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Ethnobotanical survey on mosquito-repellent plant
used by Hani people in Xishuangbanna
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Abstract: Mosquitoes spread malaria, dengue fever and other serious diseases which threatens the health of human and
livestock, especially for the people in Xishuangbanna, who have to face the long-term problem of mosquito
harassment. We investigated the traditional knowledge of mosquitoes and insects repellent plants using ethnobotany meth-
odology. The folk knowledge of repelling mosquitoes was cross-validated and preliminarily explained through literature re-

view. Totally 91 informants in 12 Hani villages were interviewed in this study. Twenty-four species of mosquito-repellent
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plants which belongs to 15 families and 19 genera were cataloged. The main used part of the mosquito-repellent plants is

leaf. Burning plants to fumigate, hanging plants somewhere, spreading plants downstairs and mashed to smear are the

most commonly used methods. Ranking method was used to identify mosquito repellent plants with high development and

research values. There are five species with high development value: Artemisia genera( three species) , Nicotiana taba-

cum , Litsea cubeba. There are eight species with high potential research value: Clausana excavata, Cymbopogon ciiratus ,

Cinnamomum porrectum, Allium sativum, Chenopodium ambrosioides etc. Through literature cross-check, Adenosma

buchneroide , Semnostachya menglaensis etc., and eleven species of mosquito-repellent plants were identified for the first

time. In relation with their chemical composition and research status of mosquito-repellent activity of monomeric com-

pounds, with the exception of Scleria terresiris and Allium fistulosum , the remaining nine species contain repellent chem-

ical constituents, which indicates that the folk are rich in traditional knowledge for repelling mosquitoes and has verified

the folk knowledge for repelling mesquitoes is reasonable and scientific. The study also plays a part in documenting and

conserving traditional knowledge of mosquito-repellent plants.

Key words: Xishuangbanna, ethnobotany, Hani people, mosquito-repellent plant, activity
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Table 1  Basic geographic information of the investigated villages

