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Summary
We investigated the effects of soil type and fertilization on the tuber production of Cyperus
rotundus L., to accumulate basic knowledge on the cultivation of self-sufficient CYPERI
RHIZOMA. Six experimental plots were used, incorporating three soil types (sand, granular
volcanic ash soil, and andosol) and two fertilizer applications (20 kg and 40 kg of fertilizer

applied per 10 a). The number and weight of the tubers used in herbal medicine, as well as the
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shoot weight of C. rotundus, were higher with 40 kg of fertilizer application than those with 20

kg, at 120 days after tuber transplantation, regardless of the soil type. Additionally, the number

and weight of the tubers were mostly in the order of granular volcanic ash soil, andosol, and

sand showing that differences in the soil affect the tuber production. A significant positive

correlation was observed between the total length of the rhizomes and tuber number of C.

rotundus, suggesting that development of rhizomes promotes tuber production. The tuber

number increased by more than 1.5 times from the beginning of August to the end of September,

but there was only a slight change from the end of September to the middle of November. The

results of this study show that an increase in the application of fertilizer effectively increases C.

rotundus tubers, within soils that do not inhibit the growth of shoots and rhizomes. Additionally,

the results suggest that tuber production become remarkably before late September.

Key words : Cyperus rotundus L., CYPERI RHIZOMA, harvest, rhizome
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The potential resource of PERCICAE SEMEN :
The research to apply local specialty fruits for crude drugs
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Bk{~ PERSICAE SEMEN 1%, BlififZick < BRSO 7I13R 7 CHMAAE ]
DNEFIZDS, RAXEE 150 MFELL EOMGEIIEECH L. HHRAREE 4 fFh, FTo
PA X FHEE L ME KR BT 2 XKBEORLEIL oo, TREHIE DRER,
OFEHEGRIEA, QKT 50, OFENRME (MR - FEHEPk) 1358+ tdE B ARER S
GIPL7) HUKICEE L7, HE I RS R ESOEEZ TR LTEL a0 b,
3 (O~Q) MERELE RS2, £, BRSO KR T P17
BRRANZS, 27 2 ) FRO—E & GEEN TS P ME A AR Lz, %
et fl 2 EEEBIZE L, MERFFEO B2 Lz, 22T, Zhofikflz s
te P MRIRFFEBE G MM ONWT, TI XU UEREZHE LR, fEETH
BERBEEE o 2 NS HISIE (LD —Bh & 72 B & B 2 T as L OVE SRR, 7
RTHZVUEREN 0L YT Thotzly, 37XV %0 4 i 1.2 %L EE IPLT #
BB LT, MRIRFRIEE S R P B B 2 T 2 i Th v, KRR Z %
BT X 2 BEMEMIEICH AR BEERO ATREMEN RSB TE 5.

Keywords: #k{=, HuldRrpeRess, 7 X740 >, AEEE
Summary
It is generally said in the current market that the kernels from edible varieties of peaches are

too thin and not suitable to use as PERSICAE SEMEN. However, there is no report of
comprehensive investigation among more than 150 registered varieties whether they are suitable
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for medicinal use. We checked 44 Japanese and Chinese historical medicinal literatures and
found that there is no description about the relation between the size, density and efficacy of the
kernels. As the result of our morphological investigation, i) historical samples, ii) samples from
the markets and iii) samples from the native species of peach (called “Inadamomo’) were all
correspond with the description of the Japanese Pharmacopoeia 17th edition (: JP17). We
analyzed the values of weight, length, width and thickness of each samples by PCA and the
similarity of those 3 kinds of samples was suggested. Most of the kernels from edible varieties
were thin and didn’t meet the JP17 description, but some samples from varieties of nectarine
and the variety used for canned peaches met the criteria. We investigated those varieties for
multiple years and confirmed the reproducibility of their morphological characteristics. Then,
we measured their amygdalin content and found that the kernels from Inadamomo and the
variety for canned peaches which are expected the additional values such as the regional
revitalization or waste material utilization contained less than 0.1 % of amygdalin. On the other
hand, amygdalin contents of samples from 4 varieties of nectarine were more than 1.2 % and
met the JP standards. Those varieties can be the useful genetic resources for breeding the strain
which can be used as both food and medicine.

Keywords: PERSICAE SEMEN, Local specialty fruits, Amygdalin, Domestic production of

crude drugs

®E

ZIR/NE A AR IV TE TG JRBHERE O B G =
FEERT LD, Fxl3HEFEONERATETH
0, B[ KIS 7R D MR | RREE R A
R ETOAEKICRE L EREER 2 B L T
W5, BkiE, T Prunus persica Batsch X%/
& P. persica Batsch var. davidiana Maximowicz @
fif B ESERASRT (P17 v LRES
NHAET 22t FEQMER S5 2%, 100 % H[ERE
Thd2 —7, BHITMEKLEDARTETHED
EEREAT LN, BTITAREEME L. K
MFFECIE, HUSRFPERE O E U= A pENE & S0k
IED LT 6 pESEL A S & L, [EREAFKOL
IRFIH~D 4 & FE-MMICKTIE TE D EEREET
NOEBRZREANET S, 22T, EERSMAK
OFfZIEH U 7oA PE & FTRBIC 77 2 Al e BR o6
ZAFTHEREESREORRE LT, & 1 IR
Ak & FEIER IR O FERUE AR 2 ] W 7 T R R AR
AED D, IP JERERUS IS A BT 2 E N RS il
ISR E Lz, 5 212, L s
&L TLREMERT LT BUERDT I 75 i

DNWTHRF LR A HRET 5.
M#EBLUFHE
1. %4
HEENTHREL TV D EARELEICHOW
T, A 7oy — > [ AL AR 58 5 W 1 @ o,
2016-18 AT HMTF T 30 fShfl 42 MR DR O
DY TV T w77 (Tablel) ¥, (2%
SO LENFELTRBY 80, FEITHkE; - &£
FEEDZVARB - AR E x 7 # U 2 RhL il
EXIRE Lic. —F, FEBEREPK ORI
HAMEEBRETHIERREIN TS Y Z&n
O, BANTERFEOMRBEkbRERSE Lz, HK
Bt ) —Ya v 2 — - lEEEERIC
LI oafmHEkERERE Y =2 DT,
2015-18 4E 2/ CTH > TV A EAERE L. UL
L OMNTENRFE 4 MR (2015-2018 4F), ERH#k
B dhfE 42 KR (2016-2018 4E) D RFEMNSEEZ R
L, 40°C,24 Wfilizf 7%, < 24EI0 &%
TEMOETEZERY ML, WECH L.
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Table 1. The PERSICAE SEMEN materials used for this study
(A) The specimens and the market materials collected in 1965-2016
Source Sa,\r:; rl)le Source of supply Lot No. Cogg;trion Market
s1 EAT SRR — 1920 4FAX —

S2 gl = BV — 1964 kY
[N S3 Ak — 1965 T
HtEA sS4 Ak — 1965 I

S5 NS — 1965 iEl

S6 G — 1965 —

Cc1 oS — 1965 —

C2 A5 AR R g — 1987 —

C3 Ak — — SR
it Cc4 G 0801C008101 2008 H IR VE
MOBGERTe C5 NS 0801C008102 2008 HE e

C6 NS 8113006 2014 HE e

Cc7 HRIT AR 44537109 2016 I

C8 7 F A RIS E7K0331 2016 HEE A

2. & EL LT —ZIZOWTHGEHIRNT Y 7 | Statcel2 &

2-1. REEZFE + FITILF ~BIRPIH O 7 #iLEE 4 £
Fk L7z T4 H R R S IERR - fifmd @ 10 RO
BRAZBEE STk 2> B THE) TH D T w7 = o ) THRZA =
TR 7R 24T\, R, MR, N /R
FLECHAR IR DA B A L.

2-2. JEHEI0 LLBARAIE © KR K2 ATk O HAT BIF 42
FTRFIEEE AR, B 3 SO b2 - 7 SR
fh % Ede 1900 4EWIEEDN D 2008 4 F TO A
&R L, W ONC 2014-16 4T E &L O F
14 f& (Table 1A) ZIEAHEMER G & L1z, £z,
BE HARENTHE SN TV DA MEOGA &
LT, sWNTERME 4 Mk (2015-2018 47), “ER&H
Fots ShFE 42 MR (2016-2018 4F) (Table 1B) % i
EICHAWE. 2hboWh 7 vaeE KB
(CP324S: Sartorius AG, Géttingen, Germany), 7 3 4
)b/ ¥ A (DT-150: Niigata Seiki Co. Ltd., Niigata,
Japan) CTHEMPNES «iF - ESZ2WE L. B

O® Pirouette (Infomatrix Inc. WA, USA) % Fi T
ENT Z AT o 1o, 7RBEARLMEY I T T o2
~A 27 1 Aa—=7 (VHS-6000: KEYENCE, Osaka,
Japan) |2 &0 HERE oI A fifeRR L 7=

2-3.ICP-MS HIEIc kBT w7740 H

TOBPBHELTE DA - TS 11 ik (S 1,
3-5,C:2-8), RMHET TR 24 BiE (H:1,3-6,9,
10, 12, 14,17-20, N: 2, 3, 5-8, 10-14), #&N{EKHE 3
Bk (11-3) ZEBRICHE L7z, 7 kR 10
mg iz 1ml @ HNOs /1%, RLT v 7 ZEEHE,
HIRT—MrERE L2, O 02ml 2 9.8ml @
KCHRLUI=1%, FL£% 0.45um @ PTFE 7 ¢ V¥
— (Ultrafree-MC: Merck Millipore Co., Billerica,
Massachusetts, USA) (3@ LIl E 2t L 7=. ICP-MS
X, Agilent 7700 Series (ICP-MS: Agilent
Technologies, Inc., Santa Clara, California, USA) %
EH LT



