TLIR AL B

2020 455 48 #7558 W

— 103 —

G
doi; 10. 15889/j. issn. 1002 — 1302.2020. 08. 018

FE OAMERAHRAT XD HFAMANRETHEK]T].

IR b A2 2020,48(8) :103 - 107.

WA T AR L T A 9 i S 7 A FE AR PR S AR K

~ A e
Fo#, B2 % F R KEER,

ZR, AR, WAET, Ak

(VLRI 5 22 TR B/ VLI R 2 3R B A S WE ST, YL 9549 212013)

A HAT, SR AR i SR8 C i i 1™ R AR SRR R . RS C AR ZOIRIE 1 R sy

PRI TR AL , (U OC T R SR AG 78 IS FRIAEE K IR BE A5 OR R B DR HCRE F AL A A 7S 2 AR D

BAERVTA

(I FRIE T DS R R JEC R0 P SR 087 B3 Rt A K ) R S EHIL Y o 45 SR AR T, DR BRI AR LT 5 P SR 7 L35 T LR B
RAFRIICAE G R AEIRBRIR T, mT AR S DA 1o S 087 B 4 10y A 0y i o0 IC SR, 3t B A 2R i I S e {0
o BEAh, IBCRAR FUR AT LU P i AR B PR 5 T R S LA M 1 rh SRR R B 3 i, AT e A 2R
A BB SRS I, DAASE AR JEC 1 AT L 3 5 080 AL S DAY PO B8R 5 1 T o e S 7 A 1 2 1y B O SR 7™ R 52, A

e 3 1 SR 87 S A FEIRBAR B T R PR AR K 5 975K

SR SRIR) : DA R AR BT 5 1 SR A 5 3R 5 ARAEL) 5 B o T SR

FESES: S451;5182  TEKIRERS: A

WEE NRAt Wit 5 kR, I K 6 455 52 5
B A NSS4 BRA SERE A IR, SR AR
Afz(alien plant invasion) B\ & M H2FRTENB, A
TRAEPIAON 3 1) A2 25 R S8 A W) 2R ™
IR, B 238 B KB T4 2, XAl 24 25 38
BEf Lo e E o 2007 AELE W IO 4 9 1
o = [ PR AR AE )27 25 (ICBT 2017 ) 45 i« 5
AR AR YR C 3k 620 27, Horh AR AEY) 500
Z P, 38 A T 38 2 000 /20 NRM &5 gk,
THMRIEI AR AL, A58 A 5 25 1 TR 2 i
R He s o0 A (R 7 TG S5 4 B 0 7
3BT (5 2R ARE IR IR0 M0 Pdi A=
RE ST, AR BE LRI AR o B IR 3 TR
Ul O B, SR B 7R SR B = i B v
b IRTTESE T Y AR HIR RE S R
AR A, A 1 AN T

MK B KR (Arbuscular mycorrhizal ) 3245 ) A7

ek H 191:2019 03 -20

ST H: HEK B AR FES (4 5 31700342, 31600326,
31770446 ) ; VL7548 H AP 2E4 (45 : BK20150503 )

fEE T B BR(1994—) 53 VTR WL g A, 2N
AR 298 . Tel: (0511 ) 88790955 ; E — mail ; chen1455526947
@ 163. com,

OGRS AR, W, PR, N AR A S RO A 2555 T T 1Y
WF5E, Tel: (0511 ) 88790955; E - mail: qishanshan1986120 @
163. com,