B/t 4 5 FiaE s 21k ok
County/ City Town Village and stockade Latitude Longitude (m)
i s £ Mengla County #C4 Menglun Town K Hi %€ Dakaxin Stockade 21°53'48.57 N 101°14'43.91 E 655
1 f B Menghai County AR £ Mengsong Township =16 " 7€ Sanmaishang Stockade ~ 22°02'36.66 N 100°37'24.37 E 1596
#l¥EEL Menghai County %K £ Mengsong Township 51112 Chaoshan Stockade 22°02'21.51 N 100°37'09.64 E 1491
#il B Menghai County  HJifE4H Mengzhe Town 24k Manlin Village 21°53'37.23 N 100°15'02.56 E 1411
Hh7FE Menghai County  ¥$WIF1% Gelanghe Township M7 37 %€ Pasha New Stockade 21°50'37.37 N 100°31'08.84 E 1351
B B Menghai County  #$BIF1% Gelanghe Township WAL Hi %€ Pazhen New Stockade ~ 21°50'40.60 N 100°25'33.11 E 1280
B E Menghai County  ¥$HIF1% Gelanghe Township £ 3k %%E Shitou Old Stockade 21°55'51.37 N 100°35'34.31 E 1638
#l £ Menghai County  745F % Xiding Township WAL Babing Village 21°57'11.12 N 100°10'10.16 E 1 846
FUETT Jinghong City %l 7245 Menglong Town B R AT Mengsong Village 21°29/25.03 N 100°30'58.02 E 1620
FUET Jinghong City Bl JE4 Menglong Town SeEEE Xianfeng Stockade 21°29'48.04 N 100°30'29.50 E 1 602
FUETH Jinghong City #5548 Menghan Town 8 2, K%E Manme Large Stockade  20°49'12.33 N 101°06'28.42 E 1 100
$HHET Jinghong City 4 % Jingha Township L kF Monan Village 21°50'10.17 N 100°55'50.12 E 547
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Table 2 Number of informants at all ages
SAB(HS
A Overall number of people
ge stage Man Woman
( Percentage )
<50 3 4 T7(7.77%)
50~59 15 8 23(25.27%)
60~ 69 17 11 28(30.76% )
70~79 12 9 21(23.07%)
>80 3 9 12(13.18%)
ST Total 50 41 91
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Table 3 Plants used by Hani people for repelling mosquitoes in Xishuangbanna
*4 %Z %’l iﬂ A Moy SET A N i ﬂ}CV‘F%
: A % AWM IKETR fd PR AL JERES GR{H
. Scientific . i . Voucher
Family Local name Habit Target insect Used part Use GR score
name number
ik A Yavkhawq AR e ke WY ET KR Y it Be URIR I 14 FRYO1
Solanaceae Nicotiana Herbal Mosquitoes, fleas, chicken Leaf Burning, skin ap-
tabacum lice, aquatic leeches, ants plication, laying
3R BORE)  Yakajeiq  HA B ET OKEE XYET Ea Ny Be DRI K 12 FRY04
Compositae  Artemisia sp. dawvq Herbal Mosquitoes, louse, aquatic ~ Whole plant,  Burning, skin ap-
leeches, chicken lice leaf plication, laying
EHp 3’3 Yarkajeiq LW/N e BV K IR O ET 2k DA 1)) 12 FRYO02
Compositae  Artemisia sp. dawvq Herbal Mosquitoes, louse, aquatic ~ Whole plant,  Burning, skin ap-
leeches, chicken lice leaf plication, laying
HEL HHE M) Yarkajeiq A G EF Kig GERF /N B TR K 12 FRY03
Compositae  Artemisia sp. dawvq Herbal Mosquitoes, louse, aquatic ~ Whole plant,  Burning, skin ap-
leeches, chicken lice leaf plication, laying
Y IPCT Sigbir R L a1 E7S e i 12 FRYO5
Lauraceae  Litsea cubeba Tree Mosquitoes, ants Whole plant Burning, laying
i FKg 0 gt BRI 11
Mosquitoes, aquatic leeches, Branch Hanging, skin ap-
ants and leaf plication
LRI AT b G 11
Mosquitoes, ants Bole Burning, laying
I ES e 11
Mosquitoes Seed Burning
b N Yaxaer A W Bk YET m Be 10 FRY06
Rutaceae Clausena xirpavq Shrub Mosquitoes, fleas, chicken Leaf Burning, laying
excavate lice
ARAEL Frig e Pawqpir FAR LR ULV L] i be IR K 9 FRY07
Gramineae  Cymbopogon Herbal Mosquitoes, ants, flies Leaf Burning, skin ap-
citratus plication, laying
R e Laeqpir A g IH: B 7 FRYO08