(B) PERSICAE SEMEN materials prepared from edible fresh peach
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Source Sample Cultivar name Strain / Origin Cultivation Earliness Collection
No. area (ha) year
H1 =P P X A6 F A4 13593 i 2016
H2 =) PP X M 54 1359.3 i 2016
H3 =P FPE X A6 B A 1359.3 i 2016
H4 LERL AR E)EYsE ¥ el) 9.6 HA 2016
H5 FHID>E B SNEVE el 1424  RA 2016
H6 H I EL FEEC A Y 8565  FL/E 2016
H7 ZL9< H IO X J\I% A JE 16.4 AR 2016
H8 e E Ak =S¥ el 3045 A 2016
H9 HLEO® EbG X ZEBED 617 A 2016
HJE..  H10 AR F Bk At ¥ el 1583  H/: 2016
FPkR H1l Bhg 2 Pk X BE 2 — Hh A 2016
H12 JI S Bk X Ak 1166.1 4= 2016
H13 —'= @k FIRk {8 324 1222 /A 2016
H14 ooz JIHF B APk X DX 305.1 A 2016
H15 HEEL - — 22 HIOXILAE DY 96.4 Hh A 2016
H16 HLITH T EA — WA 2016
H17 PIEG Mk X Hhro& 1047  WEAE 2016
H18 SEph L — A PkE 2 0 45.0 i 2016
H19 AaEe Abk <Rl 13593 A 2017
H20 Eil HJHAE X 72 THAJR — A= 2017
N1 HIRA = — R EDNS DA — 2016
N2 Flavortop T 2T —HA LD B IR 12.7 2016
N3 KHERIH) MRk X R7ZU — 2016
N4 S B AE HPk X o &Y — 2016
N5 ZE SHRIZ) XA TR F A 35 2016
N6 20 RHEFXIZ) X AT _RoF oA 34 2016
N7 anE RHEATZ) X AT F oA — 2016
N8 Liep KA TZ) XA F Lo F R — 2016
g N9 Z2Li S FoLV HINAHERAE 219 2016
jj; N10 KR 2) Bk X 172U — 2017
N11 B RKEAXIZ) XA TFLF A 35 2017
N12 Z2H KHRI R XA F_RoF A 34 2017
N13 mnE KHERIZV XA TN T A — 2017
N14 fib KHERIZ) XA TFR_RoF A — 2017
N15 KHER7 £ Bk X 172U — 2018
N16 e KHERZZ) XA F_F A 35 2018
N17 BB KHRIZ) o XA F_RoF A 34 2018
N18 mnE KHEARIZZV XA TR F A — 2018
N19 P KHERZZ) XA TFR_RoF A — 2018
T1 FH N ASHA — 2016
ot T2 5t Y~EE — 2016
(ﬂffﬁﬁ) K1 w5 & 3.0 2018
1n T HHk — — 2015
N 12 T Bk — — 2016
ek 13 T A Hk — — 2017
14 T H Bk — — 2018

Cultivation areas were referred to the reports of current surveys of fruit trees published by Ministry of
Agriculture, Forestry and Fisheries.35)
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2-4. EHGERE (WRHERCT I 77X ) V5 &

ORE) P HRBE (EE/EX/ME/IRES) I
G U 7o & RS AR OV NTE R TR 6 fnfl
VT, JPL7 FE Y OWEIEITHE, R
O7 7% oaaoflEicf Uz, wigisl,
KV TNVOEREREBICEYD, 105CT 6 K
Wl L, TV — 2 —THhmntk, ZOEELERE
B R (%) ZRDiz.

TV EROWEE, TOELEEYY
TADK) 059 BREEICED, 90 % AKX J —)L 40
mL ZMx, BEHIZEEHHEGZ 1 Tkig BT
30 SIMERL, Wt AL, 0% A ¥ ) —L
ZINZ CIEfEIZ 50mL & L7z, Z0O#E 5mL #1E

)
)

W=D, KEMA TIEMIZ 10mL & L7z, A
WL, REHAIRE Uiz, BOBHAIR K ONEHER IR %

k7o~ ~277 74— (HPLC) IZXVHEIEL,
TITHEY) EREERDZ. LLTFIZ HPLC &ff%
R

F&5 © LC-2030C 3D (Shimadzu), 7 7 A : YMC-Pack
ODS-A (4.6X150 mm), FE@&FH : 0.05mol/L U >
fe —kFEF MU T LARIE I AKX 7 —n(5:1), fitik
0.74 mL/min, %7 AJRJE : 45°C, 7 FEAR : 10 uL,
Wi : 210 nm

BERBLUEE
1. KEEF

HE 13 (BB~ B AR 31 4 (R ~BIR)
THMICBIT 2 sl i@ b7z, LT Table 2,3
(CHLBREREE [ L7 - SKRE [ JRE [ YL 1 RO R
HOFEL £ L7109, IOV TIE 1590 4
O TREHIEL 92 TELRE) B AN SEE BUR
BEEs AEE, U RER ) TGEFH) (L
- —HEbk, [ESHSHkaEEE, B2, R,
MEREE— ASE) T(RF2H) e, B4k, BNFHE
FTRBURPEE, /N 2 B R, HA TG,
AIANEEH] LR, K CIEARETH D Z Lk,
Wz | RS 2 Bk —FE I A R 72 28 A L
T5ZL, BHIXCICENZEMICET L Z &
NEtABn D, LR, BARIZBWTY THHRMETR
FE) ® 0 TUEMCAEER D, T 53880 20 0 Tl
BN N2 B R 2 e 2 3 R B

-
—

-
(-

Aepth) &, REHE O ES 5B CEH-
kR AR T 5. TBARFEIEFEDL ® I X
% &, BRET, EERTIEFEREPE S IX BNk A
Bihe LTz, 4, RHER - HEERToODLT
DIREHMNTRENTWD. BREICET 2 HITE
N 10 SCHRICER® -, THSZEZD 2 Tl TR
WG =F1E ~ LB RAE ATV,
TRNEIEE] ® T TEHARERIIER /(=
TR ITEY BVHEET V] Lo it x
£itT 2L, TR Boitikix 8k, TR M
N5 BORLEILE 6 144, T 1925 TF
MECTH D] BOFEITE 2 4, TR B8E] THE)
MERXLCWD] BRI 1 2R L7,
—HTCTIEEICETHIERITEETH T2,
MTIEIZDWTIE, HADOSCHER 13 14, HFEO
SCHK 10 fRICEE#E A R S Te. THIMETREE )
Tk G=RVEMNRT EV =M I %Y Z LY
1 A7 i E o B 28 A FE I 550 25 B R B8
SRR FEAR ST ) 1552 25 B g R R ) T1E]
FAIAERR] REOTERH Y, INTIEX, K-
ROBRZE, WA, 2508870 EHEEGRO b,
ZOHED DML, B WIS U TERR
T 5 FOFIRAY B AROICERT 8/13 14, H[E O SCHR
T 2110 8 v, FAREIR, TR TRAIKRRE ) T2
FtLy TRMAHER ) ToAE#E) (MER T3] )
R ENHERTE . REEICR LT, T HEE
[EIRR ) AELHE D (2 Tiknzas B4 T A kg Tk
DT NRm k) e HREAMHE REo
RS L B A, M OTERE A 1 L C, A R A -
B« fHRL 72 CICHW BT EHERI S NS

Z Ol TREABMCRARMEA AT 85 | (TMEAEAREL] 12)
ML CREOERICLTIEERD DL, WS
NHREEE DO ARIZHENTIESL DT, #1L<
AR LT 5 1 (FCHREREERR) AR/ E 1),
ThbbERIIARKOEE K-> TE Y EAR
W, REOERNLDOIIHEATHD (AR
W) LEENTWVADR, ZHITEIARIC X D5
FECER LELOTHY, TR MRS MEITE
AR LW BRICE T 5 REIC BT 5 &
OREMII R TH .

- =
iR
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Table 2. Description of PERSICAE SEMEN in Japanese historical literatures
Medicinal ~ Formu

Ages Title offect Jation Morphology ~ Dosage  Origin
918 A
TLFOIY EA AR 1D O

1658  HrimsipsE Y O O O O
1681 AELFEE O

1684  HEREHTRLAIGE @)

1684 JELJEHE A A E 1)

1689 M4t O O

1708 KFuAE

1712 AKEFafg O @) O O

1723 FEANALED O O O

1726 FAsEsE O

1728 HEfEAEL 2 O @) O

1730 —AuIKE D O O O

1756 fHE AR 2 O O

1762 AKELFER P O O O

1778 HEE TR O

1778 SR Sl

1795 i EE O
1803 AELf HEsE )

1807 M %0 O

1810 SRR R

1823 Tz

1837 GTHh)demss 3 O

1840  HHEEME S O O O O O
1842 BRI D

1847 (EFDAELM &R

1886 CHTHR)FIEIESE S 4, 4at 07

1910 (HEET)FEEgEE % O O O O

1973-75  (FratkeEEFOA LM E 3 O @) @) O
AW AR O O O O O O
A P Y O
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Table 3. Description of PERSICAE SEMEN in Chinese historical literatures

Medicinal  Formu-la
Ages Title _ Morphology  Dosage  Origin

effect tion
25~220 e 42)
e PRERARRIRE O
(39
25~221 )
e NS O O
(39
25~222
e ETER Y O O
(1R 15)
650 £ fHaT4ms % O O O
1151 gl % O
1248 BhigARE ) O O
1523 FEASHORHR S0 AR A B 4O O O O
1500  AEfE ) O O O O
1606 /My 50 @)
1625  #hEAREL R O O O
1642 s 2 O O
1666 2  [E AR % O O
1729 (HEEDA B E 59 O O O

2. FLREFRUTREE
2-1. (WA Ky OV 4533 388 o D R

B A X220 T, BUTO PLT IZHKWN T,
& & 1.2~2cm, g 06~1cm, J& & 0.3~0.7cm
LR I TWA. HRIRIEE, RIE LA RS
BRI EZ R L, —uiIeee Ny, mo—ikx
WA HEHRTH RN D D 05, FEEZITRE B~
BT, BEDDSEOHEBERNETH E 0 4y
THZ LR EHET D LIS, 1970
FEARLLRTICIE, HEERCIEA 10~20 % O A1
DIRAL TV, ZOXRNMEER E, &
HATholz. KEDIX, FEToRmEOBIE, 5
ZHEE RO R EE, AR ORI L D
EENERIEEICRD 2 LS Lz . B
I, ARPLILIMERP BT THOR LN
ORLR &Mt L, & ORMEH CHIRICOET D
FEZ T 50T, AMNBIREFHIBINES & &
L7759,

1920 {5 2016 AFIZE D HEMIEA (S1-S6)
LiigiiiE (C1-C8) BRIz D\ T, £ M5 B
FOEE - BS - 0F - JES - fEEARE - oo
HERER A2~ L7 (Figure 1, Table 4). {H#IEASE
TlE, FEEoMIRea~EEE R L, HE 0.29
~0.329, £ & 1.44~1.49cm, & 0.93~1.0 cm,
JE X 0.45~0.48 cm 7=~ 7-. S2~S5 |3F&Hk - Lifg -
L7 EEEOFERBRIZ L b b3, MR
BJ—Tho7c. RBCRFFTERD 1920-50 FIT7)>
TR ST [E NS O LSRR SO SR T L o0 A
SPEAKE T, EHER CREN R SRR &
ROEERMTH D, A BEIFERITHE U7z HEA R
RSP H PSR OB SRR H AR A,
DA FETIFER RO TH v, LR E (5]
PEERE M) 12 L0 EE S ERAERET, S
JE 23 B e 72 SIERUEE A & AL AT TN 5 %9,

—J7, MGiiE s Tl R OGITRE A~
¢, HE 022~038¢g, X 1.21~166cm, 1F



0.84~1.06 cm, J& & 0.29~0.60cm &, FEAME I
e, A XDOANTY XN . FRZ, §
e B e C3 IR S 3R td o> TR 0.3 em %
TES 029cm T, fhdH v 7T A~H F I
WIZIRZ 2 L TWeR, ot 7 x4 T,

EHEMMR 41(2)20195F

BEAFEICEM LY A X TH - 7= (Table 4,
Scheffe’s F test, p<0.01).

