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ABSTRACT

Background: Cnidium officinale Makino and Ligusticum chuanxiong Hort. are important medicinal crops in Korea. However, there
is insufficient information on the identification of thrips, which attack these plants. Until now, one species of thrips has been
recorded as a main pest.

Methods and Results: To identify the thrips emerging in C. officinale Makino and L. chuanxiong Hort., these plants were inde-
pendently cultivated in two local areas. Thirty individuals of each plant species were selected randomly and surveyed for the pres-
ence of thrips. After confirming the existence of thrips, 100 thrips individuals were collected from each crop using the beating
method. To identify thrips species, we performed PCR-restriction fragment length polymorphism (RFLP)-based analysis using ITS2
primer sets. Six thrips species were identified: western flower thrips (Frankliniella occidentalis), flower thrips (F. intonsa), onion
thrips (Thrips tabaci), chrysanthemum thrips (7. nigropilosus), chilli thrips (Scirtothrips dorsalis), and grass thrips (Anaphothrips
obscurus). The proportion of these species differed between the host plant species.

Conclusions: Six thrips species were major pests of two medicinal crops. Integrated pest management is required to control these
thrips species, and will enhance the yield and quality of C. officinale and L. chuanxiong.
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g5 - gulfe - YEF -

F2AL (Kim, 1994), AEAY 5 F F&4=
&AL (Shin et al., 2002), 2F&AE AAE WY 2
A (Lee et al., 2007) B oF&2HE WY FAHY R
vlel=A} (Kang ef al., 20127} €L

sHl=okdo|= g (Cnidium Rhizome)?] 71€2EZ
A& C officinale Makino == T3 L. chuanxiong
Hort. (AF&8 3}, Umbelliferac)® £7]% o] (KFDA, 2012),
S7IEEAPIAEESNE 3 (C officinale Makino)o= 7]
Aol Atk (KNA, 2016). A2 Aufs7ke} ek )3
AMAME C officinale MakinoS JHAFOZ, L. chuanxiong
Hort.E& EXFOE FE3IAL Q) dAFL Folx] 5o
EUAER A Eslgdog Qlal o] A IA| &l
2} w3 W3]x] =t (BHMPES, 2012). FEjZ o= A
FI BRG] 7P 2 Aole BelEr) At dHdTe
270l oy 7] o] RAlE T oA EX
= 7he FETEAE 2ol wEE ok R Ee &
o)5 HoXRE ekl oll M= Aol AA] ghe AoE U

[e)
J3r

A ok BATS B, 6, HAL FP0 iF1ee] vt
& sE Ak W, AFE o

BA N F2 A==
&, AL, <bE, Sslollx
T f71E o] Bl
o] gzsiet. sEARE A
AR E w7tk slR R Azks A F e
A F2 A=A e AA otk (BHMPES, 2012).

QAEA =] FgEolAM HaE FAdEFole =2k
M e MelFANEd| (Megalurothrips distalis)?} THTHESH#|
(Frankliniella intonsa)’}, Ao+ tiis=xd <} )
D (Thrips tabaci)7t, T712pAM = Z=gZ4E
(Frankliniella occidentalis)’}, X+ vivglE=add (T
nigropilosus)et ARIFAE 7L, W33 AlEX e g5l
g7}, FrdTet gzollA vk 7t 8= AT (Kang er
al., 2012).

ALY RES gibd o= A& Ry 453 5 &
AE AUHA AEAE 7Hlsithrt AEz22] el ¢ 4kt
3l Bl He3 89 dAE AXe B AL E

T2 ApEta ok Edg 9
o]l £om 583 BN
= ARSI AR AEelng

% gl ot el

Z¥3L 9lth (Ananthakrishan, 1993). 3FAIRE WRSAI7[E A1 2] 7
ao] gt el A7 Ikl AL A4, 2

S8 SR 52 hlse B4 dFes 7155l
220 oF oo ® RuE vl Ut} (Yudin er al, 1986;
Ananthakrishan, 1993).