Lauraceae  Cinnamomum  laeqsav Tree Mosquitoes Leaf Skin application
parthenoxylon . .
L AL Wk
Mosquitoes Seed Skin application
Ll AR T
Mosquitoes Root laying
I i R HIEFH Khaghmr A iy Bk i B IR 6 FRY09
Verbenaceae Clerodendrum  daeqtsiq Shrub Mosquitoes, fleas Leaf Burning,
chinense skin application
I i B R B Khaghmr HEA iy Bk i B IR 6 FRY10
Verbenaceae Clerodendrum  daeqtsiq Shrub Mosquitoes, fleas Leaf Burning,
bungei skin application
I ¥R it Jaqtsir EA I U BE TRIK 6 FRY11
Verbenaceae Clerodendrum Shrub Mosquitoes Leaf Burning, skin ap-
Japonicum plication
FARE mE Migxuq R Ll i be Bl Rt 3 FRY13
Pinaceae Pinus (arpavq) Tree Mosquitoes Leaf Burning,
yunnanensis laying, hanging
LGy e
Rosin Burning
KikF Lagin] Migbeev AR e BBz B 3 FRY14
Dipterocar-  Mallotus sp. saqdu Tree Mosquitoes Bark Burning
paceae Arbawr
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. Scientific . . Voucher
Family Local name Habit Target insect Used part Use GR score
name number
2R ST Hhoqnioq %A B @l XGET Mo BERSY B 6 FRY15
Chenopodi-  Chenopodium  niogssaq Herbal Mosquitoes, louse, Aerial part laying
aceae ambrosioides chicken lice
HER Kz Saerpur LN e KR fij =% Wk 6 FRY12
Liliaceae  Allium sativum Herbal Mosquitoes, aquatic Bulb Skin application
leeches
v K Naevqzaq HR g H L EB A e L 5 FRY16
Polygonaceae  Polygonum tseevqtsir Herbal Mosquitoes Aerial part Burning, laying
hydropiper
R E3) Maerxeer FHA LV Pz 232 5 FRY17
Zingiberaceae  Curcuma Herbal Mosquitoes Tuber Skin
longa application
ZEH BIEEERE  Lawraq R LSy ML EB A T B 3 FRY19
Scrophula-  Adenosma Ghawadov Herbal Mosquitoes, fleas Aerial part Laying, hanging
riaceae buchneroides
[N ERS Fife
Mosquitoes, snake Whole plant Planting
LI d PiA5g {3
Mosquitoes , fleas Inflorescence ~ Adorning
ARk EHLE Nyogma savq  EA I KiE By WK 3 FRY!8
Compositae  Eupatorium Herbal Mosquitoes , Aerial part Skin application
odoratum aquatic leeches
EHp FIGSHA  Civqmaevq A g K ig M L EB 4 B IR 3 FRY20
Compositae Laggera yavkhawq Herbal Mosquitoes, aquatic Aerial part Burning,
pterodonta leeches skin application
%} 27N Arbavq LN e 3% E i B 4 FRY21
Compositae  Eupatorium mirbymq Herbal Mosquitoes Leaf Burning
coelestinum chicken lice
BHR R fiP i Hawqgnyawq A L i fif s 3 FRY22
Acanthaceae Semnostachya saw Herbal Mosquitoes Leaf Adorning
menglaensis yarmovq
WHEEL S22 Saermog LN e K | i Ly b 1 FRY24
Cyperaceae Scleria Herbal Mosquitoes, aquatic Leaf Burning
terrestris leeches, bees
[ERSE KA Saerboq AR LN s ik 1 FRY23
Liliaceae Allium Herbal Mosquitoes, flies Leaf Laying
Sistulosum
x4 fINHEFER
Table 4  Scoring sort results
3HH Score Fi %) Plant #r{H Value
11~15 )8 3 R L ASHL(S R HA B KM E
Artemisia spp. (3 species) , Nicotiana tabacum, Litsea cubeba(5 species) It has high research and development values
6~10 NI B FPRRET TR LA T RS MU | IR R (8 Bl BB mSE W I R i
Clausena excavata, Cymbopogon citratus, Cinnamomum parthenoxylon , It has high potential research and
Clerodendrum bungei, Clerodendrum chinense var. simplex, Clerodendrum ja- development values
ponicum, Chenopodium ambrosioides, Allium sativum (8 species)
2~5 JKEE AL BRI R L BN R S HA RN E
s BFA (9 ) It has potential research value
Polygonum hydropiper, Eupatorium odoratum, E. coelestinum, Adenosma
buchneroides, Curcuma longa, Laggera pterodonta, Semnostachya menglaen-
sis, Pinus yunnanensis, Mallotus sp. (9 species)
! FF I KA (2 ) o e A

