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A new etymological hypothesis of Japanese name of rugosa rose, hamanas
— Hamanas was derived from Hokuriku dialect hamanasubi —

I IEAS

At R S B AR B IR 2K A A [
T060-0812 FLIRTTILIXAL124:76 6 T H

Masaki Anetai
Experimental Station for Medicinal Plant Studies
Faculty of Pharmaceutical Sciences, Hokkaido University
Kital2, Nishi 6, Kita-ku, Sapporo 060-0812 Japan

ZAPH 201848 H 17 H
ZHH 201848 H 28 A

£ B
ILFRERFP N D N~ T RAOFERITEN & SN TE 2. LarLl, N~ RIEER
BB TN~ VRS2 ART, N~ U EELWA LT 5 80~100 4
FEEanc s, BIEF 2HEEOMADBH LN TWD. FEF ISR D S 0K
DS FREIR % 3 FE, N~ AT AbEM T CAER T EENAY T AN LIREL,
BIZAEICB W TN T AT L2 E WO T LW E X 28R T 5.

Abstract

From middle of the Edo era, it has been recognized that Japanese name of rugosa rose,
hamanas, which means eggplant on the beach. However, 80~100 years ago, another opinion
was proposed that hamanas was corrupted name from hamanashi, pear on the beach, and
hamanashi was the original name. These two names have been applied by plant researchers.

According to exhaustive literature examination, the author proposes a new etymological
hypothesis concerning Japanese name of rugosa rose: Hamanas had been derived from
Hokuriku dialect hamanasubi, old name of eggplant on the beach, and then corrupted to
hamanashi at the north area of Japan.

Keyword: etymology, rugosa rose, hamanas, hamanashi, hamanasubi
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Innovations for facilitating fieldwork in the cultivation of Glycyrrhiza uralensis
— Effective in-row weed control by optimizing tine types —
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Abstract
We have recently reported that weekly weeding using a tine weeder is beneficial in the
growing of Glycyrrhiza uralensis Fisch. ex DC. In this study, we tested two tine combinations
attached to the tine weeder, to optimize in-row weeding. More than 80% of G. uralensis
survived when weeding with a gentle-effect tine combination (GE) was started two weeks after
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planting, while weeding with a strong-effect tine combination (ST) gave the same survival rate

when weeding began four weeks after planting. Fewer weeds remained when weeding was

started earlier with ST. In conclusion, effective in-row weeding without uprooting of G.

uralensis is possible if weeding is started with GE around two weeks after planting of G.

uralensis, when the plant height is 5.5-13.0 cm, and the tine combination can be changed to ST

after a further two weeks, when the plants have reached a height of 16.0-19.0 cm.
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DC. (LN, vy w) IE, 5 3RFRHVE K H &
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Figure 1. Tine combinations used for in-row weeding.
(A) : Tine combination GE with type V (left),
C (center), H (right).
(B) : Tine combination ST with type A (left),
CL (center) and BL (right).
Tines were attached to the tine weeder;V or A at
the front, C or CL in the middle and H or BL at
the rear. Bar = 20 cm.
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Figure 2. Survival rate of G. uralensis during weekly in-row weeding.
Survival rate was calculated from the number of plants remaining after weeding per the number
initially planted.
(A) In-row weeding with tine combination GE was started one (GE-1), two (GE-2),
four (GE-4) or six (GE-6) weeks after planting.
(B) In-row weeding with tine combination ST was
started one (ST-1), two (ST-2), four (ST-4) or six (ST-6) weeks after planting.

Table 1. Growth of G. uralensis after planting.

Weeks after planting Plant hight Number of leaves
(cm)
1 75+ 1.1 58 £ 0.50
2 10.2 + 3.1 50 = 0.71
4 17.7 £ 1.1 8.0 = 1.58
6 225+ 26 112 £ 1.92

Mean £SD, n=5.

Figure 3. Weeds remaining in rows after weekly mechanical weeding
with tine combination GE or ST.
(A) Field without in-row weeding after planting.
(B) and (C) Field after weeding three times, beginning one
week after planting. %
(D) and (E) Field after weeding twice, beginning two weeks :
after planting.
(B) and (D) In-row weeding with tine combination GE.
(C) and (E) In-row weeding with tine combination ST.
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Figure 4. Dry weight of weeds remaining in rows after weekly mechanical weeding with tine combination GE or ST.
Weed samples were collected four weeks after planting. In-row weeding was performed either three times,
beginning one week after planting(GE-1 and ST-1), or twice, beginning two weeks after planting(GE-2 and
ST-2). In the control group, no in-row weeding was carried out. Multiple comparisons between groups were
made by the Tukey-Kramer test. Different letters (a, b and c) indicate significant differences between the

groups (p<0.01). Bars: SD, n = 4.

Table 2. Dry weight and content of glycyrrhizic acid (GA) in harvested G. uralensis.

Dry weight Dry weight GAin root
of root of stolon (%)
(9 (9

Manual weeding 386 £ 1.26 081 £ 035 0.82 £ 0.10
GE-1 513 £ 516 051 + 0.50 0.88 * 0.15
GE-2 562 + 344 1.02 + 0.82 1.07 £ 035
GE-4 511 £ 2.10 0.63 = 0.52 1.18 £ 036
GE-6 289 + 1.19 0.64 + 041 090 * 0.19
ST-1 6.18 = 479 052 + 042 0.77 £ 0.13
ST-2 540 *+ 437 0.68 + 0.74 084 *0.12
ST-4 6.67 + 3.33 1.84 £ 140 091 £ 021
ST-6 343 + 1.88 0.53 + 0.51 0.82 * 0.09

In-row weeding was carried out until 11 weeks after planting, and root and stolon were

harvested after a further six weeks.

MeanSD, n = 10 (dry weight), n = 3 (GA).
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Studies on cultivation of Medicinal Plants using Tubes 4
For practical cultivation of Experimental Growing in Short Tubes of Glycyrrhiza 1
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HHEDFIE 39 & 2 5, 40 % 1 5 ClE, 77/ > 7 Glycyrrhiza uralensis Fisch.
AL H V7 Glyeyrrhizaglabra Linn, (= A FL) OfFE;OE Y FLAZ DV TRER
L7z, L Lens, FEEEOMRETH 2 mAERE T X MOAEFERBEOILRIZOWTIE
KIFRTH Y, o OMEERRT 5 7= D@ ML OB A% Bis Uiz, 4,
BB OMED 1O TH DA b1 OERIZ K D INHEMFERONEE S 2 S & 5729
BHOWEZMMA LA be o OMEZIHT 2R a7 oo R, BEANICA be a2
EOE, MEZIMEITIZENHLNE RS-, ST, KONDH Vv R L,
W%’@Ei“é\i%?ﬁﬂff L7fER, #EI 2R3 MICk o CEBEAETHL L2

AUz, Fio, BHEOKDIC K DRI O EGAER T, INECH & RIS RS
FIFTZ DAL N E o7z,

Abstract

In the research of Medicinal Plants, vol. 39, No. 2 and vol. 40, No.1, we detailed the
cultivation of Glycyrrhiza uralensis Fisch. and Glycyrrhiza glabra Linn.(Leguminosae) using
tubes in the greenhouse. However, high production cost and expansion of production scale,
which is the subject of cultivation using tube, is unresolved, and efforts to open field cultivation
have been started to solve these problems. This time, in order to reduce the difficulty of
harvesting work due to the proliferation of stolon which is one of the subjects of open field
cultivation, we conducted a test to suppress elongation of stolon utilizing a short tube. As a
result, it was revealed that stolon remains in the short tube, suppressing elongation of stolon. In
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addition, several licorice fruits were tested and cultivated, and as a result of measuring the yield

and component content, it was confirmed that open field culture was possible depending on the

cultivated line. Moreover, it was revealed that in the comparative test of cultivation condition by

soil moisture, yield and component content are affected.
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EHELZMTFEEZA IR E LTI ML,
RILL DOV -T2, Bem KD A N v [ THREA
e L, MREEEE L OV b o Tk LT AT A A
o TWADGAIEA T R\ o, IRICHREEE &
MOBERTHEN, Aburibsfaik, &1
MDA bwv oFAMBEEZEEE LTUY 50, A
0N EWIGEIE, & TALOXORAENE 2 &
LT it (BET).

2. BRI DR
ERRRCTORBRY 1L, BAFNOKHEEZEHL,
R 4K 100kg/10a % fiE FH, JTAE -« i8R
L& U7z, Bkkst, ®AbE 200cm « @A = 40cm -
30cm + 20cm D@ & LT, ZHENRIT T I NN—<
NTFOHREZ L H5HRBRX 25572 (GH 8). EM
1%, AKX 16~18 BEA KM 30cm + 1 SRAEZ & L,
2014 46 A 2 HIZAT o 7=, EMZIFPRIEDO R ET
WEAED 11 H 30 H~12 H 1 B L7=. A&
HEE LT, 8K (K2 FiDEHIZ DN
T Daiki # pF A—#% —|2 LV 14EHIZ7TH1H~
11 HARETOM 1 &S, 24FBIT4H 1 A~
11 H 10 H £ T 5 HEICHIE), 2 4 H B,
XHAERAE L. £, IR FHAER - GL
GERANE L., TN OMEC O TR, Y
H7e 58k (n=5) ZIBOZOFHEZEF L.
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etk DX —T LA =TI LT, 0D,
5D (75 m) IZhF, 100mg FEFE L 7=,

2) D IR TAX U RZEFR T 7L (NEHIEYE)
50mg/500mL (ZFRHL L 7= 50% =% / —/ L 10mL
EMZ LT, BWERT 20 oHfit L,
R 2 B L 7=,

3) 045um D7 ¢ VF— Tl LalERRR & Lz,

BAERBRDRARE

1) NI AXUREFRET 7 L ( NHIESE )50mg
ZHREFEL, 50% =% /— /L% Iz 50mg/500mL
(AR L 7.