FAeFE 2 A2 Yo} 2 5
2 Bol NAB Al 270) AR 98 AFAow
set) wo] AsRs] we WER wstE o
BAE TR e Agole el A% 9%
= =

e FE= Aoz 2#A U}t (Cho ef al., 2006). ZxE

= ko
o o
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A7 B Bp YA (ATRI, 1994) F2 QTR IE
Sith webr] A BEXgelA Hlsks SAEYRE =
ARsle] % Ao WalE: wAldTe] 71xAER E8sla
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1. 3 Dbl MYl UolEat =l 3 X

AdA-F (C officinale Makino)® EH-F (L. chuanxiong
Hort.)yS 71lIskAY A2star e SAEEFE ERlsk]
3 Mg 2018 7Y, EXFS 2018 8ol =yLE
9l sk ek8A A4 S ATAIE™ W dHdT A<k
AE B3kt 24 oA EX AuACA AR S
(Table 1).

AR F a5 81 Kang 5 (2012)0] AAISH ®
HE o] &3t AMIAER 30 5= o] AEAE o=
AEsle] {RAFAE AASIN T FAEd|RFe] Fs7F Jed

ePS AAste] FAPEE R A4 2 SRS AR g
skt

ool e F
Korea)s ©]&3}]

CEEREE L

7] (#SL13014, Shinll Science, Seoul,
7t 1A EEE 100 vl olde] FAE
AFAZ 749t AAFWA (SteREo
Discovery V8, Carl-Zeiss, Jena, Germany)2 ©]&38}o] 7lo]
85 sIlal Bt A9 EAsS fal /AR WsE
FAG & W& 55 o]838te] mlo|ARFH| gol 20T
LS

IL
o

' PCR-RFLP &
RED Extract-NAmp

2. Genomic DNA F&, PCR

FAHF2  genomic DNAE

Tissue PCR Kit  (#090M6175, Sigma-Aldrich Co., St.
Louis, MO, USA)YS AH&-at] 7} 7AEE FZ31itt.
Table 1. The geographical information on thrips collection.
Collection Host . Altitude
d Coordinates
ate plant (m)
North .
Latitude East Latitude
- 36° 50’ 128° 31’
8 July, 2018 C. officinale 06.27" 41.94" 364
8 August, . 36°57' 128° 56’
2018 L. chuanxiong 14.36” 3230 410




URED} SR LSl

Genomic DNA®| EA|3l= ITS2 (internal transcribed
spacer 2) 999 S I3 Toda ¢} Komazaki (2002)7}
AFEAE Z2lo]m (Toda-F2; 5-TGTGAACTGCAGGACA
CATGA-3’, Toda-R2; 5’-GGTAATCTCACCTGAACTGAG
GTC-3y& ol&-3k3irt.

PCR RH-&-91-& Ahn 5 (2014)°] AAISH W= #2313
6 genomic DNA 1407} 3 Wkl 50 0 (2.0 mM
MgCl,, 02mM dNTP, 0.2 uM primer, 1x PCR buffer)o] 1
unit®] Taq DNA polymerase (Bioneer Co., Daejon, Korea)
£ Hrbstdoh 42 F3%S Thermal cycler (TP600,
TaKaRa Bio Inc., Shiga, Japan)Z ©]-&3}o], 94Tl 10
B7F %7] denaturationS A3 o]F 94To|A | £7+
denaturation, 55CollA] 1 #7F annealing, 72CollX 1 &7+
extension 3h= WHS-S 35 3] WS}l o]% mix|uto g 727
X 10 B7} extensionS AA| 53T

PCR A#iHE 545 2% agarose gelol|] H7|95o=2 A
MAA & AFE gelg ¥, §& PCR A= S
Qiaquick PCR Purification Kit (Qiagen Inc., Germantwon,
MD, USA)E ©|-&3fd A3

PCR-RFLP (polymerase chain reaction-restriction fragment
length polymorphism)E 4418171 $J3ll AA1¥ PCR Adrke
10 b o] A|3+E A Rsal (Thermo Fisher Scientific, Waltham,
MA, USA) 5 units #|3laL 37ColA] 2 A7 &9 ke
7, 60ColA 20 27 AFdaLE BBHIATIL, 2%
agarose gel (TAE buffer)ol] 217|953l Algtaie] =80
® 27d DNA @] s Sl

3. BLAST ZM 2 IS Zhd
ITS2-PCRE] H714E #42 nvlo]2Y o}l (Bioneer Co.,

Daejon, Korea)oll &3] st E4dH H7|Ee
—‘rE'r

NCBI°l 554 FTAEHFES] ITS2 F711<E# nucleotide
BLAST (blastn) 24 F frAH=7E 7HE 52 & 2ok <l

sgct.

