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Abstract

Agarwood is important as a perfume, but also very old traditional medicine having mental
benefit used in China and Japan. It has been evident that when plants get stimulus from fungi,
bacteria and/or insects, various defense materials may be accumulated. Agarwood production is
also suggested to be the same way. One of authors (YS) had a chance of observation in the
Institute of Tropical Bioscience and Biotechnology in Hainan in China and found a big collection
of agarwood specimens collected from the world. Furthermore, one of the authors (HD) isolated
many kind of constituents from agarwood like sesquiterpenes, phenylethyl chromones and their
glycosides, hybrid types of structures between sesquiterpenes and phenylethyl chromones and
C-C binding dimers of phenethyl chromones and so on. It is not clear which components can be
used as a marker for the quality control of agarwood yet although several pharmacological
investigation have been studied. It is notable that they found the production methodology of
artificial agarwood using the injection method of unknown solution licensed resulting in practical

production in China, Laos and Thailand.

Key word
Agarwood, Aquilaria sinensis, Thymelaeaceae, perfume, traditional medicine, sesquiterpenes,

phenylethyl chromones, artificial agarwood production

1. Introduction

Agarwood and/or aloeswood are names for the
resinous and fragrant heartwood produced by Aquilaria
species belonged to Thymelaeaceae. Twenty three
Aquilaria species are widely distributed limited in
tropical area?

Among them A. crassna, A. filaria, A. malaccensis

and A. sinensis have been mainly used for production
of agarwood?. Agarwood is important as a perfume,
but also very old traditional medicine having mental
benefit described in Ming Yi Bie Lu[ & = 5 %% ]
published during 5~6 century in China. Recently
various pharmacological activities of agarwood
constituents like antioxidant-, antibacterial-,
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anti-inflammatory-, cytotoxic-, neuroprotective- and
acetylcholinesterase inhibitory activities have been
confirmed 37

The production of agarwood is still veiled in mystery
although woods are considered to be stimulated by
oxidation, fungi and insects and so on®. In fact when
plants are attached by infection of bacteria or fungi,
several defense systems appear. It is known that when
some bean plants received the feeding damage by
mites, SOS compound like terpens appears. The other
mite species catch the SOS compound and can refuse
the mite induced feeding damage®. We also found such
defense reaction as following. When Scterallia
baicarensis is infected by fungi and/or bacteria,
hydrogen peroxide appeared against infectors. Since
hydrogen peroxide attacks to plant cells too, 3
-glucronidase distributed in S. baicarensis tissues
(Fig.1) started to react resulting that baicalein

D|str|but|on of B- glucuronldase in Scutellarla
baicalensis tissues 3 -Glucuronidase was stained
by the addition of 5-bromo-4-chloro-3-indole- (3 -
D-glucuronide as a substrate. Allow indicated a
hair stained strongly.

Fig. 1
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Fig. 2 Mechanism of defense on Scutellaria baicalensis
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-glucronide (baicalin), is hydrolyzed by 3
-glucronidase to release baicalein which is oxidized by
hydrogen peroxide and peroxidase to be quinone type
compound (Fig.2) which is non-toxic compound for
host plant!®. Since the first induction of 3
-glucuronidase is important for starting of defense, we
confirmed the distribution of (8 -glucuronidase in S.
baicarensis tissue as shown in Fig.1'Y and
purification'?. It is easily suggested that the above
defense reaction may be one of causes for agarwood
component preparation.

Although agarwood is used in many cultures
throughout the world for religious ritual, perfume and
aroma of which the consumption is hundreds of tones
in a year?, the quality is still depending on its color,
order and shape and so on. It is however easily
suggested that the quality might be mysterious because
at lease the defense reaction as indicated above may be
occurred for production of agarwood resulting in the
variation of quality. Recently several kinds of
constituents in agarwood have been purified, isolated
and structurally elucidated and the trial of quality
control of agarwood using constituents has been
started>*®),

The agarwood production is not enough although the
consumption has been increasing. Recently Dai et al.
succeeded to produce the artificial agarwood by an
injection system'®. Fig.3 indicated the Institute of
Tropical Biosicence and Biotechnology and its
speciments of agarwood collected from the world
maintained by Professor Dai group as a center of
artificial agawood development in Haikou. In this

( Oxidative burst )
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review we summarized the components contained in production methodology of artificial agarwood using
agarwood, the quality control of agarwood and the intact plant of A. sinensis.

Fig. 3 Institute of Tropical Biosicence and Biotechnology in Haikou and speciments of
agarwood collected from the world
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2. Distribution of agarwood producing plants and
plant morphology

As shown in Tablel 23 Aquilaria species produce
agarwood and distribute in the wide field limited in
tropical area in the world. Among them 4 species, A.
crassna, A. filarial, A. malaccensis and A. sinensis are
major producing species.

Since A. sinensis is summarized in this review the

morphology of A. sinensis will be documented. A.

Table 1 Distribution of Aquilaria species in the world

sinensis belonging to Thymelaeaceae, is 10~20 m high,
evergreen tree and native in China. Leaves are
alternate, elliptic to obovate, 5~10 cm long and 2~4 cm
wide. The leaf apex is acuminate and the base is broad,
with smooth margins and leather touch (Fig.4).
Flowering in March to May and flowers are pale
greenish yellow, aroma, funnel-shaped in a terminal or
axillary umbel. Fruiting in September to October and

pale greenish woody capsule covering by short hairs.

Scientific name Distribution area
1 Aquilaria apiculata Philippines
2 Aquilaria baillonii Cambodia, Vietnam
3 Aquilaria banaensis Vietnam
4 Aquilaria beccariana Indonesia
5 Agquilaria brachyantha Philippines
p *Aquilaria caundata Papua New Guinea
(Brachythalamus caudatus)
7 Aquilaria citrinicarpa Philippines
Agquilaria crassna Tailand, Cambodia, Laos, Vietnam
Agquilaria cumingiana Philippines, Indonesia
10 Aquilaria filaria Papua New Guinea, Indonesia, Philippines
11 Agquilaria hirta Malaysia, Singapore, Tailand,
12 Aquilaria khasiana India
3 Aquilaria malaccensis (A.|Bhutan, Indonesia, Myanmar, India, Philippines,
agallocha) Malaysia, Singapore, Tailand
14 Agquilaria microcarpa Indonesia, Brunei, Philippines, Malaysia,
15 Aquilaria parvifolia Philippines
*Aquilaria pubescens
16 (Gyrinopsis cumingiana var. | Philippines
pubescens)
17 Aquilaria rostrata Malaysia
18 Agquilaria rugosa Vietnam
19 Aquilaria sinensis China
20 Agquilaria subintegra Tailand
21 Agquilaria urdanetensis Philippines
22 Agquilaria yunnanensis China
2 *Aquilaria walla (Gyrinops Sri Lanka
walla)




3. Constituents contained in agarwood

We systematically isolated components in Chinese
agarwood and elucidated these structures. Among them
sesquiterpenoids are believed to be an important and
typical factor of fragrant. New sesquiterpenoids are
divided into two categories, one is gualane type
skeleton and the other is eremophilane type.

