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BE R EEMA LEZISREYARE N HERZ—, MFER—HAE(Solidago canadensis L. ) &— Rt F 1k 19 A=A
Y AR CA 70 ZAER P, HETE NSNS ARV C A VFZHIIE, 456 AR B0 S M 20, MU &k — 4%
BAEM AP RE aL AR BIR S (0 T AR ACREON L AR 5 B SR AE 4 D5 TRk T I AR HLER, 73 #r
FIPEHr T2 LB A ATERR R . DA AR RE— D R D EFRRIE A2l R R 2R HLRIZE & RIS R, A
FE BB TR AR F IR BIRIZ IR ISR — B AE SR KA AR BE ST (5 BE AP P XA AR A9 S i ) £k
SR AR BRI 4 e 3 A B TR AR TR A AT 4 SRR 0 R B T AR A Pl 4 DGR (E R BB IO AR A5 B R 38
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Invasion mechanisms of Solidago canadensis L. . a review

YANG Ruyi"> ", ZAN Shuting', TANG Jianjun®, CHEN Xin®

1 College of Environmental Science and Engineering , Anhui Normal University, Wuhu 241003, China
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Abstract: Invasion of habitats by non-native species is one of the major factors that threaten global biodiversity and
ecosystem functioning. China is becoming one of the most severely invaded countries in the world with increasing frequency
of deliberate species introduction, international tourism and worldwide trade of agricultural products. A comprehensive
understanding of invasion process and involved mechanism is very necessary to avoid the outbreak of invasive species and
prevent new invasion. Solidago canadensis L., the worldwide invader with a invasion history over 70 years in China, has
been extensively studied in the last decades. However, few studies concerned the persistent and profound impacts on local
environment induced by invasion, and their feedbacks on subsequent invasion and plant community dynamics. Here, we
reviewed the successful invasion mechanisms of S. canadensis from its biological characteristics, invasibility of the
introduced range, allelopathic effect and plant-soil feedbacks based on novel interests and recent advancements, analyzed
and evaluated the inherent relations between four aspects above. It suggested that invasion was a complicated biological
process that involved multitrophic interactions of herbivores, carnivores, plants and decomposers, and a result of
interactions between multiple mechanisms, among which the most far reaching reason was disturbance by human activities.
The strong vegetative propagules produced by rhizome of S. canadensis strengthened its population established in invaded
habitat, and the numerous fertile offspring expanded new habitat through wind dispersal. The high phenotype plasticity to
resource fluctuation and high tolerance to stress conditions offered extra advantages over local competitors. These extrinsic
performance could partially be explained by intrinsic features as S. canadensis was a polyploid complex and characterized by
high genetic diversity. Moreover, the strong allelopathic effects on native plants and soil borne pathogens significantly
inhibited potential antagonists, which undoubtedly further extended its dominance. Susceptibility of the introduced range

resulted from appropriate climate, low biotic resistance and strong human disturbance provided favorable conditions for
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invasion. Besides, facilitated by mycorrhizal mutualism also played an important role in the invasion of S. canadensis.
Community structure of arbuscular mycorrhizal fungi was changed in a way that favored S. canadensis more than native host
plants. The mechanism of host preference remained unclear and represented an intriguing field that awaited to be intensively
studied. Up to now, however, enemy release from goldenrod specific gallmaker and other pathogens in China did not show
any positive impacts on its growth and reproduction. Although parasitized by Cuscuta japonica exhibited an obvious
biological control potential, its ecological risks need to be further examined and evaluated before extensive application.
Prospects for the study of S. canadensis in the future were proposed with emphases on (1) isolation, structure determination
and in situ acting mechanism illumination of allelochemicals; (2) establishment and improvement of database, population
dynamic and spreading tendency prediction using mathematical models; (3) long term monitoring on post invasion
environmental changes, study on functions of S. canadensis in ecosystem and co-evolution with local organisms and (4)

proper utilization, effective control and eradication method of S. canadensis.

