TARRE
5, EREYMERR TG IGARKEICH BhEdfo o, Bhimbml,

BERR LA NIKE, RETROUEVHEE 27005, ERE, X0, 68F0kN
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R FLIX AR E T, 4o +HEBHiIc#Est LodEitgdn oo,

3. Mix &/ —IWxTFA, 497 FKS) A FKWastragaloside & it (Table 10)

MLy S —VEF AGRIE, FERUPEHEGHRLIS, BERUBRR2Z LTHRWELE
ol WICTHRAR S LICB T AMEE D5 7 5 585 4fli o M I A=
B N ole AV TFHEIA FERILE, EFVENR-BLERUBEHFHALITE L,

astragaloside & i 1L, WIZHEFTAL LR L RUEFE Y L CE A2 EMAIHES LT,

$3WH =%

HEEPR UL FEOAEE & b ICHR BN, K ELEY eV THETD
el e i 4, LA L, BEsEdLem LM (MEt) chrRtoltErgL
{Fo7-Z L, Lo aIRNL L 2R D3l U E 2 R TRt L B8R 2 1
DEFHBEHFRLICHRTE L Lo L, AHo4dwH), LHR LSO
I )T, LHpHRRBEMORE LM T A EZRRL TWA, AHLIL MR
22 SN EITETMMBESNS C RS hTE 4, RERIZBVWTD
, W LDAEBNED BIFCho—2DERE LT, SWEBRGESFBOIKIZHETEL (M
ofel EDEZ bz, LI MHOBIERED o4, ERDRE LK D
B, GiTELEYEICi3fE o LR LSO O, TEOIMBMEROAER L ERD
il aER o R IC e, REROTERATIIBEII L 2wEFT 2 Bz,

Astragaloside BlIL Bl Z < & a1, KRENZIEAL G Wiz, fiviRlE SFmRdTE L 5
CEhEmEhTWAL 20 3), KERICBWT, TMOEFIEL (Kot R URAR
74 (RO ERERPBIEFICRE LT R L, EWESFFELLHED, T, EROTE
FZEhfinwiobtEZLNS) ITBWT, HVastmgaloside IO FTRAGEO LN &I,
WMOREDSRML b EZOND, BRRIEHEZ LB GIZETELBIZI VT T

B4 FERARNT A S LA sTB N, BERICBIAAL Y758 £ FES
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who Bl —EZEZ NS,

A, KIREBHC BV TIE, SRR T Ioas S, TRESEBORZEET L
RTWVWIEPH SN T WAL, U3l Sz b KUK EESETHY, s
R L TVABMEBE I L IC TR LEL Eh o7, BEHFHLETIEIR LTI
IR R AT ZRL, A V77824 FERLBL LARL o7, RERIZBEWVWT

, AENRTO L EP OBRRERPAMED -0, BEHFKLICBUAS V758K 4 Fé&hi

EBRICE DN & DEBIZOWTIEARHTH Y, SHOBRBETH 5,

4T A

FNTAIXOMDET, RUEHRGEGGRHTS /- L TFARUREEERICEZ
TR RO BEIIOWTH L MIT A0, ©, Rl, BRZ LRUBETHMN L D455
DRGSR ERWT, 3270 — M (4nf) ATUHEMEBESR Lz, €O&R, Bt
EREBEM L X TERETERL, FERPODA V757K 4 FEROBVRTERE o7z,
Wit oBBRGERIIFE LI, TP LEEPRFL2ETER LAV ZT738R ) 4 FERNT
WMo LHo—2EFEZ b, LEOIHHEIZEWT, #-La b KRG %
oz, ZOLEOYWEEDAERIE, AEROFERHNTIE, EROMERE GHEARD I

HIZH L Telie 5 2ol
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Fig. 11 Soil Hardness of Four Different Soil Groups
Soil hardness (penetration resistance) was measured using hardness
tester DIK-5520 (Daiki Rika Kogyo Co., LTD) on 25 Aug., 1994,
Data show themean of 4 measurements. Bars represent SD of sandy
soil plot.
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Table10 Contents of Isoflavonoids , Astragalosides and Dilute Ethanol-soluble Extract of
1ap Roots Cultivated in Different Soil Groups for One Y ear
b)