Asre A7IMEE Y Z7|= F2e v MEGA 4
(Tamura et al, 2007; https:/www.megasoftware.net/mega4)<}
BioEdit (Ver 7.0, Isis Pharmaceuticals Inc., Carlsbad, CA,

USA)®] Clustal W WS ARg-3te] AHsH & 23Tt

SHE FANEEFE MEeR X EdT 7 715
Ay EXAEE E4310 0 Steel-Dwass tests 53
z} 7152 S EE R feAE Hlaskelt

iy 3 nF

h =)

ITS2-PCR ¥ PCR-RFLPZ o] &3+ Ex15%4 Az, 2.7
A, divade], 2S5, vdelEada, v%
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Fig. 1. Gel-electrophoresis of ITS2-PCR products using I1TS2
primer on genomic DNA from the six thrips species
(A) and PCR-RFLP using Rsa | (B). M; 1,000 bp (A) and
100 bp ladder (B). lane 1; F. occidentalis (442 bp), lane
2; F. intonsa (455 bp), lane 3; T. tabaci (498 bp), lane 4; T.
nigropilosus (850 bp), lane 5; S. dorsalis (510 bp), lane 6;
A. obscurus (460 bp). Parenthesis means expect size of
each species.

(A) (B)
N F. occidentalis
N F. intonsa
u 8. dorsalis
W T. nigropilosus
W A. obscurus
B T. tabaci

Fig. 2. The distribution ratios of six thrips species in two

medicinal crops, C. officinale (A) and L. chuanxiong
(B). A hundred thrips were collected in each host plants
and each ratio was calculated based on molecular
identification by PCR. Values for each ratios labeled with
different letters are significantly different (p < 0.05) by
the Steel-Dwass test.

A, AESAEY T F 6 T FAEEFIE dHT
(C. officinale Makino)?} &3¢ (L. chuanxiong Hort.)A]
A AU A2ehes ZloR RISt (Fig. 1). o2 &
P54 AdE viEReR 7|FAEE E¥REs BYsiY
(Fig. 2).

AN E tusaAlds (33%) > ZxdEAEd (27%)
> uluglEadal (21%) > B25A088| (Scirtothrips dorsalis)
(9%) > tN&B[Z=NEd|  (dnaphothrips obscurus) (8%) > I}
FTAEE 2%) = W, EXFeXE £xedEAdE
(32%) > tIREEA A (28%) > PIUEEAdd (19%) > 55
A (11%) > NEHZS=AHE (6%) > T2 (4%)
o| T F e B tivkeAldE| el 2= AEE 7 60%
ool 7hg e BE¥H|E-S BAY (Fig 2).

gk S2EFA e} oA 2 v A 9
o] A=Y= (Fig 3) E5FHEHAE LvApe] 8
Fo 2 BAEXAL = vF (Ham et al, 2013) 715 &
= AMAAES] giet #E S sloR ddEnh

ABE 24 A7, oWl ATolA ERlE tidHEAHEE
NCBI®| 55% tvEse] 58S, ITS2 ¥ 285 rRNA 4R
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Fig. 3. Morphology of A. obscurus (A) and T. nigropilosus (B)
under the stero microscope.

o} HwPg uf
o} eyRlEAde dGA FY fRRke] F=Es) vlag
= O 1500
2 9%k zjo]= FHET} (Fig. 4).

RDA (2003)2 1999 - 2003d7k<] = Zadg|o}=e] &
T8 Xedste] Aolr ExwFadse, uvEAdy)
EEZAMEY, ssAdd 9 ey A48 g

e

A)

<]

S2E7HA] g 7 AS ARt ot

2ol Exshs ARTANEY = T2 ST, 2 5
o] FEF % EHEA 5 HI (Poaceae) AES 71l 5t
grass thrips® E2]™A] (Mirab-Balou and Chen, 2010) Al A
How Hysle dFoz dEA Jom (Bailey, 1948;
Koppd, 1970; Nakahara, 1995; Mound and Kibby, 1998)
& Ao R WEA NAS FA St Dol Azhst
Hs)E 20} Jiang er al., 2015, 2016).