Key Words: Solidago canadensis L; invasion mechanisms; allelopathic effect; plant-soil feedbacks

&R —K B AL (Solidago canadensis L. ) }AF}( Asteraceae ) — K B AL J& Z4FE A R AMEY), i = TA6 3%,
B EL AR A PGS ST S LA B R R I AT P 2% S | A — i R A AR 2 gk
— R AL T 1935 SRR R BERE AL TSI A TR E L | m 5t S5 1l B 5 i A= 2B A0  OA B PE SR oA T3 [ 4
A AEp At RACRPE R SR IX, I AT RERE— P /Y B R — A A AR A A I BB Sl
g e AR B RGNS IRERE Z (BRI R IR AR S RS Z5A M D BE , BB A= 4 Z2 4, )™ 2 1Y AT R B b
YRR A B K — R AR AL 5 Bl 2 5t AR R T RO ™ , 51 TR A R B A, (H B AE IR
WA T AR B, B Y MO 77 A B8 Gt HE AT RN A B vs A 28, BT, N AR &
R—HEAM AR AV ZHRE, KI5 INE R — BRI AR BE ST AR IR ST 14 e 55 7 LA
R NFETE SRR BN AR O R R (AAR D SGHE A MR & A I W PR3 BN Hp 22 RIS 52, A R

ST B2 AR SRR R IE sh A28 0 SUSHE 6 2% i AR AILEEZ (B8] Y INFE I R L = RS0 | 42 TH 9 4

BrAITTANY o A SN R — A B A A AR ) 2R a5 RS I AT AR ARIERERON, DA A ) 5 3 Y i Wi A 45
4 ANTTTHXT INE R — AL ARG T T B S5F a8, DUIREE IR A T i AR R, 2 iR S
FIER R U)LY PR iR LS5
1 NEHE
1.1 & R—BE AR AR s

IR —H A B N RAEY) AN A AR K A o AR R, T B A s B —
MY 321, AR AR A W) 1 B 58 RN 28 27 5 s 80 W B AP, B 1k o — 2By BB A T 2
B,
1.1.1 ZFHAE

A N K — R AL AR R ATk 2m DAL, 280 AR iR &2 AR K e, IRl PR AR AR &
K — A AL AL T AR ZE 0T 00, Fh 7 AF 3—10 A ¥al i %, % BRES AR Ak ()38 17 BE F1 58 5 46301 9—
10 A13,10 H i N A BACIA i B BOHOE G 7 ) F2 28 ) A PR AR B A8 5 SRR Rl 4505 7T 3k 3000—20000
ki, i A TR P E SR — e (0 AR R EA L 50% 7, TR RS T InE R —RE
A6 0 GEE A |, e B 3% B R i <AL 2R B 3D, I B LA TR A1 )2 A6 e 6 | ke B ROK R P T g
ZEM YR R AR S A LU IR B R T E TR iy, DU TS SR B R B TR AR IR S T
w, wi R B, AR T AR IR B AL 0 T HA A AR Y M B i SRR ZE Rk, )
WORNB5E 1 Re J7 s, T B AU 1 23 0 BOCH P AR B 22 0 T BB AR, AR T R R 4R RE, hn Y HCR
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1.1.2 AR

IR — A AL ARV T S A A Y PEA: | B IS HARSBE B E g n ) 2 FEVE B 2 T e IR DB R
FPLFAFRETS . XER T 5 FIREIE A EFIE SRR OGN i S HAE A IS W R I AR R KRR, IR
— B A R OF A HEN 19.22 pmol CO, m ~*s ™' IRTFIRIE 5 WA LA LR35 RIS, S M SR
48.36 wmol m~*s ™" J& = FHAE Y , W] LAIE 2k 98 5 AN [R) A I (8004 D16 45 SR 238 0 X DI 14 A8 Ak, % i Tl T 4R B
B3 IV R A5 ; [ ok A0 R 30 o 184 v 3% 5 B DA IO B A R (R IR TR R B R i 2L B
T EL Y SR pHA—T B T PR RV BRI, X NaCl U, RTiRf ER 6, 35038 AR g 1) 498,38 °C LAY
I TRLRE LE 5 °C AR AR TR A7 3 T G sk S ke TR PR A 40 AT X D B 4 i AR B R —
NN
1.1.3  ZHfRE (4 Al

