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Factors contributing to the spread of the invasive plant
Solidago canadensis L. in Hefei, Anhui Province, China
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"College of Resources and Environment, Anhui Agricultural University, Hefei, Anhui 230036, China; *Tea Valley and Beautiful
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Abstract: [ Aim] In order to study the ecological factors contributing to the invasion of Solidago canadensis, and the relationship
between the invasion and the local ecological environment were analysed. [ Method] By quantifying 22 habitat factors, such as eleva-
tion, slope, etc., the invasive patterns of different habitats with different characteristics were accurately described, and a principal
component (PCA) analysis was carried out. [ Result] (1) The ecological information which included 22 ecological factors according
to the habitat of the plant could be expressed by six comprehensive factors: the soil resource factor, soil physical and chemical fac-
tor, vegetation factor, compound factor, interference factor and light source factor; (2) The frequency of occurrence of S. canaden-
sis was positively correlated with available potassium, total plant density, weed coverage, organic matter, plant species number, ele-
vation, slope, tree height, tree size, soil moisture content and was negative correlated with distance from water source, the available
phosphorus, total phosphorus, and the soil pH. [ Conclusion] This study is helpful to clarify the ecological factors of this invasive
plant, and could provide a theoretical basis for its effective control.
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SR RAB R RHE Y R 2 | i O™ 5
FLIK 96 i ( EHi, 20065 #fd,2013) , R4
T AL Solidago canadensis L.J5 =T AU, S AIE N E
FEAEFF 5 R B IR E L o —a, HRrE &
J Uz MR A T L R VTV AE LK IZA
(R Xt g% SR A el R FH 1 ) 7= A 7 R T A TR
XA R G RENE R Z v T G E (B
JE45 20125 B304k, 2015 S48 4E 2014) . &
K—BEE AR bR 2.5 m DAL B PR
B e 1 AR LA A E 7R 28 () 58 4 b 5 A T I
P, INITTTE A AR HUTE 15 A 4RI, %o 1= B il A=
AIREE A 5, 30 A H P A G A K 5 Xk
AR A AR T 300 ML D Y 3 K R Rl 2 R Y
TR SR, 20165 ERIRE SR, 20055 M AESE,
2007; JEEL,2015; #4304 2014)

J T BRI E R — R AL N RAR Ry, A5
A T RHZAR ) AR DX 8 1) 4% AR 25 TR ik A7 4k
5 i, Wit —20 T AR 5 A S 2 1]
IEFR ISR — AR 0 BIIA B o3 A DX 38 351 )
OIS IKIE
1 MR5FE
1.1 R KEMHER

LA G NS T L T v [ R b X VT T
AT 31.11°-32.98°N ,116.42° - 118.19°E [A] , & i
FU11445.1 km?, HoAb VT e o B, 8 8 4R Sy v
e P AU A R P 2 AU AR 4
15.7 °C ,F&FHHEUT 1000 mm , 4F H FERHE] 2100 h( J5
FEEEFISLILEY 2017 ; 2500845 2011) ,
1.2 HBEWESLE

P A1 A SR FHBEHLIORE 73, DA & K —A
A6 H i b A A b rbon 5 B E R M, R
DAL EE 10 mx 10 m IE B REM, R T 5 7
IWEEHIE 7 5 S 1 mx 1 m IE ) IERED, L 18
AFES . BAERES 4 DAFRZ R, IR AR)Z
ARZ M R8RSR 22 AR E R R AR &
KR E AT RAE A8 I vk R

(1) R A MO s I 5 (2) BB . A
A L, 4324 0°-20° . 20° = 30° ,30°-60° ,60° -
90°4t 4 95 (3) HIESH KR AEFEHLEL 0~20 em -
Sty 1] G B R IA  (4) ARBY 2 AR AR S
BN I S L N S SR N A
L A o o N A o N T S DS &= X = UG =Y 2

YA 10 9 (5) FEHL T AR FP AL 1~ 5.5~ 10,
10~20 Flt; (6) FFEHL B AE B SRR 5 (7) TR D
U HE G R B B S 5 (8) T i B AHE Ml P iR
HC SR ) — BRI AR 5 BE 5 (9) AR KIS At
i O U 1 — BRI R A A 5 (10) KRB
LR FEAR B IG (1) 28 F 3 25 1 1 mx T m
b 2% e BE - 205 (12) 2R R 21~ 10,10~
50,50~ 150 cm; (13) BEAK G BE 25 . AF b rboc BE Rl
AR ES 5 (14) bR A Hb Ao R R 0 B bR 5
(15) B HE A b o0 B Bl 3 B IR B (16) £
B4 AT BRE —SHBR LA O EE RIS (17) +
A AL . SRS TR A VA DA (18) 1A
R i I ZR A ; (19) 4 R0k . 8 Ak
Mg AR A BT RERINAS 5 (20) 2R .
i FHAARS IR B — AT E TR IIAS 5 (21) UK .
i LR W AR - KA BETHE A ; (22) £
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PRI AR S B , R AT AR AL SO AT 3
BRI R Al . >R H 31043 53T (principal com-
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A6 A 324 B FRRAE (25K, H B 5Tk R ik
75.726% , GAAHRT 6 4> R AR T gk —
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i, BI] e e & R — R e AR (R 1) .