2-(2-Phenylethyl) chromone derivatives are most
typical components in agarwood. Therefore, 100 or
more derivatives have been isolated from agarwood.
We also purified and isolated several new 2-
(2-phenylethyl) tetrahydro-chromones as shown in
Fig.6. Recently it becomes evident that 2-
(2-phenylethyl) tetrahydro-chromones indicated

EFABWARE 40(1)2018%F

Interestingly all newly isolated sesquiterpenoids as
indicated in Fig. 5 showed moderato inhibitory activity
against acetylcholinesterase. Furthermore, compounds
4-7 had antibacterial activity against Staphylococus
aureus®, Since oxide ring were found (Fig. 5), some
peroxide type of sesquiterpenoids like artemisinin will

be expected.

Gualane type
HO

CHO

Fig.5 Sesquiterpenoids for agarwood

inhibitory activity against acetylcholinesterase!®. We
also isolated new 2-(2-phenylethyl) chromones as
indicated in Fig. 6 and found weak anti-
acetylcholinesterase activity®.

During survey of 2-(2-phenylethyl)
tetrahydro-chromones the agarwood from Sri Lanka
showed different type of constituents as indicated in

- |

OH O

1 Ry=0H, Rz=0CHjs, R3g=H
2 R4=0H, Rz=0CHj3, R3=0OH
3 R1=0H. R2=R3=H

4 R1=H. R2=OCH3. R3=OH

R

R4 o}
10 R;=H, Ry-Cl, R3=0CH3, Ry=H

11 Ry=H, R;=OH, R3=OCHj, R4=H

12 Ry=OCHa, Ry=OH, R3=0CHs, R4=H
13 R;=R,=0CH,, R;=0CH3, R,=0H

14 R4=0CHs, R,=Cl, R3=OCHs, Ry=H
15 R;=0OCHa, Rz=Cl, R3=OCH3, Ry=OH

R, O
5 R‘,=OCH3. R2=OH, R3=R4=H
6 R1=0CH3, R;=0H, R3=0CHj3;, Ry=H
7 R;=0CHjs, R;=0H, R3=0CH3;, R4=0H
8 R,=0CHg, R,=Cl, Ry=OCHj, R;=0OH
9 R,=0H, Rz=0CH3, R3=0CH3;, R4=H

OCH;

17 R=H
18 R=0H

6H O

Fig.6  2-(2-phenylethyl)tetrahydro-chromones from agarwood
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Fig.7. From this evidence the quality control of
agarwood comparing constituents might be necessary.

Hybrid compounds between chromone dimers and
chromone and sesquiterpene hybrid, were also found
by us. These structures are shown in Fig. 8 and Fig. 9,
respectively. Since their compounds may have
pharmacological activities, we have been investigating
by using typical assay system.

4. Artificial production trial of agarwood
2-(2-phenylethyl) chromones which are considered
to be as most important constituents in agarwood have
been isolated and structurally elucidated more than 100
derivertives®. As artificial production method of
agarwood components various systems have been
investigated. Tissue culture technique was used to

produce agarwood component productions using

Fig.7 Cromones from agarwood in Sri Lanka
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Fig. 8 Dimers of chromones from agarwood
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Fig. 10 Injection system for preparation of agarwood in Aquilaria sinensis

Aquilaria calli in addition of salicylic acid'” or the
crude extract of fungi'®, respectively, to the culture
medium. Wang et al. reported that the sodium chloride
stress induced the formation of 2-(2-phenylethy)
choromones and regulated responsive genes in signal
transduction in A. sinensis calli*®. For the intact tree
several research groups reported the production of 2-
(2-phenylethy) choromones by individual method?>-29).
We also succeeded to produce 2-(2-phenylethy)
choromones by the artificial holing for different times
using special solution patented'®. The following figures
indicates the procedure of artificial agarwood
production. The bark of A. sinensis was removed partly
as indicated Fig. 10-A and made a hole. Special
mixture solution was set up (Fig. 10-B) and the drain

-

Fig. 11 Agarwood preparation by injection

tube was fixed to the hole (Fig.10-C). After
approximately 1 year the log injected was cut and
checked agarwood parts as shown in Fig. 11.
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Fig. 12 indicated the artificial production of
agarwood in Thailand using the same way of

previously indicated.

5. Conclusion

Since the consumption of agarwood for religious
ritual, perfume and aroma have been increasing and
approaching several hundred tons in the world, always
stock shortage is occurring. Furthermore, the
chemically quality control of agarwood has not been
succeeded yet because the constituents are varied
depending on production places and the production
mechanism is unknown. We isolated several types of
constituents like sesquiterpenoids, 2-(2-phenylethyl)
tetrahydro-chromones, its dimer and hybrid derivatives.
Although the biosynthetic pathway of tetrahydro-
chromone has not been understood yet, we suggested
two biogenetic pathways as shown in Fig. 13. One is
started from acetate-malonate pathway to produce
tetrahydrochromone skeleton and conjugated with
phenyl propanoid to form tetrahydrochromene via
decaroboxylation. The other pathway is started from
shikimic acid, phenyl propanoid and acetyl-CoA
resulting in tetrahydrohromone and then chromone

derivertives (Fig. 13).

Acetate-malonate pathway
SCoA
o]
2 (o]
o]
o}
HO\/Q:,L;:‘)/C)H
o]
OHC\/\O

T
Phenyl propanoid

Ho

COOH

O

Agarwood resin is produced inide i tree

T

&

A\

Fig. 12 Artificial agarwood preparation in Thailand

We developed a new method of agarwood
production by the injection system. The practical
production has been spreading in tropical countries like
in Hainan in China, Laos and Thailand. This approach
may be able to solve the stock shortage of agarwood in
the world in future. Furthermore, it may be possible to
produce constantly the same quality of agarwood
because the variation of quality, especially differences
in places are varied when compared color, order and
shape which are important factor for quality control
now. In future the quality control by components can
be improved.
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Fig. 13 Proposed two biogenetic pathways of chromones in agarwood



References

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

H.F. Dai, 2017 International Forum on Research
and Utilization of Medicinal Resources, Research
and Utilization of Li Folk Medicines, Hainan, 2017,
Abstract Book.

YY. Liu, J.H Wei, ZH. Gao, Z. Zhang, JC. Lyu, A
Review of Quality Assessment and Grading for
Agarwood, Chin. Herb. Med., 9 (1), 22-30 (2017).
JS. Yoon, MK. Lee, SH. Sung, YC. Kim,
Neuroprotective 2-(2-phenylethyl) chromones of
Imperata cylindrical, J Nat Prod., 69 (2), 290-291
(2006).

SRM lbrahim, Natural occurring 2-(2-phenylethyl)
chromones, structure elucidation and biological
activities. Nat Prod Res. 29 (16), 31-32 (2015).