Scleria terrestris, Allium fistulosum (2 species)

Its accuracy and effectiveness need to verify
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Table 5 Chemical constituents and activities of mosquito-repellent

plants of Hani People in Xishuangbanna

4,

Scientific name

feE g

Chemical component

RIS P B 5 1 Sk

Mosquito-repellent activity references

111 XS AR

Litsea cubeba

AN

Clausena excavata

B

Artemisia spp.

A

Nicotiana tabacum

g

Cymbopogon citratus

Ly
Cinnamomum
porrectum

Kirs

Allium sativum

AL
Eupatorium
odoratum

ATV L]
Laggera pterodonta

RajilEr
Chenopodium
ambrosioides

PN

Pinus yunnanensis

Eaginl
Mallotus sp.

e

Curcuma longa

KE
Polygonum
hydropiper

o JRHR , BT A HATHE L1, 8- I e, O DA MR AT RIS AR )
eI WEY S e

a-pinene, B-phellandrene, sabinene, 1,8-cineol, citronellol, linalool,
aldehyde, alkaloids, terpilene dihydrochloride, methyl heptenone, sterols,

V- FERZ 8%, 2007 ; Vongsombath et al., 2012)
FPRGEMES , y-F IR, S Al i B- AR, 3-8 W e ke 5

Limonene, <y-terpinene, terpinolene, B-myrcene, 3-carene, p-cymene, etc.( Cheng

et al., 2009)

citral, lemon

ete. (B

WK b A IO | R AT SRR W RBURR A DR A e i A
Terpinene, phellandrene, camphene, caryophyllene, humulene, pepper thin, cam-
phor, thujone, camphol;eucalyptol, ete. (5KICEE,2016)

TR, AT ARE, 0 SR B, SRR BT G N, SRR T A
Flavones, diterpenoids and sesquiterpenes, nicotine, solanesol, sclareol, neophyta-

diene, solanone, chlorogenic acid, rutin, etc. (#EHi%, 2016; 2525 ,2015)

TR, A OO PRI A AR VIR, R R
Citronellol, geraniol, citronaldehyde, citral, limonene, myrcene, linalool, citronella

acetate, etc.( Hsu et al., 2013 ;X754 2015)

AR, A, r- R | B-H BRI , /KO H X SR AR 2, 48 0, DAT 14 , B-
JFRRBE MRS, B-2 MR, JE X, WA T | T2 i e 4
Camphor, pinene, T-terpinene, B-myrcene, a-phellandrene, p-cymene, 4-carene,

D-limonene, B-linalool, eucalyptol, B-ocimene, camphol, a-terpineol, ciliate,

ete. (A ENFEFIBR 288, 2007 ; % 7k B4 2003)

FRE, BT, B S Y55
Allicin, steroidal glycosides, sulfides compounds, etc. (#XFFFEKZ 8%, 2007)

SR , D7 Fa s AP me B R SR 2R =
Bornyl, linalool, sesquiterpenoids, coumarins, sterols, flavonoids,

alcohol, etc. (XS F-FIBRZ %, 2007)

the ternary

S PR B T, AR R TR ol AR, BRI
BN - R

Monoterpenes, flavonoid, artemitin, quercetin, pinostrobin, cyanidenon, apigenin, o-

pinene, B-pinene, myrcene, y-eudesmol, etc. (Wf# 45, 2014; Lu et al., 2014)
ORI 2R, o~ AR B B, oS AR, VKO, S B, =R RIS R M
T, SAR B A5

Ascaridole, a-terpinene, thymol crystals, p-cymene, bornylene, sterols triterpenoid
saponins, ﬂdvonmds and their glycosides, isopinocamphone, etc. (/N Q)Eﬂ— , 2010,
W FHAR , 2010)

o-JRH , B-URM , =R MRS, =, TR RS

a-pinene, B-pinene, tricyclic  diterpenes,  triterpenes, flavonoids and  their

glycosides, etc.

B, i =, 28 RO R A SR 2 AR YA
Monoterpene, diterpene, triterpene, polyphenol, chromene, coumarin, flavone, alka-

loid, ete. (FRESCHIMRAE T, 1988; BriE 145, 2014)
a-FEE ,B-FHER, -0, -, -5 2K 65

a-turmerone, [-turmerone, a-zingiberene, a-zingiberene,

etc. (Zhang et al., 2017)

B-sesquiphellandrene ,

T 3-6 0, T, o- IR B PTG y-RA TS %/A%fﬁ%ﬂ UNE R

a-zingiberene, 3-carene, eugenol, a-pinene, B-caryophyllene, vy- terpinene, tarax-

erone, friedelanol , ﬂuorme ete. (X FZEZIH, 2009)

( Trongtokit et al., 2005 ; Tawatsin et
al., 2006 Vongsomhath et al.,
2012 YT FI%, 20023 48 20 Fi

&@ﬁﬁz, 2007)

( Cheng et al.2009; Mukandiwa et
al.,2016; Thangaras et al.,2014;#X
V- MERZHK, 2007 ;)

(fFELE, 20135 SI5FI74, 20155
SRS 4 2011, Aﬂ‘ﬂjﬁ— 2012,
Rahuman et al., 2009; gelhllkumar
et al.,2009)

( Kayode et al.,2015)

(fTRLRL, 2013; #4014, 2004; L
N4, 2002; XIFS,2015; Jiord
et al.,2016)

(FHEE, 2013; dE 4 25 448
T2, 1959; BB FIER 2 85,
2007)

(f K Bi, 2013; Pavela & Benelli,
2016; Trongtokit et al., 2005; Youmsi
et al., 2017; Tawatsin et al., 2006)
2017)