2) ZUFNY F WA 40mg FEFEL, 1) IZEL
T100MLIZ A AT w7 L7,

3) 2) ZImLEY, 1) TIMLIZART v 7 L.

HPLC &

717 2 : Mightysil RP-18GP150-4.6 (3. m)
BEMAE  WiET e =T A 385g 2 a5k, T
b= kYU EeEE (720 /280 /' 5)

i 1 0.8mL " min (77U Fv U F D LR FRE
M3 15 531272 % L 9 IZFHE)

717 MR : 40°C

R - SRR (254nm)
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2500, EECRIFRy hEFEHALEZLOIZD
WTIHA M OMEMTIEACHERTE 2o
7o 2203 1 RS oM T AR EE A HIE LT
R THDLR, FAREEHAL TS HOILER X
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A b URR Y PEEEHVHEL TODEB R
LN bDOD, A hu a2 5 2 & TIVEE
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fnDREF480g 1) & kT 5 L L6 fEDINLE & 7o 7.
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F 2. T AR 2R 1SR T

R o ) ‘ mxm$§§9> _ BTHAHE
REBH+ALOY | IOV | GEEE | EEME ESQ

1 55.8 13.4 139.0 249.7 457.9
2 14.0 4.8 46.9 102.2 167.9
3 44.4 10.4 71.8 207.9 334.5
4 30.9 0 125.1 337.6 493.6
5 2.1 0 51.6 26.0 79.7
S RE 6 7.2 0 20.5 56.2 83.9
(RbBRANEEY) 7 6.5 0 75.3 105.4 187.6
8 34 0 35.5 121.9 160.8
9 7.6 0 86.1 141.4 235.1
10 60.5 0 2.4 240.7 393.6
11 18.6 0 58.5 142.8 219.9

Ave.xSD 22.8+20.6 2.6+x4.6 73.0+34.6 | 157.4488.1 | 255.9+136.9
1 40.2 21.8 93.4 133.6
2 108.2 89.4 82.7 190.9
[EEEE 95 3 59.3 36.0 279.6 338.9
(R bBAMH L) 4 57.3 38.2 160.4 217.6
5 25.0 20.0 42.9 67.9

Ave.+xSD 58.0+28.0 41.1+25.2 131.8+83.0 189.8+90.6

EERM #%No. | W TFEEEF=(g)
No.1 772.3
No.2 11928
No.3 542.0
S El g
BERER 04 650.0
No.5 760.0
Ave. 783.44221 1
No.1 1515.7
No.2 579.2
- No.3 505.1
4I:l TR
AL ey 850.0
No.5 650.0
Ave. 820.0+366.3
FHE12. fad (Ee) HH 13.

2 RS o

# 3. U AVHE 2 R 1L A E

FfE (45A > )
2 AR

2) 22 EFEHER

BB D8/ Y 7 OB LR L O
TCOXMRZRE LR, 9 H 5 ARRTIZY 7
V1Y T OEH 52.8cm - ZEEDS 3.8mm, A
A VBV 7)) 82.3cm - 6.04mm L o7 (3R 4).
9 HUREITH 38 LGSR Lo 72T,
AT 9 AT T Lz, F72, 2HEHIZOW T,
ATFRRIZOWTHI R KV 5] e X FROFAE %
FhE U722y, FICHFLZVEER L Ao,
AR 8 HRHH 4 KR CHAEEN AL b2 o7z, FRIT Y
TN TEORGITE M-, 51X, W
M B WS oRE L - ZiEOHBE TH LB, 9 1H
FES DD Z 00y o OBEIE 68.8cm « ZEIEIT

BE 14, [EAEZ 2 FFEEN

b
pui
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GHE 15, REME Y B BT AW A ha v FH 16, FFEANOA fa v

KA UINA Y UEEEYR « AL 2T T RPGERIK GO R M EEEFROHR GBS 14 H)

o BE¥ (cm) 218 (mm)
R No/ ] 7 H

6/1 6/15 71 7/15 8/1 8/17 95 6/1 6/15 711 7/15 8/1 8/17 95

77 VH-1 9.0 10.4 155 20.0 215 283 36.0 223 2.00 2.28 176 2.66 213 2.36

77 VH-3 12.2 12.6 134 21.4 355 50.0 62.0 2.35 251 2.08 2.60 378 5.14 5.07

77 VH-4 9.0 9.3 14.7 215 335 48.0 62.0 2.67 2.75 241 2.35 3.87 6.44 4.81

77 VH-5 4.9 52 116 122 21.6 34.9 39.0 1.9 177 191 2.01 2.58 2.88 2.10

17 VH-6 7.9 89 9.0 18.1 33.0 50.0 65.0 2.24 2.01 2.00 2.68 372 4.40 4.67
Ave.+SD 8.6+2.3 9.342.4 | 12.842.3 | 18.6+3.4 | 29.0+6.2 | 42.2+9.0 | 52.8+12.6/2.30+£0.22|2.21+0.36|2.14+0.18 | 2.28+0.35|3.32+0.58 | 4.20+1.55|3.80+1.29

ANAy H-11 15.4 16.1 25.6 38.8 48.5 50.0 56.8 2.74 2.38 3.30 4.40 6.76 7.95 8.21

ANAY H-12 17.2 29.1 42.0 59.0 80.0 9.0 108.0 241 2.64 3.2 4.03 4.67 4.81 4.9

AnAy H-13 17.5 24.3 32.3 44.0 63.0 71.0 82.0 3.28 2.73 2.90 3.19 4.02 4.59 5.01
Ave.+SD 16.7+0.9 | 23.2+5.4 | 33.3+6.7 | 47.3+8.6 | 63.8+12.9|74.3+18.9|82.3+20.9|| .81+0.36|2.58+0.15|3.14+0.17 | 3.87+0.51|5.15+1.17|5.78+1.53|6.04+1.54

KE. UITNA Y UEREK « AA 2T RBCGERIK GO R M EEVEF OHER (790 B 5 14 H)

_— 5 No/ B E EX (cm) 18 (mm)
7115 8/1 8/16 9/1 9/20 7/15 8/1 8/16 9/1 9/20
17 IVN-2 318 47.0 55.0 70.0 74.0 321 4.30 4.9 5.80 6.80
7 VN-3 25.0 4.0 64.0 76.0 85.0 3.09 6.00 6.30 7.40 4.00
& v7VN-4 19.2 39.0 53.0 66.0 75.0 2.51 463 5.57 7.23 6.19
17 VN5 17.2 29.3 40.0 51.0 53.0 2.14 3.06 4.33 5.11 5.01
¥7VN-6 22.3 36.5 51.0 62.0 73.0 3.00 5.06 6.51 5.97 6.07
AvexSD 23.145.1 | 39.246.2 | 52.6+7.7 | 65.0+8.4 |72.0+10.4 || 2.79+0.40 | 4.61+0.96 | 5.52+0.82 | 6.30+0.88 | 5.61+0.99
7 WN-7 29.9 53.5 65.0 69.0 83.0 2.67 6.18 6.52 7.0 6.20
7 VN-8 2.7 43.0 55.0 73.0 74.0 2.87 5.17 4.82 5.32 5.44
77 VN-9 27.6 42.0 54.0 67.0 64.0 3.33 5.45 5.56 5.91 5.71
plis 17 ¥N-10 30.7 435 58.0 77.0 62.0 3.57 5.13 5.42 4.56 5.78
17 vN-11 20.8 40.5 54.0 62.0 72.0 3.37 5.75 6.32 5.42 5.55
17 vN-12 18.7 25.3 4.0 65.0 56.0 2.07 6.27 7.85 7.69 3.48
AvexSD 25.1+4.6 | 41.3+#8.3 | 55.046.2 | 68.8+5.0 | 68.5+8.9 | 2.98+0.51 |5.66+0.45 | 6.08+0.97 | 6.00+1.07 | 5.36+0.87
A~ {/N-13 25.2 50.5 67.0 83.0 86.0 2.46 5.11 7.51 9.12 8.92
& An" {VN-14 25.3 37.5 63.0 76.0 79.0 2.16 5.08 6.71 7.25 7.49
2n" {/N-15 27.8 415 68.0 78.0 82.0 2.75 5.88 9.54 8.07 10.40
Ave+SD 26.1+1.2 | 43.245.4 | 66.0+2.2 | 79.0+2.9 | 82.3+2.9 | 2.46+0.24 |5.36+0.37 | 7.92+1.19 | 8.15+0.77 | 8.94+1.19
An" {/N-16 17.4 36.0 48.0 66.0 76.0 175 4,01 5.23 6.65 8.00
- An" {/N-19 29.4 50.5 66.0 81.0 86.0 2.42 6.42 6.02 8.33 9.42
2n" {/N-20 18.3 36.5 51.0 68.0 72.0 1.70 3.97 6.26 9.08 11.25
Ave+SD 21.745.5 | 41.046.7 | 55.047.9 | 71.74#6.6 | 78.04#5.9 | 1.96+0.33 |4.80+1.15 | 5.84+0.44 | 8.02+1.02 | 9.56+1.33