A 1 A | A 3 I M A5 M e BT A L PN A Y 4 L 2 R s A 2 S 2 Al il . IR — B fe e — 4
e A AN R B AP B R U 2 A5 R AR, EBER AR A AR (20 =18) UG A (2n =36) FIZS
A (2n =54)3 1SRG AERTE T Bafkdl FE LT L 3 i 6k — A A, R B Y (i
BHN 2n =54, IR 2A BI(CHINER B AR S, altissima) 5 A —FH AL Y A ARECH N 2n =
18 AU 1A A A — B A8 M e RS OR 9, NG K — AL B A8 HAT A5 RFRIE . AR 7E A
AP 53 UL A AR N A A K a5 RRRURIR AN ] A A S 1 o A B DR 40 3 S R DR P A ik
P BE AT AR R A DO, L mT RE 23 AL B Y D RE B T IUBRIRAS | 1T HLEE PR 41 =2 (A1 AT L& A B2 X TC 5
W R AR RN R — R A X A BT AE I TGS L AR RE T L 340 W BRBE AR Ah A3 1 i 738 15 3L
WL ZREPEA DG, TR XL ISP 4 A FERESE 22 57 10 20 B 3R B & R — B e AE 1) 35248 Z2 8 MEAR
15, ANTR] B REIR A 384 22 AR, O B S M R A 56 L WIANRIEE ST 2a 1R BE, L2 2507 2t 43 A 5
1 97.9% F196.5% ,TEFT 53 B RE i b 28 oA A 58 4 — AR R BE A R, T A 1 2B BE TR N8R — BB BT
FRER R R T R4 T AR (R P BTN A ISR AR AR R S LAY IR, PR - A B
G AT RESE B T AR R [ AR SR R B L S A, RIS IR X R AR Y 3542 2 S
s, TG T e AR I AR v A B B A R AR 2R 1k, Alexander 45 HL38 T 52 [ i B -1 0 i 22 K —
RCH AL AL LR FIAR 57 | R BRAE A AR BB A RIRIRE 1] )35 44 200 S 340 18 35 AR, (R st A5 25 A0 IR e A= 84k
WG AR R S LTI N R RS B TN SR — R AR i S R R IS AR IR A
AL | [a]— R N BRSSO S0, Rl Jo ik 5 LB G gk A 7 66 DR 52 i T 3 J iy . AR
M7, 353 1% A8 SR T A5 M I K — R AR Y TR 5k | JHOE AL A 75 BER A 5T
1.1.4 Hrividk

I R — R AL B AR I 5 HT B8 PR EAT B0 AT 52 VE R N BE A 06, Yang SE0F5E T IME K
— R B AL X V5 Y B e N, & B X B AR B (arbuscular mycorrhizal fungi, AMF) A 5 58 B 48 P
(32.27% ) ,8vi5 9% i F AL A Yy it A AR AR e 0 (B 20 R I/ R Bl b 32 B8 3R ST R R, PR o s
PSAF T AMF FREUE FR TR MRCRA BTt ™, DU &k — B i 46 g %8 1ok + 39 vh oA iR AR 9 7R
ARG S PR B RSN B A IR AEA MU ) 5 P HURAAAE . Yang 55 HAC T IR AN A N 8IS G x)
A AP G IR 5 ( Kummerowia striata) JINEFNE £ ( Festuca arundinacea) FIAAZFINE K —B 8 AL 520, &
PR 32 775 Y Fof X0 MR 7 90 R0 A S AR 35 43 A e S TN R — BB AR AT G 25 A T A HIR R )
A AR AR i AR TR AR YRR R R R M, RS RINE R — R AEBR R AR R YR T
KA1, AN 20T H 35 S 25 1S, I AN R — RSB AE AR S A0 A Tk B2 AR > TS IR B Y 6. 42% (5. 93% il
11.219% ", SAGHR BRI, 5K — R BEAE A 2 W et RO A FRE I 40 L Ll e S8 8008 e A 1 L R
HIT R ARRFTR A R AR WA B T NS R — R AL XA MR 0 5 e I B AR b A A
RGBT RHE AT EE ST . BRIZ AL 120 R BN R — B e R IR B DGR Ko R
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S5 R A 1 S S A MO ) Z IAEAE AR 28 50 2 e R AR R N K — R B AL RS IS AR pH Y £
e, I BATIBA 1 SRR R A
1.2 BT ARE

