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ABSTRACT

1. Object

Alien invasive plant (AIP) in this report are defined as plants are not native to
Taiwan and are invasive. AIPs are concerned in conservation because they usually
affect biodiversity. The object of this study aims to propose a strategy to control AlIPs

by way of investigating the distribuion of AIPs in Yangmingshan National Park.

2. Study method

Ten transects with total length of 58.5 km were set up. Distributions and
environmental factors of populations of all AIPs along transects were recorded.
Tradescantia fluminensis, the most invasive species among AlPs in Yangmingshan,
were selected for the experiment of removing AIPs. Five stations were designated in
this experiment. Five treatments were included in each station. The experiment took 6

months.

3. Result

Total 46 species of AIPs were recorded. Asteraceae with 13 speces accounts for
the most abundant family. Commelinaceae with 6 species ranked second. There were
three newly recorded AIPs from Yangmingshan, including Tradescantia crassula,
Ageratina riparia and Stachytarpheta indica. Total 432 populations of AlIPs were
recorded. Species ranked by population number were Bidens pilosa var. radiata (60),
Setaria palmifolia (56), Axonopus affinis (35), Tradescantia fluminensis (34) and
Crassocephalum crepidioides (29). Species ranked by coverage were Axonopus affinis
(196337.41 m?), Tradescantia fluminensis (14029.6 m?), Bidens pilosa var. radiata

(5014.4 m?), Strobilanthes cusia (4879.47m?) and Setaria palmifolia (4166.1 m?). All



the environmental factors were significantly different in one-way ANOVA analysis,
which sourced from some habitat-specialized species. Discriminant Analysis showed
canopy coverage and distance to human-disturbed area accounted for greatest
loadings on distributions of AIPs, which suggested AlPs liked habitats with high light
and human disturbance.

Result of removing experiment showed treatment by hand monthly had the best
rate of removing. However, no any treatment reached the 100% rate of removing. It

suggested more time was necessary to remove Tradescantia fluminensis completely.

4. Suggestions on AlP control

Suggestions on AIP control include planned removal, protection web
establishment and active protective measures. On planned removal, areas ergently
starting to remove APIs are ecological hotspots that includes three ecological
protected areas and Mt. Datun. Directions of AIP removal are suggested to be inside
out and top down (high to low elevations). AIPs that are strongly invasive are also
suggested to be removed in priority.

On protection web establishment, three measures are suggested to be taken: (1)
frequent inspections, (2) ecological hotspot monitoring querterly and (3) census in
whole national park in every 5 years. Meanwhile, one-step windows is necessary to be
responsible for AIP removal.

On active protective measures, three measures are suggested to be taken. (1)
Reducing habitats that are suitable for AIPs, such as maintaining the forest canopy or
reducing human development, (2) Planting (if necessary) native species that can offer
high canopy coverages, and (3) setting up brushes in the entrances of ecological
hotspots and requesting people removing earth under the bottom of shoes before

entering those areas.
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2012) o

BomR A ERe NI MR bk hiFL PR 2R i

I

WA B4 AR RGO~ RDRE 0 ¢ 35 e 2 (Foxcroftetal, 2008) ~ ¢ B

i

(Weber et al., 2008) & -



WP RAEG R TS FET P BFELT A W2 R
‘M4 4p B 4R ¥ (Rosen &Faden, 2005) » &4 #* R 5 #7iT » & Hfd4E(Chao etal.,
2014) -

BT GokHE LT FOREET o R BES F 3 T - Kelly
&Skipworth (1984b) RlzE A & F| 145 ¥ & -k 7 £ g s 3 I F v (Paraquat)

L3 RF K AEHEN T ERERETADR AU 3 Thept > T ]S
MBERET gAY 3 TR T AEE % » R AALE o Ogle &
Lovelock (1989):1}Iﬂ Ao T F kA EL R B hE 4 S N RFEEE T S
BoAp g § AR e Bt RS RN O T A L L e R e

kA EREFBALEH A FIT RS RL T ok L5 fgmi > Hamilton #

i

T AR - B o Ag T B R A RE R T F ok E (Ogle &
Lovelock, 1989) - Standish (2002) ™= 7 A E & ~ X 1 #4827 X 3
FOFMA G AGREREET P T FRAESNE 4 o AF EE* o Standish

EHT UERR A xR R B BT kS E BT RE R






Ji
o
it
o+
4
N

(-) tRfEFLFRE

T ARMK B
T F RS BB L LR A R § s R R Bl MR T RS L

(u

L Er H RS PEEIREY AHE S TR AF TR E R RS P R
L A K E B A T ARS(R] 3-1-1) - FARMARL N E T ik E B RS
FELRR A LIREEES B 1 TARREF 20 A UL L

L

FARS T AP LR RO Bl o 0 F 4RSS G 8 i 53

@L
f?

J‘

i"ﬁ%ﬂp\ HiEZ "B M W’T‘d‘ FAk o 27 ARSUAP BE lE & Sudrk 3-1-1 #7157 o

N

A

—_— i
EaRNE ] —_— AR

- TEILA £

BT L e

— L A R

B 3-1-1. & s s -

# 3-1-1. 7 ARSK B B
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FARS LA 10 B 3

LEwis LR H A RBLE R H A B AL R -
LKA RHF] T A B A FEHE R R L
L EY

A AR R4 B E-F 2 H AN E - R N E-F LRATH
-2 PR NI ET)

wesml FolikE s

wesa 2 N i

et 3 < ko

#reema IR

#esam 5 LENINTE R

e 6 Bk BUEH E

et a7 SETE & 3 i

et 8 BF i

2. A H 2

(1) d = - FF RSP BR > PRFRSHES RIALT G PR EF > TR
BEADBAIFTARRKEG L o

(2) AR L #om FEEHEE 20m v AR ARE AR R > WK S - EH o FRE
AT 20m s Bl G 7 B EFE o

(3) 44tk — &% > 4o T 2 NiE TR R ok
a. BB LEHEATERSE X E o
b. RARgriad : 3k ok o 2 2 S i h(GARMIN GPS map