A5 752 do AL YEES E53 =
S 2R} A=A Ssilvertop’olehs E4S
a2 g z)eF A 7910 fasts fridshe A
A Jt} (Kamm, 1971; Mound and Masumoto, 2009). &
3] T3l Wk E|RAl= Fdo| AA s, TARNE &
olgt 4= "elo] F|E WA HWH FiFo] IA HAETh
(Reisig et al., 2009).

A, chrysanthemum thripsg} F-2+ vU|EAdeE= &

Al

o

i)
1=

fr

K
2 ot "
N

o

o

48] A. obscurus AB973072
36] A. obscurus AB972959
S11 A obscurus AB973069
A. obscurus AB972962

A. obscurus AB973077

0.1

G 91 T. nigropilosus AM932198
Qﬂr nigropilosus AM932132

T. nigropilosus AM932137

181008-18-TodaF2R2-Th-11-Toda-R2

T. nigropilosus AM932190

| — 181008-18-TodaF2R2-Th-13-Toda-F2

10— 181008-18-TodaF2R2-Th-14-Toda-F2

p—
0.01

Fig. 4. Phylogenetic trees of A. obscurus (A) and T. nigropilosus (B). The tree was constructed by using
the MEGAA4 after aligning the sequences with Megalign and generating evolutionary distance matrix
inferred by the neighbor-joining method using Tamura 3 parameter. The numbers at the nodes
indicate the levels of bootstrap support based on data for 1,500 replicates. The scale bar indicates
0.01 substitutions per nucleotide position. The 5.8S, ITS2, and 285 rRNA genes reported in Taiwan
(AB973072, AB972959, AB973069, AB972962, and AB973077) and England (AM932198,
AM932132, and AM932137) local species of A. obscurus and T. nigropilosus were used for
phylogenetic trees construction. The 181008-18-TodaF2R2-Th-11-Toda-R2 of A. obscurus and
181008-18-TodaF2R2-Th-14-Toda-F2 of T. nigropilosus as same gene were identified from domestic

species, respectively.
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L= EMS0IM

wro] da] #A 9o (Mound and Walker, 1982), T
Aoz gt =S 7Kg} (Morison, 1957; Palmer et
al., 1989). dENX = F3ke] F2 FFoz LA o
(Uesumi, 1989; Tkeda, 1990) TR E=oM = Y7 A9 739
[Cirsium vulgare (Savi) Ten]olA =7 |= A
(Walker and Michaux, 1989).

njyg]Eaddls AAE (macropters), ©A18 (brachypters)
2 F7F 29 PN ¥8E Hole 4] e vk,
T DA FS HRIth (Nakao, 1993). o]2igh ¢4Zle] 2l
A ARl Fall Nakao (1993, 1994)= FF7],

ul

_Q__I,:_‘;_g

=)

R

o1 Ze] o] 9he

T8k

h © =

OiZE A e dF T3 DAIE  (brachypters), FATE
(macropters), 2 F7F £HHS Yepli=t, oldg 3 74 ¥
g Wl 5] Wshs A FF7], 71F5AEe] ¥4 H
A dest Az mt g2k o e Balsiich

(Kamm, 1972; Reisig et al., 2010). ©|¥% =ejoX= o7
FAEE T A, Y T veket At BaEL 9L
ARE, sljollM = ExdAEd, oivEady], LolFAd
g F 78 TAEHFE ALdstas obH7] dFEang A
H7} 25g Aol

dubzlow FTAEHFE AES Pl gt (de
Kogel and Koschier, 2002). Koschier %5 (2000)2 3] %A
o] gk Ay o] RIS Hrleliet 3 %
9] benzenoids?! benzaldehyde®} p- <} o-anisaldehyde, 4
nerol, linalool®  (+)-
(E)-p-farnesene, 3-
phenylpropionaldehyde, 2 &F<] phenylpropanoidsell #783gk
el8o] AS B TE ES den Belder 5 (2001)2
F XA olfactory bioassays F3l IEAlHE Q] A
%] aldehyde “ditell f91HS BTt