# 6. BRI (WY - AL Lo R 2011 FRE)

sopraiA | pH (H20) EC (1:5) < | REERIEEE SR | AAVRB)VIE | SOHRMEIN I | SSHRMERR | ASHAMES + | SHAMERL | INGTESK | INAGRESH | ndsREdgn | R U £
mS/cm mg/100g mg/100g mg/100g mg/100g mg/100g ppm ppm ppm ppm ppm %
A 6.0—6.5 [0.10 —0.30 0.7—3.5 20— 60 15—40 | 200 — 400 35— 170 7.0—20.0 [15.0 —100.0| 1.0—3.5 [10.0 —40.0| 0.7—2.5 3.0—8.0
i X 7.60 0.238 12.20 186.3 21.3 1327.0 26.4 1.62 16.34 6.73 64.56 0.75 9.79
Jiti A X 7.49 0.266 11.98 224.0 30.8 1074.7 31.4 1.71 14.26 6.04 55.02 0.54 6.70
(7 /55 £:No.5 7.31 0.775 5.24 42.1 57.3 1193.3 140.9 6.43 7.10 0.97 11.45 1.40 17.68
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7. WEEGEERK Y T V0 T 2 TR IR AT AL B

REEE Q) COEIWESY - F Y 1Ch)
=@ | BNo EEN R EEN s
H-1 30.0 33.0 157 2.19
H-2 18.8 825 178 2.16
esrmon P2 204 66.4 0.75 1.60
H-4 454 53.9 158 211
H-5 255 82.2 153 1.98
Ave.£SD | 32.4+10.1 | 63.6+18.7 | 1.44%0.36 | 2.01%0.22
H-6 471 72.8 1.49 2.49
H-7 403 73.0 1.10 2.10
- H-8 161 202 0.90 194
H-9 27 512 139 2.04
H-10 36.4 53.1 122 1.99
Ave.+SD | 36.5+10.8 | 55.9+16.3 | 1.22+0.21 | 2.11%0.20

#* 8. V9N B MGE EEK Y TV T 2 RS IR R A R

_ WTEHEEE(9) JUFIVIFUBEE (%)
REFH | o BEAE | GEME P> EENE | EENR EY=D;
iy i 26.9 52.5 103.4 1.61 2.80 1.59
P4 2 51.7 126.7 i3 1.00 2.04 i3
AERYRE LA 3 67.7 234.1 i3 0.96 1.82 i3
Fath 4 76.0 120.0 i3 171 2.17 i3
PR 49.6 63.4 i3 0.95 2.21 i3
Ave+SD | 54.4%16.9 | 119.34645 1258034 | 2.21+0.33
4R 6 37 68.1 m 0.91 170 P
e s iy i 47.6 107.5 129.5 1.20 2.06 2.35
iy ik 33.2 121.2 i3 0.92 1.56 i3
Ave.xSD 38.5+6.5 98.9+22.5 1.01+0.13 1.77+0.21

9. WU B FHANA 2T 2 T RBCEERIGRIE (G0) 2 AFAREE fn I HE T ALl R

; EEE(0) TR AR (%)
REFH | o TEAE | GRS P, SRR | mEE ros

g i 82.3 134 37.1 0.97 1.40 1.24
74 2 100.4 134.2 13.3 0.81 1.37 0.78
PEENT a3 62.9 71.2 17.0 1.24 2.13 1.19
FasH 4 75.1 9.6 17.6 0.76 1.29 1.20
g il 72.3 105.8 51.2 0.93 2.47 0.97

Ave.£SD 78.6+12.5 | 107.2+24.6 | 27.2+14.6 0.94+0.17 1.73+£0.48 1.08+0.18

5.36mm, AXA LAY X 71.7cm - 9.56mm &
720, WS T 5 L EMSK 2 A BN
bbb d, HEHOABIEIBLIFMERLE ko
7o ZOJRRKE LCE, EEFBESG CILEME, |
WIS R TN TAEFENMER L2 &L, R
OB EINEE L5 bNT. £, BE
HEIE DRI L A B o EFICHOWTIE, K&
REFAONIRNoT. E ). i, £ 6. D
TSP OFRERI D, Jox THIC Y U RENCE
SN TWBHIREIZH Y, IEDMEL 73145
Lol ZENRKAEB 2 bz,

F T IIIEEYS, £ 8 1XVHAH B [ TR L7
TINTI VY 2 RO E - ) FAY F

Ve EENE LR TH S, KRGO 4 5
RYFRy R L-EOINEL 969, Mg
Mz L7-RIT 9249 &, HEEOFEMIZK D2
RN oT-. £, GL FEIZHOWVWTH,
ANR « FAMR E LR MIC LD RERETIR LN
Mo TR D 25% % FREIZAER L /r o7z,
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Summary

Plantago asiatica L. is a medicinal plant recognized as a wild plant in Japan. In this study,

germination tests were conducted using selfed seeds of P. asiatica produced by seedlings of

seeds collected from paddy rice field levees and other habitats. The objective of the study was to

clarify the germination characteristics of seed of P. asiatica for cultivation as a medicinal plant,

and to compare the germination characteristics of seeds from the different habitats. After

comparing the germination characteristics of seeds from 10 collection sites, the selfed seeds

sampled from seedling plants from paddy rice field levees showed a higher germination

percentage at 6 days after seeding in comparison than that of non-paddy rice field levees, and

their germination percentage was more than 90% at 10 days after seeding without exception. We

judged that the uniformity and speed of germination is improved by using seeds derived from

paddy rice field levees for the cultivation of P. asiatica.
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Asiatic plantain, paddy rice field levee, Plantago asiatica, seed collected, seed dormancy

Introduction

Plantago asiatica L. is a medicinal plant recognized
as a wild plant in paddy rice field levees, parks, and
roadsides in Japan. P. asiatica cultivation should focus
on efficient harvesting of the seeds since the seed is
used as crude drug.

To establish the cultivation technology of P.
asiatica, it is necessary to first avoid failure of

emergence. In the case of cultivation of medical plants,
which are often wild plants, although the germination
environment may be optimum in terms of the supply of
water, temperature, and composition of gases, a seed
may not germinate because of some kind of
dormancy?®. Therefore, the selection and maintenance
of seeds that germinate easily and have no dormancy is
indispensable. In order to achieve uniform germination



after seeding, the cultivation of P. asiatica requires
information on germination and dormancy
characteristics. In P. asiatica, differences in
germination characteristics are observed depending on
the habitat where the seeds were collected?34%. P,
asiatica seeds collected from paddy rice field levees
show high germination rates, without exception®.
However, it is not clear if these germination
characteristics are genetic, although Nakayama et al.
(1997)® conducted a germination test on the
self-fertilized seeds of seedling plants of seeds
collected from paddy rice field levees, as a control to
compare the genetic characteristics for germination of
Plantago minima-type. Thus, it is necessary to
investigate the germination characteristics of P.
asiatica for cultivation. For cultivation, it is useful to
clarify the habitats where seeds are produced that easily
germinate, and do not have seed dormancy.

In this paper, in order to clarify the germination
characteristics of seed of P. asiatica for cultivation as
medical plant, a germination test was conducted using
selfed seeds. The seeds were produced from seedlings
of seeds collected from paddy rice field levees and
other habitats, and the germination characteristics of
the seed were compared among the habitats.

Materials and methods
1. Seed collection sites

The collection area for P. asiatica seeds was Atsugi
City, Kanagawa Prefecture, Japan, and its surrounding
area. The seeds were collected from five paddy rice
field levees and five non-paddy rice field levees (total
10 sites). All of the paddy rice field levees are sites
where paddy rice has been cultivated for a long time.
Water is accumulated from May to October in the
paddy rice fields. The levee weeds are managed by
cutting about two to four times per year. In contrast, the
seed collection sites of non-paddy rice field levees are
generally open sites of embankment road sides, farm
road sides, and parks. At those sites, weeds are
managed by cutting about two times per year. P.