BRA=2Y P ICUE S =ik IPT (1961 4F) 2
5T, BATO P17 IZE 5K 60 FE[H], MY
FINTERE A X (BRE g [ JES) okl

S1(50) S250)  S3(50)

(n)

Sample .

S4(50) S5(50) S6(50)

P

“"Vascular +
bundle No. "2
Branch points 4=

82
5+1

61

05‘5U|

bundie No. A
Branch points 31 5+2
C6(50) 12(173)

Vascular 4546 1443 163 1642

bundle No.

Branch points 9+5 6+3 T*2 8+4
Scale bar:1 cm Mean=£S.D.

Figure 1. Summarize of morphological characteristics of PERSICAE SEMEN samples
Data are shown as average £ S.D. (The number of samples shown in this Table 1.)
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Table 4. Morphological observation about PERSICAE SEMEN

Sample

Source \o n Weight(g) Length(cm) Breadth(cm) Thickness(cm)
S1 50 0.309+0.054 1.48+0.17 0.94+0.09 0.48+0.07
S2 50 0.309+0.074 1.48+0.14 1.00+0.10 0.45+0.07
[TPN S3 50 0.316+0.075 1.49+0.13 0.97+0.09 0.46+0.07
AR A S4 50 0.309+0.052 1.46+0.12 1.00+0.08 0.47+0.06
S5 50 0.293+0.067 1.48+0.16 0.93+0.09 0.46+0.06
S6 50 0.294+0.047 1.44+0.11 0.96+0.08 0.47+0.05
Cl 50 0.293+0.067 1.42+0.14 0.97+0.10 0.52+0.10
C2 50 0.353+0.071 1.27+0.13 1.01+0.10 0.56+0.05

C3 75 0.221+0.051 1.66+0.11 1.05+0.07 0.29+0.05**

i C4 50 0.294+0.065 1.24+0.13 0.87+0.08 0.58+0.07
MOBGERTe C5 50 0.270+0.051 1.22+0.14 0.84+0.08 0.57+0.06
Cé 50 0.294+0.066 1.21+0.12 0.88+0.10 0.60+0.05
C7 50 0.281+0.055 1.50+0.14 0.98+0.07 0.41+0.06
C8 50 0.382+0.081 1.59+0.13 1.06+0.07 0.45+0.06
11 44 0.244+0.045 1.62+0.09 0.89+0.08 0.43+0.08
A 12 173 0.278+0.055 1.62+0.08 0.88+0.07 0.42+0.05
1E KA 13 149 0.227+0.043 1.55+0.09 0.85+0.05 0.42+0.05
14 186  0.222+0.048 1.56+0.09 0.83+0.06 0.43+0.06

Average £ S.D., **: Scheffe’s F test (C3vs S1-6, C1, 2, 4-8), p<0.01(n=50~75))

YA A SN
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E K OSSR B2 b O AP O EEZE R (Ehe
PREME : RS 108 [ JRE) 1T oW TR L,
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cm OFERZST, KEAEBHOERE SO
EEZBLELTWD N A, JIfEEEE C3 OE
S (0.29cm) (X JPL7 FELHLDOME L D/ E A3, Tl

LB TH Y, i OFEELOFHNTH 5.
& 51,1990 AT BT & T [E - H & ALEE (H
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1% 1875 & (HiR 8) ICHEMNMGEA LTz T EiEK
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Table 5. Morphological observation about PERSICAE SEMEN made from a peach

Source Sample n  Weight(g) Length(cm) Breadth(cm) Thickness(cm)
No.
H1 6 0.269%0.130 1.93+0.11 1.24+0.15 0.23+0.16
H2 9 0.073%£0.049 1.73+£0.19 0.96+0.28 0.12+0.05
H3 10 0.175+0.051 1.79+0.09 1.23+0.14 0.21+0.05
H4 7 0.465%0.115 1.94+0.05 1.32+0.07 0.32+0.06
H5 7  0.083%£0.013 1.70+0.11 1.09+0.09 0.13+0.03
H6 6 0.073%£0.021 1.73+£0.10 0.96+0.05 0.12+0.02
H7 5 0.066%0.028 1.55+0.09 0.86+0.17 0.17%0.05
H8 10 0.166+0.051 1.87+0.10 1.23+0.09 0.14+0.03
H9 10  0.060+0.020 1.44+0.07 0.88+0.06 0.12+0.04
HR- H10 5 0.248%£0.134 1.75+0.12 1.29+0.06 0.20%0.07
FIPk R H11 4  0.100+0.016 1.65+0.15 1.24+0.11 0.14+0.07
H12 6  0.465%0.115 1.91+0.06 1.20+0.07 0.29+0.05
H13 9 0.166%0.051 1.76+0.19 1.18+0.18 0.22+0.07
H14 12 0.177+0.053 1.83+0.16 1.07+0.11 0.20+0.08
H15 7 0.202+0.048 1.97+0.15 1.27+0.06 0.19+0.03
H16 9 0.298£0.050 1.91+0.08 1.2620.07 0.27+0.05
H17 10  0.293+0.090 2.02+0.06 1.29+0.09 0.26+0.06
H18 11 0.286+0.160 1.90+0.25 1.20+0.21 0.28+0.16
H19 11 0.133+0.057 1.64+0.17 1.10+0.16 0.17%0.05
H20 5 0.071£0.045 1.77+£0.15 1.330.07 0.21+0.13
N1 6 0.097£0.016 1.52+0.11 1.03+0.08 0.15+0.03
N2 6  0.065%0.040 1.61+0.32 0.90+0.09 0.22+0.16
N3 9 0.207%0.108 1.89+0.07 1.15+0.06 0.23+0.09
N4 11 0.248+0.132 1.95+0.13 1.27+0.08 0.25+0.08
N5 12 0.327+0.102 1.94+0.09 1.28+0.18 0.29+0.09
N6 14 0.225+0.056 1.69+0.17 1.05+0.15 0.32+£0.05
N7 11 0.239+0.065 1.82+0.10 1.16+0.17 0.22+0.05
N8 12 0.178+0.107 1.58+0.20 0.99+0.15 0.23+0.11
eV NO 1 0.153 1.9 1.31 0.22
ER N10 17 0.278+0.107 1.79+0.15 1.10+0.10 0.39+£0.14
N11 17 0.425+0.066 2.03+0.08 1.28+0.13 0.34+0.04
N12 21  0.165+0.086 1.80+0.22 0.98+0.21 0.28+0.10
N13 16 0.348+0.136 1.92+0.10 1.18+0.10 0.36+0.12
N14 19  0.180+0.080 1.84+0.14 1.01+0.18 0.27+0.11
N15 13 0.325+0.061 1.94+0.07 1.20+0.08 0.42+0.09
N16 14 0.319+0.105 1.85+0.14 1.17+0.18 0.35+£0.09
N17 10  0.304+0.067 1.84+0.07 1.12+0.05 0.31+£0.05
N18 13 0.279+0.123 1.84+0.21 1.09+0.22 0.28+0.10
N19 15 0.176+0.119 1.53+0.62 0.88+0.38 0.22+0.11
Zoh T1 16 0.137+0.113 1.78+0.21 1.00+0.18 0.21+0.10
T2 7 0.088%0.033 1.66+0.10 1.02+£0.11 0.10+0.03
EJE)I%) K1 12 0.313+0.116  1.96+0.12 1.18+0.19 0.38+£0.11
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Figure 2. The PCA result of the morphological values of PERSICAE SEMEN samples

The plots of specimens (<) are close together, which means they have high level uniformity in contrast to
variation of their collection year and producing place. Standard products (@), native cultivers () and some of
nectarins(Cd, A and Q) are plotted near the specimens’ plots, which suspects they are similar in the point

of morphology. PC1 and PC2 are first and second component, whose contributions are 54.3% and 38.3%,

respectively.
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Figure 3. Heavy metal contents in PERSICAE SEMEN

A: Arsenic in samples (average =S.D., n=6~33), B: The total 3 heavy metal elements in samples (Average,
n=6~33). Dotted lines indicate the upper limit value regulated by JP17.
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Table 6. Amygdalin contents of PERSICAE SEMEN
(A) External characteristics of PERSICAE SEMEN
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(B) Amygdalin content (%) of samples

No. Cultivar name n Collection qus of Amygealin cortent (%)
yeat drying(%) Raw data On dry basis
1 FEHk (14) 16 2018 38 0.090 0.093
2 k5 5 (K1) 9 2018 9.8 0.087 0.097
3 KHE*ZHZU(N15) 10 2018 4.3 2.19 2.29
4  FHE (N16) 11 2018 4.0 1.66 1.73
5 &I (N17) 7 2018 38 3.17 3.30
6 AnE (N18) 9 2018 3.7 3.68 3.82
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Studies of Cultivation of Ephedra Plants (part 14)
Examination on the division method of Ephedra sinica Stapf
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Summary

Ephedra sinica Stapf has a strong tendency to extend long rhizomes underground and
reproduce a number of small young plants around the mother stock. In this study, we examined
the division method of the rhizome to obtain the clonal plantlets. We noted that rhizomes with
white tips extended into the area between the weed control fabric placed on the furrow of
ephedra fields and the ground. Clonal propagation examination of this rhizome by the
conventional method was unsuccessful. A 60% or higher survival rate was achieved by keeping
the replanted plantlets in a dark place with 95% shade for approximately one month until the
white tips turned green. Overall, the suitable division time was from late November to
December, March, and from late July to August. Survival rate was high in unfertilized soil.

Keywords: Ephedra, division, rhizome, clonal propagation.
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3—6 : EXEE L EEE

FEBR3 — 3, 5 OFERN D, HEOLWIM &5 AR
B LTS EEZXONTEOT, IEEFENRED
M E@% AW THE AT, EEHIF 3~6 #E O

9. MEHIM OB ARZESR L OFEAERIZMIT TS

M CIEERICKITTEZELRFTT L. ZOME,
JEEHARIE 3~4 ARE N E L TBY, Ll
FTCIHIEEENELS o7z (9).

B 981

i

PRIA X AT B IR GH) A GERs
3 42 59.5%
4 42 59.5%
201843 H 25 H 31 28~29 H
5 42 42.9%
6 42 40.5%

BRRAUER

1. Ephedra sinica Stapf % E. intermedia X E.
equisetina 7¢ & DOt B J I EFRIC L L CHU R (%
FIWTERET HEE TR, AR, FEROBAEIC
K oWHE R AT LR R, 11 AR¥~12 A,
3H, KOV 7 HTHAI~8 HITITO EIEEENE
& RS ORVAEREL TWD Z ERL
M7 o7z, 723, Hiyama 59 (X E. sinica 3 I
DWT 6 H 19 HITKRS T LA RBAE L 7o ff R
IZEBWTHER 50~90% DIEHREZHEL T\ D
3, BAEIERC T O ENT L DIEE R OHIEIC
DOV TIEREF STV L.