YHAZAME 62 T2 LA =2 12 T2 WP =4
(Chung, 2004), EXZoIX= 73 F<] 3 =20 74
AT} (Zhang et al, 2007). AFoNA= ZA hydrocarons,
alochols, esters, phthalides ¥ 7|ElZ A€ wWhH, EXZ
1= hydrocarons, alochols, acids % 7]E}Z
ol AT Zol7t s RISkt
A ol¢dE e i 24 tigk F1HQl
7} A steEiske] IRk Qi AEF 257 st
ol tigh A+ E=3k g3 Aoz ek

FAEE 7 EAE8S 918 Toda ©F Komazaki (2002)
7b AAZE ITS2 9] Z2to|w S ARE-SI3ith Kang &
(2012)°] oln] AFF=e] ol Ao % ITS2-PCR 4H=9]
Agas A d#7F o | vE2A Yehbe 23S glst
R 7195 F AollA & w=E 37] ofHh
A7 FAEE R & WHES 98] B2 ZgolmEo]

FF9 monoterpens?!  geraniol,

citronellol,  sesquiterpene$! eugenol,

o,
i
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Mol BIEATH (Brunner et al, 2002; Nakahara and
Minoura, 2015; Yeh et al, 2014, 2015). A9k ) @Al
ZFo] FES 93 Mt Zelo|w suke 3P| At

&

fgRBRl ohe} BeR, AR, BT S AL
A elE T B FE BUBRTE oy Fof By

ZAor FHEG. webA g Hell oY Fo| S

B AT AEE ARagsei
FE0702-2018-01)2] A$1el] 2]&] o]Fo]zl
Huh.
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Azt ol e

REFERENCES

Agricultural Technology Research Institute(ATRI). (1994).
Cnidium officinale. In Compendium of medicinal plant pests
with color plates. Agricultural Technology Research Institute.
Seoul, Korea. p.102.

Ahn SB, Lee SH and Cho WS. (1990). The insect pest species
on the composite herb plants and their damages. Research
Reports of the Rural Development Adminstration, Crop
Protection. 32:26-32.

Ahn SJ, Cho MR, Park CH, Kang TJ, Kim HH, Kim HW and
Yang CY. (2014). Halo spot symptom induced by oviposition
of Frankliniella occidentalis on grape fruits: Molecular diagnosis
by a species-specific DNA amplification and microscopic
characterization of the symptom. Korean Journal of Applied
Entomology. 53:281-286.

Ananthakrishan TN. (1993). Bionomics of thrips. Annual Review
of Entomology. 38:71-92.

Bailey SF. (1948). Grain and grass-infesting thrips. Journal of
Economic Entomology. 41:701-706.

Bielza P, Quinto V, Contreras J, Torné M, Martin A and
Espinosa PJ. (2007). Resistance to spinosad in the western
flower thrips, Frankiniella occidentalis(Pergande), in greenhouses
of south-easter spain. Pest Management Science. 63:682-687.

Bongwha Highland Medicinal Plants Experiment Station
(BHMPES). (2012). General information, cultivars and
characteristics. /n Easy guide to understanding cultivation of
Cnidium officinale Makino and Ligusticum chuanxiong Hort.
Bongwha Highland Medicinal Plants Experiment Station.
Daegu, Korea. p.7-21.

Brunner PC, Fleming C and Frey JE. (2002). A molecular
identification key for economically important thrips species
(Thysanoptera: Thripidae) using direct sequencing and a PCR-
RFLP-based approach. Agricultural and Forest Entomology.
4:127-136.

Cho SR. (2006). Environmental friendly control of caterpillars
occurring on leaf vegetables in greenhouse with entomopathogenci
nematodes. Ph.D. Thesis, Gyeongsang National University. Jinju,



s

Korea. p.120.

Chung MS. (2004). Volatile compounds of Cridium officinale
Makmo- Food Science and Biotechnology. 13:603-608.

de Kogel WJ and Koschier EH. (2002). Thrips responses to plant
odours. In Thrips and Tospoviruses: Proceedings of the 7%
international symposium on thysanoptera. Australian National
Insect Collection. Canberra, Australia. p.189-190.

den Belder E, Elderson J and Agca 1. (2001). Is olfactory
orientation of Thrips tabaci disrupted by a non-host plant?
Proceedings of the Section Experimental and Applied Entomology
of the Netherlands Entomological Society. 12:61-64.