HEYIAR—BAEFERA JEJE T P8BS, — B AR B Ry 8 7 i D) AR x4 il A0 B i
FEH AR BRI B BEAA T BR A A 3%, R 7 2 R WAL A B W ) T AR, BIIRER B T AR | X2 ok
FESNRAE P I AR Y EE SR
1.2.1 Py

H AT, ISR —E AR TR =25 A7 i WV V095 284 BT, S AMEARTL A ARm AErh
AR VE S TR A 8 A A R T LV AR S A X 0T BB K T LTS L %A X A e I
a7 IR RS 3 AN ST, AW Z KBS AT, IR A PR AT K AR 2 e d B S R P BRI LA
Ah , AZH 23 SRR e AT AR — AN R, PR 8RR A RER A 1 DL 20—
30°C TR A RTINSk — R AL T A0 &2 A AR A O W R TR AR SR 0 R K TR AR
WL AR KA . AR FNTESE S B2 AN A PS40 5 T R e 7 e AR M AP 2545 2 0 Davis #2108 A BE IR
W 2E BN R, WA B L5 i T AR A ) B R R 8 0, AR SR R A 5 Ao B R 2 TR, AT AT A
A RADP X2 I 2T T IESE . Al 0 45 & R e R el & e S AR R T & R — A g
PAFE R AR, IR TR S 5 Z BIAR ™ (HOFE B RE TR AU IR BT oA A T A
HFp 38 X IR FBCE (resource-use efficiency, RUE) A & B, 7606 K B IR R IRHES 0 A BR Y
TEOLT , AR ELAS A X 08 U5 %) 1) FH 28803 B8 v, T ELARR 78 95 25 1 T AR A o) 5 05 38t s 11%) 29 78 m 0 i A o

g 2200 A TN R — e B AR R B 38 B ) 2L PR R A s A A BT LB AR AE S R GRS 7 F)
A{%[IXQ()] N
1.2.2 H¥ks

SO A IR PR E F2298 thARH Y S8 4 TR 2R B m gl ) 55 DX 3R 3 [R)JE 1 ) % SR A ) AR
MHRPTRE ST . BET, ©AVFZ RS NPTAARBE T 04 £ B B R ARALE, 40 22 FEIE A R R B ANSON, 28 R AE DS
AL BEE R ECREIUE 5 ( enemy release hypothesis, ERH) %, I Bk S s 2 0] oA AR v T R Lk
PERT A T RE I 2258 BB BRI A MR ) , BRI A FR A E A, I B 22 6] % 5% 54 38 -t 23 i
i, RSN A4, PRI T 28 A 2R A0 AT REVER /N, TR T AR B AR . IR — BB
Nz 22 Ry sl sz B2 s 2T 4R 0 AR B angk B A A PR UT 2k R SRR B T RE IR AR AR R R S
G XU SRR AR RURAE Y SRR, RGRREE 2 B S KA, RO AR BB RE ) B, X
IR —RE AR A G A B T et SR . REOR B IA T A A ) S5 A5 1 22 KL RE
i Xof FURPF RUR A 7 2004 T X e R 8 b S I T A T 7 2 19, T 78 97 1 2 B B 8% 181 15 LA i 3
A5 11 B 5 B sl H A R TS R R AR, AT S S50 4 A 5 61 R0 = R > R TSR0 2 U R 105 AR 4
R AR R S A AR — RO A 2l i T A EL A v R B SR, O LTI % 1 3R B Ty
REEE I AR/ | i 25 3 s PR A A R B A R M R R R i s J ) 2B i e 2 #edb S 314 FhE R
RERS LUINE R — AL R, W Eurosta solidaginis f&—F & | 13 AETE— A B AE @AY rh i B oL, BRIk f5
TERE MR B2 TR, A WAk 2 i B A 4 P it BHLAS — e ny AR K B & g ke seT- Y,
B H H 13 BA 5T & AR b AR X R R, O B4t K B /M EE A & ISR —ko i 46 EAAAE
AU A ZERG L RIS R — B AR SRR A R 1, B0 I AR A B K ) 5 e e 4, b A
Z Ak N A I PAA BN EAE , 7E A HALF Somi s/, o] & 5 A B o s/ W & R AR, A AR
VAT 7= M 1R R T AT L SRR R AR AL P BT AN