2. IS, FELUAROEIITHH LRRD Fe 52
NEHETHDH EIND9 WGHEELTWDS E
sinica X° E. intermedia TR IZ—EkE % 1D
LHENRROOND. BKROBDIZAE LT FikE
7 ATER 8 TR LTI GBITIEE RN B
S E1E, RERHO 6 HROKENBEE THW
EEZFGET 5 9 Ak LT 8 HDOFIRITHREN
WCHRELIRRBIZH Y, EERICEEL-Z LN
Bz bbb, FERIZ, ZOKRIREIZASL 11 A%
UG FRE L FERIELNL D EBEZ BN
5. —JF, Ry — N FIEC-H F%TIX 8 H
THITERPNEN-T-OT, T8 (B &
TETEHHERNRRLZENRBEXOND. o,
[f] U C b B IC L D R B0 R o 72
R L LT, RBRGEUEOMEOM, fEER CHE

OFHREGD ZENTERVTEDERKN LD
ZLIZRDEKRELEZLND.

3. BRTTITERL T, BHENOEUIVHEL 2Rk
HTFZXIZIZT CTICADBORBAELTTWZDT, K
NI RS L2 AWV TER B LR, TEE%E
WK o 72, ARRFZEIC XY, 25 LIZRBREEG IR
B LIRS 2 EIEERN ERND 2 &
SRSy R et oY

4. BT — b O FIZHEO - # NI AR ITHE
RO THL EICHFEZ T HOTH D, — b
DI=HICH LIZHET 5 2 &N TEFITE DL
J, FEHAENTERVEZD MBI AWVE
TW5HDOTHD. ZOLDITHEREDIZDHIT
O THDLHIZOM, TOEFETEHKESITEELT
R CTH - 72, Alal 12 A~3 A OLHNTERILL,
JEELy D22 AV, 1 4 A 95% Y L
RN E T2 Z L IC K VERIEERNED
Nz ENRHBLMNII o=, T TlE, Ao
OB ER 23R 2 12k I b L=, BRI
BREUREHIC L0 e B8, Jedimo BV s bk
BT 20 FTITEI N D EN GO D2 L,
BAeimskkib 32 £ THEARMETH S LTS
7o, —7, BEHIMOEXITHROKEIZHE - TEE
BENIETZEPHALNCRoTo. BHEY— FNE
TIZATC DM T EZRH T 2K 5EL, BEOK
ST B F RO RPEVRIIFFCTE 5720, 51%1T
2 U COMIEEZ X U, Hie bk B



TN,

5. FEBRELL CIIMRRIFMA 40cm L LT D
DS, FHREERHRT 2H FZIZENHOTIE 3m L
FObOLMRLTEY, FREEZEOICES D
LOLEZLNS., LoT, B0 FXEE
BT HBRICBR A RET D 2 EnHEERG AN
<, HERI7a—UREBLIOIITHRLET D
HE RS T2 0ER S DH. 7ok, HIck-oT
HMTEZBELBISRERLIBIDR VR H D 72
b, BRSTFIEIT T X TOEBRICEH T 220,

6. B&CTHmICA =y 7 E2RIT% L TP
MTEZOW T2 2 &L THHEEBIENL )0 B
L, TOFF 2 AIFEHE L% B3
EFRROGIWTERITIZ I LV AR S, HETFED
AT 2 \ZH T2 ARSI AL S AL, L7z B3 AR
LiznfGEont. —FH, Zob0Ek LT LR
NEEROFE RN EIFBO N7, HTF
WORDOFERIEEZ R H0ED, TOEERY L
FTHETFT2L0IIENAT-H THDLLEEXD
, Y BRSO B, SRS OICRRTT S
RN BHDHEEZD.

7. ABFZEIZHVT 2017 4F 11 A 16 B I(CIHERE
HEBOEROERNPOEONTFiRER TRy
R CHI LAERIER L, 2018 4F 10 A 30 HIZiHARK
DN 320 Bk % GHEAE TN O BIEGITHE 2 AT T $bs L
ToAEE, B 2019 FFIC—FICBIELAEEL, §
15,000 KiDFE 1% fF7-. mE, FEAW OBRIEIZIX
BTH 3ERXFETIHZ LD, v A UHEICE
TR B IR YZ o0 W R B O RE 1 2R E oD R
BV CHER S AERETIETHD 2 ENHD
M7 o7,

AHE

AWFFEILE LA FERE JE 1A N A A E ST EBR JE K
1% (AMED) D ZRERFFE B 5618 2 (F-hk 28~30 4R /)
(LD Ehish.
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5 A 3CHk
1) AR, OB, M, TR

2)

3)

)

5)

6)

ATV BHEY ORKEENTE F 13 H) EFKRN
7V OA4 RERIC KT TR HEEE OB
af . S REAESE, 41(1), 14—22 (2019).
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Y. Nomura, O. lida, K. Sugimura, N. Kawahara, T.
Tsuchida, M. Mikage : Influence of genetic factors
on the ephedrine alkaloid composition ratio of
Ephedra plants. J. Nat. Med., 69, 63-67 (2015).
AT 2R, LRRER, LRRILA, 2% KRBT,
RHESE « A U B OREETE (5 12 #)
HEZOHELARZEORR (4) i LADI:EM
BT B 58 . B AEMATSE, 40(1), 22—28
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< NVF T Uy 7 APCREEIZ X % Ephedrals fli (4R E & O
Ephedra sinica filj & #& 1l ¥ @ Bl 6

Convenient Multiplex PCR Method for Hybrid Origin Detection of
Genus Ephedra and E. sinica

HERIE DN, ZIEILAY, SR, xR

L IR K 7 [ SRR T J0 I 38 7 3R o0 T AR SR P SR =
F920-1192 I R4 R i A T
RO B ERFEFI A E IR F R G IR E
T243-0034 I R JE AT AN 1-1737

Honoka Ito*, Hirokazu Ando?, Masayuki Mikage?, Yohei Sasaki'
1) Laboratory of Molecular Pharmacognosy, Faculty of Pharmacy, Kanazawa University
Kakuma-machi, Kanazawa, Ishikawa, 920-1192 Japan
2) Laboratory of Medicinal Plant Resources, Department of Bioresource Development, Faculty of Agriculture
Tokyo University of Agriculture, 1737, Funako, Atsugi, Kanagawa 243-0034 Japan

ZATH 12019411 H 1 A
ZHLH 2019 411 H 28 A

2 5

T IIFEM] CRMET 2568735 0, Ephedra JBAEMIC W CIRRERIMERE N IS ST
W5, L2>L, Ephedra JBAEMICH KT HAEEKTH DM, 5 17 ERAER FHIC
BOWTHEMEY E L CHRITAE SN TE LT, FYNMRE CH 20 E0 28R 25
ZLIFEETHD. ZHET Ephedra JEFEY DI IERLAN IS B EEBIRE ST
BV, ITSL fElk, 1TS2 fHlEk, FEREA trnl-F SEIR ORI E SN T2 5D T A X —(C
KAENDZ EDRRESNTND., ZNHOESIFERICIKSEX, K7 TFTAX—IIET
HfE¥ X OVE. sinica Stapf ICFF 72 77 A ~—k vy &2 3y MREIL, vV TF T Ly
7 A PCR &AT» 72, Sl afoiife LR, %27 7 A4 —IZ@ 3 21 MO E. sinica (2
DWW, MEEY ORI T ST N E MR S, AHFIEICE 0 RENOR
i CIEREIC 7 T A2 —[MHEREOERINFIRE & 720, F 72 E. sinica D#ERIOEEIZ E. sinica
EMFEDHMEFE D — 2 PR T 5 Z L N FTRE & R o Tz

Abstract
Ephedra plants, which are used in herbal medicine, sometimes hybridize. Hybrid Ephedra
plants should be identified because they are not listed in the Japanese Pharmacopoeia,
Seventeenth Edition. Previously reported nucleotide differences in the ITS1, ITS2, and trnL-F
regions have resulted in the division of Ephedra species from China into two clusters. Based on
those differences, three sets of specific primers were designed and multiplex PCR was
performed to classify Ephedra plants into two clusters and to detect E. sinica Stapf and its
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hybrids with other species. After optimizing the conditions for multiplex PCR, specific DNA

fragments were obtained in the electrophoretogram. The fragment patterns varied depending on

which cluster the plant belonged to and whether the mother plant was E. sinica or not. This

method is simple, inexpensive, and rapid and enables detection of the hybrid origin of the two

clusters. It may also enable to exclude part of hybrid origin of E. sinica and other species to

discriminate E. sinica.

Keywords: Ephedra sinica Stapf, Ephedra J&fii4) , ~ /L F 7 L 27 X PCR, fili i) HEFR S 7114

e

il

BT A SRR XS IR GO, NE RS
DEFEREFIWT A S DH. FERL 28 FJERY
RTCHARDTIGICE T D O3~ TIEH EE
Toh DY, PEBNIZERMERSC R 1D
HAT 1999 4E7 & RN Tk 3 O HH LI 247
S>TW5. [RHEMT 1980 FH» b HEICIBWT
FHEM OFEHENRA LN TR Y, FHFMmzs»
CTIIFEFBIHIC LV B OEFEEZToTNDH I N
WESH TS, LaL, Ephedra BAEM LR
IZFB L 40 fE, HEICBNTY 12 FRAET S22
EZ L OFMPF(EL, HEFED Ephedra JEAE )Y
AT D ERBICB W TR MR 2 T 5 ATRetE N
HY, ZHLIEFETNRATLHZENEZOND.
JZ B% 12, Ephedra intermedia Schrenk et C. A. Meyer
<> E.equisetinaBunge & H /£ Hhi, E.gerardiana
Wall. ex C. A. Meyer <°> E. pachyclada Boiss. ™ 4=
Hi7g SIZEBWT B MR D FIEN ZEMEZR STV
599, Lo, % 17 WEAARIFTT 928\ T
BUE STV DR O JRFEY 1L E. sinica Stapf, E.
intermedia, E. equisetina ® 3 FEDO A TH V), HiFEH
KOMEIIHEHATE 2w, BT I2LERS
HEBZOND., £, MEOFMEYIXHETS
EIZB W T E sinica DEEREOTHLH O Z &
26, E.sinica T2 2L b EETHD.