60CSX)R| & - H =3 * TWDI7

C. %"ﬁ] ?ﬁ_?f)iﬁ@ 114(;‘«‘—_% ;‘E"%] %’E’}i) WEF IR L B EE%EJ* 3 15m

12




B R MR AREEEpES S ek 0 £ % Gap Light Analyzer #t
8 (Simon Fraser University, Cary Institute of Ecosystem Studies) * % %%
REA -

d. F3pH & : & * 2 & pH & B ik (DUAL pH Technology)ip| £ » = *&#4
iR 2 5 ghis T a2z o

e. JI* GIS T4 » BRl&E A ABBF RPERIEY - L SBF T datpn i
Bes Az RRS G

fooSregeen® kil A S L2 bl R

FRA
(1) R 2 $ #4395 Floraof Taiwan % Z 5 2 S8 # 2 cdp M h 2 o b &
PR TR Wuetal. (2010) 2 2 {2 a8 & chp b sh = o
(2) f1* ArcGIS £ %4ch - -2 ki » BEZT X > 28 AR RS F
ORI A BT AE R -
(3) U* wi it = = e F [fl > 22k Y %fﬁﬁ%‘ff RIBAREER c EZZRRAILD P
Moekend o T EET S BRI G AR arEEL R
(4) f1* &£ 3k~ 47 (Canonical Correspondence Analysis, CCA) 4 47 ¢+ &k #& %
HOBPCEH PR HEE REGFE) HBATT BREE FhR
FARANAEPHE) 1 E w2 MEE ;ﬁguggﬁﬂﬁ ROy K s 8

ERI
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1 R3ERFXE
AP EBRFFRPRELAT DT RO E L BB RGP HE DS Bk
B 4p3tF oLy flo ¥ Lt W it X Fan b h g o & Bk
BOBRAL IM el 3 R o A 0 % BE%F 500m i B

BB PN M F RPN ERY PELB A oo

Z.ﬁ‘ﬁ%faﬁ_
FHE - k6 BT A NEET 5] 6 AT
(1) S Ae: R 2EH% TEILEFEERH LRI -
2 £ B @ 2ffg LREETBORIRFLEARE ¥ RATE
Tz BRRR L E 2 R R .
@) WAL R¥UTPLFEEFAY > FLALLEFEPHFRIL -
@)%%Bﬁsﬁﬁﬁﬁﬁi%%ﬁ%ﬁ#’@igﬁ4ﬁ@wy$%@ﬁ%%o
(6) #rflfa  flr P X FFALFRE  FHF LA v HrhAT .
(6) #flie @ (T P A5 f AJL
FHERREFFFOB Y FFTHOUFRFLIEI > kT RN EZR

FR o BisR g}fz;y% e ] rﬁﬁmr—a —\:gﬁ—f); L o

[ R
(1) 55 BRFDBFF S o

# xﬁ; #); e = (1- Ci/ CO) * 100%

i
=
g

Co: 4741 & -k 7 B
Kk i

m
=)
ot

’
(T
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() f1* ANOVA # %3 b g 'p = 5 LF 4“1 b - £ 2 W} F LA > 7l
- L LSD k4541 F LB ek s o

(B) M AT R RGER AL S RS > T RNER -
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N
+ls
i

Ui

( ) vF j\’]fE' A % =~ ffuﬁ_ﬁgf

L 2% ki 5 4
AB AR 201 TARMY B ER B RN RPN E 0 B R R LT
25 1 43 46 46 ¢+ d e dr (4 4-1-1) 0 B¢ o F A BE R S (1348) 0 B = 5

IR (6 ) F RS (4 48)(% 4-1-2) -

F o 4-1-1. B0 Loh k4 e A HE St
il # B 7
B dp 1 1 1
AR 0 0 0
B3 E 19 30 31
354 5 12 14
52 25 43 46
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304-1-2. BB Lt kb Lk

# k= EAP
Selaginellaceae % 4p 4+  |Selaginella uncinata i3 4p 3 A
EHERES

Acanthaceae & 7 #* Strobilanthes cusia % ¥ A
Amaranthaceae & # Alternanthera philoxeroides 7 « 3 % A
Apiaceae #7j -+ Hydrocotyle verticillata 4% & % A
Asteraceae # 4% Ageratina riparia ¥ &% 4 | ¥ A
Ageratum conyzoides 7 4 | ¥ A

Ageratum houstonianum ¥ fh,g_é i) ¥ A

Bidens pilosa var. radlata A oAy ¥ A

Conyza sumatrensis ¥ & A

Crassocephalum crepidioides &= % 3 A

Emilia praetermissa - § &% i A

Erechtites valerianifolius % 4% 3~ A

Galinsoga quadriradiata = = -] 3£ 4 i A

Gnaphalium spicatum 2 v & £33 A

Soliva anthemifolia Bt & 3 A

Tithonia diversifolia 2 & % B A

Wedelia trilobata = # #Z25 % A

Balsaminaceae & i =44 |Impatiens walleriana 27+ | @ i A
Basellaceae 7% % #* Anredera cordifolia 3% % % A
Brassicaceae + & {-#* Capsella bursa-pastoris # A
Caryophyllaceae # = #+  |Drymaria diandra § = % XA
Convolvulaceae = #* Ipomoea cairica f ¥ % =+ A
Crassulaceae # = #* Sedum sarmentosum = 2 ¥~ A
Oxalidaceae fie 5 & #* Oxalis corymbosa ¥ 1~ fe 5 & ¥ A
Passifloraceae & # i£f* |Passiflora suberosa = % ¥ & # i EA
Phytolaccaceae 7 F 4+ Phytolacca americana # ' F£ i A
Polygonaceae % #* Rumex maritimus i p? i A
Portulacaceae 5 # % 4.  [Talinum paniculatum &+ % ¥ A
Rosaceae & ficft Duchesnea indica @ & A
Solanaceae -4+ Brugmansia suaveolens =~ =& < % RN
Urticaceae  f#* Pilea microphylla -] 3 4 -k Jf ¥ A
Verbenaceae 5 #L % #L Stachytarpheta indica £ #& XA