EREMMZE 40(2)2018F

asiatica seeds were collected from each of the sites
from July to October 2009. All of these seed samples
were stored in Laboratory of Medicinal Plant
Resources, Tokyo University of Agriculture.
2. Raising plants from collected seed for
germination test

Raising plants from collected seeds for the
germination test was conducted at the faculty of
agriculture, Tokyo University of Agriculture (Atsugi,
Kanagawa, Japan). Five seeds per pot were seeded on
March 14, 2010 in 1/ 5000a Wagner s pot filled with
soil. Plants were thinned to one seedling per pot after
emergence. Seedling plants were fertilized at the timing
of thinning with 3.6 g per pot of a chemical fertilizer
containing 14% of N, P.Os, and K20 each. Ten pots per
seed collection site (total 100 pots) were prepared.
Those pots were placed in the experimental space of
the field of the university. Seedling plants were watered
as required.
3. Methods of self-pollination and sampled seed for
germination test

The presence or absence of heading of flower stems
were confirmed at approximately 2-day intervals from
late May. When heading of flower stems was observed,
the spikes of the flower stem were covered with paper
envelopes. Selfing seeds were obtained using this
method. Seed maturity was observed at approximately
7 to 10-day intervals from July 20, 2010, and mature
seeds were collected as sample seeds for each plant and
seed sampling date was recorded. Seed maturity was
defined as the time when fruits were readily cleaved
(the top cover of the fruit shed easily). The sample
seeds were dried for 2 days at room temperature, and
immediately used for the germination test. The dates
that sample seeds were collected were July 29, August
8, August 18, August 25, September 11, and September
26. However, it was impossible to collect sample seeds
from all seedling plants on all the seed sampling dates.
4. Methods of germination test

Germination tests were carried out in petri dishes (9
cm diameter). Two filter papers were laid on 3-5 mm
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thick absorbent cotton and wetted with 10 mL pure
water. Fifty seeds (one site 30 seeds), from the sample
seeds collected from each plants on each seed sampling
date, were placed on the filter paper. The petri dishes
were placed in a plant incubator (CFH-305 type, Tomy
Seiko, Tokyo, Japan) at 25°C in continuous light,
which has been determined to be the optimum
germination condition for P. asiatica?3*>". The seeds
were exposed to light of intensity of 200 12 mol/m?2 sec?
with fluorescent. The germination period was 17 days
from seeding. The number of germinated seeds was
counted at 6, 10, and 17 days after seeding, and the
germination percentage was calculated.

The germinated seed was defined as seed in which
cotyledons and radicles appeared outside of the seed
coat. The ungerminated seeds at 17 days after seeding
were cut in half and then immersed in a 1% aqueous
solution of TTC (2-3-5 triphenyl tetrazolium chloride)
for 24 h in the dark. If the embryos of these seeds were
colored red by the treatment, they were defined as

dormant seeds, since it was highly probable that these

seeds were alive®. The seeds that had uncolored
embryos were defined as dead seeds and those
percentages were calculated.

Additionally, the variance of germination percentage
was shown as the coefficient of variation (CV) and box
plot diagram. CV is indicated by each standard
deviation divided by the average of the percentages of
germination and rate of dormancy and dead seeds. CV
value increases with an increase in variance of

measured values.

Results

The germination percentage at 6 days after seeding
was 49.1-78.7% and 8.1-36.2%, for paddy rice field
levee seeds and non-paddy rice field levee seeds,
respectively. Germination percentage was higher in the
paddy rice field levee seeds than that with non-paddy
rice field levee seeds, regardless of the seed collection
site (Figure 1). The average germination percentage at
6 days after seeding was 61.7% and 17.8% at paddy
rice field levee and non-paddy rice field levee,

100
—6— PD1
—aA— PD2
80 o —8B—PD3
g —%— PD4
g o | —o— PD5
3 --e-- NPD1
g --a-- NPD2
S | --Er- NPD3
é --%-- NPD4
3 20 | --o-- NPD5
Paddy rice field levee
= = = Non-paddy rice field levee
0

Days after seeding (day)

Figure 1. Change in the germination percentage

17

PD:Paddy rice field levee, NPD:Non-paddy rice field levee.

PD and NPD 1 to 5 indicate the seed collection sites. PD 1 to 5 are Tanasawa,
Hayashi, Onna, Hase, and Aiko, respectively, and NPD 1 to 5 are Tanasawa, Onna,
Nakatyo, Aikawa tn., and Hase, resectively.



respectively. At 10 days after seeding, the germination
percentage of paddy rice field levee seeds was more
than 90.0%, regardless of seed collection site. In
contrast, the germination percentage of non-paddy rice
field levees seeds was 19.6-90.8 %. The average
germination percentage at 10 days after seeding was
94.4% and 66.2%, at paddy rice field levees and
non-paddy rice field levees, respectively.

At 17 days after seeding, the germination percentage
was 92.7-97.8% and 25.0-94.2%, at paddy rice field
levees and non-paddy rice field levees, respectively
(Table 1). The rate of dormant seeds was 0.8-6.0% and
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5.4-69.8%, at paddy rice field levees and non-paddy
rice field levees, respectively, and it tended to be lower
with the paddy rice field levee seeds than with
non-paddy rice field levee seeds. The rate of dead seeds
was 5.2% or less, regardless of seed collection site.

The coefficient of variation of germination
percentage was less than 8.5 in paddy rice field levee
seeds but more than 9.6 in non-paddy rice field levee
seeds at 17 days after seeding (Table 2). The rate of
dormant and dead seeds often exceeded 100 since the
measured value contains 0.

The germination percentages that demarcated the

Table 1. Results of germination test of Plantago seeds

Germination

Rate of Number
. percentage at Rate of dead
Site of seed collected dormant of seed
17 days after seeds .
seeding seeds sampling
Paddy rice field levee
PD1* 978 + 05 ** 10 %= 05 12 + 04 16
PD2 948 + 15 26 £ 1.0 26 £ 1.1 14
PD3 96.2 + 13 22 £ 09 16 + 08 10
PD4 975 £+ 08 08 + 04 1.7 = 0.7 19
PD5 927 + 23 6.0 £+ 25 13 + 05 12
Non-paddy rice field levee
NPD1 775 £ 7.0 203 £ 6.3 22 £ 11 12
NPD2 834 + 29 144 + 238 23 £ 06 16
NPD3 250 £ 59 69.8 + 5.8 52 + 138 25
NPD4 89.1 = 39 95 + 40 14 + 09 13
NPD5 942 + 2.1 54 + 2.1 04 + 0.3 18

*Shown in figure 1.
**Meanzstandard error

Table 2. Coefficient of variation of the rates of germination, dormant, and dead seed of

Plantago seeds colleced from paddy rice field levees and the other habitats

Germination R
percentage at ate of Rate of dead
dormant
17 days after seeds
. seeds
seeding
Paddy rice field levee
PD1* 2.2 206.6 141.3
PD2 59 147.7 155.1
PD3 43 124.6 164.6
PD4 3.8 1825 190.9
PD5 8.5 142.8 133.1
Non-paddy rice field levee
NPD1 314 107.1 169.1
NPD2 14.1 76.9 102.0
NPD3 118.3 413 1745
NPD4 158 1515 2459
NPD5 9.6 166.6 291.0

*Shown in Figure 1.
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Figure2. Variation of germination percentage by box plot diagram

PD and NPD are shown in Figure 1.

In box plot diagram, the line within each box is the median value, the cross is the
mean, and the box demarcates the 25th and 75th percentiles. Both ends of the
error bar are set to the maximum value and the minimum value within 1.5 times
the length of the box, and dots outside the error bar are outliers. The length of the
box increases with an increase in the variance of the germination percentage.

25th and 75th box percentiles in paddy rice field levees
were 89%-98% and 98%-100% (Figure 2). In contrast,
the germination percentages that demarcated the 25th
and 75th box percentiles in each non-paddy rice field
levees were 1%-90% and 32%-100%. The length of
boxes and error bars tended to be shorter in paddy rice
field levees than in non-paddy rice field levees.

Discussion

In order to avoid a failure of emergence after seeding
of P. asiatica, it is necessary to select and maintain
seed from the wild plant population that germinates
easily and has no dormancy. Therefore, the change in
germination percentage for 17 days after seeding and
the survival of ungerminated seeds were compared
between seed collection sites. The selfed seeds sampled
from seedling plants of seed from all paddy rice field

levees showed relatively high germination percentage

at 6 days after seeding in comparison with non-paddy
rice field levees, and was more than 90% at 10 days
after seeding, without exception. Additionally, the rate
of dormant seeds obtained with selfed seeds from
paddy rice field levees was quite small. In contrast,
there was a large variance in the seed germination
percentage, and rate of dormant seeds of non-paddy
rice field levees at 17 days after seeding. These results
show that the germination of the seed collected from
paddy rice field levees starts promptly, and almost all
seed germinates in a short period of time.

Although seeds collected directly from paddy rice
field levees have been shown to have a low rate of
dormancy, and a high germination percentage®, it was
not clearly demonstrated whether these germination
characteristics were genetically determined. The results
of high germination percentage, and low rate of seed
dormancy, from selfed seeds derived from paddy rice



field levees, were consistent with those of previous
studies. Since the seeds in the study were the result of
selfed seeds derived from seedling from seed of each
collection site, the results of this study are regarded as
being the genetic germination characteristics of the
seeds produced by the plants at each collection site.

In paddy rice field levees, almost all management is
linked to rice cultivation, such as mowing and
herbicide application. However, the management in the
non-paddy rice field levees in the study is disjointed.
Minima-type is an ecotype of P. asiatica, it grows
specifically in Shinto shrines and temples characterized
by relatively nutrient-poor soil, poor light conditions,
low species diversity index, and daily sweeping of the
ground?. Additionally, Poa annua and Alopecurus
aequalis are common weeds in both low-land (paddy
rice field) and upland fields; there are remarkable
differences in the germination characteristics of
low-land type and upland field type in those
speciest®, Thus, there are several studies showing that
germination characteristics are adapted to the
environment that is maintained for the long-term in a
unique management system. The germination
characteristics of P. asiatica seed in paddy rice field
levees, shown in this study, are interpreted as a result of
adaptation to the unique management and environment
of paddy rice field levee.