(Youmsi et al.,

TG *
No *

(B, 2014)

(Tawatsin et al., 2006; Trongtokit

et al., 2005)

b
No
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ZR5
e e i IR IS PERIT A 1) SR
Scientific name Chemical component Mosquito-repellent activity references
et Tk, Sk B ERS J
Clerodendrum Diterpene, flavone, sterides, coumarin, etc. ( M#LT, 2010) No
Japonicum
RIRA RN 1073, Dy il | 3- W J
Clerodendrum chinense Phenylethanoid glycosides, 1-Octen-3-ol, linalool, 3-octanol, etc. (XXX ,2012) No
var. simplex
St LB, ITIREE, 2- K T BE , o520 22, CLRE IR R 4% J

Clerodendrum bungei Phenethyl alcohol, linalool, 2-furfuraldehyde, a-ionone, hexanal, stearic acid, No

ete. (BRE#NE,2012)

TR =T, TP B, SR AR, T By T AT 0%, 3-8 0, o DR, B-203% 2
Adenosma e No
buchneroides a-terpinene, carvacrol, cymene, cymene, carvol methyl ether, limonene, 3-carene,
a-pinene, B-bisabolene, etc. (5%, 2008)
Semnostachya No No
menglaensis
27N T (Mohan et al.,2007)
Eupatorium No
coelestinum
[R5 =1 ¥ Jc
Scleria terrestris No No
2 ERATERAL S Y, SRS Y, NMURR DS x
Allium fistulosum  Sulfur-containing organic sulfur compounds, terpenic compounds, unsaturated fatty al-  No

dehydes etc. (LG, 2004)

T T R BOA A BAR TR AT S

Notes: “No” indicates that no relevant literature research was found.

S22 56 VU RN e e K B ) S 45 1 AR 22 SR A )
IR TP D0 i R I M LB AR A 8 S
MU (R 7C ) S5 B A R DA RORE 5 o Ay A6 o i
AT, 1 R 4B T RS R, LA % A e
BN 25 e, SIE R SR sl I [R] 4 ey SRR |

XA Wy B Ao AR R KR ) A
T B A R T By TR PR Sk B AR A
B, 2 Pk 7 5% 7 DXl 25 I HL % 30 A i 38 A O A
RO R, AR RS [ R B R, R A AR 2
WRoRER Xy, W T R M RGER B R, B R W
ROIP B, A0 L XS MU ( Litsea cubeba ) F1 ( Artemisia
spp. ) SFHETEN T Kk 0 TR EK A FE R
BN ITE IR , 40 (Artemisia spp. ) 55 VIR Al
HCTE Dy J — AR A B8] A el L ] L X 1
A 5 Z R 0 J ) AL W A0 A B ( Nicotiana taba-
cum) . HIIFTF( Chenopodium ambrosioides ) Fll/INE 7

( Clausena excavata ) FL4% 7F 12 IS Bl A XS B8 0
Rl L 5 Bl 5 % T 25 0 15 B A ), TR KR 3
SR I, A0 IR 4K 22 B ( Curcuma longa) HEZE
X T 5 45 08 BATE B 07 R B, v
H HAMEAE B b8 WL, i 86l S 6 B
7 ( Adenosma buchneroides) 6 )% . I, N T 45
HCRERCR | R[] 25 Z2 M ORISR . B A AT R R
BRI, 23 7 2 THI A — J2 100 BEUR S8 32 fin
— B B AT DL R A ISOROR s TERR B )
ORISCRS) , 38 5 2 R AR B & (Artemisia spp.) . K&
( Clerodendrum spp.) M EL ( Nicotiana tabacum) 1%
IR ( Eupatorium coelestinum) JLFVFE 1R B 88 FE
3.5 IR AE M BV IT A 5 5 ik