18




%412, &

a‘i ek 4 %)
B+ s
Araceae % = % Colocasia esculenta = ¥ A
Rhaphidophora aurea & £ % %A
Commelinaceae "gi ¥ #* |Callisia repens ¥ z&3% ¥ A
Gibasis pellucida oL *g i 3% ¥ A
Murdannia bracteata < # -k ¥ ¥ ¥ A
Tradescantia crassula # * -k 75 & A
Tradescantia fluminensis = & -k # & i A
Zebrina pendula {5 © ¥ A
Iridaceae # & #* Crocosmia x crocosmiiflora &+ &3 A
Poaceae + * # Axonopus affinis 2 & 3 A
Paspalum conjugatum B H R A
Paspalum urvillei £ < & ## A
Setaria palmifolia 4z £ 5 &£ % ¥ A
Zingiberaceae § #* Hedychium coronarium ¥ § 1= A

2. 2% RES A F EA
AFTE R A T 4320 KRS RR (R 4-13) BT R 2 TR E K A
5 £ 60 B REGA L 50144m° > ¥ MR A 8RR (DA 10H
R) o BERLTLO6 B RERMA S 41661m* > A EHRAL AT
B fomp SRR R3S oA FoApge M 5o fE e ffd 196337.41
m2>:& g *H v enfif B AURAS Y A A LTS SR @ chfff{ FlF o
TE KA EL M BEHE LRI AL LE 25 140206m2 0 B HEE K
FoHF BAEATaEEE F110 B0 2 RS R B R A F R E

3AZE 30 Bm 5 Mot kB p AR AR E B B A F o
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30413 B L kfERB A SRR

S TECE ] K REofm 0T SR
1= =gy 60 (13.9%) 5,014.4 (2.2%) 8
2 ERE Y 56 (13%) 4,166.1 (1.8%) 9
s 3 35 (8.1%) 196,337.41 (85.7%) 6
4° @k E 34 (7.9%) 14,029.6 (6.1%) 6
5| fri 29 (6.7%) 125.92 (0.1%) 7
6|7« EF X 23 (5.3%) 866.7 (0.4%) 6
T\ 553 20 (4.6%) 716.38 (0.3%) 4
8|8 & 18 (4.2%) 4,879.47 (2:1%) 6
ERR-3 ke 15 (3.5%) 116.72 (0.1%) 7

1075 § 7= 15 (3.5%) 422.95(0.2%) 4
1| %5 13 (3%) 183.51 (0.1%) 6
12| &4 5 11 (2.5%) 179.02 (0.1%) 4
138 = kw ¥ 10 (2.3%) 193.11 (0.1%) 2
145 < % # 8 (1.9%) 494.34 (0.2%) 5
15/F ¥ % 7 (1.6%) 122.6 (0.1%) 3
164 747 & 6 (1.4%) 2.96 (<0.1%) 3
17 % 5 (1.2%) 17.63 (<0.1%) 2
18|24 g i 7= 5 (1.2%) 0.83 (<0.1%) 3
19| et £ 3§ 5 (1.2%) 24.36 (<0.1%) 1
20| fp # & 5 (1.2%) 586.05 (0.3%) 2
21| % =24 & 4 (0.9%) 4.84 (<0.1%) 2
224 ¥k HE 4 (0.9%) 80 (<0.1%) 2
23| % TR Y 4 (0.9%) 0.04 (<0.1%) 2
24| % 3(0.7%) 10.07 (<0.1%) 1
25k L) K F 3(0.7%) 0.18 (<0.1%) 2
26| 2 3 3 (0.7%) 54 (<0.1%) 2
27| # 4 kR 3(0.7%) 0.3 (<0.1%) 1
28| p =+ 3(0.7%) 49.53 (<0.1%) 2
29| % A 2 (0.5%) 8.49 (<0.1%) 2
30|+ 8 F R 2 (0.5%) 125.2 (0.1%) 2
3|6+ §iF 2 (0.5%) 18.6 (<0.1%) 2
00k % B 2 (0.5%) 12.06 (<0.1%) 2
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% 4-1-3. §

S TECE ] K REofm TR SR
Bz & FF 4 iE 2 (0.5%) 0.04 (<0.1%) 1
MF &% 2 (0.5%) 7.5 (<0.1%) 1
35| A % 2 (0.5%) 0.17 (<0.1%) 2
36/ B E A | 1 (0.2%) 17.2 (<0.1%) 1
37| i 1 (0.2%) 20 (<0.1%) 1
38|% 1 (0.2%) 1 (<0.1%) 1
39| L "G EE X 1 (0.2%) 9.2 (<0.1%) 1
40| 4 48 % 1 (0.2%) 10 (<0.1%) 1
Al pEE £ 2 1 (0.2%) 0.02 (<0.1%) 1
42|42 ¥ 1 (0.2%) 24.7 (<0.1%) 1
43| E# 4p 1 (0.2%) 0.05 (<0.1%) 1
44| & F8 1 (0.2%) 29.9 (<0.1%) 1
453 &% 3 1 (0.2%) 40 (<0.1%) 1
46| % By 1 (0.2%) 0.02 (<0.1%) 1

zaeL 432 229,003.18 -

DERBLEUZ B A 2 RERR - & B R R

2. B} Flehiti it kg dm

R T AT 46 B Kt H

kR g R REE A

FAcEd gy AdR 2

Efh S 3BAEM Ltk

W BERE G P
&é}%,@_‘ogé » B xR H

7L AR B RS B0 5 2002 & 4 B AT B S

MLF R B e IOTE A 1900 & Tkl it d A Al BB R

At S AEAE G L

[ REPE I sty = il I LA

B

¥ 12 4B Wu et al. (2000) -

T A AP LATR £ R e

%

v g &

"4«/‘*«#1 L“%%ﬁf
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(1) Tradescantia crassula Link & Otto ¥ = -k = ¥ (1] 4-1-1)