Astragalosides ¢)
soluble extraci®) [ I I IVV Total I (Il IV Total

Soil kinds Dilute ethanol- [sollavonoids

%o mg/100g DW mg/100g DW
Sandy soil 20.1120.68 40 6 12 38 2 098 69 45 25 23 162
Red soil 24.2 0.57 37 6 9 14 2 68 174 119 51 45 389
Ando soil 20.6=3.77 305 G B 2insa 146 90 35 31 302
Brown soil 23.0£0.66 33 710 263 '99 A3 S0 25 230 151
LL.SD(0.05) NS

Notes: a) Three dry tap roots with three replications were selected and measured. Each value
represents the mean standard deviation. NS represents no significant difference among 4 soil
Kinds at 5 % level using LSD test. b) Isoflavonoids : [, astraisoflavoneglucoside; I,
lormononetin 7-0- 8 -D-glucoside; Ill, astrapterocarpanglucoside; IV, astraisoflavanglucoside:
V', astraisoflavone (calycosin). Nine dry tap roots were used for analysis. ¢) Nine dry tap roots
were used [or analysis,




WO /NI A T FROET K SRS RO E

EWTHAEDF TFRUF/NF-4 0 FjHi 2 MR L2 E, BL ToORost -
GIED LS, ERIROR () Fohiv. #0BREELT, +4EYFIF2H
foEERRIZBWT, RGOSR F B W TGS LRIV, AFaloEfok
Wb REEEZ R I L, Th—RlERA2Z LER L (385 . — 4, ¥4 0FICE
WT, EFUNIC BT 2 BHEERED S BT LS, THRBOHHEEES bh i
o200, i, SO LR RV RESEEROE R, BETIRBIFREESELH
20D, LR IRO=HMEROEWE, SEMRORE - EEICEHENREEERIZS R
W eSS L (8a85) .

AEITIE, ARHRNC RIS OB AR E L THRWRE D K4 - - R REH L,
EEW DTN A DX OEROMEBER FGEROBE - @ ICRIZT Y, YIcHEsR
T EMPDA ) 7FHRK 4 FI~V, astragaloside | ~VRUH LY /- VLFAGRICE

TR W TR 21T 72

451 B EEBME R Uk

L. #F% C BEL e SR b pE SE flAu iR iy (A% Th) TRET LN A4 U F
Astragalus membranaceus Bunge 3 fEE D & ORI (19944E10H) #Hwi: (1004
i, 0.631+0.02g) -

2. ISR RARR | 3 S A ST S e A Ry (2 W) ol (o

b)) CHiEATo, REXE LT, o b L Fr— (KAWABE HS-1502,
TPS) I A2 F80cmEF TOHEEK (FL>F4—K) , Ny 23— (YAMMAR B17,
16PS) IC X AHLF#180cmETOHEHEX (Ny 44— X) , P2 ¥%— (YAMMAR YM

2610, 26PS) (2L A2 TFH26emTTORFIKX (F7 25 —IX) , RUFELEZE CHRE L

72X (fEdbERX) AR EFEEL, 1EY47-h50n, Sit2a@ W TITo7. B E LT
v 10a247- D HEAR1500kg, fbpkhldt (2B83% . ) @k A1) =15:15:15) 10kg, & 8%
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10kg, #r-LAIK100kgZ2RICH L 718, 19954F4H 17H, #AIESOcmiZ1.5kg/ 10aDFiT
PR L Ao IRHIRI0H B SRFFED LN, BMEME| X 24770, 199546 29H
(ARG 2 21TV, R Z 10emicHif 2 7o, BRE LT, 1995%4E6H29H E8H30H 2%
AACRCIER (B3 @ U B 7Y =15:15:15) 10kg/ 10a%MiL 7=,

3. LEOYHEPEDOWGE © 199544 17H, 5H19H, 7H25H RUF12H5H 285465 &
Wl —@HIET, XS (BAEIE) %8 X80cm £ THBMICIE Lz, £XHt4
M EDTFHEE L D7z, 1995 12HTH IZE K DFEZ 20em K UE0em® L7 & L5 %%
B (2l ) L, HBo3fint (B, SH, ) Z2lEL .