INETOMREOENHIEE LT, ¥4 L7 b
— 7 AR K ARSI G I K D R A
WMESNTWD D ZOF, RIS ) Dl
BEBRT 27 L LOBEMTIIZERETE 2
W2, FENTREIRIIEE S ) A ETHDH Z ENEE
Td 5. Ephedra BHIIZIL ITS 1 I OB D

-
—

SRR D Z L=<, E.sinica X trnL-F fEEIZ BV
T [EH 4> Ephedra B 220 2 HEEED
KEPEHETZENHE S TEY 9, E. sinica, E.
intermedia %54 Fiv 7 7 A% — (LLFES 7 7 A%
— L4 %), KO E.equisetina, E.gerardiana, E.
likiangensis Florin % % & &7 7 A % — (BL'F EE
77 AL —=LF5) #EETLH (K1), —#Kig,
FERIEDOEIZIIA A VI Ny —27 2 AIRITL D
D ORI O LR A2 R E LIRIET D 23,
DFET TR &2 B9 5 RIS i T
L7720, LVfERFIENLETHL EEXT-.
IT4E, PCR EZ MWW BImZ O FiE L L
T RAPD 75X° PCR-RFLP {72 E & i L 7= FiED
WESN TS 29, LvL, RAPD BBV T
XHBNEST 7 7 2 2 h o RELE 2 72 EEEMEN
FHTENEMEINTEY W, PCR-RFLP EI2H
WT b IREFER A Z VT L T 572 EORENH
L. —F, wVF Ty 7 A PCRIEZMEE] D
TOIERHINDZERHY, HEWIZB N TIEA
2R0A F IO MFEER], NI BT RE=V VD
ORI ERWEINTND DY < )LF
7Ly 7 A PCRIZEWTIE 1 Al PCR THEED
Ik 2 FF A ICHEIE FTRECH VD, BRIKEIFD 7
TT AL RANE =LY BT Tl MR O
b AR TH L EZEX DD, i, XA LT
Nyr—27 o AL L LTt I B B R 3
KIEIZHRM S, KREOV > T E R
HTEMWAREL D, ZDTh, RFRIZEBWT
I~V F 7Ly 7 A PCR IEZHW TSI
Ephedra J&i% OMERiF L O E. sinica #8592
FEDBHF & A7z

-
—
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6 o Ephedra sinica

| 000 E. intermedia
0.000

0.011

E. przewalskii

0.002

a — E. equisetina

o | %0 E. monosperma

0.002
0,008

E. gerardiana
0,002

) T E. likiangensis
L

E. minuta

0.001

0.011
0.001

1. ITS1, ITS2, trnL-F fEsk DO ELFIZ S-S < Ephedra J&
T4 D 53— T At
Oy RFERHE MEGA X Z VTS A EIC LD
TERL. D FOFUEITHR, o LoEIT7 —
kA R 7w 7l GRATEIEL 1000) %2R

MHRBLUFHE

1. P FRBFEDIERK

Oy FSRAHE R E H 2O Ephedra JBEMO S L 8
FE0> ITSL fiFde, 1TS2 fEAK, trnl-F SIS X,
MEGA X & HWiEEfs S B K0 ERc L7z, BLF
WCHWT2 8 Flds K OVEMTIZ W72 ITST sE Ik,
ITS2 ik, trnL-F DA ELS1 0>, DDBJEMBL/
GenBank ® Accession No. & 7~79".

ITS1 ITS2 trnL-F
E. sinica AY394071 AY394063 AY423431
E. intermedia AY394070 AY394062 AY423430
E. equisetina AY394076 AY394069 AY423438
E. gerardiana AY394074 AY394067 AY423436
E. likiangensis AY394077 AY394066 AY423435
E. przewalskii AY394072 AY394064 AYA423432
E. monosperma AY394075 AY394068 AY423437
E. minuta AY394073 AY394065 AY423433

2-1. 1@yt
DNA filiHIH & LT, @R R R AR o it

SRR - AR SE I R A B S CORAHERE S
T\ % Ephedra BIEW OEEZR 2 V7=, MifE
FALZRTEHLIZDTHS.

E.sinica: ES, E.intermedia:El, E. przewalskii: EPr

E. equisetina : EE, E. likiangensis : EL, E. gerardiana: EG

E. monosperma : EM

E. sinica (%) x E. likiangensis (¢) : ESLO1, ESL02, ESL03

E. sinica (%) x E. intermedia (") : ESI01

E. sinica (") x E. intermedia (%) : ESI02

2-2. 2 DNA it

DNA fii H} 1%, Mag Extractor (TOYOBO), Nucleo
Spin plantIl (MACHEREY-NAGEL) % i fi L T AT
o 7=. fhiti#% ® DNA % Nano Drop 2000 (Thermo
Fisher) 3 % Gene Quant pro RNA/DNA Calculator
(amersham pharmacia biotech) % fif Fi L 2 & % il 7&
L7=Db, 20ng/uL & 725 LD IZFHHFE LT-.

2-3. #iEE T )L DNA DFAS

MEFEET L DNA & LC, E.sinica & E. likiangensis
@ DNA, E.sinica & E.intermedia @ DNA % il
FAURA LIREEN 20ng/uL & 725 X I L7
HOEER LT, MRENa v —HZRE2H L T
LHEEHEL, TNENOMBEDEIZDONT
RAHHEA 1:1,31, 130 3@ & L, 46 fMEME
L7z,

3-1. primer ME%5t

DDBJ (Z4% S 41TV 5 Ephedra JBAEY O 1TS1
fEIEE O FLAL ] (E. sinica: AF429440, E. intermedia:
AY730603, E. equisetina: HQ876928, E. gerardiana:
AY394074, E. likiangensis: AY394075, E. przewalskii:
AY394072) 2B HZIZ L TERID I 5L 5 L2 R
KT, EHOEERERF T REEA L primer
AR EHICE L7 By Th DAL A IR L, ES 7 T
A K — T K B 72 primer & > b (ITS1 sF:
5 -GTC CCG TCG TCG TCG TCG-3", ITS1_sR:
5 -CGG CCCAAGTTT TCT CTA CAG AGT
A-3’), EE 7 7 A X —|ZHE B 72 primer & > K
(ITS1_oF: 5" -TCC GTA GAA GGA ACC GGA
TG-3" ,ITS1_oR:5  -GGT CGC ACA CAC CAT
GTCTA-3) #xhEiakitLiz (M 2). £/,
HEAL S 7 A B O tl-F 83k o ¥ E ) (E.
sinica: AY423431 , E. intermedia: AY423430, E.
equisetina: AY423433) % 2 & (T, E.sinica LISk D
Ephedra J&#E#% > DNA 238HE3 2% primer &> k
(trnL/F_oF: 5" -GAG CGA ATA AAG AGA GAG
CCC A-3", trnL/F_oR: 5" -GCT ATC CCG GCC
GGT AAC AC-3") Zakit L7z (IX3).

e 3FEED primer £ REFEH LT LTF
7L w7 APCR %175 T2 & T PRI N D MR

s
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ITS1 oF ITS1 oR ITS1._sF ITS1 sR

111111111111 11111411111 11141
4444444444444444444 4 00000099090900000999 00000000000000000000 000000
77888888888899999999 777778888886888899999 000000011111111112 22333333333344444444 4455655
B9Y012345678901234567 56789012345678901234 345678901234567890 B89012345678901234567 890123
NMMMNS TCCGTTGAAGGAACCGGAAA TAGATATGGTGTGTGCGACC GTCCCGTCGTCGTCGTCG T-ACTCTGTAGAGAAAACTTGGGCCG
E. intermedia Al E A AN SN F R R IR 3R R e EEFIN AR RN AR Gtk hhbedAn A NN YRS RS e RS
(AYT30603)
E. przewalskii
(AY394072)
E. regeliana
(AYT30602)
E. lomatolepis SRR R R R R R RTRE W W R RS W
(AF429448) G o o
E. minuta R R RN R R R R R R RO R A R R R R SRR . T x o FRORRNRN AR R R R N % R W
s A TG C .| TC AT
E. fikiangensis [N Bl i vvnmnnnsnsnTr e e e & % S R B
(AY304075) L S e T re 28
E. gerardiana T T =
(AY304074) A L& e £ G & =
m.EOmJomtm-Yaw L R ® K W R KR ® KKK KRN L ® R W R KRR K KKK KKK R W L T I I B B ® K O® ® L . ® R K K KR KR K KRR K KX X KW KN ﬁ
(HQB76927) A TG c A c A mﬂ
m.mo_t__..mQP_.zm XX R E K " EEEEEEEEE R TR R KRR OE R EE KKK KK B EEEEEEE xR ox x ] X R OE K R OR KRR K KRR E KR R RWE kY
(HQ876928) A TG g . G # =
m.‘mtho—JQ:-ﬂomm L R ® N K R K ® R KR KRR L ® R K K K KR KR K K K K K K RN L N L - ® L W OR K K KRR R R KRR R KX KX KR K 6
(HQB76926) A T8 @ A = 2 2
m.ﬁ—.h,—qvomam 1iﬁﬂi>1iil‘nﬁﬂﬂﬁ<ﬁﬁﬁlﬁm ii‘iOiﬁSiﬁﬁﬂﬂxXﬁﬁx)x 11"5ittﬁﬁﬁ>ﬁﬁllli ilOﬁ!ﬂ)iﬁXﬁXﬁﬁ&ﬂﬂiﬁiH&iﬁiﬁ \b
(KCO16195) &
E. somalensis ® K K O® % EOR K KR R R R R R K K K x X xR K E R OR R R R R R R K R K K R K R OR R K K K K R % R ® % * *® ® % % E R OE K R KR K K R K R K R K K KR R R X
(AY509141) A TG c A ¢ A u®i
E. chilensis 5 ARG R R R § R R § I
(AY599142) A ¢ L 2 & %,
E. tweediana AR AR R E A AR AR REEAOAERRRRAAEEANEES  w A FTAREREAFER Lok A GAERAS SRR e R 2
(AF429434) )
E. viridis i % =
(AF429436) i c — c A
E. aphylla = ORI W P o ATt MCIFC IO g S i S P
(AY599127) & T & A

BUF 5 primer %5

-
[

ITS1 oF ITS1 oR ITS1 sF ITS1.sR

|_ ITS1

cnsanmsannnn IOhE  essmasmEE ¥ s TATbp, assst

sl
BEANT & B

T

ITS1

o

primer & A [E1E: & £ RS &
[ D¥F13 Accession No. AF429440 @ 5° Kim b D EFRE Th 5.

KA.