B vgie ¥ 4 (Commelinaceae) » 5 4 AT & KfE o BEAR S P Lt 2
hp s LRBERFOFAR A7 AEe S FARTF- BEFp > B A
W P REAL R T T kP E g T g A fEE R fehT § ok E
DAEAR g R L AP ] MRS R 0L R
Mropbob s Afad EHENT REFHT T LAE FP I 0% AR BER

BRAT & > d 2XFE PN $ Tradescantia Bief i > 3+ AL LT

AEA K FH A A & RS2 $ o Dr. Hassemer o Dr. Hassemer %% X 4t 7 4

e % chhfd o §FT AR T Y R BRI E TR

Bl 4-1-1. B2 knE o
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(2) Ageratina riparia (Regel) R. M. King & H. Rob. # &% 4 &] (M 4-1-2)

Bt i 4 (Asteraceae) o i A S it k405 2002 F 0 A AH RED A
EAT HFAAADERFTT LI ABALEP LT Lok o ke B
ERFABFLEFIE RED R AR v EBE A T Bk AR
#7400 T A Global Compendium of Weeds | (i~ 24 #ch 144 5 &~ & 4p %

B ‘ AR B o

Bl 4-1-2. B EEA H| °
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(3) Stachytarpheta cayennensis (L. C. Rich) Vahl & f& ~ (] 4-1-3)

Bt B BLE §4(Verbenaceae) o 4 A E 5 % )F*Je L4rT UiEmp 1928 & 5 e
FH -3 9L K P wERF LHTROPICOS FALEH * Munir(1992) 3w
LAFZ o A A Munir < enpgho E A B B R L BATR L - BATK
1 T A Global Compendium of Weeds | e~ iz 4 #c5 24 4 > 7 R H 3 »~ i34 - %
Wo AR LR RARZ RN 3T R AR B R AN R R R

T A F G F ERB g in o B HEH o

B 4-1-3. £ A o
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3 ZRRFIFALRS
1) &%
KFE G e denth RS TRE FIT 0 A A 414 R KR kg4
it i 22 R MapH 4 35 A RERZ RS ?M*? 50~70%
2R A SR RS HER Y - RS A R R SR
TR P 50mM o BT A BT Aot RfEd e R E G AR E DM %
SRR “f E-£23: Ea ,;Frs%‘?ﬂﬁr‘s ARTECER SN N
MEFRE S ORE R B AT BN L B TR AL HEHRRTFF DL

B g

(2) H 7]+ % 2 dgem A7

SRR EZVRRE AT WEEEREE D s 20480 (7 H
T+ %3 A 17 (ANOVA) > MFH 4 A EF HBRBE F1+ F KL B - 255
T RFRATREF SIRB F)F 3R ¥ LR (4 4-15) -

-/ LSD kg B3 AR hfdage £(F 4-16-11) U R A E R E
B (£ 4-16) BEEZF FNFR AT EPEFNELSE AR
PRRE S FARAT I SNEH MFERPHEIERBR RS

i*ii;ipm *anf%ﬂgdlﬁm“‘iﬁﬂ‘j\i&%ﬁ’xf} s F]pt 2 prfE 2 pH
BEHALARD X RSN A ROEBRL Y > HAE SRS
(PH=4.1+11) (£ 4-1-T) e @ 3 253 6 > % SR EE L MM AT o
6 ORRE AW BUE B ATV LA R AT P FRE 2 A(E 4-1-8)

pEAAREART S (E 419« SHMA AR 387 5o R EFE RN
PHOFRBEEIRLP B ARET M 2GRS S SRE PR T 7 a0
HEEFIR et FRAL A FWFHRIAPTEESY JEA S L E FE S

TR LR L RE RS -
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ek k4t g J‘FKE\}‘;: 1T,

il

F_*

y/@wﬁﬁﬁ%%ﬁaﬁfifﬁﬁaﬁﬂ

WMALGEF R TR A FI B ERN R ARRERE S ik (T 455371582 m ~
&éwmmwﬁﬁ@wﬁﬁw@4+w%%’ CREREI S XL

BAEE S R REet R R o T RRBR KR E RO L R ApEHE v T

FEKRE (R A1) Bar G ARE - e R e AR b BRI
BE - HREREL TR RBEHR R RPI R TG OTRE -

Ad PGk kg o BP LRATR LS RS TRAEE CHRER
}}_,_'3_"\ v g J\-ri:pi_j,. s J\“K/n\mi%\ r]_,, CAD;J‘,“L-‘;:‘F"S Eﬁ,g,_.,ﬁlzzg—gm' LV z\
T R B RE DR R W L) b ige B - g
(non-habitat specialist) -
%414, b kP FEIRE TS RS
¥ 18 EE R R E R PH ]2 % R E A% B E R EEY M| 4 m
TR 60 61+21| . 5.2%1.0 35+22 74+19 41+103| 665+217
BEREX 56 67+17|  5.3%1.0 30+21 82+14 154+314| 612+216
S 35 54+21|  4.740.9 24+18 78+18 124+201| 696£173
v F ok E 34 65+27|  5.2+1.0 31+16 80+17 12428| 741x197
Afrd 29 67+16|  5.1x0.7 24x19 80+18 127+226| 617+163
Foedtd & 23 53+20|  5.1%1.1 29+22 76+16 2+4| 681+208
TR 20 80+16|  5.3x0.8 25+21 68+21 88+221| 534+155
5§ 18 91+3|  5.4£1.0 18+15 88+5 537+582| 490+190
LS S 15 69+24| 5415 21+14 865 74+154| 535£208
v RIY 15 39+18|  5.4x1.1 43+20 72425 5+15| 755£253
L 13 59+30|  5.3%0.9 41+27 79+20 3+7| 708+270
By 11 54+22|  4.7:0.6 21+11 81+13 63+179| 572+204
FAkHE 10 43+27|  5.8+1.0 35+15 84+8 0+0| 872+104
T A g A 8 46+17|  53%1.2 36+18 88+4 10426 664+176
Fy 7 56+27|  4.9+1.0 33+24 83+13 00| 580243
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% 414, F