TEHE 11002 - 1302(2020)08 —0103 - 05

e & 2 W EH A —, 1245 ke
A4 AR BT DAL B AR B (arbuscular
mycorrhizal fungi, fijF8 AMF) 7] DI{Z 4% 80% DL | 1Y
TP I SR R R A 56 R X Fb
PR B S A A S AR TR T A ARk A Y T
LI E 22 TR AR 55 1)
JRAEFROCE B R i R A
WY B SRR A A A LR IR . IR X
B, AME AT LUS s A ) TR0 58 T X8 77 0 3R 1A ]
BRI SR IR T L A EREE 55 5 A A o 3
RN MSEBEIE R, AMF RE A% 02 I 4 4 %o
BEOCE R R R K I HL RS
PEARRE R A e R e e 1
MG 35 | Wedelia trilobata (L. ) A.S. Hitche. | /&
JE7= T R SE N B — i 5 4F A i S s At ™, FL AT
B MR 100 B ARF 22—, [ 20 it
28 70 AR T | AT B AR LUK, e 55 1 B8 e 2
KAZ4k, H AT C7E R MOk % R B 552, HE5T 24
MR A A7 A5 1], JRAE Sie MU iR B — 1) 5 4
TR, ™ F 5 W) 4 M ) ) 22 Ak B e i AR
BREMIIREL M BAR H AT 5 S 4
SRy S AR R AT SRR ST T A X R 5
7 LA B9 A RIS | R S 0 L 44 A AL A AT
TR R AR (RS T AMF fE R 6
W L 2 1 X T Tl AR 53 52 o %) T B G o AL ) 20
A5 o



— 104 —

TEIRAOL B 2020 424 48 545 8 1]

P, AR TS TR AME FEAIG#AE S TR A 58
HRO R S A A I AR AT, A 73 R SR I ML 4
TEARBAPR I A DO 3™ 5K A LA, =F s AR AR A=
B, WIS AR R B A T AR 4R {12
WHER

1 #R57%

L1 gt

AR 1 IR A AR AR ) e S B 2 R B 3R
MR O TEVL R R IR N5 AR K
fathRe A (K KA ) — B R SR 4G 2K B, B
DZEBRE 2 2, A ZEBOYTE 5% WCATR N
VW RN 7 KA 10 min, SR J5 FH TSR K PR S
SR

AMF 3% FH 1) b 22 3R 32 55 ( Glomus versiforme , &)
PR GV) W A At st RARBL 2 B ¥ 8 % 5 BEIEE 5
JIto AREE T GV WR o BATY 55 1Y & K Ak
T AT 22 AR G AR B R IR B, HoAt R
44/g, BAY BT BRI /N T 2 mm
Ve R D S (IR 1 1IRB ) E
NEE AR RS, T 121 C R K 2 b T8
G, AT EFERAEA (20 ecm x 15 cm X 15 cm) 7
B2 2/3 HIE 4100 g @AY AL D B
i E 2 em BRI B & 3 [ Sorghum bicolor (L. )
Moench | ¥ HIVH 5  UE i a RUIRfE R b, B4
FEFP S ORLRh T, i Ja HIHE R b7 32 4, B LB TR
o, TCHUK GERERT IR 4 A, Hoala Rl #h 58 1 1k
300 mL f¥) 1 x Hoagland’s & J5 ¥ ; W FR IS 2= [ b
PR AR Z B BT S, K AR B9 A, 5 b T 3 0 19 R o
RAEHS), AARTERABELEN, T4 CUkFaETR
o
1.2 Ikt

ARE R AR R, JLE 4 A B IR
WAL P (1) IEH E I8 (2) [RBEE Ff. AMF 40
(D) AT GV 575 (2) B GV @il . WS
FEAL BRAAEARES N5 47 181. 3 mg/L &.30. 9 mg/L
A 1 x Hoagland’s & F5 UK s FM 5 77 40 PH A AR 45
ME 4 181.3 me/L 0. 1. 545 me/L B MOAGHE 1
Hoagland’s & F¢ W, o, & 85 19 12 X 23 il
NO; PO},

AL I SR U B vk B 5, 4 O7 I SR &
(10 em x 10 em x 10 em) 54 700 g et K ML
TR (AR <2 mm, TARMEFRRM) o K,

I AMF (AR BRIT RN T 8 5 ¢ GV F7l 5 695 ¢
FVMES A G IR S B A 2R BT
FHEEAE L A RO S B A 1 D 2RE R
1 ASZEATHRAE VD v, T A REAR 22 T80 T R X Y
70% R 25 °C SG—EJE I 16 h—8 h il =
WA R F% . BEK FZ8 18K DeiAt Y, - HAE 3 d
3N 50 mL TE 3 SR#E R 1 x Hoagland’s 5 %
W, RS 2 AN A AR R A 25 AR i 1000 mL
IEH E IR AR SR 1) Hoagland’s 5 57 .
1.3 @ARE s fegm e