Liu J, Wu J, Zhao YX, Deng YY, Mei WL, Dai
HF. A new cytotoxic 2-(2-phenylethyl) chromone
from Chinese eaglewood, Chin. Chem Lett., 19(8),
934-936 (2008).

W. Li, CH. Cai, WH. Dong, ZK. Guo, H. Wang,
WL. Mei, HF. Dai, 2-(2-Phenylethyl) chromone
derivatives from Chinese agarwood induced by
artificial holing, Fitoterapia, 98, 117-123 (2014).
D. Chen, ZR. Xu, XY. Chai, KW. Zeng, YX. Jia,
D. Bi, ZZ. Ma, PF. Tu, Nine 2-(2-phenylethyl)
chromone derivatives from the resinous wood of
Aquilaria sinensis and their inhibition of
LPS-induced NO production in RAW 264.7 cells,
Eur J. Org. Chem., 27, 5389-5397 (2012).

XL. Zhang, YY. Liu, JH. Wei, Y. Yang, Z. Zhang,
JQ. Huang, HQ. Chen, YJ. Liu, . Production of
high-quality agarwood in Aquilaria sinensis trees
via whole-tree agarwood-induction technology.
Chin. Chem. Lett., 23, 727-730 (2012).

S. Allmann, IT. Baldwin, Insects Betray
Themselves in Nature to Predators by Rapid
Isomerization of Green Leaf Volatiles, Science,
329, 1075-1078 (2010).

S. Morimoto, N.Tateishi, T.Matsuda, H.Tanaka,
F.Taura, N.Furuya, N.Matsuyama, Y. Shoyama,
Novel hydrogen peroxide metabolism in suspension
cells of Scutellaria baicalensis georgi, J. Biol.
Chem, 273 (20), 12606-12611 (1998).

T. Matsuda, K. Hatano, T. Harioka, F. Taura, H.

12)

13)

14)

15)

16)

17)

18)

19)

FFHTEMIITTE 40(1)2018%F

Tanaka, N.Tateishi, S. Shaojie, S. Morimoto, Y.
Shoyama, Histochemical investigation of f3
-glucuronidase in culture cells and regenerated
plants of Scutellaria baicalensis Georgi, Plant Cell
Rep., 19, 390-394 (2000).

K. Sasaki, F.Taura, Y.Shoyama, S.Morimoto,
Molecular characterization of a novel
beta-glucuronidase from Scutellaria baicalensis
Georgi, J. Biol. Chem., 275 (35), 27466-27472
(2000).

Y. Yang, ML. Mei, FD. Kong, HQ. Chen, W. Li,
ZB. Chen, HF. Dai, Four new bi-2-(2-phenylethyl)
chromone derivatives of agarwood from Aquilaria
crassna, Fitoterapia, 119, 20-25 (2017).

W. Li, CH. Cai, WH Dong, ZK. Guo, H. Wang,
WL. Mei, HF Dai, 2-(2-Phenylethyl) chromone
derivatives from Chinese agarwood induced by
artificial holing, Fitoterapia. 298, 117-123 (2014).
G. Liao, WL. Mei, FD. Kong, W. Li, JZ. Yuan, HF.
Dai, 5,6,7,8-Tetrahydro-2-(2-phenylethyl)
chromones from artificial agarwood of Aquilaria
sinensis and their inhibitory activity against
acetylcholinesterase, Phytochemistry, 139, 98-108
(2017).

SRM. Ibrahim, AG. Mohamed, Natural occurring
2-(2-phenylethyl) chromones, structure elucidation
and biological activities, Nat. Prod. Res., 29 (16),
1-32 (2015).

Y. Okudera, M. Ito, Production of agarwood
fragrant constituents in Aquilaria calli and cell
suspension cultures, Plant Biotech., 26, 307-315
(2009).

18) SY. Qi, ML. He, LD. Lin, CH. Zhang, LJ. Hu,
HZ. Zhang, Production of 2-(2-phenylethyl)
chromones in cell suspension cultures of Aquilaria
sinensis. Plant Cell Tiss. Org., 83(2), 217-221
(2005).

X. Wang, B. Gao, X. Liu, X. Dong, Z. Zhang, H.
Fan, L. Zhang, J. Wang, S. Shi, P. Tu, Salinity
stress induces the production of 2-
(2-phenylethyl)chromones and regulates novel
classes of responsive genes involved in signal
transduction in Aquilaria sinensis calli, BMC Plant
Biology, 16,119 (2016), https://doi.org/10.1186/



ERBMATE 40(1)2018%F

20)

21)

22)

23)

$12870-016-0803-7)

YY. Liu, HQ. Chen, Y. Yang, Z. Zhang, JH. Wei,
H. Meng, WP. Chen, JD.Feng, BC. Gan, XY.
Chen, Whole-tree agarwood-inducing technique:
An efficient novel technique for producing
high-quality agarwood in cultivated Aquilaria
sinensis trees, Molecules, 18, 3086-3106 (2013).
XL. Zhang, YY. Liu, JH. Wei, Y. Yang, Z. Zhang,
JQ. Huang, HQ. Chen, YJ. Liu, Production of
high-quality agarwood in Aquilaria sinensis trees
via whole-tree agarwood-induction technology,
Chin. Chem. Lett., 23, 727-730 (2012).

Z. Zhang, H. Meng, JD. Feng, BC. Gan, Infusion
Set for Producing Agarwood and Production
Method of Agarwood. CN101755629A, 1 January
2010.

JH. Wei, Z. Zhang, Y. Yang, H. Meng, ZH. Gao,
YH. Xu, XL. Zhang, YY. Liu, XY. Chen, WP.
Chen, Infusion Set for Producing Agarwood and
Production Method of Agarwood,
PCT/CN2012/071599, 24 February 2012.