Ey 1 FHEE T RERW 2 EPH B2 EFNFARERWEEF RIEREMBEAM

e 6 81+15|  4.6%0.6 34%31 6321 7+11| 482+175
fo v & 5 93+2|  5.3#0.7 1844 933 85+84| 592+213
2 5 77+16|  5.2#0.7 44121 76214 32450 41478
Bk & 5 5 65+16|  4.1%1.1 48129 65232 18+40|  328%2
v F 5 42420  6.10.8 34+13 7813 0£0| 882486
Xk E 4 60£28|  5.0£1.0 31230 856 1+1| 6974252
KRR Y 4 60£16| 4.9+1.6 35231 6743 13+25| 445262
BB 8 4 62+14|  4.620.4 3322 84+13 445 35949
I 4K 3 71215  6.1#0.3 43+15 67+21 7+6| 355+47
A B3 3 63+17|  4.240.2 2010 83+8 2731250/ 382+36
R N 3 44+18| 5.7x15 27+21 72424 1+1| 928+113
N 3 22+9 5.6x1.1 300 67+15 0+0| 1017+73
#* 3 13+8|  5.3+0.9 30£0 759 0£0[ 1037469
ZAFETHE 2 91+4|  59+0.3 30+14 70+14 1416 34247
AR R 2 6925/  4.8+1.3 3014 857 1+1| 562+189
b+ P 2 31£30| 4.7#05 3527 857 11| 745+464
B BRI 2 798| = 5.6£0.7 3014 75221 405£559| 577+226
B % 2 84+8|  5.2£0.1 15£7 7311 26+34|  427+7
T &% 2 9413 4.8#05 2020 7527 25+35| 307416
B 2 59+9|  3.8+1.1 3014 83+4 0£0| 325+38
EN 3 1 55 4.0 20 80 0 527
= 1 73 4.7 60 90 0 382
£ ft Ak 1 78 5.2 40 70 2 636
EER 1 39 6.8 10 90 1 854
£y 1 15 5.4 30 75 0 919
Wil g iE Y 1 84 7.2 10 90 0 843
LS ehy 1 39 6.8 10 20 1 854
k- $78 3 1 95 4.3 90 30 0 298
E Y 1 29 5.7 10 60 0 815
WEZ 2 1 94 6.1 20 80 1 375
2 ] 1 62 4.9 20 70 0 298
FH i 1 76 4.0 20 80 0 239
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#4-15 H7F]+ Rt s

T e pd R | THTs4e = p
Tk RER o R 53869.627 19 2835.2441 6.920| .000
i g 147504.154 360 409.734
e 201373.780 379
2 3EpH KN 32.065 19 1.688( 1.810| .020
K 334.774 359 .933
BAe 366.839 378
IETES KN 16539.278 19 870.488| 2.195| .003
i 142784.078 360 396.622
B 159323.355 379
FHRER KN 12120.732 19 637.933| 2.261| .002
K 101569.900 360 282.139
B e 113690.632 379
B R FEY o fF 4964423.589 19 261285.452( 5.786( .000
K 1.626E7 360 45156.340
B 2.122E7 379
A3 o FF 3461446.324 19 182181.385( 4.597( .000
K 1.427E7 360 39630.507
B 1.773E7 379
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N

w

10

11

12

13

14

15

16

17

18

19

JA21

112

.004

.281

794

.018

.146

.858

.008

.699

121

.007

872

.024

011

.000

011

.000

.010

.032

.000

.000

.000

.000

.000

.000

.000

.090

O (o N o | DWW N

.146

.651

.014

544

776

.016

.117] .002

[EEN
o

.000

.000

.018

.000

.000

.038

.000| .000

.000

[y
[N

793

232

427

.339

220

.386

.004| .000

.187

.009

[ERN
N

341

.069

.940

118

071

.850

.001| .000

.066

.056

571

[ERN
w

.009

.001

123

.002

.001

178

.000| .000

.001

.658

.054

.185

[ERN
N

.048

.006

.298

.013

.007

375

.000| .000

.008

456

139

351

.758

[EnN
[$)]

.557

193

.802

.262

181

734

.007| .000

153

.068

742

872

.183

323

[EnN
(2]

.022

105

.003

.089

143

.003

.948|.268

241

.000

.031

011

.000

.001

.029

[EEN
~

.001

.006

.000

.005

.010

.000

.213| .888

.025

.000

.002

.001

.000

.000

.002

.327

[EnN
[ee]

.090

281

.019

.243

.340

.018

.742| 157

471

.000

.098

.041

.002

.007

.080

748

213

[EnN
[(e]