4. ZETWHAE 19954 F12HTHIZERX &b, FHMWREF R LA I5MMEEZM LD,
AL, FfE, BEE, BETEEZnm FOSHROREY, RUSHEROGTERIE
L7=%%, 40°C T4 H M Sz L CHzMRaE % N4 L 7=,

5. MLy /) —IWLFA, A1V 77K A F1~V KkUastragaloside T ~ VD &EH | Wi
No AT L [ —D hETITo /e Vel 2 AL 2 LRt FM3fEks 2 1krfE L L, 38
KIZoOWT, Hcy /) —VIFAREF=WEEXRERFICL ), £V 75K 4 F]
~ V J Uastragaloside 1 ~ IV (£, F#siiog® W TRsERA s 0O~ k77 7HIC0E- T HhE
o O

6. MBI L AZMOMZEEORAE | KS54cm, 1E49em, RS 1mDEF (A7~ LA
N, —WimAs4 5 A, Fig 12) (ZIMaREF —oLEe WL, V7 AMD XHIC
WL 7:. 20%, ¥ AMIBONIRORE S RO TRSBARECE AERIYIZBIZE L7 (3

fEA) o (EEA R R OSHFEE B (X MR R & 7 — & L7z,

L=

281 FEBRRTR
L. WS BRI RV R

FL v ry—KicBlTA FBEIZSemIcE L, o3Iz BWw TV 4#140em

Ze EF o, o EE2Zmmll Lo RSO R, FLorFar—Kok4mh
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4OAIZXT L, MUSXKICBWTIH81~107RK Dk O LN, FLrFr—KicBuw i
S\ o7: (Table 11, Fig 13) o H FHAEMEHE I IZ4 R K MR 2oh T
RO N Loz, FREMERI L Fr—RKiIcBW0 TGS, TGRS
¥ 5 EREEDOEHIE13H80% (M3XTIE48~51%) TH D, KM mIL « S5 )558
ST SNAERTH S Z EPEHT SN (Tablel2) o FLYF¥—RKREUISy 2 5%
— XD FL, FARFER GRS M2R I %5747 (Table 11, 12) , TR
b LS DA G RIVEM I Z4MBREMICF R ES D ORI RS, PLyFv—K
DEAHE LS EDEFTORFEEZ SR,

2. B OMEBmFHDHLY ) —VIFXA, 475K 4 FkFastragaloside s fic (= M
E g

fiLtd /) — )X AGMIE, SXMTERED SN o7 (23.6~25.3%, Table13)

o Astragaloside S Al & i 124 (XN A7 B2 L0 S e p o 724%, astragaloside [ A5 L >
Y =X RUIN Y 73R —[X T, astragaloside VA ERHEX TR oz (Tablel3) o 4 V753K
A FiaalL, PLxFy—RKiZBWwTHeZERMEL, o3X B TIifFEL2EIZE
O dro7: (Table 14)

3. 5 ORGSR EO YR R ITT Y
MLy Fy—KII BT A LHIRTRE (BLALERUE) (X, AEHIM A DR & T
80cmE T, dkg/cix Bz AT LIZh, ELDOTHIKIZHER LA EAMHL 2 (Fig 14
) o BT ¥ —[XTIE, HWETF20em? 5 30cm@ M TEEIFEESBII L, 30embh T Tl
10kg/cdPh LR L, MEHRX L F—7, TRETIEL LA S 25Kl (5H 190
) bBOS NI Ny 2 =K T, HERF30emMAF TR I 22— XL D HICIEVTERE
(6~14dkg/cm) THER LS, P2 Fy—ReEAWICHWIBEZRL7: (Fig 14) .
TROIMMMTIE, HFET20emicBWT, FLoyF¥—K, Ny 27k—K, F52%—
X, EHEXOATAMHEIETHL, WET0emlcBWTIE T2 ¥ — K, EBHHEROA