Ham EH, Lee YS, Lee JS and Park JK. (2013). Biological control
of magnolia white scale; Pseudaulacapsis cockkerelli(Cooley)
(Hemiptera: Diaspididac) and yellow tea thrips; Scirtothrips
dorsalis Hood(Thysanoptera: Thripidae) on five flavor berry
orchards, using Chrysoperla nipponensis(Okamoto) (Neuroptera:
Chrysopidae) and Amblyseius swirskii Athias-Henriot(Acari:
Phytoseiidae). Korean Journal of Nature Conservation. 7:142-146.

Ikeda F. (1990). Thrips nigropilosus Uzel. In Chrysanthemum pest
control. Kokkaen Publishing. Osaka, Japan. p.154-155.

Jeon HY, Kim DS, Cho MR, Yiem MR and Chang JS. (2000).
Recent status of major fruit tree pest occurrence in Korea.
Journal of Korea Society for Horticultural Science. 41:607-612.

Jiang HX, Niu SH, Li XW, Zhang XC and Feng JN. (2015).
Comparison of developmental and reproductive biology in wing
diphenic Anaphothrips obscurus(Thysanoptera: Thripidae). Journal
of Asia-Pacific Entomology. 18:735-739.

Jiang HX, Zhang XC, Niu SH and Feng JN. (2016). Effects of
temperature on the development, reproduction and population
growth of Anaphothrips obscurus(Thysanoptera: Thripidae).
Journal of Asia-Pacific Entomology. 19:1175-1181.

Kamm JA. (1971). Silvertop of bluegrass and bentgrass produced
by Anaphothrips obscurus. Journal of Economic Entomology.
64:1385-1387.

Kamm JA. (1972). Environmental influence on reproduction,
diapause, and morph determination of Anaphothrips obscurus
(Thysanoptera: Thripidae). Environmental Entomology. 1:16-19.

Kang TJ, Ahn SJ, An TJ, Cho MR, Jeon HY and Jung JA.
(2012). Thrips in medicinal crops in Korea: Identification and
their damages. Korean Journal of Medicinal Crop Science.
20:487-492.

Kim KW. (1994). Surveys on ginseng damage by insect and other
animal pest. Korean Journal of Applied Entomology. 33:237-241.

Koppa P. (1970). Studies on the thrips(Thysanoptera) species most
commonly occurring on cereals in Finland. Annales Agriculturae
Fenniae. 9:191-265.

Korea Food and Drug Administration(KFDA). (2012). The
Korean pharmacopoeia. Korea Food and Drug Administration.
Cheongju, Korea. p.10.

Korea National Arboretum(ANA). (2016). Standard checklist of
cultivated plants in Korea. Korea National Arboretum. Seoul,
Korea. p.101.

Koschier EH, de Kogel WJD and Visser JH. (2000). Assessing
the attractiveness of volatile plant compounds to western flower
thrips Franliniella occidentalis. Journal of Chemical Ecology.
26:2643-2655.

Lee DW, Han GY, Park JC, Ryu HB, Kim DS, Lee SM, Kim

. HES L 75

22

B -

£

Sh

HM

[= =)

CS, Park CG and Choo HY. (2007). Kinds and occurring
time of insect pests in medicinal plant garden. Korean Journal
of Medicinal Crop Science. 15:371-390.

Mirab-Balou M and Chen XX. (2010). First description of the
male of the wheat thrips, Anaphothrips obscurus(Thysanoptera:
Thripidae). Zootaxa. 2540:65-68.

Morison GD. (1957). A review of british glasshouse thysanoptera.
Transactions Royal Entomological Society London Ecological
Entomology. 109:467-534.

Mound L and Masumoto M. (2009). Australian Thripinae of the
Anaphothrips genus-group(Thsanoptera), with three new genera
and thirty-three new species. Zootaxa. 1:1-8.

Mound LA and Kibby G. (1998). Thysanoptera: An identification
guide. CAB International. Wallingford. Oxon, England. p.70
Mound LA and Walker AK. (1982). Thrips nigropilosus Uzel. In
Fauna of New Zealand number 1 terebrantia(Insecta: Thysanoptera).

Manaaki Whenua Press, Lincoln, New Zealand. p.74.