FIOra5 R W3R 4 WG 4T 43 45 F 6 H 43 24
W SRR 4, —HN 11~15 57 &8 (Ar-
temisia sp.)3 FHFEY) MHEL ( Nicotiana tabacum) . 111
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Table 6 Mosquito-repellent activity chemical constituents of nine plants with potential research value
YRS AL 2 ) o YR AR EENNEIRLES PR, AR AR ST 1 Y A
. . . 275 SOk
Mosquito-repellent Mosquito-repellent effect Target mosquito Plant not been reported
. . Reference . .
chemical species on mosquito-repellent activity
B-H AL 1.C;y=23.5 pg - mL; B i (Cheng et al., 2009) AN T
B-myrcene LCy>50 pg - mL” Aedes albopictus Laggera pterodonta
- N ) R .
10y =27.9 pg - ml; Ai}%&ﬁﬂ ' (Cheng et al., 2009) BIRERA
N edes aegypti Adenosma buchneroides
LCy>50 pg - mL
eSS 100 pum + mL' B, R4l B 70% b Y LN (i, 2014) 5 )
(R PR ) 100 pm » mL", Aedes aegypti Mallotus sp.
Coumarins ( monomers ) kill larvae rate of 70% A
Clerodendrum japonicum
SR AR LC,,=32.1 pg+ mL'; e KA (Cheng et al., 2009) BN B A
Terpinolene 1.Cy>50 pg + mL” Aedes aegypti Adenosma buchneroides
- a SEI¢7E
L5 =21.3 pg le ; Aedes albopictus
LCy, =48 pg - mL’
T DR ISk 2 B oy IX] L P 44 35 (‘Thomas et al., 2017) k3
Eugenol Repellent chemical composition Anopheles gambiae Polygonum hydropiper
il B B
Adenosma buchneroides
Semnostachya menglaensis
3Bk 1C5=25.3 pg + mL™'; B s (Cheng et al., 2009) e &
3-carene LCy>50 pg - mL” Aedes aegypti S. menglaensis
_ a1 P g A I (Cheng et al., 2009) Hh s B A
1€ =22.9 pg mL] ’ Aedes albopictus Adenosma buchneroides
LCy>50 pg - mL”
i LCyy>6.86 pg - mL™(4yt) IR PR (Tabari et al., 2017) KT
Geraniol LCy,>6.86 pg + mL" (larvae) Culex pipiens Semnostachya menglaensis
a-JEH B LSl — (T27%1E,2006) i it B B
a-pinene Efficient repellent Adenosma buchneroides
E AN
Laggera pterodonta
LC,,>50 pg - mL™; e R A I (Cheng et al., 2009) s
LCy>50 pg - mL* Aedes acgypti Polygonum hydropiper
T
LCy>50 pg » mL™'; P A (Cheng et al., 2009) Pinus yunnanensis
LCy>50 pg - mL” Aedes albopictus
o-FA YiktA [b DEET 45 JAE 15 (Park et al., 2006) i it 6 B
a-terpinene Repellency better than DEET Culex sp. Adenosma buchneroides
K
Polygonum hydropiper
T B L DEET % JE (Park et al., 2005) BB
Carvacrol Repellency better than DEET Culex sp. Adenosma buchneroides
i s 1Csy=19.4 ng - mL™'; BB A (Cheng et al., 2009)
Limonene 1.Cy>50 pg + mL” Aedes aegypti
LCy =15 pg - mL™; P g At g (Cheng et al., 2009) BB
LCyy>50 pg - mL’ Aedes albopictus A. buchneroides
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&ZR6
RIS Al 2 I BCRCR H At F 2 PR R A B F AEL )
. . - . 2% SCHK
Mosquito-repellent Mosquito-repellent effect Target mosquito Plant not been reported
. . Reference . .
chemical species on mosquito-repellent activity
p-*¥ A fE ke LC,, =349 pg+ mL'; ELVEEE (Cheng et al., 2009) B A

p-Cymene LCy>50 pg - mL"
B FH 5 mg -+ em?,
Phenethyl alcohol R4 F A 4 h

Dose 5 mg - em™,
protection time 4 h

L
Linalool

LCy =14.78 pg - mL™ (&)
LCy,=14.78 pg - mL” (larva)

Aedes albopictus

IR PR O B ol

Culex pipiens pallens coquillett

e

Culex pipiens

A. buchneroides

(2 B=%,1997) SLEFR

Clerodendrum bungei

RIRH
C. chinense
Aty
C. bungei
Semnostachya menglaensis
BB

Adenosma buchneroides

(Tabari et al., 2017)