Ml e FHEETHY, PLrTFv—R ey 2h—XKHTIEEZED R o7




(Table 15) «

4. MFEIC X AROMPREEOWARE (Fig 15)

RO, EFEPS1008H (8 Abt)) FTEHMSMICHINL T63emizEL, L
#, MEERO N7, ERI0cmiZET A2 DL, RFEHHBG0HE (68 T4H) T
Holco ~KMBDORENE, BFEEPO40~500H (5 TH) BRU75~1008H (7H
pa]~8 H ) D2BNCEBUICHIL, 12008 H (8 A T4) LIgIZ® 5 2R EHE

3B B

AR b L F =2 THET80emE THERIEFT A HEIC L - T, EROMEIE
L<, =, KOGHMRDOFEL: « B i i s -RoRs S s i, —7%, vy
JAR—IC X A2HFEF80cm T THHET A LT, A F25emETHRLI-b T 27—
R, g R L cESRX EFERIC, TERORBES L Lot Ny 2ik—K &
ML F A —XOMFET 50emiZ B ) A THBIGILIZIZE —DE TH o 7225, BRI ILERE
RAENFRD BTz, (toT, Wy 2F-—|C X5 TIE, v LEepicaci ki et

WA, TR O LR REIWIT, #HiRE L TEROMEIHE 2, F Lok

ks TbobFEZONT, DEO LS, TEMESATEROMERSHBOREYEC

ﬂ
o
iy
Ciye
B
-IF

O Tl 8+ RIZT ZEHHLhER o,
FL T v —RUMOKEO FREIZN40emTIEE o 7245, BHIc L 2T TR0

eiZIET ADIE6H T EHEE SN, CoOIFHICEITA LY Fr—RUNDFZE XD HLFET

40ecmbh FORIZBIT A - BEWEE (B AIEHUE) 1, 6~14dkg el | (6 H FHI @O EE I
WS, BAHTHIETA TFHOELWHSEL) THAZ LA L 72, JCH (1989) |54
DRIz BWT, FEBEEE CNEEEZHY, BEAETES15ke cnZ i 2 A EBRDSAH

WAL, 20kg el ECIIBOBARBLEROONEWI EE2RMELTVWAY), - H

WRED TR Y TIx, BT EHICEVERATAET 5 &, Bt RAT 5 A5 R AT
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2, BARZETZZEBMERATWA: 67 g =AMl E o ek i

=
wh

2% F % 1209 A9 I (MEATE OISR SN B, BT, BUAIEHUAIC X B 14
DR S DS T HBETH A 05, FEBHR R T 5 £, RHEOWE, EHOMIC
BWT, HEE LT6~14kg/ cill EO B AIBRHED LB AR OB F Vo A-1E L 73
G, EROMESHEsSH, TEBOREIoRBs b LFEZ BN,

Py Fr—BRIZ Lo THRONALER P D, £ V754 FERIHEL, astragaloside
MO ILE < 2 A EEH6® b7z, Astmgaloside LR -Z L&A 3 hA -8 Hw
HITEFTEYHEASA Z EFER IR TWA S 2, AROMBIEM3KIZ < THl { (i TE
DRI L Tad I8, ERPRIMRELLG, ERIBMI 2oTWw3), FO45%, astragaloside
BMOTWMAVTH Bo72bDEER D, Tz, BEEEEEZ LS GICEFTEESICA Y

TR A FEROGMINTAZ LB EINTE DY) SBEEEN»FRT A 2 b

LT, alEzMNMEErZ L3iiEEBbRhT,

4B A

FNFATFDER, /Ly /) —VIFARVEREEHE (275814 FRU
astragaloside 3) |2 M T HRE MG OPHERFDBEICOWTHE o T 478, #FEATIC
RLvFa—, Ny odk=, F52%—2THHE LTS R OESHEDMS T, 1450 L1
B EAT o7z ZOME, FLYFv—ICL ) MR F80cmE THHE L8 A1, MR
80cmiZa¥ L, KWtk - BFIEE L Rl S hzdf, WBo3RfTF i, FRER
0emick EE Y, THROBEINRETH 72, T, LW (B AEHE) 2L
IoaE S, FROMERSHERoREL: - FSEICE, HBREERICBAL, AFOHICEA
A6 ~ 1 akg/cn PA L @) 1R 2 AT M FIAFAE L 2236, FRoMEIFE X
I, THMREZRTAEEZ LN, FLFr—BEICL BN, AV 75K