— R R Original —

R O #8559 A 0%E 3
FEHIBEECINT T2 ANRL v vy O R 1

Studies on cultivation of Medicinal Plants using Tubes 3
For practical cultivation of Experimental Growing in Tubes of Glycyrrhiza glabra L. 1
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EMA/HBEL No.1 No.2 No.3 No.4 No.5 No.6 No.7 No.8 No.9 No.10
BELL B Hi{K B B 50% | 54~56% 75% 80% 75%
E—FER (Gmi) 15~20%] 12~15% |  25% 20%
N=F4ME 10~15%| 10~15%
N—3F251kL 10~15%] 10~15%
RS1 ) 10~15%] 10~15% 33~35%
ArOSYHR 25% | 65~67%
ABLA(N2.2P4.2K0.6) 1% 2% 1% 1% 1% 1% 1% 1%
BE 4B (N3.0P3.0K0.8) 10%
AR IR or5) 0.5% 0.5% 0.5% 0.5% 0.5% 0.5%
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22, HARRL R
TEICETE =G A AT R (HEFEA) HEAATAZL I ALK HATH R
2011 = 2 H 3 H 18 7% 99 7% 5.50
2011 22 H 28 H
2010 4£ 12 H 25 H 27 A% 72 AR 2.67
2011 &3 H 17T A 2011 &= 2 H 28 H 45 A 108 4 2. 40
2011 #£3 A 22 H 2011 £ 2 H 28 H 63 A< 189 A% 3. 00
2011 423 H 23 H 2011 42 2 H 28 H 36 A 117 AR 3.25
2011 =4 A 11 H 2011 /2 3 H 22 H 72 A 225 A 3.13
2011 24 A 18 H 2011 4= 3 H 22 H 36 A< 153 7% 4,25
3. BERELIC X ARBROEN
I 200944 H 2010438 20104E108
7 No FIRE/HEfTE FBE/HE IR/ MBI EL
' B3 i) B3 i) JEE: i)
1 8/9 4/9 9/9 9/9 9/9 3/9
2 8/9 7/9 9/9 8/9 8/9 4/9
3 9/9 5/9 8/9 8/9 9/9 5/9
4 8/8 6/9 9/9 7/9 9/9 2/9
5 8/8 8/9 8/9 8/9 9/9 7/9
6 9/9 5/9 9/9 9/9 7/9 5/9
7 9/9 4/9 9/9 6/9
8 8/9 9/9 7/9
9 9/9 8/9
10 9/9
FEARE (%) 95.7 61.9 97.8 87.8 944 48.1
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# 4, A bv o AERRISE LB (162 )XtV k L—=6cm &K v )

AN 2011 45 A 2011 47 A 2011 4F 11 H
No. | $khiF$/162 ¢ | B (%) | #k BIF%k/162 % | Bk (%) | #$h L%/ 162 % | BiER (%)
1 137/162 84.6 101/162 62.3 159/162 98. 1
2 150/162 92.6 60/162 37.0 161/162 99. 4
3 132/162 81.5 47/162 41. 4 153/162 94. 4
4 138/162 85. 2 158/162 97.5
5 138/162 85. 2
6 132/162 81.5
F 5. Hi LEHE LI AERER (BE6)
Y% 2012 45 A 2012 4 8 A
No. Bk PSR/ 162 % | BHER (%) | #k EIFER/162 % | BHEER (%)
1 101/162 62. 3 69/162 42.6
2 62/162 38.3 80/162 49. 4
3 74/162 45.7 92/162 56. 8
4 92/162 56. 8
5 105/162 64. 8
6 97/162 59.9
7 112/162 69. 1

# 6. MMEEREXCHEDLa AN (25)

7 Y= _F 2 aEROSE

fEZEE (VN— 1) (9:00~15 : 00 Z2f8) 5 KL

34 (M0 2 4 SRR 1 40)

L N&H7= 0 8% (1 B &7 v H5E%0)

100 AR (1, 000 A)

L 22A &7 HomE (22 A RfH)

22, 0004

1 7 H 470 AEE

297,000 4 (900 FI X5 B X3 4 %22 A)

B 1 AROMWFHIZEE > D A

13. 5/ /K

* LRLE NS ERUCR HUFEA B £ OfiEFEmM S 77 A S

#7. ro—UHAEEECEADS IR N (25)
EEANE (UN— 1) 5%
LI 1,000~1, 500 A</A

1 Hd7= v EpEsK

6,000~7, 500 A<

1L 22 &7 AES (22 ABLE)

132, 000~165, 000 A&

L 22AH7e 0 AMEE (R 900 ) 495, 000 [
VA=A B N Yl N ¢ 3.00~3.75 Y
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9. RECHEFIRYSRIE 1 AR dh il AR R

- " Bt | BE 1818 (mm) N Ay | EEE(g) | RaL

o | BR | BE | o | o) [ s | | P |mem | g | A |SEO
1 45 | 1105] 4371 2 | #% | 3 31.7) 63| 123

2 | 50cm | No5 | 1 51 9.26] 1.34) 4 % 2 198] 22| 148
3 64 887 231] 1 R 3 16.8 1.2 110

10, KPEIRRHAS R 2 AR R

o - Wt | BE AR5 (mm) . iy | HERE(E | RaL

fo. | ik | 5+ A | (em) | BT | KkifLs BAR| BE | nay B | Atay [BE®M)
1 46 | 2289 | 651 | 2 B 8 97.3| 745| 1.99
2 45 | 3238] 595| 3 |cHE| 6 121.4] 399 | 246
3 | 50em | No5 | 1 44 | 1786 | 1001 | 1 % 4 131.2| 370| 221
4 44 | 1518 | 892| 1 B 3 741 265| 1.80
5 44 | 2066 | 871] 5 % 7 200.6] 1054 | 1.65

11 RBCERIRTFRM 2 ARG GL B &

o & Wt | EHBE(g) | IBGLE=E (%)

No. | BIR | 5L | S [Bmik BRI %EE
1 2175 341
2 435.8| 239.5

3 67cm No.5 1 446.8| 2005 | 1.82 2.55
4 4149( 135.6
5 2528 69.0
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2.12 1.82
1.80 143 G1o® | 169.7 3.258 0.204
1.91 1.02 fgg‘; 195.6 ;g;; 2.900 G-4 0.145
G-4 2.18 255 I 0.194
171 2695 | 2264 | 2605 | 2.863 0.152
1.42 G10@ | 2540 2.786 0.129
2.02 178.9 2.444 0.150
G-5 267 76 | 488 [Toem | 2%% 0.138
2.86 369.3 2.669 0135
G-6 2.39 2712 | 2829 | 3030 | 2888 :
1.94 208.1 2.965 G-10 0.161
- G103 : -
1.91 155.3 2.621 0.167
G-8 175 1624 | 1709 [ 3008 | 3.032 0161
204 2.49 ;Zi; 2?12 0.201
;‘lg 3.0 2525 2.945
: 3459 | 3114 | 2691 2.838
2.90 261.7 2.368
2.76 G10@ | 3128 3.038
G-10 3.04 122.0 2.340
2.36 262.0 3.501
279 who 1503 2o — 3.386
3.63 148.1 3.151
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Studies of Cultivation of Ephedra Plants (Part 11)
Multiplication of Ephedra plants from herbal stem cuttings (4)
Seasonal difference in the rooting of cuttings
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T243-0034 I REA T 11737
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Si-ran Ni? - Yoshitomi Kudo? - Hirokazu Ando? - Yohei Sasaki? + Masayuki Mikage
1)Laboratory of Medicinal Plant Resources, Department of Bio-Resource Development,
Faculty of Agriculture, Tokyo University of Agriculture.
1737, Funako, Atsugi, Kanagawa, 243-0034 Japan
2) Laboratory of Molecular Pharmacognosy, Graduate School of Medical Sciences, Kanazawa University.
Kakuma-machi, Kanazawa, 920-1192 Japan
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EEOITAT A2 T~ A U RBHEY O UARBHE ISV TR LIS R 2 AL 4 i
At L7oRER, ALERD R, IR LR 21T O REHISORE R SORR AT IZ L 2 FARAE ) D 72
BENEREEATDHZEEWALMI L. AT, MLAOBEMAZED BT,
20154E 75 34EMIC 7= v, Ephedra sinica Stapf K ON3KkD A& MiFE 4 & T e 3t 17RO~ 4
U BAE) DB A O T2iE LR Z EHIFIICATYY, S HICE. sinicallis|f 2 5 REESI D
EARRZE R 2504 L=, TOfE%, E. sinicalZ6~9H B FLADES TH D Z & 0H 5
NERY, RHBOPITIIAHITRIRIFLZIT) Z &N TE DR H D Z L BB 5D
72ol-. F£iz, E.sinicafEN TORIREES OEAERZERIIRE L, FA—F&HTFTHLA
ZATo CTHRMENMEARIZE > TR BB LRV E DN H50%LL EOFRIBEE KT EH
DRBDHAL, FFUARICHE LR R & D Z RN o7,