Nakahara S and Minoura K. (2015). Identification of four thrips
speices(Thysanoptera: Thripidae) by multiplex polymerase chain
reaction. Research Bulletin of the Plant Protection Service
Japan. 51:37-42.

Nakahara S. (1995). Review of the nearctic species of
Anaphothrips(Thysanoptera: Thripdidae). Insecta Mundi. 9:221-
248.

Nakao S. (1993). Effects of temperature and photoperiod on wing
form determination and reproduction of Thrips nigropilosus
Uzel(Thysanoptera: Thripidae). Applied of Entomology and
Zoology. 28:463-472.

Nako S. (1994). Effects of food type on wing form determination and
development in female Thrips nigropilosus Uzel(Thysanoptera:
Thripidae). Applied of Entomology and Zoology. 29:273-278.

Palmer JM, Mound LA and du Heaume GJ. (1989). CIE guides
to insects of importance to man. 2. Thysanoptera. CAB
International. Wallingford, England. p.73.

Park SD, Choo YD, Jung GC, Park SD, Choi DW and Choi
YE. (1992). Nematodes associated with medicinal herbs.
Korean Journal of Applied Entomology. 31:396-415.

Reisig DD, Godfrey LD and Marcum DB. (2009). Thresholds,
injury, and loss relationships for thrips in Phleum pratense
(Poales: Poaceae). Environmental Entomology. 38:1737-1744.

Reisig DD, Godfrey LD and Marcum DB. (2010). Plant quality
and conspecific density effects on Anaphothrips obscurus
(Thysanoptera: Thripidae) wing dephenism and population
ecology. Environmental Entomology. 39:685-694.

Rural Development Administration(RDA). (2003). Taxonomic
study on the Korean Terebrantia(Thysanoptera). /n 2003 Crop
Protection Research. Rural Development Administration.
Suwon, Korea. p.731-751.

Rural Development Administration(RDA). (2013). The meaning
of medicinal crops. /n Medicinal Crops-guideline of agricultural
technology 7(revision). Rural Development Administration.
Paju, Korea. p.10.

Shin HY, Lee DW, Choo HY and Chung DC. (2002). Insect
pests of major medicinal crops in gyeongnam province. Journal
of Agriculture and Life Sciences. 36:83-93.

Tamura K, Dudley J, Nei M and Kumar S. (2007). MEGA4:
Molecular evolutionary genetics analysistMEGA) software



L= EMS0IM

version 4.0. Molecular Biology and Evolution. 24:1596-1599.

Toda S and Komazaki S. (2002). Identification of thrips species
(Thysanoptera: Thripidae) on Japanese fruit trees by polymerase
chain reaction and restriction fragment length polymorphism of
the ribosomal ITS2 region. Bulletin of Entomological Research.
92:359-363.

Uesumi Y. (1989). Thrips nigropilosus Uzel. In Pest thrips in
Japan. Zenkoku Noson Kyoiku Kyokai Publishing Co. Ltd.,
Tokyo, Japan. p.313-314.

Walker AK and Michaux B. (1989). The chrysanthemum thrips,
Thrips nigropilosus Uzel(Terebrantia: Thysanoptera), on Scotch
thistle, Cirsium vulgare(Savi) Ten.(Compositae: Cynareae) in
New Zealand. New Zealand Entomologist. 1:17-19.

Yeh WB, Tseng MJ, Chang NT, Wu SY and Tsai YS. (2015).
Agronomically important thrips: Development of species-

23

specific primers in multiplex PCR and microarray assay using
internal transcribed spacer 1(ITS1) sequences for identification.
Bulletin of Entomological Research. 105:52-59.

Yeh WB, Wu SY, Tseng MJ, Chang NT and Chen WP. (2014).
Multiplex PCR for molecular identification of economically
important thrips. Formosan Entomologist. 34:211-225.

Yudin LS, Cho JJ and Mitchell WC. (1986). Host range western
flower thrips, Frankiniella occidentalis(Thysanoptera: Thripidae),
with special reference to Leucaena glauce. Environmental
Entomology. 15:1292-1295.

Zhang C, Qi M, Shao Q, Zhou S and Fu R. (2007). Analysis of
the volatiles compounds in Ligusticum chuanxiong Hort. using
HS-SPME-GC-MS. Journal of Pharmaceutical and Biomedical
Analysis. 44:464-470.