XK —B AR i % B 5 E s
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Table 1 Characteristic value of principal component in the habitat of S. canadensis

BV R A 0 % 5 SR Rl R ) R B
AR AL AR R SRR TR B
TeARK/IN B HEE KR A B SRS 7 R IE A
O, SKEME | A A | 3 pH | LR
iE
3 iTig

H R 58 Ak, AR 9 EL A e i 1 220 g
7 RRIR B G U5 5 G LB BT I SR R ] B L
PRI P2 1 AR R B R BRI, 4T
XN B K —A B AL IR ST S22 07 T Y, A & K —
FEBAERT K HE 2B 1E S5t , o+ 52 R i
T (BT 45, 2011) 5 6 A GR35 Rk — A A %
fIRT 3 pH, 38 & T A & i, S HA A L, A
{24 - HESR 2 0 A A Wk A TR o (R
25,2016) 5 N5 K — A B AL 45 SR AR, (HA AT B
PR F R R (k= B % ,2007) , HJE, X
SEffFSY LA TR I B K — B R AT A R S
T e FTIE P | TEA R HA ) AR 25 B XA
A AR R BE 1 BT 5D

WILARHFAE(E Initial eigenvalue

TMBUG FRF(E Extracted eigenvalue

AR RS o
Variable E,ﬂ‘ '1‘ Contribution Cumulative E‘ﬂ‘ [1‘ Contribution Cumulative
igenvatue percentage/%  percentage/ % rgenvatie percentage/%  percentage/ %

WK Height 4.289 19.496 19.496 3.115 14.160 14.160
Y Falling gradient 3.633 16.514 36.011 3.087 14.034 28.194
+ 385 7K # Soil moisture content 2.546 11.572 47.583 3.034 13.792 41.986
MAY Forest type 2.357 10.712 58.295 2.660 12.091 54.077
FEIFPEL Plant species 2.057 9.351 67.646 2.599 11.816 65.893
FEY) EEL Total density of plants 1.778 8.080 75.726 2.163 9.833 75.726
JRJE Temperature 1.303 5.922 81.648