Summary
In our previous paper, we examined the effect of various pretreatments on the ephedra herbal
stem cuttings on rooting. And, it was revealed that the rooting results were more influenced by the
seasonal timings of cutting, species of stock plant, and difference in individuals even in the same
species, than the effect of pretreatment. Therefore a 3-year study was conducted from 2015 to
investigate the proper season and variation in rooting potential of individual stock plant by using
a total of 17 individuals of ephedra plant including Ephedra sinica, E. likiangensis and 3 hybrids.
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The results showed that the ideal season to set cuttings of E. sinica was from June to September,

while 2 hybrids rooted not only in summer but also during winter dormancy. In addition, rooting

percentages of cuttings taken from different individual stock plants of E. sinica varied a lot, from

0% to more than 50%, suggesting the existence of E. sinica individuals with naturally high rooting

potential.

il

EHOITEG A TR OENAEEL B
L, MRAEO—FIELLT, /n—rKEHE5
HHCTHEEM CTChHLr~FUR~F U EEY
Ephedraspp. D L RIEZ T L TE 7. i LARIT
DM FEIZ IV L — KA 8FE F1E T, Th
FETRBERE LT 5720 D% L OFENIFIERE
SNVTER, ~F VBHEWICET 2 HEIEIRTE
ML EN TRV, Fexid s THLUKRNRET
BDHEINTE I~ AV EBHEYOEEREZ iz
fHLARICEBNT, fLEEZXOETE N OHIL,
I 2 il D VISHIE T & L, AN LR&s%
AL C25CTHEETHZ & TRIREN LHTS
ZEEHRELREY. X6, MLAREFICRBREE
F 257D AT 24 LAEIC KT 2 fl 4 O FijLE
EBEL, ¥k bR KO
AN L— MR DB X0 A B R g
RO EHAZRD N, FEEZECFR—FEN TOME
HENKE L, FBINCHZ R TETRANZE 72
Mol M T, FLARZITIRHIZ Lo THH
AL 72 5 Al He ik & R L 7Y,

FLUARIIITO R Y, BSL, EEL (E
REL, EAEL), KEL, £8Laltfsh

L. —ICEI L RN R SRS L
TR URICHE LRI Ch D & Svd s, Yo
FREAIC K> THILROBES], T2 bbLHEB LT
WIRFHIT R 72 59 KPR CTld~ A U JBiE) D FE
X x MW LR &, Ephedra sinica d %72
LR MR ORI L D BIRE ) O 2R AZHE L
TR RIZ OV TG T 5.

EBRMERVEE
TR EARTNERE R E LT, R ERY
EARF v N AN THEE; STV HEphedra
likiangensis (#:% 75 : 4-1), E. sinica ({kE 7=
US-1) , Ep-13 (E. gerardiana & E. likiangensis %2
MEFEY ), Ephedra sp. (TKEER, 1-18k : 2o
DNAFANZ LD RMFETH DL Z L 2R LT\ D
DEARAT B OFEMITAR), AR &
LT, @RRFERRMEFEIE I - AR 75
PR AR R NI THEE STV S5 E. sinica
(k%5 :S-1, S-2, S-3, S-4, S-5, S-6, S-7.
ATEAKT, S-UIIWFELLE, 2, 3, 4, TiX45
A, BIRTHAELL B, SITFEAIARET), )1 ESPIVERR
BEIOFREERBESNICTHESATWD
E. sinica (#k#% 5 : NS-001, NS-002, NS-041,

A

1-1. NS-001 8 (ZFw0) & NS-041

el Ly

B CHFAD .

AR

[

2017 4F 6 A x5 X 1-2. S-6#k, 2017 47 A 13 Hfp¥
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B2 BEARIRy MCE DI LARIEROET

NS-042, NS-136) OZNZHEEE (X 1).
TG EREYOREXZEERRL, Zh
ETOREL 2 (ITHESNWT, XOTFTHOH 24D
gL, 2O ED2~3Hi %K L THI0cMD =
WD KOl Aol L TR LAEE L7, 166K
ARSI 21T > 72 %%, HLE Ul @ =<
¥a2T4 b =1:1) ZANTEERI ARy N (H
Z9cm, EX8cm) IZ2cmDESTH L (¥
2). KOBEHITESLI~2cmDEKE LT-. —E
W (@22A) FEBREN (RE25C, E50%, M
B : 2500/ 7 A24WFRIFRAY) (2 THEFE L 721%,
Ay FOOHlROV ML TERBREZFHELE (K
3).

R
1. 1 UAREFE OGS

(1) BATAHEK (R1)

E. likiangensis (k&5 : 4-1) (2OW\WT, BEX
DIFLARZ R D268 (20154E10 A 19H,
M12H17H, 201646 A16H, [M8H 4H, [F10H
18H, [A12H15H) 1T-o7=fE%, 2WiHT50%LL
OB EEGT. KEHB]ITIEL, 201648 A 12
B L 7240 LN FEAR SR T0% & Ik i fiE &2 7~ L, 2015
F10H, 12ACEBLEFHLENZAEL
50.0%, 55.0% & FEEEVMEZ R L=, —JF, ¥
FED20164E10 7 & 12 7 ICERER L 724 LB Tl AR
F(1159.2%, 74.2% & T ENRTFERA I L TH
< 7po7-.

E. sinica (Bk&F 5 : US-1) 2OV, HEXD

K

3. FABOBET (S-6 8k : 2017 4 7 A 13 HE LAk,

L% 4 7 H)

i LARZ 72 250 (20164F4/14, 6/16,
8/4, 10/18, 12/15) 1T 7-#k%, 8 HIZEE L 7=
FUEZEORREN60.0% E Kb E<, ROT6HMN
45.0% & EoTo. —J, 4H1ARICERILTIZGE
LR EIT0% CHRIZIK 2> 7. 72, FFED
10H, 12ACERLESGA bEBRRETZENEN
18.0%, 1.5% &KVl z R L7-.