ITS1_oF, ITS1_oR, ITS1_sF, ITS1_sR ®

-
-

.
v
]

b, D BIIE

AR C

E$

-
-

bR LA, -

HEENT TRLIZ. ROk

* .
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trnL/F_oF

2222222222222222222222
223 3333333334444444444
8901234567890123456789

trnL/F_oR

44444444444444444444
6666666677777 7777788
234567890123458678901

E. intermedia
(AY423430)

E. sinica
(AY423431)

E. przewalskii
(AY423432)

E. minuta
(AY423438)

E. likiangensis
(AY423437)

E. gerardiana
(AY423436)

E. monosperma
(AY423435)

E. equisetina
(AY423433)

*

ok ok ok ok ok ok ko R

I I

ok ok R Rk ok ok ok ok ok

ttttttttt

* ok ko k ok ok ok ok E ok ok k ok ok ok

* ok ok ok ok ok * ko

*

GAGCGAATAAAGAGAGAGCCCA

ok ok

*

*

®

ok

&R R ok

EEE

ttttttttttttttttttttt

tttttttt

GTGTTACCGGCCGGGATAGC

* * ok ok ok ok ok ok k ok ok ok ok k&

A4

ok ok ok ok ok ok ok ok ok ok ok ok ok

* & ok

* ok ok ok ok

* I *

* BoE ok ok ok ok ok ok ok ok ok ok Kk kR
*
tttttttttttttttttttt

tttttttttttttttttt

= trnL/F_oR

trnF

—

3. trnL-F S8l 3517 2 primer Z3%5H L72 2R D 5 41 2 Sk D i 5]
BeHE & HICIESEMTH D, TN NAEMNT trnl/F_oF, A1HIZ trnl/F_oR @ primer & FH[RIVE % FFofd 1] %
HAHNT TR L7z, R BEROET 1T Accession No. AY423430 D 5™ Kb DIEEFR S TH 5.

* o bR E RS, - KA.

R H()
Bk L ES EE
E. sinica
JITARE— | T AL —
E. sinica
& — — —
*x
£ 7928 | — —
EE — — —
7T AR — — —

4, <wNVFF L v 7 APCR CTYRENDEXIKINE

7 T AH —NDOABIZ IV CIL EIXEI, EEXEE
REDMBHRbEEND. 7T AX—[EOHITE
OEBLIOES EMOAZERITHR U CHRETHS.
T B HIRATF K OFEREIMERELZ DV CHEE 23 148
ENDTTTAL NEFEBRTRLE. 3AKADTZ
7 Ay ME EBIEIZZENZEILITSL_oF & ITS1_
OR, trnL/F_oF & trnL/F_oR, ITS1 sF & ITS1 sR (T
L nboT, &M EiL 412 bp, 254 bp, 147 bp T
H5.

B X OB MERE OB SRKEMGIILL T OB Th D
(M 4). 7¢%5, Ephedra JBFEY) DIERKIK T 7 2
BB T 2 ERMBN TS 7255, E. sinica
& Al A 8B4 % primer (trnL/F_oF, trnL/F_oR)
I L DR OA BT - BUKET 5. 772D,
Fli7-#i 725 E. sinica OFE TGRS L Hiu7pu.

3-2. ¥ IVFFL v XPCRIZET S primer RV
DNA RINE D&

PCR [# 3% : KOD FX Neo (TOYOBO) % fif 1 L,
HEF L7724 primer £y hOT ==V > ZEER X
WM Z S TV T Ly 7 APCRICE D ER L
b, v~ /VF 7Ly 7 X PCR EEFH : KOD
-Multi & Epi- (TOYOBO) % {# ffl L T primer }x O}
DNA DO ME 21T - 7-. PCR % TaKaRa PCR
Thermal Cycler Dice® Gradient (¥ 5 7 /34 #) &
72 1% Alpha Cycler 1 PCR max (PCR max) {Z & v 1T
- 7=. HAE PE ¥ 1% Gel Red Nucleic Acid Gel Stain



10,000X in DMSO (Biotium) (Z X W Yeta L7 2% 7
Ha— A7) (Agarose S; = v R > ¥ — V),
Mupid®-2plus (ADVAVCE) % i\ TE A vkE) L,
Mini-Transilluminator NTM-10 (7 F =2 3) (2 L ¥
HENE T R OFER A AT o 72, BB R OMERRIC I
Excel Band 100 bp DNA Ladder (SMBIO
TECHNOLOGY, INC) % v 7z,

(TN T Ly 7 A PCR DK

2xPCR Buffer for KOD FX Neo 125 L
dNTPs 5 uL
primer (20 uM) £ 04 puL
KOD FX Neo 05 puL
DNA template 30 ng
H,0 x ub
Total 25 uL
(PCR 71 /"7 1)
Step 1. Hot start 94°C 2 min
Step 2. Denaturation 98°C 10 sec
Step 3. Annealing 55~68°C 30 sec
Step 4. Extension 68°C  15~30 sec
Step 5. Final extension ~ 68°C 5 min

Cycle number: 30~40 cycles (step 2 ~4)

(= VF 7L w7 Z PCR DG

2xPCR Buffer for KOD -Multi & Epi- 125 puL
Primer ITS1_sF, ITS1_sR (20 uM) % 0.3~0.7 uL
ITS1_oF, ITS1_oR (20 uM) 4 0.3~08 pL
trnL/F_oF, trnL/F_oR (20 uM) % 05~1.4 uL
KOD -Multi & Epi- 0.5 ng
DNA template 20~200 pL
H,0 X uL
Total 25 L
(PCR7u /7 1)
Step 1. Hot start 94°C 2 min
Step 2. Denaturation 98°C 10 sec
Step 3. Extension 68°C 30 sec
Step 4. Final extension 68°C 5min

Cycle number: 30~40 cycles (step 2 &3)
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3-3. VILF T Ly 7 XA PCRIEICK DHEDER

E, BB TH LRI OWT, AT
BT L7, ITS 1 KO/ S Z 7 A L
Mo —27 T ZJRIC RV PE LTz, TS Afdiko
B8 2 L 7= primer 1% 1F2 (57 -GAC GTC
GCG AGAAGTTCATT-3’) & 58SR (5 -CGG
GAT TCT GCAATT CAC AC-3’) T, Mgy %
FastGene Gel/PCR Extraction Kit (Nippon Genetics
Co,Ltd) THE L. A7y —s v
I 2 1% Big Dye terminator v1. 1 Cycle Sequencing
Kit (Applied Biosystems) # i L, > — 27 = ¥
/¥ ABI PRISM 310 Genetic Analyzer (Applied
Biosystems) & I 7z, kiZ, T4 OHEREIZ DU
T, BB LI~V TF 7Ly 7 A PCR EA HWTH
a7 7.

1. PCR &#IC2W\T

HEF LT 3#LO primer v AR HWTENEN
YU TNT Ly 7 A PCR &4T\OEERIKE) CHINE
W) & s L7z, & O R, ITSLsF, ITS1_sR @
primer & > kIZ¥ W\ TIiL ES, El, EPr T 147 bp,
ITS1 oF, ITS1 oR @ primer & MMZIW\TiX EE,
EL, EG, EM T 412 bp, % L T trnL/F_oF, trnL/F_
oR @ primer &~ MZEBWTIE ES LIS T 254 bp
DEIEKr A N ENENEBINTZ. b0
primer # 2 CHW T~ /LVF 7L v 7 X PCR %175
el A, primer OUSMEZHFETHZ L2k
R RAVEEIR O R WEXIKENGE 2152 Z LA TE
72 (5). ZAULTAEXY & BT 2R THS.
Z DRED RSN 2 LTS~

1 HHBECE

5. il S{Elc BT A~LF TS L w7 A PCR OfE R
M: DNA ladder B: blank 1: ES 2: El 3: EPr 4: EE
5.EL6:EG7:EM
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(= VFF L v 7 A PCR Ok

2xPCR Buffer for KOD -Multi & Epi- 125 uL
ITS1 s primer mix (10 uM each) 0.5 uL
ITS1_o primer mix (10 uM each) 0.8 uL
trnL/F_o primer mix (10 uM each) 0.8 uL
KOD -Multi & Epi- 0.5uL
DNA template 30~200 ng
H,0 X uL
Total 25l
(PCR 71 7' F 1)
Step 1. Hot start 94°C 2 min
Step 2. Denaturation 98°C 10 sec
Step 3. Extension 68°C 30 sec
Step 4. Final extension 68°C 5 min

Cycle number: 35 cycles (step 2&3)

~NF Ty 7 APCR ETH &, HEEYEZE
RUKED L72BRIZ ES DA 147 bp OEEIEWT - & 72
S7c. ES 7 7 AZ—IZBT HEDOMOFETIL 147
bp & 254bp D 2 RKOHEIEW R & 720, EE 7 7 A
A —\ZJ& T HFETIL 254bp & 412bp D 2 ADH
MW & e o7, TR DORRND, KFEEH
W5 Z LT, RIFEED Ephedra JEHM N O
I ITAZ—IZBT DD, TN ES hENE
BRI Z ENARETH D.

MFEET L DNA 1Z, ES & El ZIBAL7=H O
1% El & [RIBRIC 147 bp & 254 bp D 2 A DR KT A,
ES & EL ZRA L2 b DI 3 K3 TOHEMER A
DHER SN, TRENORIZE W T TSN 58
MEW N — BB E DR TER E o7z (K
6). F7=, DNA DIRAHEE 1:3 £/213 31 ITE
ELTHREDOR-ERE/L LN TE. 20k
W, A E—FERBGFIET 256 OHERICIB W T
LR AEITO ZENTEDHLEEZLND. DNA
WINEIX 30ng LERNEETHY, ZhE TED
CHERL2WEARNH D, LL, BHLE~L
F 7y 7 APCRBEERZD v hailBilb
DNA iINEOHESEEIPA T 5 ~100ng/ 25 UL D 2
{5128 7- % 200 ng/ 25 UL ¥R L 7= 8& 2B\ T
HIERFRAOEIE O HELe K137 <, IELWHED
T2 70 ARG CEBICHRM) LM L7 DNA

6. MEFEE T /L DNA D~ /LF 7L v 7 Z PCR DfE 5

M: DNA ladder B: blank 8: ES+EI (1:1) 9: ES+EI (3:1)
10: ES+EI (1:3) 11: ES+EL (1:1) 12: ES+EL (3:1)
13: ES+EL (1:3)

ZHWCILF L7 APCRZWMTHZ LT
X0, MRS TZADEEZLND.

2. VIVF T Ly X PCRIEICK B HREDET

£, ERMEITH L HFREIZOWT, DNA O
R AR T DI, HEFE ESL o Lz
DNA Z MW T ITS1 gD XA L7 by —or 2
AENZ K DT 2 T o 1=, FOREE, EL 28 1 18
EORBEHT HEHAMLUFICIBNTE—2 DER
ORHONTZZ D, ZMERHERI . L)
L, ESHZBILCTIXES & ElI @ ITS1 fEi D kil
SIOFFEMED & <, HEIEEHS L OKRENENC
E D ITSL FEIR S T O MERESE NI TH Y,
ITS1 #JE & trnL-F fES DA B OE I L - THE+
BY El OGAEOHRMFEE R T HZ ENAHET
HoT-.