The results show that P. asiatica seeds collected
from paddy rice field levee genetically germinate
promptly, and almost all seeds germinate in a short
period of time; these are useful characteristics to avoid
germination failure in the cultivation of P. asiatica as a
medical plant. Additionally, the germination
characteristics revealed in this study are expected not
only for the actual cultivation of P. asiatica, but also
for the selection and breeding of useful varieties.

In conclusion, it was judged that uniformity and
prompt germination is secured by using seeds derived
from plants growing on paddy rice field levee for the
cultivation of P. asiatica as a medical plant.

EREMMZE 40(2)2018F
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Summary

Ephedra sinica Stapf is the main botanical origin of the crude drug Ephedrae Herba. It is also

an important sand binding plant in its habitat where desertification is proceeding. Field surveys

of E. sinica have revealed two remarkable phenomena. The first one is that male plants and

female plants of this species tend to form their own unisexual communities extending more than

10 m long without mixing, and the second one is that the number and maturity of female cones

are always the same among individuals from the same community, even though these vary

among communities. To elucidate these two phenomena, four habitats in Tongliao were

surveyed and 14 E. sinica communities were investigated in May and July, and five

ephedrine-type alkaloids from collected samples were quantitatively analyzed. The results

showed that the alkaloid composition patterns were similar in most communities, suggesting that

the individuals in these communities developed from subterranean stolons that originated from a

single plant.

Key Words

Ephedra sinica, plant community, alkaloid composition, subterranean stolon

Introduction

Ephedra sinica, a gymnospermous plant of genus
Ephedra, order Gnetales, is an important medicinal
plant that has been used since ancient times. In
traditional Chinese medicine and Kampo medicine, the

dried aerial parts of E. sinica are used as the raw
material to produce Ephedrae Herba (called
“Mahuang” in Chinese and “Mao” in Japanese), which
is an ingredient in medicinal formulations for colds,

coughs, bronchitis, etc. The main active constituents of
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Ephedrae Herba or E. sinica are ephedrine-type
alkaloids, and these compounds are used as
bronchodilators or decongestants to treat asthma or
colds worldwide. Besides E. sinica, E. equisetina
Bunge and E. intermedia Schrenk & C. A. Mey. are
also described as the plant material of Ephedrae Herba
in Chinese and Japanese Pharmacopoeias, but E. sinica
dominates the crude drug market? due to its abundance
in nature.

Unlike other species, such as E. intermedia and E.
equisetina, which can reach a height of more than 1 m,
E. sinica is a small subshrub that grows to a height of
up to 40 cm, and has short or prostrate woody stems®.
Another difference between E. sinica and other large
Ephedra species is that E. sinica produces more stolon.
This kind of stolon from which new shoots and roots
develop runs completely in soil, and eventually the
shoots break the soil surface, appearing like a new
seedling. Although this property can be used in the
vegetative propagation of E. sinica®, seedlings are
planted to cultivate ephedra plants in large-scale
plantations. The reason is that wild E. sinica bears
dozens of red fleshy fruit from July to August, and each
fruit has two germinable seeds that can be easily
collected.

E. sinica is widely distributed in central China
(Gansu Province) and Mongolia, extending eastward to
the Gulf of Bohai (Hebei Province) and northeast (Jilin
Province) in China, and further to southeastern Siberia,
and can be found on a variety of landforms, including
waste and sandy places, plains, and mountain slopes®.
Because of its large root system, E. sinica is valuable
for erosion control especially in dry and sandy places.
However, overharvesting of this species for medicinal
purpose has induced desertification in arid areas in
China, causing the Chinese government to prohibit the
gathering of wild individuals and to limit the export of
Ephedra plants as raw materials.

Many taxonomic and chemical studies of E. sinica
have been carried out by using samples collected from
China, Mongolia or Russia, and the morphological and

anatomical characters, contents of ephedrine-type
alkaloids, and genetic information of this species have
been reported®>*V. In the course of these studies, the
habitat of E. sinica was investigated by us>68%1112 and
two remarkable phenomena were observed. The first
one is that male plants and female plants always tend to
form their own unisexual communities that usually
have a major axis of more than 10 m long without
mixing. Germination experiments have shown that
seeds produced by female plants have both sexes, so it
is strange that there is no male plant in a female
community in which seeds have been observed in two
or three consecutive years. The second phenomenon is
that the number and maturity of female cones vary
among female communities even if they are only 150 m
apart, even though these are the same among
individuals in one female community. To clarify these
two phenomena, we need to determine whether
individuals in an ephedra plant community develop
from seeds or subterranean stolons, which used to be
impossible to investigate because the root system is at
least 1 m deep and thus difficult to dig out.

It has been reported that the ephedrine-type alkaloid
composition ratios of individuals propagated by
separating roots or stem cuttings showed a specific
tendency and were not affected by cultivation area,
culture soil, or harvest time!?. This property can be
used to discriminate whether individuals are genetically
identical or not. In this study, E. sinica plant
communities in four habitats were investigated, and
samples from these communities were collected to
analyze ephedrine-type alkaloid contents. The data
were used to clarify whether these communities
developed from seedlings or the extension of
subterranean stolons from a single plant or multiple

plants.

Survey location and Materials

A habitat survey of E. sinica in Tongliao (eastern
Inner Mongolia, China) was conducted in May and July
2017. A total of 14 plant communities in four habitats



(Fig. 1E) were investigated, of which 10 communities
were surveyed in both May and July. Sixty-three
samples were collected in May and 45 samples were
collected in July, and these samples were identified by
Professor M. Mikage. Voucher specimens were
deposited in the Laboratory of Medicinal Plant
Resources, Department of Bioresource Development,
Faculty of Agriculture, Tokyo University of
Agriculture.

In May, yellow male cones and immature green
female cones were observed and used to distinguish
male communities from female ones. From
communities A1&A2&B1, three individuals growing at
the center were collected and GPS data were recorded.
A 20 m tape measure was used to measure the size of
the community. Then, four spots (five spots for Al)
around the center of the community were selected, and
three individuals were collected from each spot.
Because the ground surface was rugged and some
communities were too large to measure, GPS data of
the center spot and 2-3 marginal spots were recorded in
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communities B2&C2&D1, and these were later used to
calculate the distance between them. In addition, three
individuals were collected from each spot. In
communities A3&A4&A5&C1&D2, only 1-2
individuals were collected from the center spot because
these communities were small.

In July, the male cones withered and fell, and could
not be seen on the ephedra plants or the ground surface.
On the other hand, the female cones matured and had a
red and fleshy appearance. In our previous survey, we
found that female ephedra plant does not bear cones
every year. For this reason, the gender of an individual
with no female cones could not be identified.
Therefore, only the communities that had been
surveyed in May were investigated again. Depending
on the size of communities A1&A2&A4&A6&B1&
B2&B3&B4&C1&C2&D1, three or five spots
including the center spot and two or four marginal
spots were selected, and their GPS data were recorded.
Then, one individual was collected from each spot. For
communities D2&A7, only one individual was
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Fig. 1E Locations of investigated E. sinica habitats in Tongliao, Inner Mongolia, China
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collected from the center spot because these two

communities were so small.

Methods
HPLC Analysis of Ephedrine-type Alkaloids

The quantitative analysis of five ephedrine-type
alkaloids, namely, norpseudoephedrine (NPE),
norephedrine (NE), pseudoephedrine (PE), ephedrine
(E), and methylephedrine (ME), was conducted
according to a reported method® with slight
modification. Basically, only twigs formed in the
current year were collected from individuals and used
to determine the contents of ephedrine-type alkaloids.
In samples AIMA2, BIMAL1, and C2M3, as not
enough twigs formed in the current year were found,
twigs formed in the previous year were also used.

For sample preparation, 0.1 g of powdered sample
that had been dried at 105 °C for 15 h was suspended in
5.0 mL of mobile phase and left at room temperature
for 20 min. The mixture was then subjected to
ultrasonication for 25 min to extract ephedrine
alkaloids. After centrifugation at 3000 rpm for 15 min,
the supernatant was filtered off by passing through a
membrane filter (pore size: 0.45 1 m) and preserved in
a capped HPLC vial until analysis.

The conditions for the HPLC assay for ephedrine and
pseudoephedrine are as follows: Shimadzu Nexera-i
HPLC system (LC-2040C 3D Plus), ODS column (100
mm X 3 mm i.d., Kinetex 2.6 ©m XB-C18,
Phenomenex), Guard column (C18 for 3.0 mm i.d.
column, SecurityGuard ULTRA, Phenomenex), mobile
phase: 27 mM sodium dodecyl sulfate
solution/CH3CN/H3PO4 (610/390/0.8), flow rate: 1.2
mL/min, sample injection volume: 5 1L, column
temperature : 42 “C, and detection wavelength: 210 nm.

To determine the ephedrine-type alkaloid
compositions of samples, the following parameters and
ratios were calculated:

TA = total content of five ephedrine-type alkaloids
(NPE, NE, PE, E, ME)

E+PE = content of E and PE

rA (A=NPE, NE, PE, E or ME) = content of
ephedrine-type alkaloid (NPE, NE, PE, E, or ME) / TA
rE+PE = E+PE/TA

E/E+PE = content of E / E+PE

Results
Description of ephedra plant

In all the four habitats surveyed, E. sinica plants were
generally about 20 to 30 cm tall, and a few individuals
had a height of 35 cm. Although from May to July, the
number of twigs formed in the current year seemed to
have increased slightly particularly on male plants, no
marked difference in plant height was observed between
male and female plants or between May and July,
suggesting that vegetative growth stops during the
flowering period.