Ephedrasp. (&5 : Ep-13KF) 2o\ T, #HE
XOFLAE R 5128 H (20154-8/7,
10/19, 12/17, 20164-2/4, 4/14, 6/16, 8/4,
10/18) 1T 7=, 20154512 H & 201642 A O
J7T90.0% L W) mWEIREELZ R LT, —H,
20164F-4 A IZERER L7248 LFE O IR 1315.0% &
HAL< 220, 201548 A, 10H, 201648 H, 104
W LARZITo a1, TNEN32.5%,
30.0%, 37.5%, 30.0% & FLEGAOIK UV REIR F 2 7R
L.

Ephedra sp. (J%& 5 : TKEE) 122\ T, LA
Z B HEEIC 710 (2015410/19, 12/17, 20164
2/4, 4/14, 6/16, 8/4, 10/18) 1T 7-#5%:, 20154
10H DFARFEN62.5% & kb <, WWT, 2016
10 D58.0% 3 N> 7=, —J7, 20164F4 7 D3
FRE135.0% & e b2 7.

Ephedra sp. (k&5 : 1-1KK) 12O\ T, $RLA
W7 ZEEHC 418 (20164F6/16, 8/4, 10/18,
12/15) 7o 7455, 201648 H K OMO0AH (ZH-EL L
Toffi LEEDS Z L Z 7R 3290.0% 1 1°86.0% & &
Mmot=ny, B4E6H, 12HICEBLEZEAL, +
NE162.5%, 70.8% & D FERIRIZ I L CTE 3



WRE LT,

(2) ANIERFBHIEDE. sinica (F2)

E. sinica (#%#% % :S-1, S-2, S-3, S-4, S-5,
S-6, S-7) IZOWT, HieHEEHIZ6[A (20174
6/26, 7/13, 8/24, 9/21, 10/26, 11/20) L A%
ITo7-/ER, S-17CId6 HERI O LR CRBEN
53% T, 8H, 9H, 11HHE O L CITHME
1F0%Th-7-. S-2TIE8H DIME)6.0%, 71
MB2.2% T, THNLUADHIZTT XTO%TH-7z.
S-3TIE6H, 7THTENEN3.8%, 3.7%T, flLd
AIZ0% TH-o72. S-4TIET X TORHTEH
Uo7z, SETIETRTORFICTHIRL, 6
HETANENTN54.3%, 59% & hoRkIZEE LT
BmWERFEZRL, 100, 11 TEZEAZTH
4.1%, 121% LK< 72 o7, S-6HTXTORMHT
FARNDA SN, 8H & 9ANENETN34.7%, 45.5%
THEME <, 10AR5.7% LKk HIKLS 2o 7.
S-7TCIX8H, 9H T20.5%, 13.3% & @<, 6H, 7
H, 107 TIX0%TH - 7=,

E. sinica (## 75 : NS-001, NS-002, NS-041,
NS-042, NS-136) (2T, Rip2EHi26[M]
(20174£6/28, 7/20, 8/21, 9/19, 10/24, 11/22)
FEUARZIT > 7245 E, NS-001&NS-002CTIE6H, 7
A, 8H, 9HICERE L 74 LEHO TR A FED B
, TNENOFHMEIINS-0017T9.5%, 3.2%,
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7.1%, 0.8% T& YV, NS-002TiX1l.2%, 8.9%,

2.8%, 0.2% Td>7-. NS-041& NS-042Tid6H &7
HICERBR L7 LEOLFBRARBO N, ThE
VD FEIRZIINS-041T1.7%, 21.7%, NS-042TlE
18.9%, 8.8% Td o 7-. NS-136Tix6 HIZHM L7z

FHLBEOLFBRARD DI, HIRFEIX3.8% T
ol
ZR

1. BUAOEH EBEEICOWVT

A TR @%Ltﬁbﬁ%&mbt% IR
A, ARG IR R OHVERREEET IZH 1) D E.

sinica® BAMREFHRIZ IV TIE, 8 HtE| ’%EXOD
WMEMNEEY, 12AEOEN T 2825 &
k<ﬁ£bk%gxi%@ﬂ%%%@’%mﬁ
o, MW EE R BE X O i ERIZ1I0H T
@#%%é<ﬁéb RN THET D, BFED4
A BRI/ D EEiN ORI BN A Z,
ERENAED. —J, Ep-13KkTII&AHIzRB W\ T
A RIC R & B bid /e <, FEEE MO
bR OV, MOFEBREMREIZI VT HIKELL
MelC RV N R EICE T 2T 5D
DS, JESEE ORFEBLIE I Z 12 <o
AHFZETIX20154E 0 H20174E D 3EMIC D -
D, 3RO A G TLT RGO~ A VB
DEBEXEZ AW LAZEMMIZITY> 2 & T

# 1. EARTNREEEOFEZ O UK X 2 FBAR B OFE
_— 2015 42 | 2016 4
= 87 10719 1217 | 24 414  6/16  8/4 10/18 12/15
18 LA - 40 40 | - - 40 40 49 53
E. likiangensis 4-1 ;
FEARER (%) - 50.0 550 @ - - 575 700 592 742
18 LK - - - - 40 40 40 50 65
E. sinica US-1
FARE (%) - - - - 0.0 450 60.0 18.0 1.5
o3 B LAK 40 40 40 1 40 40 40 40 50 -
P- H
MR (%) 325 300 90.0 i 90.0 150 575 375 300 -
LA - 40 40 | 40 40 40 40 50 -
Ephedra sp. TK :
FARE (%) - 62.5 450 @ 525 50 75 375 580 -
LA - - - - - 40 40 50 65
FARE (%) - - - - - 625 90.0 860 708

* 2m%ﬁﬂ4ﬁ&04ﬂmawﬁbﬁimﬁ$_%%Ltﬁéﬂﬁt/GHMMimwﬁuﬁﬁbt&%ﬂﬁbt.
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F2.  FRPEERO BB O LKRBEIC X 2 BIEROME
2017 4E
il REE
6 H 7 H 8 H 9 H 10 H 11 A
- LA 57 155 138 176 71 83
) FIRE (%) 53 0.9 0.0 0.0 14 0.0
- LA 45 92 67 73 43 67
HIRZE (%) 0.0 2.2 6.0 0.0 0.0 0.0
- LA 53 81 43 75 54 66
FIRE (%) 3.8 3.7 0.0 0.0 0.0 0.0
- LA 80 97 67 45 39 50
HIRZE (%) 0.0 0.0 0.0 0.0 0.0 0.0
os LR 46 83 93 75 74 116
FEIRE (%) 54.3 59.0 36.6 493 4.1 12.1
S LA 57 114 118 211 53 113
HIR=E (%) 13.6 254 34.7 455 5.7 13.3
E. sinica —
o7 LR 53 78 122 158 65 120
TIRE (%) 0.0 0.0 20.5 13.3 0.0 3.3
LA 63 63 112 127 45 53
NS-001
FERE (%) 9.5 3.2 7.1 0.8 0.0 0.0
LR 82 79 107 493 73 61
NS-002
FIRE (%) 1.2 8.9 2.8 0.2 0.0 0.0
LA 117 60 125 297 47 57
NS-041
FIRE (%) 1.7 21.7 0.0 0.0 0.0 0.0
LA 116 102 113 255 86 66
NS-042
FIRE (%) 18.9 8.8 0.0 0.0 0.0 0.0
LA 106 155 138 758 60 61
NS-136
FIRE (%) 3.8 0.0 0.0 0.0 0.0 0.0