Fe AR Tree height 1.042 4.735 86.383

g

Tr AR KN Tree size 0.903 4.104 90.487

HEA%L Shrub number 0.710 3.229 93.716

JeFL T Weed coverage 0.452 2.055 95.771

ZREEE Weed height 0.390 1.773 97.543

JKIEHE Distance from water source 0.250 1.138 98.681

BEHLEE Cultivated land distance 0.129 0.587 99.268

IR Distance to nearest highway 0.064 0.292 99.560

41 Total phosphorus 0.061 0.277 99.838

AP Organic matter 0.036 0.162 100

4% Total nitrogen 1.49x107'¢ 6.77x107'° 100

A5 Available phosphorus 5.42x107"7 2.46x107' 100

ZZAD Slowly available potassium -8.57x107"  -3.90x107'® 100

AT Available potassium ~8.13x10°7  =3.70x10°' 100

43 pH Soil pH -1.59x107'*  -7.24x107'® 100
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x2 MEXR—HEAREE T B SHEESERE R EFH A ER
Table 2 Factor load matrix of the eigenvectors in the principal component analysis of S. canadensis habitats
. Bk BOERS BEERS BNERS  BEERS  BAERS
lenjile First principal Second principal Third principal Fourth principal Fifth principal = Sixth principal
component component component component component component
4% Total nitrogen 0.911 0.092 0.099 0.032 0.049 0.069
H LT Organic matter 0.898 0.176 0.058 -0.078 -0.024 0.169
JKUREE Distance from water source 0.177 -0.903 -0.041 -0.016 -0.086 -0.067
MMk BB Total density of plants 0.296 0.700 0.432 -0.154 -0.001 0.052
B Available potassium 0.333 0.658 -0.211 -0.029 -0.413 -0.318
ZRF T Weed coverage 0.260 0.622 0.347 -0.165 0.135 -0.093
FHYIFIE Plant species 0.452 0.571 -0.378 -0.039 0.218 -0.342
N BEHE Distance to nearest highway 0.185 -0.308 0.770 -0.322 0.192 0.111
MRA! Forest type -0.137 0.189 0.750 0.391 0.251 0.184
4K Height 0.079 0.135 0.744 0.187 0.098 0.064
LR Slowly available potassium -0.046 0.267 0.664 0.025 -0.444 -0.105
H %W Available phosphorus -0.188 -0.266 0.025 -0.787 0.255 -0.197
4T Total phosphorus 0.387 0.177 -0.132 -0.745 -0.162 0.044
Y JE Falling gradient 0.035 -0.199 0.289 0.676 0.167 -0.140
AL Shrub number 0.040 -0.207 -0.265 0.628 0.393 0.210
139 pH Soil pH -0.210 0.031 -0.052 -0.082 -0.820 -0.101
FHE K E Soil moisture content -0.457 0.236 0.151 0.322 0.710 0.070
W& Temperature -0.162 0.066 0.219 0.071 0.576 -0.373
HFFE Cultivated land distance -0.407 -0.299 0.172 0.351 -0.486 -0.011
FE A E Tree height 0.101 -0.014 0.008 0.114 0.112 0.876
TEARKIN Tree size 0.143 -0.153 0.291 0.057 -0.110 0.710
ZR ¥ Weed height -0.502 0.136 -0.122 -0.162 0.069 0.552
x3 MEX—BEARESEFHERSTERGA
Table 3 Classification and nomenclature of the principal components of the ecological factors of S. canadensis
iy 1R AT HE AR S S (E TR (g
Principal component High load index and its average value Contribution rate/% Factor name
EIE Wiy 4% Total nitrogen: (1085.0+227.6) mg - kg™ 14.160 T T
First principal component AP Organic matter; (19.6+5.2) g « kg™! Soil fertility factor
B FE RS JKJEEE Distance from water source: (600.3+405.0) m 14.034 A% N T
Second principal component FEAR EEL Total density of plants: (71.4+37.1) ¥k Vegetation factor
F Available potassium; (128.2+35.4) mg - kg™
Z TG Weed coverage: (58.3+26.3) %
YA Plant species: (6.3+1.9)Fh
EE W /N HEBE Distance to nearest highway: (125.8+157.9) m 13.792 FHHETF
Third principal component MAEY Forest type Interference factor
34K Height ; (35.8+27.5) m
BRI Slowly available potassium: (717.7+277.4) mg - kg™!
CHIES Wi F R Available phosphorus: (5.5+5.4) mg - kg™ 12.091 ZHHET
Fourth principal component 4= Total phosphorus: (316.6+62.2) mg - kg™' Compound factor
3 B Falling gradient; 10.3°+17.4°
WEAREL Shrub number; (1.2+1.2)
EENENW 4% pH Soil pH: 6.9£0.9 11.816 T ek H
Fifth principal component + €5 7K # Soil moisture content; (21.2+6.2) % Soil physical and
IR Temperature: (16.2+2.0) °C chemical factors
N F R T AKEJE Tree height: (8.5£5.8) m 9.833 SR T
Sixth principal component T KK/ Tree size: (9.6+7.0) cm Light source factor

JL B Weed height: (74.3 +£20.2) cm

WX E ) 22 ST PCA 408,
2 OATEA B — FE AT 4 A i

R IR

TURR LR (3B

CHALB N R — B AR A B
14.160% ) , 1fij H.

?(LE/EEA B/J,]'Fl Yoy

FORH % 2 Bk A
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0.898 L ("F-¥I{E N 0.905) , M [N 15 I R — A%
BB AMR R AR R IEADG, X — 47X &k
— B AT R B K A D A — Oy, R IR AR
3115, STHK 1 735 BB 70 5808 14.16% , [
THAST ) IR R RE . ISR AR
SR TS Z ] R Y], 8 AN A
) R HEAE ) m AR A AR G EEE L, R
R AEFSENL T KT, AMRAEY) 522515 2= Ager-
atina adenophora (Spreng.) R. M. K. AHXf F A Ho A
Yy RIH TR 3 N M, HLUIE KPR AR
HE 78 CBERAREE ,2008) 5 IKEE Ambrosia artemisi-
ifolia L. WA DX 1Y - SEEBETG PEAH B T2 H X HA
TR XA 35 e, X SR B I A AR i A
PO i A 40 S P 3 - S IS g R SR 1, X
C I AR AL 3 (25 25 855, 2009 ) 5 - 3 il %
P HEAC ) 2 KA 6 B A = /Y B2 AKX ) 1
(ZEF75,2013) o TEARMFSE AR LA ML R4
RS IR —R B AL A=A B