.683

.833

.270

931

773

247

126 .009

.656

.015

.608

.352

.049

101

469

.189

.028

.341

20

.047

.010

.219

.016

.010

.269

.000| .000

.009

77

.108

.255

.949

751

.238

.002

.000

.007

.078
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% 4-1-7. 2 H pHLSD # .8 %

sp
Sp

10

11

12

13

14

15

16

17

18

19

.801

.014

.008

.900

734

.040

.601

471

107

718

.529

417

170

.638

.897

.820

.964

.038

.761

543

486

.540

663

.018

.510

346

311

744

O (o N o | DWW N

426

529

.015

408

274

.248

.616

.853

[y
o

480

.586

.021

456

314

.283

.665

.900

.957

(BN
[E=Y

.750

.869

.057

.703

518

468

913

.853

727

771

[y
N

.092

.070

931

130

220

277

104

.061

.049

.059

113

[y
w

.055

.076

.001

.058

.035

.033

123

213

.296

.281

.184

.006

[EEN
N

731

827

.096

.690

535

489

.865

.934

819

.856

943

142

.267

[EnN
[$)]

.397

337

.656

453

.601

.669

.366

.259

215

237

.352

.657

.044

.366

[EnN
(2]

154

126

.842

.188

272

319

151

.100

.082

.093

152

.909

.014

A71

.624

[EEN
~

.823

.902

190

.784

.646

.601

927

.904

.808

.839

.990

223

313

.965

450

.238

[EnN
[ee]

.966

.886

.293

.988

.839

.786

875

715

.629

.659

.823

323

217

793

.586

.329

.844

[EnN
[(e]

.010

.007

153

.014

.025

.033

.012

.007

.006

.007

.014

.225

.001

.019

138

.325

.039

.061

20

.051

.065

.003

.051

.034

.031

.089

.140

187

79

123

.007

.642

A71

.033

.012

.202

141

.001
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% 4-1-8.

sp
Sp

w

10

11

12

13

14

15

16

17

18

19

234

.018

.188

437

.802

.160

.024

.205

.981

173

.235

778

425

.645

431

.073

.352

.883

.292

871

572

.002

.023

.250

.022

275

.082

249

O (o N o | DWW N

.023

131

.615

112

.639

.266

.565| .610

[EEN
o

.156

.030

.003

.064

.004

.035

.011| .000

.004

[y
[N

.304

.082

.012

141

014

.081

.029] .002

.010

.802

[ERN
N

.038

163

.609

138

.630

.287

.562| .681

.957

.006

.015

[ERN
w

941

473

140

.594

144

404

.207| .029

.094

.346

491

.106

[ERN
N

.816

414

131

517

134

.356

.188| .030

.088

462

.614

.098

.895

[EnN
[$)]

.836

729

.307

.839

.309

.629

.385| .090

.207

.283

397

215

.827

742

[EnN
(2]

.969

634

.269

735

271

.549

.337(.082

.183

378

.502

190

.935

847

.906

[EEN
~

.076

194

.500

.168

513

277

467 .982

.746

.017

.030

787

120

.109

.203

181

[EnN
[ee]

.306

135

.041

.180

.042

120

.061| .010

.028

.897

.758

.032

410

495

.340

415

.040

[EnN
[(e]

.146

.055

.014

.079

.015

.050

.023| .003

.010

.604

491

012

.234

301

195

.252

.018

751

20

.957

674

315

167

316

.590

.380| .108

219

400

519

224

.927

.843

.922

.989

.205

428

.267
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w

10| 11 12} 13| 14

15

16

17

18

19

.016

.269

322

123

591

.688

125

.658

.655

951

.709

150

.592

373

.360

162

.002

.034

.014

.015

139

.002

157

.040

.086

.106

.019| .000

O (o N o | DWW N

.017

399

.138

.243

276

.070| .002| .691

[EEN
o

.564

.035

194

.108

107

437| .567| .004| .019

[y
[N

.380

.558

918

.846

813

.610| .077| .122| .262

251

[ERN
N

.233

.862

.652

.864

901

A414| .045| .249| .446

.161| .765

[ERN
w

JA11

778

.387

.553

.589

.231| .020]| .466| .716

.082| .511| .724

[ERN
N

.030

.326

136

214

237

.076| .005| .977| .773

.025|..220] .356| .562

[EnN
[$)]

.205

.884

511

.673

.705

.336| .048| .465| .683

142| 611| .811| .938| .545

[EnN
(2]

101

.008

.034

.020

.020

.083| .463}.001/ .004

.266| .049| .031| .016| .005

.030

[EEN
~

.017

157

.068

105

116

.039| .003| .583| .420

.014| .110| .183| .302| .611

.303

.003

[EnN
[ee]

.831

454

776

.627

.608

.987| .357| .147| .250

.607| .748| .588| .415| .206

486

.185

110

[EnN
[(e]

.233

.032

.099

.065

.063

191/ .699| .006| .016

.452| .118| .080| .045| .016

.070

.806

.009

.301

20

.639

.621

972

.812

.790

.797| .246| .224| .357

456| .924| .748| .550| .291

.622

128

159

.851

222

78 55 (sp): 1,

fr¥,6, 7 wiLF

R

357,

)

LE2, BEREY;S SE Y4 T ko E; S R

EEE8 B9, BWEL;10, R RgF; 1, B

F,12, 837,13, B A kAE 14, £ g 15 FEE;16, FE 17,
fi 5318,

i g 19, ek £ 320, M E o

32




% 4-1-10. SR % %Y LSD & % %

sp
sp

10

11

12

13

14

15

16

17

18

19

.004

.066

513

.526

.002

.029

072

.585

.949

.032

461

.004

.034

.868

.036

.390

234

.545

.204

523

.188

.000

.000

.000

.000

.000

.000

.000

O (o N o | DWW N

.592

194

443

.348

427

312

.844| .000

[y
o

.560

016

.070

918

071

970

.254( .000| .377

(BN
[E=Y

.559

021

.080

.895

.080

.996

.261( .000| .379

977

[y
N

.753

194

405

490

391

438

.752| .000| .897

494

491

[y
w

577

.036

105

.879

103

979

.287| .000| .398

.956

978

501

[EEN
N

.700

074

A71

.981

167

931

.380| .000| .493

.958

940

.593

.924

[EnN
[$)]