(S-1~S-7 OEREEFH : 2017 26 A 26 H, 7H 13 H, 8 A 24H, 9421 H, 10426 H, 11 420H)
(NS001, NS002, NS041, NS042, NS136 DHEHUEH : 2017426 H 28 H, 7 A 20 H, 8 H 21 H,

9H19H, 10H 2408, 11 H22H)

FHLUARZAT 5 RIS AR RIC RAT T REZ I 5 )
iz L7z,

L ERARERS (BLTFHR) Y OI#HETE
T HE. sinicalz B L CTiE, 20164, 20174FD 24
720 B2 513RRIC O W TEE X & FV -1
LARZME LI, ZOREE, 6 HNHIHITH LA
EATH ZETERWIERENEGLND Z EBNHL M
W27 o7=. —J7, 10HR1R2A I LAREIT - 724

B, BBEITELJKT Lz, 8ET 2834
HNZRARACD Z BED HAR R EITRAT, BTRT D 2
ERHBNTEY, RIIBSOITHLAE & LTHE
LChHhDHEDORELH DY, HHEEMNPE LT
VWE. sinicalzds T 10 A B B IR AL SE D #E
PPRROREZE R EITBITL, FEENTEHEEN

TR LI BBENMET LZEEZXOND.
L, A URBHMOREBREL THLT 7
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—7J7, E. likiangensis (#k#% 5 : 4-1), Epl13Fkk,
TKEE, 1-1¥K TIZE. sinica & 13572 0 FkZ=LIE T
HDHI2ANGRE2H O LARITE N TS mWIE
WENFEOLND ZEDRH LN RSTZ. ZhbHD
RiX, E. sinicalZtb L CHELIRED BB X O
MEEIZ L, BHEENRGOIZEGT D
B, I DOREAICEALEEEXE AN
T, FHLARZEITH) Z L CTEWEBIRELHELZ LM
TE 722 &5, Ephedraj@ i NICIRIRBAH L
MATREZRBR (ER S 2 VI HERE) DFEET S 2
EVNRBE S, HTHY X, P ORRENIEE S
B CIIB O BE D DK ET D LR TEY,
INDAFERBKICBONTHAEFEMELEL TN D12
~2RIFHEEEDOITEE D FRFIZL TVl
BIRENEL oz ENBLZOLND. ZNDHIK
R LN ARECTH - =4 D4FERKE (E.
likiangensis (%7 : 4-1#%) , Ephedra sp. (Fk&
5 1 Ep-13, TKEE, 1-18%)) L9~ CH &4
T2, Zivbd 5 b, Ep-13 (E. likiangensis &
E. gerardiana D AZHEFEY ) 13 H RINE O 3FEIZEL L
THERNES T E@RESINT, £/, E.
likiangensisiZA A B BRI 2> T TRk 28 B/E 5
LCHASRTEZZ ERRHEINY, S5l
FLHITHRT VA RERNREWY. E. sinical
P U CHRIRENE AR ES ThHDH b D
BRITEEX A AW LARBHEICE L TRBY, 4
B2 O EBRIEYCH - I IR & LTl T
FHTHD LTSNS,

4 HITHMRFNE L <AL N 2 mILE. sinica7”
FCR<, Ep-13tK, TKERICBW T RIBRICEILR
itz ATHY X, FEOEKLEEDZD Ok
AR DB RN LR T 5 &, %R
DI DIl E S 2R T2 2 & RREER T2 D%
RENMELS D BZBRITND. 200D, v4
v B D BN RER I BT 4 ITRIRE 23 & o
0, MEEREZHRBT IR THLD, Bl
IPBRESDNHHOLEEDOZOICHE S, S L
SR TR 2 DRI LI < WIREE & 72 0 38 4R
BN TR ENEZELLND. EDZ En
5, A~ A VB OEEEE AW LA

EFHEMIITE 40(1)2018%F

(CIEAREYITH D Liftm TE 5.

2. BIKROEBEEMHICONVT

E. likiangensis{Z3 T, 20164104 L12H D%
R 1320154F10H L 12 DR R L TE <
7pofo. BHTHY X, —I72H LROIEE O KE
WCRIETREHER & LT, BADRBECRERMFE
HIFTHEY, ZOKIF20164E3 AT 2 B % %
fTolzBiceEs LC~7 77K (N:P:K:
Mg=6:40:6:15) ZHEEL7=720, EFEREN
M E L7722 SIS XD RIRERM E L2 ERE X
bihd.

3. E. sinicall & 1T 2 HIBEEADEEFZE(COWT
ABFFRIZBNT, [ UBREE T TR Sz B
HAERD D RIRF IR LB 28R L TR LA %
T2 THAIM LARWERS, 50%LL EFR T
DREEDBAFAET D70 &, FIREE AMEIRIC K - T
RESBRDZEBHENIRoT-. ZOX D7
[ — T N C D FEARAE J7 DB AR ] 72 B3 DAy ¢
HIWEY SNTERY, #HhE, HEHEICEE L CRRE
NOEMEROBIPITOI TN D, BIfE, £EH
B IR D @ MR S-5 7 B f LA 1THIT
Lo TIER S NT- 7 a0 — e E EEEIRPTEE LT
BY, TAb 7 a0— U BROBEEEE AW LA
THHBAEWEIRELZGLHENTEDLZ L HEE
ICHEFB L TWVWD Z &b, RBIREDIXREER O
HIE D TR ER GBEL TWD Z EBRRES
D, RIRY CIXASHERE CIIMERESRZSC L 0 FAR
BB ELS 725 2 L AWE Leh, A BElOERE
KB E. sinicalNIT b @ WISAREE ) 2 RO E A )3
FAETHZEDRHLMNI o7, 2D X5 7kkiT
Lth, EBRHE L TORRLT, BREICBWT
LHEATHS.