XYL ( Litsea cubeba) 5 FiFEL ) J& A YR JH 2% £ W B %R
MHEBIOE R Z KB Y, B A B m b It &
M., — &R 6~ 10 4 /N 8 K ( Clausena
excavata) | P55 ( Cinnamomum parthenoxylon) ¥y 15
. ( Cymbopogon citratus ) . R 4t P+ ( Clerodendrum
bunget ) | R ZE F ( Clerodendrum chinense var.
simplex) . WM ( Clerodendrum japonicum) ., £ 3 I¥
( Chenopodium ambrosioides) . K (Allium sativum )
8 MY, HA B W AR B SN AR Y, 7E AR R
A sk S8 A ) SISO R AR T /N AR A3 B4R (H B
FEAAT F 43 IF 5% B8 A 45 S 2 B 5L 28 LK
e AR AR TE e, =4 2~5
gr: K 2 ( Polygonum  hydropiper ) . & Hl H
( Eupatorium odoratum ) . W 3R 5 (E. coelestinum ) .
o i B B F ( Adenosma  buchneroides ) . 2%
W N B % ( Laggera
pterodonta) . z~ B3 ¥ ( Pinus yunnanensis ) |, B Hil J&
( Mallotus sp.) & K # ( Semnostachya menglaensis)
9 FhEKASAE W) , 3X 28 A W) A A A b 2 3 R D
AHOG Y B IS0 3% PE AT 8 4 /b T Bt — P 2
EHE 30 UE R 3, TR 1 4 ST P
( Scleria terrestris) F1 K . ( Allium fistulosum ) 2 Fh
PAAEAS YR A A P A7 A 0 DG B R AR 5 A2 3,
H i A AH SC I 58 S0E 4 2% B 3K 00 4, 7 22

( Curcuma longa ) .

HE— 25 S G PEAT WA 4 A SO BE
3.6 R 83K 4048 ) B 4L 2 B 53 0 IE

30 Ao T ] A A5 2 1) 24 Ff BRSO 4 4 RH DG 3K e
T A 98 SCHRAEA T A B, & B 11 Fob o Aot 9K s
PEWFSE (R 5) , 20 i i BB & B IG N 48
R R R TR = RS B AR K
Z RSB RT MRA, HARMHEC A STk 1E
AH SIS T A

XoF A A BIK A5 T M BIF 5 %) B A B, £ e
AR B AL 7 153 & B, B FF 22 2K 58 MR K A
FIRH SR ASCHE PR BT AL, Ho A 9 R AR A SR ) ot
Behil (£ 6), MBI ERE S AW -l F
T, 5 DEET HH H XS T S5 9% 25 2R B4 (Park
et al., 2005) , H &5 A MAT M 3-8 M | p-Xf <= 16
Jat oYK O A5 AL A 0 el B RS A IR R
(Cheng et al., 2009; F5%fE 2006) ; ki K A& H &
A I BEXT A i R R 1 A Al HO M A
(Tabari et al., 2017) . X i B V9 BURR 94 16 JE R 7E
U ASCHE Ppae HEA  EBL S 5 A Lk

4 Tk 5 HE®w

4.1 IRk S IR B A IR AR EE 1
AU A ILTTIR 91 AL A5 A N R A 1S
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FIXLEAEYI P, 54% (13 ) A AH 5 I £ Bl 5K i
WEYEWESE, 43 0] Ry s JE A ) (3 A Fd) I B A
EANIIPLT IO g SN ANt /AN o1 N
L BEIR R 22 B, LR 4 R A AE AR Y B
YA T A, 70 2 AL R R |
MR EA R 30.7%, 6 FiEY SR E LR E
AR A P A E T I 5%, A R IK 46.2% , W
FEH LRGBS R AL

ARG 11 Ff (46% ) SR WOHE 0 Fh 250 B IR
JE A BT AT, H T i JC SC R i G K A R A
P AT ST, 33X SEAR ) o3 0l o i S 6 B A | R A
FEORGEH] B B = A K RROKR A
B KA GRS, Y Tk
WO P B 5T T A e s, H R BRI AT RE S (1) 7Y
MR 52 4 BR N B 22 (1) A W) 22 FEPE R R L IX 22
—, FOUAR 8 S0 2% A AR T R 1 AR ) S U
J2 Ho 3t DX BA 195 (2) H T A ik LA TG 52 38 P
FE KM T A TR AL YIS JE TR | AR R T A 3t DX Ry €8
F1R) B B 25 50 N PR 5 A TR A AL D 5 (3) SK AU ) 1Y
REMY) 7 &0 b TR B R 2 XA
HEAT I A A AR 22 BRI O 5t T TR R (A
Wy JE T BIK SO ) vh A A D 02 B UC B, X ER )
KB BAT— € WIT R 1, (A8 — 05T,