TR HHTFR B G R e B BE A RCHE il 5 R — A v 4B 1 K #, (H B A0 A iR 58 H AR 4 22 - ( Cuscuta
japonica) BERE ZF A T INE R — A B AL JFXTHAE R = A M IE . ARSI R B, B A AR ) I8k — 4L
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BAGIDCEVE™ E 52 B | 52 F AR B 0. | BEFE i (] 43R L 22 45 1k DA SRz 0y s al AV Sy — il B 2 i 42 o 5~
B (HH ARG LA G e — P PP 5 A0 % 55, X 3 BTG % — 1k, DR A T o H A S KU A R
/N2
1.2.3  AZEEshi T4t

NGB TR A= ) A AR (52 00 F2 BEAE T S TR M W B AR Btk A 0 Sk, , DA e 4 s PR BE 1 il A
R, TEFRE 4G NS R — BB AEAE N 01 22 AR A 510 I HL i TSk — R s e B A Fh
THCRZ PRI HIRUIRZE B, DL AUBC A5 RS SO ™ A B 22 SR A e A, N ETR 3l i S e iy
BEANY TR ST kT i X SRR B A A IAS L B AR T RN B R — R AR A 3 B A g g
HRATRE AT AR K A TR, e R AEAEI | RV 0 52 K — A 86 R AR B, AT SR e = 2L nT B E AR
THN , NETE SRR T SRR RS AE Y 2 HE M SO A Y Z R AE G R ARG UT IR AL 25 h B
gy, XA A 0 4 A7 A VR, MR I 3R S8 A SRR E M R 55 1, S T AR & A=
FER IR, TEIHEL 5 375 1 14 38 S DX 5l NI 2l 19 TP RE A8 (i AR AR v P e W 1% = w5 82 1Y 00 98 o, 77 3 4003 11
T ARSI I AR R 0 A 4 A SR M R 1) 35 5 PP ARAS B ROE A5 3R e K — B 4E
(1) 253 A DX I [ R B 1 A2 B NS B A T B T i A AT AR M . Ak, AR AT RE S 52 R
AR A o ] P AN [ 4 o 5 R — A A A AR 1R ) 3t (G 2R 1) AT R R AR b A A2
WSRO DT A UNIREE Ak S AR 8E SR R | 32 M RN R BTG 1N R ) R 0 A A5 LA AR
AE S T REAEAE N BT 2 RE AL PR R , 17082 K — B A6 IR L R 120 2238
1.3 fLiEfEH