ST

AHFZE T ESTHFFERE FE N B AN [ SR AIF 42 B 6 1
REOMFFERAT g (CERk27, 28, 294EF) 2LV
i <7z,
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Studies of Cultivation of Ephedra Plants (part 12). A Report on the Large Scaled
Cultivation of Ma-huang, in the Autonomous Region of Inner Mongolia, China (2)

BLHTSRY, RERIAFI?, ©€HH WY, TEEEY, HaEHRY, /05, HgHED
VRO R ERF R A G IR FR R Gt 7t =
T243-0034 FhZS)IRE AT 71737
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Shao-ging Cai®, and Masayuki Mikage
1) Laboratory of Medicinal Plant Resources, Department of Bioresource
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2 F

2 13201340 5 54/, EEFENZE S BIRROBEZ LT ICB T 5~ 4 DK
HIBCRRR I CRIE I A LT > TE 7. HmMDOIFEROFIAERE LI DN TILT TITHk
L7, AENIEOR2FMOMAERREZRET 5. Fbith TIIEEOIHE 1L IR 4 O
TRPMZ S, RBUTELZ ML TS, SEIENES BIRRSSE OBz s
%~ F I REE O SAE OHERS 7 Il oOWT b, E£72, EFE ST,
Plafid=7 = KU Ui TH~O MR N ETH > 1)y, Kl TIXEEG T~ 0 Hifef
L LTS,

Abstract
We investigated the situation of ephedra cultivation in two large-scale plantations in the Ordos
District of Inner Mongolia Autonomous Region of China on an annual basis for 5 years starting in
2013. The information obtained until 2015 has already been reported. This document will report
the findings of studies completed in 2016 and 2017. We found the cultivating and harvesting
methods to be indeterminate but frequently improving, resulting in a year over year increase in
yield. Data from other plantations in the Inner Mongolia Autonomous Region and neighboring
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area, along with the price changes of Mahuang (or Ephedrae Herba) were collected. In addition, it

was found that the primary customer of the Mahuang plantations has shifted from

ephedrine-producing factories to traditional Chinese medicine suppliers.

1. BEFE

20134E B DOffkfEsR A & LC, 20164E10H Hif)
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Abstract

Medicinal plants cultivations in Japan may expand in near future for decrease in the import

amount of raw material of herbal medicine from China. However, there are few studies on the pest

insects about medicinal plants. In this study, the survey for the pest insects on 24 medical plant
species was conduct in Tokyo metropolitan institute of public health during 2016-2017. Pest

insects and mites were observed on 18 medicinal plant species. Many of the pests were

polyphagous pests. The damages on Bupleurum scorzonerifolium and Tetranychus ludeni were

severe. Their damages were revealed due to injuries of Thrips tabaci and Tetranychus ludeni

respectively based on the pests release exper
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1. 2017 4E5 A~11 A OFRA L4l

T TE T FLA FA
T FIVH T ~ AF Glycyrrhiza uralensis
AL T ~ AR Glycyrrhiza glabra
D &/ a4 NG AN Paeonia lactiflora
NS U B Angelica acutiloba
oA a U B Bupleurum scorzonerifolium
~ A7 ~ 4 R Ephedra sinica
TrXay U R Ligusticum striatum
7z ~ AR} Pueraria montana
AV X7 Bt Atractylodes lancea
i =N 7 a X Panax ginseng
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FOERSE R [ O SR CHRAEDSHERE S iz F

TR T4 [EEZ = 7 A A FEIERGH] AR
kS 7 FFv Gardenia jasminoides A AH N (Shih) Cephonodes hylas 2016 429 H~10 H /4
7 a X FHEX= T Panax ginseng FXTHFI T~ Thrips tabaci 2017 46 A/
THADI A LY Graphosoma rubrolineatum 2016 4= 9 A/
7 UR FAHTATY Trichosanthes bracteata WY AN Aulacophora femoralis 2016 4£9 7 /b
Va=37B) NaV N4 Aulacophora nigripennis 2016 4= 9 H~10 H /b
X a v F¥av Platycodon grandiflorus TUINLY Aulacophora femoralis 2016 4F 10 H />
RN Carthamus tinctorius TETHT T T LY Myzus persicae 2017 4= 4 A /0
. TETHT T T LY Myzus persicae 2017 4E5 H /4
B
RN T Atractylodes lancea XXTHIv= Thrips tabaci 2017 %6 H /4
TUOLF T T A Corythucha marmorata 2017 46 H~8 A/
D% BV YA Scutellaria baicalensis TETHT T T LY Myzus persicae 2017 4E 4 A /b
TV UNE = Tetranychus ludeni 201746 A~9 1/%
XEXETHFI T~ Thrips tabaci 2017 46 A~7 A/
st THEI T Thrips nigropilosus 201748 A~9 A/
Tr¥ay Ligusticum striatum
T ANFTHFI T Megalurothrips distalis 201748 A~9 A/
Fr TRy H Atractomorpha lata 2017 4= 8 H~10 H /4
I ANFTHFI T Frankliniella intonsa 2017 4= 9 H~10 A/
ETETHT T T LY Myzus persicae 2017 45 A~6 A/»
LR FEXTHF I Thrips tabaci 201746 H~8 1 /%
Bupleurum SHhrF A uTHI v~ Lema decempunctata 201746 H~7 A/4
JvwyAa EENYE | 2017 4 6 J1/%
scorzonerifol ium
AVRY ALY Homalogonia obtusa 2016 4F 10 H /4
THXEH ALY Halyomorpha halys 2016 4F 11 B/
THALH ALY Graphosoma rubrolineatum 2016 4% 10 A~11 H /4
avRy Ligusticum sinense Oliv. X7 7N (Hhih) Papilio machaon 2016 429 A/
TR AALT (Hhh) Udonomeiga vicinalis 2016 429 A~10 A/%
NAS Angelica acutiloba
X7 AN (Bhil) Papilio machaon 2016 410 A |
F 2 7 a Lycium chinense MRV Z ER Y NAY Lema decempunctata 2016 4 11 A,
. FFHRad (k) Helicoverpa armigera 2016 4 10 A/
7ruay ok Frsvava Geranium thunbergii L =l Ed
AR d] (Shd) Helicoverpa assulta 2016 4F 10 A/
ShvFAuTYIvw Lema decempunctata 2017 45 H~6 A/4
~A R ~F+ v Ephedra sinica =
XXTHIv~ Thrips tabaci 2017 4E5 A~7 A/
THXH ALY Halyomorpha halys 2016 4F 10 A/
AR I ALY Homalogonia obtusa 2016 4F 10 A/
_ . ) . NATT T A Aphis craccivora 2017 45 A/
OINH Y Glycyrrhiza uralensis
SR AuTHEIT Lema decempunctata 2017 46 A/
. TV ) UNL = Tetranychus ludeni 2016 4= 10 A .,
~ AR
EERYE | 2017 46 A /4
ROBRTA T A Anomala cuprea 2016 429 A/
7 X Pueraria montana
IV ALY Megacopta punctatissimum 2016 4= 10 H .,

AL T

Glyeyrrhiza glabra

X LB BT ()

Archips fuscocupreanus

2017 FE4 A /%

VAT T T Ay

Aphis craccivora

201744 A~5 A//%

YRS

Reynoutria multiflora

7oA R %

Anomala albopilosa

2016 4£ 9 A ~10 A /4
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