SR AR KRR R R R
RUE” “ JRBESE R “ AR 2R B AH G R B AR K
(>0.571) , F¥I{E N 0.691; 1% 3= B4 R A ARy
3.087, TThk 11 70 R AR B 73551504 14.034% Al
28.194% , FAMINAZ S AR HL N RO RE T P b = 2
A5G, R il BRI R E RS 2 BIAR
(Elton,1958) . ABIFFT KB, “ FEHL N AL W) Fh 4
SRR B IEAH G, 31X 5 B e R BR
(2011) X} )" Va48 KHLHE Eupatorium odoratum L. Fll
SRR RS TR A R AL R AR
TERMREE F SRR ZREVEROC, TERETR ZAE1E
S AT AR PR R , AR AP 25 28 A=
HRHEVR 2 FEE, 05 5% F BT Alternanthera phi-
loxeroides (Mart.) Griseb. fEAfZHIX] & L AP HET%
[ s 7 £ 1 T ) A ] B2 O HLTE AR B ik
B BB I 2T A 2 AR T B (SRE S
45,2009 ) ; 75 57 9 XA 12 B B AE H - Solanum
rostratum Dunal. #1 §ll & B Xanthium spinosum Linn.
SR T AR DI AR R v O 45 R R ZH 8, B AIE T
Pkh ZHENE D T YRR CRE A 2012) 5 1F
Bl4%55 (2004) AR 5 B T FW AL A Y HE T
() Z2 REE AR DGR (R, M)A Vs D RE ML 2 %
JEHI AR — D HEH K,

T 580 /N -3 SR (7 S VT R TV

7 56 R AL X E K (> 0.664) , V- ¥I{E A
0.732, % Kl 5 8 K — 4 B A6 & A A 30 5 TE A
O M RRIEAR Sy 3.034 , TTHR FT 40 R A BB
SRR HIN 13.792% F1 41.986% ., 2N HHE S gk
— B A R A AR MR (0.77) , HEIEAHEKR,
FE U B AR B BT, 3 DR — AR A ) LY
BERFOBOR , AR S ARG KRB
G RRICTEI — N H A W A 1 ARl
VIR Z A TE N T4 H A0 B i I3k Xk (
INERIEH,2015) 5 NFEIE SRR X 3, AR AE
YIR TR AN #R B Z FEAIX ( Zhang et al. ,2012) ,
XRBIER TR ) A= B A5
“OPRAL” RN IR AT LA )4 S AR ) T P 401 R
GEIR , KRB AKAEIRIAR AL /N 59 X TARFIA K
T H A S R G AR (& LW, 2007) , A
WA B, &R — Rk IR AT A L
BOR X AT RESE 1T DA A Mkt vh o 22 4
PEBAR S, [ AR 5 iR s A —
FERIOCER  TEAL 5 M X, AR AE W 78 AN (] ¥ 4 o B
A oA, Kok AR = B2 W 22 ) HL 2 R O
B 100~900 m J& AR AE Y5 5 2 1 X
( ET$855,2012)

SO R AR A PR R
B AR O F s X B 1R T 0,628, °F 1 {H ik 3
0.709; 1% £ 4y FFAE(E 2. 66, BTHK 4> %
12.091% , RREHH 54.077% ., AR 4
B35 T R — A i A AR AR 2 07RH G, W R
ARECEGINE R BB AR AR TEA G, — M)
AN T IEIR BT 230 - SR W7 A S e, i - e f
VIR Z A RE I S AR AR A B R A
F AN KA W AR R B Praxelis clematidea ( Griseb.)
R. M. K. L4 JE Ipomoea cairica (L.) Sweet FlEg
FEMFIEG Wedelia trilobata (L.) Hitche. 7] LI 3E A
e IR, B - IR AKCOE R O B B AR
K VBAT IR A A F 0 (R AT A, 20085 4
B4 ,2016a,2016b) ; ¥ 1524 Flaveria bidentis (L.)
Kuntze. WK F1 = B %1 55 Bidens pilosa L. 3 Fh 3
BEARIEYIR AR BRI RE ) 2 = T A o Ai )
ARG T ERP S ERE TRE(HA A
45,2015) X R PTE AR SR PR A B3+
SR 1 = AORMOR A F SR RE T . AN SR AN
ALY AT ICEAE - A5, R AR
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A 5K IR SRR, X 0] B8 52 AR E
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CEYANE 5377 s L 1 =Y St 1 NN N/ 3
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9.833%H175.726% , MW A A= 5 AAR HL i AT F H
GRIRAH G, 76 PR IR 58 2 AR AR
RAMMEAR ST, . 68 2 5% i 8 i 42 3 24
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T3 B G A RN HAE iR T 5 i 55 T 1Y
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