A FER(AE <, astragalosideID G L ABEATFRO Sz Hxy /— b ¥
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Fig.12 Structure of Root Box Used in Experiment
[ron door was closed except when roots were

observed. Roots developed along the glass wall
were observed.
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Fig.13 Fresh Roots of Astragalus membranaceus Bunge
Cultivated Under Different Plowing Conditions in the

Field lor One Year
NP, no-plowing; TR, tractor; BA, backhoo; TO, torencher.
Seeds were sown on 17 Aprl, 1995 and plants were

harvested on 7 Dec.. 1995,
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Tablel3 Contents of Dilute Ethanol-soluble Extract and Astragalosides of Tap Roots Cultivated
Under Different Plowing Conditions for One Year

Plowing Dilute ethanol- Astragalosides (mg/100g DW)
conditions  soluble extract (%) I Il 1] IV Total
Trencher 25:3==1.30 118422.09 624100 15+23 16+2.6° 211+35.]
Backhoo 23.6+0.27 115+ 9.42 55+ 37 15420 16+1.3Y 200+14.7
Tractor 2444037 671400 42+ 6.6 13415 16+1.9Y 1384239
No-plowing 24.4+0.81 04+ 9830 62+ 83 18+2.7 24+2.0% 198+213
LLSD(0.05) NS 27.0 NS NS 4.0 NS

——

Noles: Three dry tap roots with three replications were selected and analyzed. Each value is the
mean +=SD.  Values with different superscripts represent significantly different each
other atthe 5% level using LSD test. LSD(0.05): Least significant difference at the
5% level. NS represents no significant difference among 4 plots at the 5 % level .
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Tablel4 Contents of Isoflavonoids of Tap Roots Cultivated Under Different Plowing
Conditions for One Year

'ﬁ

Plowing [soflavonoids (mg/100g DW)
conditions [ [l Il \Y V Total

Trencher 41+07° 20+13 16+1.10 13+23¢ 2401 92+ 30D

Backhoo 61+998 27439 23+202 19+320 2402 131+16.62
Tractor 62932 21+57 17+25° 22+1.03% 2402 12441772
No-plowing 57+9.72 23402 174280 25+1.128 2404 124+ 12,78

LSD(0.05) 9.8 NS 3.1 39 NS 14.0

h
Notes the same as Table Ill. * Isoflavonoids : [, astraisoflavoneglucoside:

I , formononetin 7-O- @ -D-glucoside; IIl, astrapterocarpanglucoside;
IV, astraisoflavanglucoside; V, astraisoflavone (calycosin).
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Fig.14 Comparison of Soil hardness (Penetration Resistance) of Field
Plowed Out by Different Method
Soil hardness (penetration resistance) was measured by a hardness
tester DIK-5520 (Daiki Rika Kogyo Co., Ltd.) . Data are the mean
of 4 measurements. Values with dilferent small letters are significantly
different among the same soil depth at the 5 % level using LSD test.
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Tablel5 Effect of Plowing Conditions on Three Phases Distribution (%) of Soil

[’]u-wing "~ at 20cm ::It:;:n_lh from soil surface _ at 50cm c!c;}mﬂm:il surface
conditions Solid  Liquid Gaseous Solid Liquid Gaseous
Trencher 25.0 41.7 33.3 24.0 51.4 24.3
Backhoo 24.0 45.6 30.4 25.2 50.2 24.6
Tractor 23.6 47.4 27.0 24.6 56.1 19.7
No-plowing 25.1 52.5 23.8 24.3 57.8 17.9