RIZ ESL 38 KOV ESI 2254l L7z DNA (220
T, B LI~V F 7Ly 7 X PCRICK B 5
WEZEITT2E 2 A, T _XTOY 70T primer
BRI Pl S L7 BRI B N & — o L ARk O fE
B, T72bbH, ESIOL TiX 147 bp 1 AROHEHEWT F,
ESI02 TiX 147bp & 254Dbp @ 2 KOEEIEKT A,
ESL01~03 Ti& 147 bp & 412 bp ® 2 ARD 4w A
DR N (7). BEHTHHB~7-EY, ES
ZHERT 5 720 D primer (X RHEE IR D BERA S
J KD ES LSO trnl-F fHIK & HEE 9 5 7= 0,
ESIOL DX HIZES & ES 7 7 AKX —|Z@7 A fthifd
DOHEFEIZ BT ES MBHETHCTH D56 13 E &
T, TS 2 N TERNA, ESI2 DX ) I
ES MRIEMELOBAIC ES ORREMEZHERd 5 Z &



M B 14 15 16 17 18 19 20 21

X7 MFEO~NVLTF T L w7 X PCR DRt %
M: DNA ladder B: blank 14: ES 15: El 16: EE
17: ESIO1 18: ESI102 19: ESLO1 20: ESL02 21: ESL03

NA[EETH Y, X 5H|Z ESLOI~03 [ oW CIEELR
VKBNS Z — U DM BT D Z LB HRETH
ofc. Fio, 2 1ZRT primer BEHE S OB
Mo, SERRFHIHWZFELISN 0O Ephedra JEBHEY
IZOWTHBAG EZ OIS HERE 2 8545 = &
MARETH D EBEZBND.

PLE, RIFRICBWNTHE LA T T Lo
A PCR VE& W5 Z L2k - T, Ephedra J&HE
DU T AL —WHROERNNAIEETH Y, ES 8
ANCRA L CTHMER O —H 2 PR 2 Z L A A[EET
HHZEDBHELMNI o=, £, XA LT b
— 7 T AEEHWESEAES & ElLOX D12 ITSL
REI 0D 4 FE B A1 0 A8 R A3 18 VR ] - 00 HERE 0D 8
BINE, BB ES DA DA FIRETZN, ITSL 8
& trnL-F SEIO 5 DY REC Y A 29 B B
WD, —J5, RIFETIIEEBIOSH TS E R
<, 1Bl PCR RUGHZEAT 9 DFH T 57D TN
I offfesni. Mx<T, 4L hy—27 =
CAKIFD R LY 6 RHLL EAET 53, AS
B v TV B RS LTS E 128V T
b 2 RHBETHIRETH Y, KIBIZREH#D
JEAE S T,

B

AWFFETlE Ephedra B 7 7 A X — R HERE O
GHHN TR BERI & L 12 E. sinica OFERIITER L FE &
DMEFEDO—E 2 PEbRT 5 HEZBRE Lz, ko
EA VLo h—g AL i U COr AT RER 2
KIF TG S, AT rRETH H. ARk
Tl% Ephedra JBD 7 5 2 % —[BIMERE DGR D 272
579, RIFED Ephedra B L7ZBICE
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DWMNIET D7 7 AZ—DHE, E-FEFHMN
ES WENEHETDHZELAHRETHD. 7T A
H—NIZEBIT 2 ITSL fEIROBH|OFE RO & &
W2, FOREITITAT, El & EPrigE ES 7
T AKX —NDOZHE, EE &£ EG 72 Y EE 7 7 A X —
WOMREIZ OWTIIRMELZ R T 5 Z LIXTER
Motz F7-, ES ERIHO primer & IERRIKS )
L ET#HEEF LD, ES DNEFBHOBEEZ B
TEXHOHRTHDH. LovL, ZhEF A L7 b
— 7 T AEZBWTHRERKRTH Y, HEERSIO
BB FERE 24T 9 T2 DI~ — 7 — DR
DHELEEZLND., ZOXHICHEFHN E
sinica, fEM3BI ES 7 7 A% —|Z)@ 7 DO MR
FEER T D 2 e TERVWA, FEICBAT D
Ephedra J&#iti#) 12 #19 9 H ES 7 7 A4 —|Z&
95 HDIE E.sinica 250 3 FOKTH LD,
REBOMREEENT HENTEDLEBZLN
5. ¥£7z, BUEREOEENE BIE L A ARENIC
BWTH Ephedra BAEY) 24553 D03 e &
T2, ZOXIRGEITENTY, MR
DUETHLLEEZDOND. ZOD, KHEZ
i A U 7o ZE SRS HERR R S 8 00 2 B 1 3 B B 720
T, REDEELOBIZOAEHATH L B2 5.

ST
AWF21% ISPS B JP18K14932 DB %52 1T
HDOTHB.
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Cultivation of Lithospermum erythrorhizon in a semi-mountainous
area of Kyushu Island (2)
Cultivation of Lithospermum erythrorhizon and quality of its root
in Japan at two different farm sites
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Abstract

The dried root of Lithospermum erythrorhizon Siebold et Zuccarini (Boraginaceae), known as
shikon in the Japanese Pharmacopoeia, is a crude drug used in Japanese traditional Kampo and
Chinese traditional medicine. Currently, shikon is imported from China, but the stability and
quality of this supply are not always reliable, and therefore, domestic cultivation of L.
erythrorhizon is preferable. We cultivated L. erythrorhizon on two test farms (A and B) in
Nobeoka with the aim of producing high-quality shikon using a combination of rain shelter and
plastic mulch, which we used in our previous study. Test farm A was a long-abandoned
farmland, and test farm B was an area previously used for ornamental plant production. We
compared the growth characteristics of the aerial and underground parts of plants grown on both
farms to identify the site that provided higher yield. We also used HPLC to measure the
shikonin derivative content in the roots of plants from both farms, and then compared the
content with that of imported Chinese products available on the Japanese market. Test farm A
presented low plant mortality and high dried root weight. In test farm B, larger stems and
branches were produced, but a third of the plants withered and the root yield was low. However,
both farms yielded higher shikonin derivative content than that in the imported products, and the
materials were considered suitable for use in Kampo medicine. Overall, we produced and sold
35.7 kg shikon obtained through domestic cultivation of L. erythrorhizon in Japan. However, as
there were differences in survival rate, root weight, and shikonin derivative content between the
plants from test farm A and B in this experiment, further research is needed to identify the
optimal conditions for L. erythrorhizon cultivation.

Keywords
Lithospermum root, shikon, cultivation, shikonin derivative
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Introduction

Lithospermum root (Lithospermi Radix), or shikon,
is a crude drug used in Japanese traditional Kampo and
Chinese traditional medicine. The Japanese
Pharmacopoeia 17th Edition defines its origin as the
root of Lithospermum erythrorhizon Siebold et
Zuccarini (Boraginaceae) V. Currently, approximately
10 ton of shikon is used annually in Japan, and the
entire amount is imported from China?. Previously,
shikon products marketed in Japan were derived from
wild plants from China and contained 2%-3% ether
extract (a quality indicator). However, currently
available products are derived from cultivated plants
and have lower quality and higher price *%. The
domestic cultivation of L. erythrorhizon in Japan is
limited by the plant’s susceptibility to disease ®. In
particular, the cucumber mosaic virus is known to
infect L. erythrorhizon through an aphid vector >9. In
addition, leaf blight symptoms due to anthracnose have
been confirmed in the plant®. Moreover, the cultivation
process may take up to 2 years to reach productive
output 7. We previously conducted two-factor
experiments on the “presence or absence of rain
shelter” and “presence or absence of plastic mulch”
and found that the “combination of rain shelter and
plastic mulch” is useful for cultivation of L.
erythrorhizon®.

In this study, we aimed to demonstrate the usefulness
and repeatability of the “combination of rain shelter
and plastic mulch” in the cultivation of L.
erythrorhizon in a semi-mountainous area of Kyushu
Island, using two test farms in Nobeoka city. We
focused on the semi-mountainous area because it had
many agriculture-related problems, such as the
expansion of abandoned cultivation areas, shortage of
farmers, and damage to agricultural products by
wildlife. The experiment was conducted to examine
whether L. erythrorhizon can be cultivated in the
semi-mountainous area of Kyushu Island as a new crop
on abandoned land or on farmland that has previously
been used for the cultivation of ornamental plants.

Materials and Methods
Cultivation

We used L. erythrorhizon seeds that were maintained
and propagated at the Kyushu University of Health and
Welfare. The plant and its seeds were identified by the
authors AT and FK. All voucher samples were
deposited in the specimen room at Kyushu University
of Health and Welfare (KUHW 2016 shikon-1-20).
High-quality seeds were selected based on their
specific gravity by placing them in water, and the seeds
that sunk to the bottom were selected. Two farms were
selected to investigate the use of abandoned vs.
currently used farmland for the growth of L.
erythrorhizon. Test farm A (230 m?) was a farmland in
Kitakata-machi, Nobeoka, and it had been abandoned
for 30 years prior to reclamation in this study. Test
farm A was covered with reeds and bracken. The area
was dug up using an excavator, and the rhizomes of the
reeds and bracken were removed prior to deep plowing.
Test farm B (15 m?) in Kitagawa-machi, Nobeoka, had
been used for ornamental plant production recently.
Both farms were covered with a rain shelter. Soil
composition before the application of fertilizer is
shown in Table 1. Soil analysis was performed by
Japan Agricultural Cooperatives. In both farms, the soil
was tilled to a depth of approximately 15 cm and
fertilized as previously reported (N, 13.0%; P, 9.0%; K,
11.0%; and MgO, 2.0%; we added 40 kg fertilizer/10 a
to the soil). Ridges were formed (50-cm width; 20-cm
height) and covered with white on black plastic mulch .
We cultivated L. erythrorhizon as previously reported &,
with minor modifications. Briefly, L. erythrorhizon
seeds were sown in a nursery bed on March 8, 2016 for
seedling development. When the seedling shoots
reached a height of 3-5 cm they were individually
transplanted into 8-cm plastic pots. After 2 months, the
seedlings were transplanted to the test farms. In test
farm A, 200 seedlings were transplanted for
examination, and then 3000 seedlings were
transplanted for shikon production. In test farm B, 200
seedlings were transplanted for examination. The
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Table 1 Soil analysis of test farms A and B

Analysis value
Analysis items Unit
Test farm A Test farm B
Hydrogen ion concentration
- 5.1 6.2
pH (H:0)
Electric conductivity (EC) mS/cm 0.03 0.16
Nitrate nitrogen mg/100 g 0.70 2.20
Available form phosphate
mg/100 g 1.0 86.0
(P20s)
Potassium mg/100 g 1.0 58.5
Calcium mg/100 g 2.0 174
Magnesium mg/100 g 0.3 29.4
Phosphate absorption coefficient - 1350 560

Table 2 Weather conditions in Nobeoka during the cultivation period in 2016

Precipitation (mm) Average Temperature (°C) )
Month Daily Daily Daily Daily Paylight
Total . . o hours
maximum average maximum | minimum
March 106.5 35.5 11.7 23.3 -1.2 205.7
April 226.5 60.5 17.0 27.3 6.8 143.1
May 327.5 87.0 20.3 29.9 10.3 198.1
June 549.5 89.5 22.7 32.7 14.3 98.1
July 3325 202.0 26.6 345 20.8 213.9
August 101.0 30.0 21.7 35.6 17.6 284.4
September 778.0 241.5 25.2 32.3 18.6 130.6
October 186.0 39.0 21.4 32.5 11.7 124.7
November 60.5 155 14.2 24.7 2.3 173.5
December 68.0 32.0 10.1 21.8 -14 187.9
seedlings were planted 15-cm apart in a single row in weeding.

the tilled and fertilized ridge. Water was provided when
the surface of the soil became dry during the nursery
period. Additionally, after being planted in the test
farm, water was provided once daily for a week from
the planting day. Subsequently, we did not water until
harvesting. Table 2 shows the weather conditions in
Nobeoka during the cultivation period ®. During the

cultivation period, both test farms required almost no

We assumed that the plants had reached the seasonal
peak when their aerial parts began to wither. The plants
were harvested from both test farms on December 15,
2016. The survival rate of plants in each test area was
calculated from the 200 plants designated for
experiments. Ten of these were collected at random, the
growth parameters were analyzed, and the roots were
separated from the plants and dried in shade to a



EFEMEYMAE 41(2)2019%

constant weight for further analyses.