Situation of Habitat A (Fig. 1A)

Habitat A was located near a small town called
Bayintalasumu. South of Habitat A were a large liquor
factory located about 3 km away and apartments about
450 m away. In 2017, a widening and beautification
work of the road near Habitat A was conducted, which
resulted in the further size reduction of this habitat.

In Habitat A, two male communities and four female
communities were investigated. Female community Al
was about 44 m long from one end to another, and
located 5 m away to the east was male community A2.
The outline of A2 was elliptical; its major axis was 34 m
long and its minor axis was 14 m long. To the south was
female community A6, which had a length of 60 m and
was located 20 m away from Al and A2. Female
community A4 and male community A3 were close to
each other; they were located 65 m east of A2 and 42 m
east of AG, respectively. A4 was 38 m long, whereas A3
was so small that only a few individuals were observed.
The road was 45 m east of A3 and A4, and on the other
side of the road was small female community A5. There
was a small path south of A6, and on the other side of
A6 was point A7 where both male and female

individuals were observed. Around A7 were a female



Fig. 1A Collection points at Habitat A
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Fig. 1B Collection points at Habitat B

community in the east and a male community in the
west, and these two communities adjoined at point A7.
Except point A7, no contra sexual individuals were
observed in the male or female communities at Habitat
A
Situation of Habitat B (Fig. 1B)

At Habitat B, flat land was reclaimed to cultivate
corn or other vegetables, whereas rough land remained
uncultivated, and this was where E. sinica and other

grass grew.

Two male communities and two female communities
having a point where both male and female individuals
existed were investigated. B1 was a female community
that had a diameter of 17 m. It occupied a hillock and
extended to the north downhill, and 4 m east of B1 was
male community B2 with a length of 34 m. Female
community B3 with a diameter of 12 m was located
150 m east of B2, and between B2 and B3 was a corn
field that was reclaimed in recent years. Male
community B4 with a length of 56 m was located 40 m
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north of B3. Located 33 m east of B3 was point B5,
where a small female community was found at the
corner of a big male community extending to the east.
As was observed at Habitat A, there were no contra
sexual individuals in B1 to B4.

Situation of Habitat C (Fig. 1C)

Habitat C was a dry grassland with sandy soil, and
its landform was made of many hillocks. To prevent
desertification of this area, pine trees were planted
along the road, and a wire fence was built to prevent
overgrazing.

Female community C1 was found at a small hillock,
and had a diameter of 20 m. A few individuals were
found at point (C1M2& C1J5), which was 15 m away
from the main part of C1. No individual was confirmed
in this interval. A huge male community C2 whose
length was more than 90 m was located 12 m northwest
of C1, occupying several hillocks.

Situation of habitat D (Fig. 1D)

Habitat D was located about 12 km away to the
northwest of Habitat C, and its natural environment
was similar to Habitat C. A small male community D2
was found 34 m west of a huge female community D1,
whose length was more than 90 m.

Fig. 1C Collection points at Habitat C

Ephedrine-type alkaloid content and composition
pattern
Samples from Habitat A (Fig. 2A)

Basically, samples from the same plant communities
collected in May had the same ephedrine-type alkaloid
composition pattern except sample ALMA2 and three
samples collected at point A2MC. Samples from Al
had low rE+PE (55.31-68.79%, except ALMA2),
whereas this ratio was higher than 79.81% for sample
A2MC3. E/E+PE of samples from A2 was in the range
of 82.20% to 86.07% (except samples from point
A2MC), which could be distinguished from A3
(53.52%), A4 (69.79), and A5 (43.63-51.75%).

The average TA of samples collected in July was
1.15%, which was almost three times that of samples
collected in May (0.41%). Although samples from the
same plant communities collected in July still shared
the same pattern, in same plant community differences
in composition patterns were noted in the same plant
community in May and in July. Although still lower
than the other communities except A7, rE+PE of
samples from A1l increased to 75.06-82.99% (July)
from 55.31-68.79% (May). E/E+PE could still be used




Fig. 1D Collection points at Habitat D

O: Female individual collected in May
@: Female individual collected in July
[1: Male individual collected in May
M Male individual collected in July
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A : Point that contra sexual individuals were observed

to distinguish A2 and A4, but in samples from A2,
rE+PE decreased from 82.20-86.07% (except samples
from point A2MC) to 64.38-69.05%, whereas in
samples from A4, rE+PE decreased from 69.79% to
44.02-55.20% in the same period. Except sample
A6J2, samples from A6 showed the same alkaloid
composition pattern as samples from A4. Furthermore,
the sample from A7 had the highest rNPE of 20.65%
among the samples collected in July.

Samples from Habitat B (Fig. 2B)

Samples from B2 collected in May had similar
composition patterns, whereas samples from B1 could
be divided into three small groups on the basis of
alkaloid composition pattern. The first group was
composed of only sample BIMAL that had a high TA
(1.03%) and a low E/E+PE (73.31%). The second
group was composed of three samples from B1MD,
which seemed to have a similar pattern to B2 even
though they were female individuals whereas B2 was a
male community. Eight other samples from B1 made
up the third group, which had a TA of 0.37-0.57% and
shared a similar composition pattern.

In samples collected in July, the average TA
increased to 1.24% for B1 and 0.85% for B2, whereas
B3 and B4 also showed relatively high TA values of
1.29% and 0.76%, respectively. Three samples from B1
had an E/E+PE of 57.84-76.60%, whereas three
samples from B2 had an E/E+PE of 46.75-52.59%);
both values decreased compared to samples collected in
May. Three samples from B3 had a similar composition
pattern, whereas E/E+PE varied markedly from 33.72
to 89.12% among the samples from B4.

Samples from Habitat C (Fig. 2C)

Samples collected from C1 in May had a higher
E/E+PE (95.06% and 98.34%) than samples from C2
(76.49%, 71.03%, 39.49%), and this finding enabled us
to clearly distinguish these two communities. Samples
C1M1 and C1M2 showed similar ephedrine-type
alkaloid composition patterns; however, sample C2M3
had an E/E+PE of 39.49%, which was quite different
from samples C2M1 (76.49%) and C2M2 (71.03%).

Samples collected in July had an average TA of
0.84%, which was higher than that of samples collected



EFRKEMIZ 40(2)2018%F

in May (0.45%). Samples from C1 and C2 had
completely different composition patterns, but these
patterns changed significantly from May to July. rME
increased from 3-6.19% to 25.85-30.83% for samples
from C1, and from 1.27-1.70% to 5.13-8.37% for
samples from C2, whereas E/E+PE decreased from
95.96-98.34% to 87.27-92.49%, and from
71.03-76.49% (except C2M3) to 24.15-58.95%,

respectively.

1 B0

Samples from Habitat D (Fig. 2C)

E/E+PE of samples collected from D1 in May were
in the range of 92.33% to 98.99%, whereas rNE of
sample D1M3 (13.61%) was much higher than those of
samples D1IM1 (4.02%) and D1M2 (4.73%).
Furthermore, the average TA of these three samples
was 0.49%.

Samples collected from D1 in July had an average
TA of 1.08%. Except sample D1J3, the other four
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Fig. 2B-1 Contents of five ephedrine-type alkaloids in samples from Habitat B

samples had a similar composition pattern that differed
from D2. Similar to the tendency confirmed for the
samples from C1 and C2, rME increased from
0.54-1.85% to 9.23-19.80%, wheras E/E+PE
decreased from 92.33-98.99% to 74.58-85.32%
(except D1J3).

Discussion

The case of samples ALMA2, BLMAL, and C2M3
These three samples collected in May showed a

composition pattern different from the other samples

from their respective communities. Sample AIMA2

had an rNE of 4.41% and an E/E+PE of 79.84%, both

of which were lower than the other samples from Al
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(average rNE: 21.36%, average E/E+PE: 89.71%).
Furthermore, TA of sample AIMA2 was 0.60%, which
was higher than the average of the other samples of
0.43%. A similar situation was also observed in
samples BIMA1 and C2M3. Compared to the other
samples from their respective communities, samples
B1MA1 and C2M3 had low rNE and E/E+PE, along
with a high TA.