E

Note: Values are the mean (%) of two measurements.  Soil samples were collected on 7 Dec.,
1995.
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Fig.15 Time Course of Tap Root Elongation and Ist Order Lateral
Root Development of the Plant Cultivated in Root Box .
For details of root box, see Fig. 12. Dataare the mean of 3 plants.
Bars represent SD. Seeds were sown on 17 April, 1995.
Germination started on 28 April, 1995.
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Table 16  Effect of Time of Fertilizer Application on Dry Matter
Yield (kg/6 m®) of Cuidium afficinale Maxmo (1986)

Plots Daughter stock Mother stock Total yield
A 8. May*! 2.9940, 29° 1.10£0, 11 4. 10x0. 39*
I3 17. May 2,900, 202 1.11%0. 10 3. 95£0. 4230
( 27. May 2. 78+0, 150 1. 08+0. 13 3. 89+0, 20°¢"
[ 7. Jun. s e R 1. 05:£0. 08 3. 850, 338
o 17, Jun, 2. 75%0,20%b¢c 1.06:+0. 11 379D, 2amhe
3 27. Jun, 2.63+0.31¢" 1.00£0. 11 3. 6440, 430¢
G 7. Jul, 2. 7020, 33hcd 1.06£0. 18 3. 6610, 567
H 17. Jul, 2, 5910, 24¢d 1.06£0. 12 3. 71 £0. 23b¢
I 28, Jul, 2, 4840, 24%¢ 0.99+0.12 3. 450, 34¢¢
] 7. Aug, 2. 334+], 31° 0, 95+0, 14 3.24+0. 41¢

LSD (p= 0.05)*? 0. 255 N. S. 0. 366

Each value is mean + standard deviation.
Values with different superscripts are significantly different from each other at 5%
level according to Fisher's LSD test,

*1 Time of fertilizer application.

*2 represents least significant difference at 59, level.
IN.S.: not significant at 5% level.




Table 17 Effect of Time of Fertilizer Application on Growth ol
Cnidinm officinale Maxino (1987)

Fresh matter yvield (kg/12 m*®)

Plots =— EN T = o

Mean+S.D, Maximum Minimum
A g. May* 15. 411,542 4. 4 155 d
B 18, May 16.3+1. 01" 18.0 15. 6
& 28. May 1661, 518 18.0 13. 8
D 9. Jun. 15, 2220, 60*"F 157 14. 0
o 18, Jun. 15.24+0. 813be 16. 3 14, 1
I 29, Jun. 13, 841, §52¢¢ 157 11.7
£ 7. Jul. 13,81, 61°¢ 16, 5 11. 9
8! 17, Jul, 12831, 244 14. 9 11.3
| 28, Jul, 14, T 1. 059F 16. 1 13. 4
| 7. Aug. 14,21, 11 15. 8 12.1

Values with different superscripts are significantly different from each other at 57
level according to Fisher's LSD test (LSD: 0.05=1.87).
* Time of fertihizer application.
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Table 19 Experimental Design (1991)

Amount of fertilizer applied (kg/10 a)

Plots - Bl *! Td. (31/May)** Td. (1/Aug.) Total
N P ]1 e N [< "n_ - I< N & I
A ¢ § . fl_ (T 5 ~ bs ) l_: § | ]
B 6 § s § 5 3 2.9 15 6 gt
Notes are the '.-2:.I|[1‘|L'- HﬂT'ilhi;.: 18 ..

Basal dressing was applied at the time of setting (5th October, 1990),




Table 20 EfTect of Time of Fertilizer Application on Dry Weight (g/10 plants)
of Rhizome of Cnidium officinale Maxino (1990)

Plots Mean +8.D, Maximum Minimum
A 748. 2 77. 0° 836. 7 672. 3
13 792, T::33, 40« 812. 6 743. 0
5 919. 071, 9 1007. 5 859, 3
D JO7. DX 25, 9¢ 142, 2 681, 0
I 874. 530, 93b 907. 1 835. 6

Values with different superscripts are significantly different from each other at
5% level according to Fisher's LSD test (LSD: 0.05=82.0).
* is shown inTable 18.
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see Table 18)
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Table 22