.633

072

.160

.895

.156

.981

.347(.000| .450

.960

.980

.543

1.00

.930

[EnN
(2]

.708

107

212

.956

.206

.964

.412(°.000| .514

.987

970

.604

.953

.978

.956

[EEN
~

.655

487

.701

473

.680

431

.978| .000| .918

466

462

.846

467

.536

496

.543

[EnN
[ee]

.928

219

.365

.845

.353

779

.597| .000( .703

.807

795

787

.786

.856

799

.845

.692

[EnN
[(e]

.818

A71

297

.952

.288

.881

.511| .000| .612

.906

.891

.697

.879

947

.886

.930

.618

918

20

.682

122

224

.909

217

.984

.409| .000| .504

.965

.982

.586

1.00

.936

1.00

.960

.528

814

.895
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% 4-1-11. #3%2 LSD & =%

5

sp
Sp

10

11

12

13

14

15

16

17

18

19

154

468

.052

.078

.003

.351

.280

.928

113

.014

.746

164

.780

.267

246

.011

130

.004

.000

153

.016

.001

.024

.000

.000

.035

.002

.503

O (o N o | DWW N

.024

183

.009

.001

.200

.028

.983| .519

[EEN
o

118

014

.334

.813

.029

.261

.001| .000

.003

[y
[N

481

119

.851

.616

.168

.695

.014| .003

.022

532

[ERN
N

152

535

071

.015

525

134

.612| .286

.645

021

.095

[ERN
w

.003

.000

.014

.068

.001

.012

.000| .000

.000

152

.051

.001

[ERN
N

.985

494

.681

.326

.552

.833

.119] .041

141

294

.621

319

.028

[EnN
[$)]

.284

.685

.160

.052

.664

.240

.596| .312

.623

.055

A71

.930

.003

416

[EnN
(2]

.032

127

.015

.004

132

.030

.575|.927

579

.005

.022

374

.000

.091

.375

[EEN
~

429

.825

275

119

799

.364

.559] .313

.581

113

.268

.850

.011

526

919

.361

[EnN
[ee]

.007

.034

.003

.001

.037

.007

.232| .452

241

.001

.005

144

.000

.029

.156

577

.160

[EnN
[(e]

.000

.002

.000

.000

.003

.000

.039| .107

.044

.000

.000

.024

.000

.003

.031

.202

.037

491

20

.020

.004

.051

139

.006

.041

.001| .000

.001

219

.098

.004

.926

.055

.010

.001

.022

.000

.000
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(3) %]~ 4

AL - HEPORERA A 10 G0h R fide £ 1348 0 42N A
(Discriminant Analysis) %k #£ 34 & B 3% F1F 430 b kfg b 2 B0 # 1 ch SRR -
AR AL 6 BH Y Sd B S 3RSt APl A RE TR
#8820 g R om alicl VR 6AI%EREE B A H T LB Ek(E

4-1-12) -

% 4-1-12. H| WS cE 2 R 1 £

S i P ZEE% FHEREEY 2 3 Ap B Tl
1 591 64.1 64.1 .610**
2 116 12.6 76.8 323**
3 .106 11.5 88.2 .309**
4 .047 5.1 93.4 213
5 .043 4.7 98.1 204
6 .018 1.9 100.0 133
** p<0.01

bl shim s o L E B R IE4(0.614) s K R 2 (0.519)F ¥ ki £

L@ AARERT K FE(-0391) (£ 4-1-13)c sk 2 A RER

\ﬁ
&

AREEERD BAEDEES a2 S BT At NIRR S SRES .
dON A S TR T T R BT Sl RER T AR ET o 2R
HIEH T K REFR ARIABEBP L R i A F hi & F]5F (# 4-1-13) -
AR h AR IR B F] S 0 F AT S T o d Sl 1 4 S0l 2 hiF )
B AR A-1-4) o 5T HEHES RS R S E(REREAG S
R TS L A kAT ok AT (54 mﬁ:'*“?‘ B )2
Sz o qpEd T P HRENAFEHNEF O HA LA RE T

g RNLBER A
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%4-1-13. BB F]F b6 S#k? gt £

\:Yr:ai
1 2 3 4 5 6
ThBRER 519 .753 -.281 578 -.032 109
2 3#pH .246 488 .032 -.656 -.071 -.592
R3S e -.187 434 471 -.262 211 .755
FHBRER 73 125 .558 178 -.806 .349
BRI R RS .614 -.287 553 -127 528 -.053
el -.391 501 .309 794 .253 -.285
O1
O2
5.0 3
O4
5
Os
2.5 #]
8
9
O1o
& 11
21 0.0 12
) O13
W 24
2.5
5.0
50 25 0.0 25 5.0
R 1
B 4-1-4. 2|64 47 Slicl &2 S 2 (TR o 3 fE550(sp): 1, FER2 RE
MEX,S3, SRR 4 T8 ke E; 5 R{rY,6, i 7, EEE S,

B9, ME;10, Bo R4GE 1, MR R 12, BE13 R okH




4. % ffiF L S R

e

AT A v‘ﬁ%ﬁ?& » R EA L E Dt R poend
Al

X
SN I S SRR O

M A

'rwﬁﬁrxﬁ#¢24ﬁ¢i@% L 23

X,
p

kol

14—

J-
7B

-1-
& 4
p
4 7

E-D
M

ﬁ

6%@ B X ‘}L 7

£

?ﬁﬁﬁi@ni%@i&#%ﬁépﬁﬁiaﬁ%’@ﬁpﬁiﬁﬂﬂﬁio
L2 ARG A ee @i 7 &2 7 (Chung etal., 2016) o i % # R4 3R
HL3BMES Fiag2A27 3ok Fla Ly A+ 7 (Xifredaetal.,
1999) -