K B MR KBl P RN K 4248 ( Centaura diffusa, Centaura maculosa) HFH B 43 MM X A2 (L3S ) M AR
F R FLA AR R A IR/ 1 B s R I R R RN 2 AR X — 4 Callaway I Ridenour 2
H T “Novel Weapons” {1}t ( novel weapons hypothesis, NWH ) S B {b 8% T 7E AN R Y F AR EIVERT , iX —
FRIE F RIS 3 TV SR 1 SR L ISR A AL A 4 (5 BB MR 2 I X A b A ) ) 8 R
SRR KA — 2 AP EVE T, e vl B st D) Sl 2 B ] (AR R 42 ) % Yang S & B, e K —
R AE MR AR 25 AR AT 3 Rk Xt 1 =M ( Trifolium repens L. ) FIHAML 11 FhAS A ) ) b1 2% 34
A5 T A P 000 B e 1 T T 8 5, AR DR 25 1) A SRS 0 B g AR 8K — B AL ARCR 25 4>
Sk HICVE ST R AR5 X0 HAR m e 58 ), NI AR TCEERA iy M E L 5K
B, IR — B AR AR SRRSO /A (Triticum aestivum L. ) Y654 PG LA o — A 2 B 58, 107 HLA7E R
RN AS 2 (A1 0T T Al — A 3 A6 1) T B T 4 7 U AR 5 8 R ) n AL 45 Z R AE AE A
HAEM . Abhilasha FUBFFE I 380 4 105 Mtk W R - 338 v B AR IR B 5, R A b A ) % i 5 K — A B AE 1Y)
SEARE T IR | SN R BB AR AR ) LG A R A= A 8 A X A S o 1 SRR AT 3 B A b A
Wy RENS S N AR BeAh, B E A 48 v A AR It T R E A - R W DA R A B T Y
AR RS M S8 4 A 45 2R o NG R — A 8 AR A ARR ZE IR AR ) 0 AT AR b A ) ) PR R A e 32 32 - S v 1)
LT 2R B, A S 00 ] A2 TR TG e R P AR S T RS 2 41 A I I T i P i T 0

H T, © ISRk B A R TP SR BOR V2 RGPS G 22 s s B b EER S RS N
WA TR AT PUB AR (9K) B R # 1 S A Y Kobayashi 5 & 3, &8 K — B 846 (S
altissima ) ;=4 I S A2 T8 ( dehydromatricaria ester, DME ) ZEBEAE 3G 7R 5L [ 5—10mg/L AR & 5k vl DAXS K 75
(Oryza sativa L. ) 27 B P2 A BEPE 76 138D DEM 3R BEARAG , FLHM 115145 38K TP 3k BE AT 5, T
HREIEEDT R, BT AN B R A5 e kR T S B 14 A 2SS D RE AR A T, G i AR T R
SRR BT 77 A T HARIERY) BT A B A S 32 G R RS R RE | SR | IR A W L S T P A 2 Tl
RIZE A RE IR 02 DRI, EEBR N — R B A6 1) A SRS Ry 1 B b, (A S Ay e G S VR Y D B 7 B 5 30
Ba b i E FIBLT AT i A R it — 2P RO AT

http : //www. ecologica. en



1190 A % R 314

1.4 Y5 TR RSHE

HIRAED AR T — W e B RESh Y A CE Y 2B SRR S IR A ) B A 45 3 AN T
AFAE S RS . AR ALK WP B R B RS W SR VR T, L A 2 1) (0 3 4 G 3% 5 B, 08
TEITE MR I AR R B A FH A 32 BB R 2 i S 0 A7 d SR AMF 1+ 4% 99 D 1
PSS . AMF & —Ff ™k 00 N SRR ), B S 1E ERE YA ERIE B ny AR 1A B S S0 A AR S TR,
Xt R T A Bk P R [ 56 R LA BB AR VR o AL T A 0 1) R K, (R AR A7 7 11 32
R EARMAY) ) LALTE , EA TR E A 8 A e 5 AR Y Z IR 3T 0%
1.4.1 ABHAREE

TESIKAE ) 58 RN ST AL DA AR 1 B v A JE ALk R 1 3 ) L B2 AMF 45834 2F
YR FER T EEAEH . ARSCZ LA A AMF RN B X B LB s b, AN SR A S5 i
AT LA S T e A A A P R 1, I R — Rl A — R PR AR IR M A sk (i A A
WAARR YR 5 AR L Z MAELE 3 I G & U] AMF 7] BB & R — B fE AR FT A58, JOF B
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