=
=
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.2B-2 Composition ratios of five ephedrine-type alkaloids in samples from Habitat B

2B-3 Composition ratios of ephedrine and pseudoephedrine in samples from Habitat B

However, the composition pattern and TA of these
three samples were similar to those of samples
collected in July from their respective communities.
Although TA of sample AIMA2 was lower than those
of samples A1J1-5, these samples had the same
composition pattern. The same tendency was observed
in sample C2M3, which had a lower TA than and a
similar composition pattern to samples C2J1-5. In the
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Fig. 2C-2 Composition ratios of five ephedrine-type alkaloids in samples from Habitat C and D

case of sample BIMAL1, both composition pattern and
TA were similar to samples B1J1-3. In May, E. sinica
plant bore lots of cones but its twigs had not formed
yet, so that very few twigs formed in the current year
could be found in samples collected in this period. In
the case of these three samples, not enough twigs that
formed in the current year could be found, so twigs that
formed in the past year were also used to determine the

contents of ephedrine-type alkaloids, and the chemical
composition patterns of these old twigs was similar to
those mature twigs of the other samples from their
respective communities collected in July.
E. sinica community was formed by the extension of
a single plant

Eleven large E. sinica communities were
investigated, and the phenomenon that samples (except
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A6J2) from the same community had a similar
ephedrine-type alkaloid composition pattern was
observed in 10 communities except B4. From this, we
infer that individuals in the same communities are
genetically identical even if they are far apart from
each other. Therefore, we conclude that E. sinica
communities investigated in this study grew not from
seedlings germinated from seeds, but by the extension
of subterranean stolons from a single plant. If these
individuals were branches or clones from the same
plant, it would be reasonable that only unisexual
communities were usually observed, and that the
situation of cones was always the same among
individuals in the same community.
Ephedrine-type alkaloid composition pattern
changed during growing season

It was reported that TA of E. sinica increases as the
plant grows throughout the year'®, and in this study, we
noted the same phenomenon that TA of the samples
collected in July was higher than those of samples
collected in May. On the other hand, Matsumoto*?
indicated that individuals propagated by herbaceous
stem cuttings had the same composition pattern

regardless of harvest time, whereas we found that the
composition patterns differed among samples collected
in May and July from the same community.

In Matsumoto’s study, the samples were collected in
November 2011 and September 2012, and TA of his
samples was almost the same at these two time
points??, and in another report It was mentioned that
TA of E. sinica stopped increasing after September?.
On the other hand, in our study, the samples used were
collected in May and July, the periods during which TA
increased significantly, leading to the change in
composition pattern.

In all the communities investigated in May and July,
the change in composition patterns had the same
tendency, i.e., rNE and E/E+PE decreased whereas
rME increased. It was reported that NE, E, and ME
were biosynthesized in that order*, which could
possibly explain the decrease of rNE and the increase
of rME. On the other hand, from the tendency that
E/E+PE decreased, it could be inferred that PE was
biosynthesized later that E.

The case of sample A6J2
Compared to other samples collected in July from



A6, sample A6J2 had markedly low TA and E/E+PE
and slightly low rNE. Accordingly, A6J2 might be
genetically different from the other four samples.
However, it was also possible that the twigs collected
from this sample for analysis were extremely young
compared to the other samples because the low TA,
E/E+PE, and rNE corresponded to the tendency of
changes observed from May to July. In this case, A6J2
was genetically identical to the other samples from A6.
The case of samples from points A2MC and BIMD

The samples from these two points had the same TA
level as but different composition pattern from the other
samples from their respective communities, so it could
be inferred that individuals from points A2MC and
B1MD were not genetically identical to A2 and B1. As
these two points were located at the border of A2 and
B1, it was possible that the samples at points A2MC and
B1MD were from another neighboring community.
The case of B4 and sample D1J3

The three samples from B4 showed the same TA
level, but their composition patterns were quite different.
The same was noted for sample D1J3, which is found in
the center of D1. The possibility that these samples were
from another neighboring community was low
considering that they were not found at the border of
their communities. Therefore, the possibility that a
community was formed by multiple plants instead of a
single plant could not be ignored. Another reason that
may lead to this situation was that these samples were
bud sports that showed chemical differences from the

rest of the individuals from their communities.

Conclusion

Although E. sinica plant produces many seeds every
year, under the natural environment, many subterranean
stolons develop from a single plant, eventually forming
large plant communities with diameters of more than 10
m. The individuals observed in a community are not
independent individuals but branches of a primitive
individual.
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LI

ZOfEFy ) — XTI RS, EKAMY (EW)
DO ENAFERBLIZ IR E O LB RN EHETH S
L EWHT D0 , AR OENEARER
X2 OWHREBOHR, KR OBE &
Z LW ERERBA BRIEH O R E PRI DWW TR Lz
(e, 2015, 2016a). MV T, JHEDIATRIC
KO UiBroJFRIZ T2 & L b, KimE L
Ty r7%¥7, Nux, Iy~ Aa, h/7avy,
RERT T, NEAXEBLOELT Y OFHE
IR ER E O, W, BBRIC OV TR L
7o (Fejk, 2016b, 2017). A ElEH > Y UHE,
AR D BLOVATOREIZOWTHENT
5.

ZREYOEERE (0DF)

ATENC 5] & ft A = L IR E 2 a4 5 2%,
W4 D% AT 2 11, ARSI T — &~
—Z (LLF i4 7 —# ~— 2] : http:/lwww.gene.
affrc.go.jp/databases-micro_pl_diseases.php, 1% i,
2017, PR EIRE IR > # —, 2018) DFEMIAL
—UDNBAINBIE®RYT A M2V 2 BB D EER
LTEY, £, FOMFNTHDHOEFSMETA b
TAT7—DREEERHETE 2L E2ERLT
W5, HOBEBIZLTHE .

H I % (Glycyrrhiza spp.)

B O EICIZ Y v > w (Glyeyrrhiza
uralensis) & A XA > h Vv (G.glabra) 235
ENDN, LT —Z_N—RIRIREIZE D 4
RENNEEIINLTVD (R BHEEREERE
VA —, 2018). ZODfh, DWEITHIZIC 2 iE
RS STz,

BB =" : Cercosporasp. (2L D AL B
VB LB T YT O EAREETE OB R
AL (PEH, 2010). HEHAFEROHEEE SN
& D DI TREMIT A,

B 3L 4 #% : Pythium aphanidermatum, P. myriotylum,
P.spinosum [ XV I TOR Y FEIZHE
NRSAENAET D (K 1a). 30CEBA D EIES
MWEMETEHR L, ERITERICH X505, AR
IR ERNT &0 Bk LAR B s 12 72 < 72 B
(K 1b). FAMBEBIZNC X 0 #BABICIE Pythium &
BIZRF A O+ 2 < Rohsd (¥ 1o). fE+
BIHOGET, ¢ EOHENE R CIRAEM OWE -
HREREAATV, EARITITR D X KEKREHND.
A hva BT, DL THBEHSDOH DL O
IEHW WIS 13T % (Ishiguro et al, 2014) .
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BE&4% - Phomasp. 12XV 7Ty ol
AL LTI T ONEIZEREL mm ORFEIRBE
23, EMCEIZHERN Imm OBEENET 5.
NEETITBERADN L D bk, F7-,
JRBE D2\ WEEN D BHIEEN X 5 (M 2a,b; %5
e, 2016) . ALHEE THID TR SR, Kol
I T CTHRAEDHR SN, BRELZREL
BeRIT 2 720 CESAAICE D D, B, FREI
B R% S S 7= Xenodidymella J& 2@+ 5 = &
NHLMC ST FIR)ITS, 2017)

¥RHE9S  Fusarium solani FEAE G RHERLFRIC LV
AR OHESE SR I B L B2 ZE
RAEFEL, HDWIVEBAEIZE S (K3a). £,
)0 53 1) T2 ARZE D MERS A > D 18 28 6 BR
DEITLT, AWVOORELEN 2D (K 30~
d; e/ &, 2018a, d) AT HIEEEMERHRETH
D, WEIRBEICEY L7 BEE A A b e o MR YR &
2%, U0 OoBE LA boa v ARV
W R R LI (R, 2017) ABAERICH
e Bbns. 2BBITE, A o Al
O FHIERICINT TR E BED LTV 5.

JX €8 H> UMK : Botrytis cinerea (2 L Y I ICR/AE
T 5. X UOHEOHFIF EICKBIROFHENE L
OLIZHBE L 72D, HRENEORMEZES & |k
HrENEAL TS (K 4a,b). ZWSGMHET
B2 LK AR O D ODHEE EICAT 5
(¥ 4c). ZHITHREE O LTI & 54T T,
M7 NS L0 T S AU JE P o A 7 2T
L. BHSSHEOERIZED ) > AW LT
20CHTHDORIR & ZMGEMENER D ERAELRT
V. S BIT, AFRIAER R IR TR S = L
HDHWTIRE e ECEENMEATE X ITHRE LT
V. FE T, RICHBZVARIZRAENZ V. B
RMEEIC X DR R Z RS, RBIF LXK IT R E
Ho THEHIT 5. A9 IR | Mo Rl 4 B s Hh O 1
ETHATHEEZ2 0050, ENTIX 230 fELL
FoOMBERTERRES N TND EZ AN
5, BEBET 2 B CHOEY O RGN ORI
LGB TR okt 5. (eikEs, 2018b)

B 1 ey SR (102 T RIEKD,
asLHREL, b MIROIERL, ¢ MIMRMNICIERL S iz
I3 S5 1 0D BN e -

_ S0 . i e n
2. hoV OB, av Iy UOBER S E
I, b A, U T DOIEBRE

T ey 2 :

L B UBKE, a EBOSL BRI, b RE X R
7 2 R U T2 oo Kok (o R, ¢ #8
FEF A o DR, d JERCA o A U TR
WO EDET

i st

JREDOE, a MERFRO AL, b iRk L

B
HRORESE, ¢ ZEDIRBE LA Uiz T

X 4.