@@—ﬁm{gxpz%%m@éﬁ&ﬁ%ﬁloﬁﬁﬁﬂ’#ﬂiﬁii
';v;‘%ﬁimf%ﬁz@&i\féﬂj/l;%i\'%%\%E’] E;—\'gﬂj;-?]. ) ;JL‘:J‘ )A."#"_!_i'_ ~
FRAE~ZOEFEVEZF BRI EOSHAEHLIF AL R AN > TR
FLAEP R E G A A e BT R SR B4 ol
Bl AT F & L WINT Y REF o
F 4-1-14, B L % o ki dr cnd 7S N R

4o A4 o
BT xR e a2 s
pER~ SC |SI |SU |AV |AA AU
T v k@& %, 2009
5 I
FOES Y v EBEZ &, 2007
HEY v Limetal., 2014
A EES B v Morin et al., 1997; Kuppler, 2016
B A& v v Hao et al., 2011
] k7P, 2007
AR ey v|Hsu & Kao, 2014
LEg v Hao et al., 2011
Pefrd v Sakpere et al., 2013
Vo
iy
R N v| v Warwick & Sweet, 1983
By ORBY
el & 5 v Mujahid & Shabbir, 2017
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% 4-1-14. ¥

yERl SC |SI |SU |AV |AA AU i
EN- ¥
LS Ry Y, £ 33 %, 2005
2 g e
R v 3 3+ %, 2008
=
FEE
WEZ2 v Maimoni-Rodella et al., 2007
T2 ¥ Su & Lu, 2014; Chung et al., 2016
KRR v 3 47,2017
ZEEFTAHE v ks~ 2007
FMBE R
P v van-der Sman et al., 1988
A %
WE v Vv Xiao et al., 2016
LR R
ERCA v McConnell & Muniappan, 1991

A X} —kﬁg =t W{ —
of | || B
& | 5

WHEE S
k¥
Froknx Owens, 1981
=g -kHE Owens, 1981; Kelly & Skipworth, 1984
fr 75 & Vv Owens, 1981; 2 % %, 2016
L Y Esler, 1988
R
R
EEEN Y.
FEREX
mE v v de Castro et al., 2016
g2+ 4 5/ 14| 14 1 1
47550 1SC, pApF sSlL, A RA4pF SU, FRAAR AP S .
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LR R A

J

1. 2%4A7F
PR KRG EH A F 4o 4-2-1 47 o d B0

T Ma R(ETE A

Rl)eoh KfEd R HR S 0 7 0 B RenEHEA L5 BB -

E b B bom o B %o R
E & ® RO &K KD
¥ H R E B E ¥ X EE K
© o000 o000
g i i
g ) &
Wk g3 o®
M0 2 o2 @
N o8 £ 8 o= 3
@

B 4-2-1. 2% kg AT o
2. Rewism

Ko 5 LA k4T 1341 26 5 28 fE 7 k44
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% 04-2-1. K F v A S ki A BT

g # i !
o i 10 18 18
=+ g4 3 8 10

&3 13 26 28

N

A/

— o

B 422 Ao it ki At - @1 LRAYY, @ krE ;2 uiES
FOOEFESOREREY CONTITFE OB S @F TR 0%y Hi
T @BA 2, @hnE; WX  @EMNFH  @L 4/ @F X kri;
O Y HETOFF R S ORWY S FAH 07 09 2Y (@3 F
WL @AY 0BT ek K @k U @k BN
% 04-2-2. A F B A ML R Lek

gt e L EHED
Axonopus affinis + A e LR 23
Setaria palmifolia * ~f ZEREL 21
Bidens pilosa var. radiata A LA T 17
Tradescantia fluminensis VBER AL T E ok E 16
Crassocephalum crepidioides A ey 13
Alternanthera philoxeroides B T ES Y 10
Erechtites valerianifolius 7 BT 6
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Anredera cordifolia TR AT E 5
Hedychium coronarium B L e 5
Conyza sumatrensis A LEg 4
Drymaria diandra P F Yy 4
Gnaphalium spicatum s Bo RHY 4
Strobilanthes cusia B o AL BT 4
Tradescantia crassula L B RAPDE 4
Murdannia bracteata B EE 3 X E kA E 3
Galinsoga quadriradiata 7 S e 2
Paspalum urvillei # A A I g 2
Phytolacca americana (R FMEE 2
Ageratum conyzoides 4 FA @] 1
Duchesnea indica A R 1
Emilia praetermissa 7 B BT 1
Gibasis pellucida Leh 7o il vg iR 1
Hydrocotyle verticillata A i 3 1
Oxalis corymbosa pea it BRREF Y 1
Paspalum conjugatum ESE 3 B 3 1
Talinum paniculatum B A A 5 1
Wedelia trilobata B ERERT ARy 1
Zebrina pendula LR o i 1
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Jatw ittt kigH L F R

B LR BT I3 24 B 254 kiEd (R 4-2-3) 0 AP g
PRERSOM) B i A AP @ A)(E 4-24) ARARED AT 92 B
Rigd 53 ¥ FHERELOBPFEe A TF XL 16B " d knEL
10 %3 > 3 B 10 @ %3 e iétﬁ_fr%f—ﬁ’ﬁ 66 B3 ¢ FHRENETOQB)-
FEFO )RS0 B)E LS T06 B)F 4 FRTIOR 4-2-3

10423, @ A A SR kA A A s

¥ # L 2
R 1 1
FrEES 17 18
LS R 6 6
&3 13 24 25
F 4-2-4. m % LM Ry Lék
gt L e EHET
Bidens pilosa var. radiata SR eE Bl 16
Tradescantia fluminensis A oRHE Vg 10
Setaria palmifolia FEREY RN 9
Anredera cordifolia AT e 7
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