Experimental design

1
'

Plots Sowing date Date of temperature treatment (Period)

1S Jan., 14th, 1981 From Jan.22nd, 1991 to Feb, 18th, 1881 (28 days)

200 Feb, 15th, 194l From Feb.22nd, 1991 to Mar.1Gth, 1881 (2% duy51

25°C Dec, 8&th, 1880 From Dec.l4th,. 1990 to Jan. 2Znd, 1881 (36 days)
Non-treated® Dec, 8th, 1380
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Table23 Effect of temperature treatment on young seedlings cultivated in 15
hours photoperiod on flower bud differentiation and growth of
Papaver sommniferiem L. cv. Tkkanshu

Strain Days from Expanded leaf Plant height Leaf No.
germination to position on the at flowering at flowering
Flots flowering stem at flowering (em)
Nayoro
15°G e a.8" 21.86=+0.9* B4 T0F 10.2+0. 4"
20°C Th, Bo=5-1 28, 0=1.82 87.3=+10. 8" 14, 3+3.1°
250 107,81, 8¢ 32.8+4,0° 1 a1, 8" T el T
Non-treated EE.Ej:B.E‘ i AL e i G B 18, 2=E15.6" 12,023, 0
LSD(p=0.05) " 3. 87 A 16. 6 1.80
Nagasakl
15°C ha. 0E=2.5° 12.0+0.8" od. bx6.4" {0 e e e L
20T N A 14.0x1.6° b0, B h. 10 g.0+0.8*
25C 1 E RS 5 B A 28, 2=0.8" T8 S 14, 01+ 1.6¢°
Non-treated 8B. 3+2.3" 12 8= 1 i b, 4+4.8* T.14 0,44
L3D(p=0. 05) 2. 85 1.47 6.3 1.1%
Tsukuba
I§C S2. 8 2.4 Y2:61.1" ba: D=6 4" T:6+0.%"
20°C YA 14,020,6° E B | B gyt e = S
25°C b e B o801, G* 3, 847.4 138 ). 1"
Non-treated 6. 021" Yl d==0. 8" L i e 6. 00"
LSD(p=0, 05) | Gt 1. 086 Bl 1.04
Each value is mean of b plants & standard deviation.

Values with different superscripts are significantly different from each other.
l)represents least significant difference at 5 % level.
NS:not significant at § ¥ level.
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Fig.23 Differentiation and Growth Process of Apical Flower Bud
|; stage ND, 2; stage A ~B, 3; stage C~D, 4; stage G~ H,
5; stage L. Bars represent 0.1 mm.




Table 24  Effect of temperature treatment on young seedlings cultivated 1 15 hours photo
period on apical flower bud differentiation and development ol Papaver soniif

e L. oev. Thkanshin

Tempera ] days alter 14 days after 21 days after 8 days alter

ture treatment treatment treatment treatment

treatment Seedling Flower bud Seedling Flower bud 3Seedling Flower bud oSeediing Fiower bud
atrain Age stage Age Stage age srage 1E8 St1age

" L
— %! | I M - 5 [ [l _.-I
Nayoro 2L} 4L ~ ~8L KD
A~ 4
Yagasaki 2L — 4L A~B:2 Bl C=D:3 3=—T1 -
1 g, D £3
ol
_, % = 1 £ - T .
Tsuruba 2L NU:o* 1l A~ B bt = % a
1 3 X L=~0:2 i el
- i i "
F"'I - M .
. s
T days after 12 days after 20 days after 25 days after
| & il 4 b i e (2] - la A = = . 19 . J
treatment treatment treatment treatmant
o
~ Nayoro 2L -— §~—51L ND 15 TL N0 5 al 1 1
& 4 1 i P - ' o | M B39
Hagasakl 2L - i~5L Al ] L ND  1d Tl p~E:2
i A~B12 G 11
Mt 1 B G~H:l
i) |
- i 31 Rl 4~ 5] 50 i | V| 1 11
Isukiba 2L Wity BL * 5 NI 2
A=—H1L
[==0:1
A i1 { days afte 22 days after 38 days after
[I d._.,-s 21 tel ].‘I gavs altear : o
treatment treatment treatment treatment
R O
B Ca 2
Neyoro 2L - J~4L E ak E 101 Wi d
¥ v e - i T__ % I‘II _-
Nagasaki 21 — J=4L 3