Growth characteristics

We recorded the characteristics of the aerial part of
the plants (including the height, stem diameter just
above the soil surface, and branch number) and the
characteristics of the underground parts (including root
branch number, root length, and dried root weight).

Measurement of shikonin derivative content

To determine the shikonin derivative content in the
root, the harvested root material was shade-dried and
minced. We also collected seven shikon products
currently sold in Japan, from sources cultivated and
produced in China, and the quality of these products
was confirmed according to the standards set in the
Japanese Pharmacopoeia 17th Edition. The preparation
and extraction of samples, and component analysis
using HPLC were carried out as previously reported ®.
A Shimadzu HPLC system (Kyoto, Japan), equipped
with an LC-20AB pump, an SPD-M10Avp photodiode
array detector, and a CTO-10Avp column was used.
The analysis was carried out using a TSKgel
ODS-80Ts column (4.6 mm X 250 mm, 5 u#m;
TOSOH) at a temperature of 40 °C. The mobile phase
consisted of acetonitrile/water/tetrahydrofuran mixture
(60:40:0.1, v/v). The flow rate was 1.0 mL/min. The

injection volume was 10 L. Absorbance was
measured at a wavelength of 516 nm. The retention
time of shikonin, B -hydroxylisovalerylshikonin,
acetylshikonin, 3, B -dimethylacrylshikonin, and
isobutyrylshikonin was 12.2, 17.3, 22.4, 59.3, and 65.5
min, respectively. The calibration curve of the five
shikonin derivatives was linear (r> > 0.99), ranging
between 1.0 X 1072and 1.0 X 10° pg/mL.

Statistical analyses

Statistical comparisons were made using Student’s
t-test and Tukey—Kramer’s honestly significant
difference test with JIMP software (version 13.1, SAS
Institute Inc., Cary, NC, USA). Differences were
considered statistically significant at p < 0.05.

Results

A total of 35.7 kg of shikon, from plants grown on
the two farms (34.6 kg in farm A and 1.1 kg in farm B),
was produced and sold. The yield per unit area was
34.6 kg/2.3 a = 150 kg/10 a and 1.1 kg/0.15a =73
kg/10 a, for test farm A and B, respectively. In both test
farms, deer footprints were observed during the test
cultivation period, but no plant was damaged. Nearly
zero mortality was observed in the plants cultivated in
test farm A, with no premature withering (99.5%;
199/200). However, roughly one third of the plants in

Table 3 Growth characteristics of aerial and underground parts of
Lithospermum erythrorhizon at the two farms

Shoot length

Stem diameter

Number of branches

Test farm . .
(cm) (mm) in the aerial part
A 101.1+11.7 12.8+45 9.4+23
B 103.9+12.8 20.8 +4.5* 13.0+£1.2*
Number of Root length Root dry weight
Test farm
lateral roots (cm) (9)
126 +4.3 29.7 £9.0* 44.6 +10.9*
B 10.3+5.7 234+38 253+ 7.3

Ten plants in each test farm were investigated. Data are expressed as the
mean £ SD. = indicates p < 0.05, according to Student’s t-test.
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[ isobutyrylshikonin
R=OCOCH(CH3)Z

H (8,8-dimetylacryl)shikonin
R=OCOCHC(CH,{)2

acetylshikonin
R=OCOCH3

B B-hydroxyisovalerylshikonin
R=0OCOCH_ COH(CH,),

Test field B

[ shikonin
R=0OH

0.47+£0.22 ¢

Market products
(Japan)

Fig. 1 Total shikonin derivative content in samples obtained from plants in

experimental plots (n

10) and crude drugs from the market (n = 7).

Different lowercase letters (a, b, ¢) indicate significant differences in each
plot, at p < 0.05, according to Tukey—Kramer HSD.

test farm B died prior to harvest (66.0%; 132/200). In
test farm A, the plant roots grew laterally on the surface
and did not grow vertically downward, in contrast to
the plant roots in test farm B. In test farms A and B,
there were no significant differences in the shoot length
and lateral root number of plants. However, significant
differences were observed for the stem diameter, aerial
branch number, root length, and root dry weight (Table
3). In farm B plants, the stem diameter (12.8 = 4.5 vs.
20.8 £ 4.5 cm) and aerial branch number (9.4 £ 2.3
vs. 13.0 £ 1.2) were significantly larger than those in
farm A plants (p < 0.05). In farm A plants, the longest
root length (29.7 = 9.0 vs. 23.4 = 3.4 cm) and root
dry weight (44.6 £ 10.9 vs. 25.3 £ 7.3 g) were
significantly higher than those in farm B plants (p <
0.05). The total shikonin derivative content was 0.96%
+ 0.27%, 1.37% £ 0.23%, and 0.47% £ 0.22% in
farm A plant roots, farm B plant roots, and the
commercial products, respectively (Figure 1). This
indicates that a significantly higher quantity of shikonin
was produced in the roots of plants cultivated on the
test farms, compared to the commercial products.

Discussion

To cultivate plants in a semi-mountainous area,
damage to crops by wildlife, such as deer, is the most
critical issue to be addressed *©. In this study, although
there were deer footprints indicating deer intrusion, no
plant was actually damaged. The leaves of L.
erythrorhizon are firm and have rough hairs
throughout. Thus, this might be one of the reasons why
it is difficult for deer to eat the plant® %, In addition,
several urticaria-like papules erupted on our hands
when stripping the leaves of L. erythrorhizon to collect
the seeds. The hairs on the leaves may contain
compounds that elicit an allergic reaction, and adequate
safety measures must be taken during cultivation
management.

We previously found that using a combination of
rain shelter and plastic mulch minimized withering
during the cultivation of L. erythrorhizon®. While the
above method was applied and the same procedure was
carried out in both test farms in this study, test farm B
presented a considerably lower survival rate of plants.
The cultivation manual indicates a target yield of 100
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to 150 kg in an area of 10 a and 2 years cultivation ®.
Test farm A exceeded the target value. In contrast, one
third of the cultivated L. erythrorhizon withered in test
farm B. Thus, test farm A is more suitable for
cultivation than test farm B. As the area of cultivation
field A is different from that of field B, it is difficult to
compare the results directly. As L. erythrorhizon is
known to be susceptible to disease ®, it is possible that
pathogenic soil microorganisms contributed to the high
mortality of the plants in test farm B. It has been
reported that soil microorganisms propagate in the
aftermath of crop cultivation *»*®. Shinoda et al. found
that the number of microorganisms in reclaimed fields
increases with each passing year and that there was no
difference in microbial communities between fields 4
years after reclamation and matured fields cultivated
for a long time 9. Because test farm A was abandoned
for 30 years, it is possible that the survival of L.
erythrorhizon was more favorable owing to a decline in
microbial communities upon long-term abandonment.
In this study, we cultivated L. erythrorhizon in two
test farms in Nobeoka city and measured the quality of
shikon. In our previous study, we cultivated L.
erythrorhizon in Taketa city, Oita prefecture, and
obtained over 100 g of root dry weight and 0.7% of
shikonin derivative content in the research plot using a
combination of rain shelter and plastic mulching ®:
While the root dry weight of the shikon produced in
Nobeoka city was smaller, the concentration of
shikonin derivatives was higher than the shikon
produced in Taketa city. Notably, there is more
potential for the shikon produced in Nobeoka because it
is of higher quality. However, there are issues
concerning the yield. Although soil analysis was not
performed for L. erythrorhizon cultivation in Taketa
city, we anticipate that a suitable fertilizer design for L.
erythrorhizon is needed. In general, existing croplands
have retained fertilizers that were used for previous
crop cultivation. In this experiment, soil analysis result
(Table 1) showed that a higher amount of fertilizer was
present in test farm B. Additionally, in some root

vegetables and soybean, the roots and lateral roots are
enlarged by the application of fertilizers > '®, which
was the case in test farm B. Fertilization may also have
contributed to the higher mean stem diameter and
branch number observed among plants in test farm B,
indicating the marked effect of fertilization on the
aerial parts. Contrarily, in test farm A plants, the root
length and dry root weight were significantly higher
than those in test farm B plants, indicating greater
involvement in the growth of underground parts.
Meanwhile, Ikenaga et al. and Sakai et al. observed
greater survival rate and growth of L. erythrorhizon
without the use of fertilizers -1, They also reported
that the shikonin derivative content and survival rate
were decreased by fertilization. Based on these
findings, we suggest that the lower degree of
fertilization in test farm A resulted in the lower
mortality of plants and greater yield of dry roots.

In conclusion, we succeeded in producing shikon
from domestically cultivated L. erythrorhizon in the
semi-mountainous area of Kyushu Island. Moreover,
the shikonin derivative content was higher compared
with that of imported shikon. This result demonstrates
the usefulness and repeatability of our previous report .
However, the cause of the amount of product obtained
from the whole field being below the calculated value
from 10 plants remains unclear. Furthermore, as there
were differences in survival rate, root weight, and
shikonin derivative content between test farm A and B
in this experiment, it is necessary to find a field with a
suitable field history and environment for L.
erythrorhizon cultivation. The L. erythrorhizon plants
were not damaged by deer. Thus, it is considered that
L. erythrorhizon is a suitable crop in the semi-
mountainous area because it is not necessary to take
measures against wildlife. In the semi-
mountainous area of Kyushu Island, we could produce
shikon, which had a higher content of shikonin
derivatives than the imported Chinese products
available in the Japanese market. The
semi-mountainous area in Kyushu Island has potential



as a suitable cultivation land for L. erythrorhizon.
However, to propose an optimal cultivation
environment for L. erythrorhizon, issues such as soil
microbes and disease control, soil hardness, soil
composition, and fertilization conditions need to be
tackled.
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