& UY9F : Uromyces glycyrrhizae (2 L 0 322544
5. WE, ERIZIT COEEE mm OIRABEN AT,
BT AR LB A E 72 X ROk OB S0
s (K 5a b, ¢). BEAIXLIZWITH 2 TOR
JER L, BEROZVVNETB AR TRENCE
S5, ZOBAOBSITY B X O BT
T, BAOHMITARFHTHY, ERITHIDH
B END. RFidERE, ERNOT IV Yy
TR0 (FefE D, 2019), FESICKZ
EYWEATIEARAL Y I ERIZLDEL DH v
VU RBHEMICREAT D ERHESR TS, JF
It EETH Y, ek TIREEMY ET
RO MRS TWD & 2 A0 b R %A AR
EEZ BN, FEEEIZALR TR, EOE
RIS R A Nk = <= YA N - G = VA A AV
W, BEEET L ETRBEINALTV. EHIIC
EOERLBET D Z ENRMBWIC RN D, H
RO, FLOKLED THELICH %
X0 HL D BEENT B iR D 5 .

FH8%x=>Y > (Panaxginseng)
FER= D ATITMEIC L DR O 2 JHEDIF
P, BREBICE D 2 9E L RREIC KD 8 WEDH

EFREMIZE 40(2)2018%F

THE, ¢ HEROZ N T-HE

BT — R ER ST D (R). ZDIED,
DUV, BEFRR LR A» ORI EE S
(EHE D, 2018b, ). F7=, RAROW A ()
MEBRBEOBERY A~ RERT =2 X—2] |
g ST 5.

-
[

7H 1 LJ% t : Fusarium solani fiE &k 1
WX ABTHMZE U CTHTFHICRET S, 0
DIENZENIRD, HEEITITBEIR L TR, 5
ERIBETIINL BN Z b H D (X 63, b).
B T AR R LA < OB, RIS
%L, ERLEK(L BT S (X 6c). WIKTIE

. 3R DI TE & € DOIRIFE L OFIRENL

(s e 975 B2 9P T AL ) 4
8 B 4R Cercospora sp. X3 2010
HILR Pythium aphanidermatum 7z & i 2014
AV B Phoma sp. ES 2016
HAE R Fusarium solani 7 {5 & {4 # i 7 B, A hoyv 2017
X & VK Botrytis cinerea B 3 2018
o wEwe T ORRME R k) < o 1908
5 5 O % Erwnia sp.* ficd 1990
¥ Phytophthora cactorum [i: 3y 1906
PAUNNN Fusarium solani f. sp. pisi it 1930
AR, Alternaria panax e 1915
e M B A Phoma panacicola 2 1922
FHEF= DV EWER Sclerotinia sp. [icd 1922
RER" Cylindrocarpon destructans f. sp. panacis i 1967
ERYERE Roselinia necatrix 1R 1963
% JH " Colletotrichum panacicola X HE 1919
K& h ViR* Botrytis cinerea X 2018
AR B Pratylenchus penetrans ** i 1962
HR 25 A Meloidogyne sp.** i 1957
TR w4 v 2% | Cucumber mosaic vius (CMV) #7 &% w T 1981
- BEiR* Phytophthora nicotianae picd 1977
SAY 3L i R Rhizoctonia solani HiBEZE, AR 2015
B8R Athelia roffsii HIBE 28, R 2018

DX LT = N—= A 7 ENTHAEI A PCHBEESH Y, KRXF  ALCHERDH Y,
2)% MU, R, R U A LR, 2 OIS TR IR
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ROIDORIFRRE L E L TCHBICRKICZR S (K
6a). MREHICEED H D LEHEFEANC L0 e
ANCALER UIRIRE B BR 247 5 (2, 2016a). 7KF
DR WIS CIEAR O -8R T E (i
2017) 72 EMPLIBRICE R E b s.

BI&4%  : Alternaria panax |2 L 0 FIZKIEDIED,
HMTEHLEDTUIEAEDOTMNMREIND. BET
&, X CORMEIZEAB ORI MK E i3
EROBRNHEN, ZABNERT S & & BITHE
DY, FRNEE LRy, T 5 L E R
STHENRLT < 0d (KM 7). £/, BHEITE
FIZHEE L, BREI%IEICESD (K 7h). XTI,
1L C IR 72 SICBEOBERAAEL, LEWIZ
ETFIZIER L TR~ T AR W REREEE & 72
5. BIZZOFRBE EICRBETE R — RRONAD
DAET D, PECRHIENMRZIND &R L TR
Bnel s, BENCENRRTL EMRETRS
i, WREHNOEE BT 228 b5, K
JE L, FITHEIE L7-X3E ECTHETOF Tl
T 5. Fiz, HAOE TRETICEA TELL,
BUE, OO T E R 2 RFSEI5HE5LH 5.
AIRIRE L, 25CH#% TEWD & Z 2Bt L TR
BOHETEHSOY, BEMIC LY ROHE > TEAE
T 5720, BVETIES A FRESHA LG,
HERNINC AR T 5. £72, &l 4 FH LUK
WCHND K IR, INHEFEIZHZD 6 FAEKT
3% < b, BFEEITRST LIZWVEDYERL.
T2, KOWEIERL, HEEHX] 0 Bls TR 2.
W 204 2> D HER B ) £ CHESMICEA &2 A 5
(=), 2016a).

tRIEHs & : Cylindrocarpon destructans f. sp. panacis
WX ORISR AT S, RTIE, 1T UHERIIC
A N B OBEL RN B, RAICIERT 5
EEHITHLEB~NZ AR B DOREEE 72 D
(B 8b). BT & RO KIHBE L 720,
REENERT 226050, BIRRITIZEA
E7puv, IREHAMZE D & BEFRIEL R0,
FRHTHTITHET L Z L2 (K 8a).
IR X, JEREfR &2 KREICER L CLHER TR

6. A ¥ =2V TFY L, ath
b % LR, ¢ RO

ey

X7 AXF=2 VBN (K (BER) BRBHCRX),
aEDOHA, bEDHEL - EAN

X

B8 X F=2 TR (AR (R ) BRig R,
asxLBAhiL, b HIAROIRIBZA L& Ik

WIRIAGFL, RIS D EFF L, BICEG
T 5. JRBEHTRECTILR T 203, AFN D &
EHICEHBET b RE L 2D, BIEZBET, ki
BHD. FFREE I AT RN LEER AT .
BNV SEBRN T E RO & xiE, E\e)
I\ IRICIEA 2 Ve 5 (g, 2016a).



fRJEJA : Colletotrichum panacicola (= X ¥ T2 <0
WEIRAET DH. MR, 13 COEICEZRE mm O
R, LIEWITHER U & R B g o
MIZEE L 72 5. JRBED 3P B4 5D 5T TR
W T D L & BIT, WEEDNDBEDIER Y,
DA T RERBFEIZED (K 93, b). FEHRERER
EZWMARIE T, W EICHIE L SETHAEL,
Wxa LR U CEIET 5. RGN -
FERMEDZRV. BT E1E, RO REEZL O
kR & & HICHY £5. AFiTEkRT, HIREES
EENN BN THE S, BZIZENTIX
FE A ERIEIZ e > TR0,

JR €8 5 UM% & : Botrytis cinerea |2 L VW £ & LT
DIED, EHREICHRAET DH. 4 A VAEND,
3 E B 2RV D WK O MIERE AT IC B o
JERR AT, LIEWIZIER L TR TR~ A
FPHIEVREEE 72 5. T 0%, JREEE» S EidZE
TS (M 10a). FERKRER SIREORWE
2, BB EIZIREONORREICAEL, BEDOHE
ERAONDZ EbdHD. ETIIEONSLHAT
DI ENEL, BB~ TRIEROKRE 72N
BEATE D (M 10b). ZWSAhCTRiBE LIZIK G0
DORKEIZAEZ D, ETOFRWIT 6~7 HOH
IR BB LV, BIHERP RS RDIFEHRAE
MWL T D, BRICERNEZ <, THEMNERIZR
DT WERIZEHT D, #hEE O EEITRS
TR £5. F£72, KICXKIEON Y Y 217
WS A RIS T 5. SRAI A RN & RE O
2 [lHAi 95 (e, 2016a).

< 4 (Rehmannia glutinosa)

ARKFEIZIE 7 B ¥ ¥ A4 7 (R glutinosa var.
purpurea) & 1 A 7 A ¥ A 7 (R.glutinosa var.
hueichingensis) 23& % 2%, 4T — % X—AIZ1E
A NATE ERIREICE D 2 WENNGRS T
W5 (RIS RISE IR 2 —, 2018). F 7z,
DWW, SRREIC K D B HE S k.

&9/ . Phytophthora nicotianae (2 k0 7 ¥ A4
UDOIRZFIZRET D, RNHITE O E THRA
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X9, AHX 3=V RIENG, aBEOREA - Bk,

b AR DI BE

X 10. A X F=r P UIREOUYRE, am O bisE
W LDy ET, b EDIRHE

e XU OMIED FRE SIBAN AT Y,
HEARIZI > THERT 5. LIEWICERIRA L L
THEBENREZ THREEDOAERN R Y, Eiitx
FEWEALIE U E S, i EEBICRBE I R S 7z v
D3, REICHRZE D SEN R0 4 IR R I X B 72 B
JERLS BN D, BB RN I TR s A -
BT %, HIEECHRER IR TR L2 R H
BT A2 B IEEF O ) BB S, BRI
7o, T b S T lE A 1 DS AR SR04 IR
MHRAT D (FIKS, 1977). KREIXZIMER
JRET, EWNT 70 ML EOREEDER T Z &
NN TEY (BIFEBEEERERE ¥ —,
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