Non-treated

. ] i1 o -- ] (L KD :2
Kavaro 21 - d=~ 4L qL ! . .I .
M . i & = - r T _ =¥ LB « B |-l.__ ::_Iq E_:_'-' :I |.
Kagasaki 2L ND:5 d~4L aL | 4 L H~1:1
- K= L:2
L. +32
] D25 : 51 B i 7~81 [~J:2
Tsukuba 2L KD 5 d~4L - oL 2. .l [~&1 Wit
Sha il | B |
[ 3 L + 3
I d - - E . *
1Yindicates expanded leaf position on Lhe stem.
4 ] J o o . s ¥ - : . S a4 - : I-‘._ £l A Bt
2YNumerals indicate number of plants. Capitals indicate degree of apical [lower Gua :
) : : 1 A s e N undiffarantiated
differentiation and development, and details of '.h_!l'r-. ﬁrf-f_-.a {' :..*-n:. ND:undiff "Ft::l-.r_"r-.-
| ( Fig.23 -1), Aidifferentiated, B:bud elongated) |'1L‘:.?3 -2), C:sepal primordia |'1g..?._1 -3, -
I 5 Sal F | elongated further, G;petal primordial I1g23 -4),
*
¥

1 formed, E:sepal elongated, I.sSepa er,
| formed. I:stamen and pistil formed, petal elongated, Jipe

) 51
i 3 L R i 5 1 I_'Ir N | ' TR TT
en elongated, K:stamen elongated further,pistil growing, Listamen elongated furtner,

=

B
pisti! growing furtherl{ Fg.23 -0,

1 00




Table 25 Effect of temperature treatment on yvoung seedlings cultivated
in 15 hours photoperiod on growth of Fapaver somnifeérion L
cv. Thkanshi

Strain Size of capsule(om)? Dry weight (g/plant)’
Plots Diameter Length Capsule Leaf and stem Root

Navoro
150 2. 760,08 0. 0a 0. 37 1. 76 0. 47 .31l 48 0.49+0.18
200C o =1, 8h 5. 050, &0 1. 630,81 {18 1.37 0.4540.23
25'C 3,080,860 o.00=%=0. 08 1,884 0. 75 b.oABE .08 0.62%0, 34
Non-treated 2.29+0.39 4,76x0.86 1. 07x0.52 .88+ 1. 44 0.35x0.1%6

r__
(¥
1
i
=
[ e ]
T
2
-
¥
=
]
a
==
(s

Kagasakl

16°C YiBiED. 25" & 1h=1.H2* 0:6840.33* 1.,2721-0.48" 0.11=0.0&5"

LU0 1.86=0,19* 4.15=4.18" 0.64+0.31* 0,830,288 0.10x0.37°

T 2.5340.28% 5.00x0.44" 1, 6140, 35" 4.05=20,08" D.36=0,11°"
Non=-treated 1. 76+0.23" 3.890=x=0.33" 0. B4+0.31 1. 04+0.34* 0.10=20.08"
LSD{p=0, 05) 0,286 0,500 0,312 0. 601 0. 038
Tsukuba

15670 1, 71+0.16" ¢, 0b=0.51" 0:56+0 18" L. 14050 0.10+0.04°

- o1 - = - - . o i Wik ol A9 o i

20 1 Ré+0.15" 4.32%x0. 40" 0. B3x=0, 16 0B 0.13°* ;I B 0

25°C 2.23+0,32* 4.82+%0.48° 1,15+ 0,38 2,33 0. 68 a2 0.0
Non-treated foagtl, 14* S.3dx 081 0,402 0. 07" 8T==0.10* 0,04=%0.02*

LSD(p=0.03) 0. 280 0. 540 0.282 0.516 0. 058

s are the same as those in Table 23
g 1oth day after {lowering,
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