VG XU A Ve JE T 12 8 1 ) B 45 i U 4 Fb 2
FJ7 3 (1) MR8 I ISR ) 7 A= 0 55 A KGR B0
(2)TERF T B AR Sk A HE SR A ) 5 (3) TE b AR
GO R B SR ISR 5 (4) TR TR BE RO AR BT
W XMZETEIEI (Pavela & Benelli, 2016; Ka-
runamoorthi & Hailu, 2014; Palsson & Jaenson,
1999 ; Seyoum et al., 2002; Waka et al., 2004) %
Fg P ( De Boer et al.,2010) %5 TH A H Al b [X 3 2 45
SRR By, ABAE T4 5 J2= Sl Bl Ao A 3K e i
P 7 2 B B, W0RE Bl N 5 B A b A T T M
TR T, e R 2 S, R AR R T L ke
B IR BEAIC

FBARTER T 28 E P8 BURR 44 1 Je 1 A G At
RSN N G (E R e SR 1 I S B | S S N L S g
TNAE D XU 44 Wy JE TR 480 A7 A o s IS0 1 A 6, T
AR Ao 22 [, AT A RE 2 RS Tl 0 s = i i B
B A AL PARTE S b A0 HR B i R ke By 1k i

WY g R R 28 5 LU RS B I B HE TR T %0 R 3k
SRS LA ROk, B TCE B0 2 ke B EE i
Hoo T R IRCCR i JE AT R iR A 1
JURNAEH , 40 e BK B8 B RDBIE AT A PN 95 o 20 & g oK
LRI AR B & W TR fE B 2 2=,
MRSREGE A AR b Bt 7L
AEA — S0 5C T W 52 5 K il SR IS R 1 AF 5T T B
PSR AC LT, 5 S A8 K5 il i 52 TC 3K B0 RCR:
Fim T HERIIKOROR (P IS, 2014 Thkk,
2016) , {HAEAE I A2 BC T 2 ok A, AN TR A S il
FAS [) 5] 5 41 G B O e T FE R 20 00 o DRt T
— 2L B K SR BIK 3k R B 5 O ok B eh BT AR A
T 52 SR S MBI 5T S, T DL 2 IR ) £
TR A R AR, D8/ i e 1 H A

4.2 BRERIENBENHARNE

I AT 73 HE e D7 0 18 45 2R R B 8 s Al
Yy XS H B AT S e e 2 B TR VR S BF 5 7
T BYARA) , Horb i O WO 7 i, LY ARURS il
AL F i A Sy — B 9K BIK ke 7] 19 32 2 40
(Salomon et al., 2015) ,

ANBE R BORE AP R RIRAT R |
RS B IROT KRR 10 FAE Y, 2T 40 A
X e AR ), B WS AE R 9T (8, (A5 i —
AWFRAIE, Hrh ek iR BT 2
) ISR 7, JHG A B4 it 2 S o 1) S0 ) 5
rh o ECHA R ) 38 R AR AR O KR 7 A A, T
SN FE ) 1) B T 1 RN RE ) 1 3K AL A 1 iR AT
WAV,

AAIFTE XS ) A A R A i SR Y 11 R
A, A 1) HCAH G 1Y A6 2 B o3 1) IS0 T 1 5 % 3
BRI AT RSN, HoAy 9 Rl A Bk ey o ik
fitlh o 3 T30 W PG XU 494 s o6 e 7 IR SO ) 3 6 )
RGBS MR VR OBLRR AN i e R
P (B 3K BCRIRA BRI B (E .

AN AR Z 3K W) % T B A KOS RS b
AIRZ E LR G EE (PR SR PURTE PLA
1055 ) o An/INET K R BT IR ] 412 3] 1 SR IS0 0 1R A
B HE ALE YU RE BB SE IS M A
TP RAPUR AR KB RIEZ R
U PTG X S A A N A B AR
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A5 2006) , R FE AL AL ik % AR B M R
55,2009 , A5 S (RRAE 25 ,2014)
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