HeH5 Phillips 251 77 ¥ PR I HEE TR 0
Jr 43 em VRALHUH KNGS AL, FHZE /K 42
PEFE VIR 2 em HE . SRS HE 10% KOH i
1k, BT H,0, HiEsE, b5 H 1% HCl R4k, #if

F10.05% Wi g, fieJm 1 50% FLER I ()5 , 1k
BT g

1.4 st R EAFHNE
FH I I G 3 B 92 I RE R AT TR L R AR

A =127
e

1.5 L

fdiFi] SPSS 17. 0, 5% I 88 N 3R J7 22 53 Mk (ome —
way ANOVA) 17 A [] 4 38 [A] 1) 2 5 I & 1 0 A
(Duncan’s test,a =0.05) . F Origin 8. 1 X} £ & 5t
T AR TR IEL

2 ERESW

HIPE 1 AJ LAt AR IR 58 5 w8 IR Ak 2
N, GV 1ER S B AG MO XA e L, (H R AR (R Wi Ak
BT GV RPERR(62.7% ) i 4 = T 1EH B IR AL B
T GV IEFEAR(4.3% ) o

100

0

(=]

T
—HH o

[=2)
(=]
T

TR 58 FE 2R (%)
N
=)

[\
[=]
T

a

0

EEEF

R 7

i

R EALER IR NG B 27 2 7 B 2 (P<0.05). FIEIR
E1 AREEEHT GV R EWIE R EAE

H13% 1 ATLUA H, AMF XA PR 4 A K48 hR
A EFE (P <0.05) slifl 3% (P <0.01) W,



TEIRAOL B 2020 424 48 545 8 1] — 105 —
2-A K2 -BALAEH, SXBEML, BN GV WAMNEAT LA FEIEH B IR AT B GV 548
WERIN T REE IER OSSR B N M R A GV AR BEE A ARE RS S 2R A FEE Y
APE(P<0.05), HE2-CK2-DAalLIF L,  WEZES. dE3 K4 0l LIE L, B GV 221
TEARWEAL TR 7 GV B8t T ARSI TRBRALHE T B 5 7 B A (A A AR AR R 8 R
(P <0.05) HERFEFR MK EZERMILME:  &E(P<0.05),

®1 AREFREZGT AMF MEEHEBERSEMHNEZHESTER

v : AMF : e ‘ AMF x 3
FAE PE FAE P {E FAE PE
i AR 22.233 <0.001 *** 32.280 <0.001 *** 0.007 0.933
R A 41.027 <0.001 *** 0.548 0.470 3.117 0.097
M5 L 7.980 0.012* 15.006 0.001 *** 2.503 0.133
/2R 21.981 <0.001 *** 38.540 <0.001 *** 21.252 <0.001 ***

TE: w5 JPIFIRTE 0. 001 0. 05 /K BRI 235

o
=
o]
)
—
)

ORI GV — F{g’;@fv
0.06 - 75N GV i

b

WTAME()
=)
R

o AR (o)
o =
R

o
=)
)
T
(=]
»~

a a

0 0 e
EWER e RBEE I7 - fKBEE TR
oo A WTFAEYE L B. i A E
RN GV b 12p  ESANEINGY
0.08F  wemyRiNGV Lol miIGV b
ﬁ 0.06 a ﬁ 0.8}
L AL
004f , _a % 06
0.4t
0.02} -
0.2f a a
0 0 e
EWER fEBEE 7 EWEFR fEBEE TR
szl AbE
C. WLk D. /2K

EH2 AEEFFGTEEWHBNEYRSE

120- 1401 ,
CORERIN GV ARG GV b
glOO— — ey b A120~ =750 GV
Sy 2 100r
g 80r E}
L £ 80}
& o i Eﬂ 60}
" 401 N
® g
20+ S 20k
0
O EmER B3 EXER TR

0bE:] _ i _
E3 FEAE TR EHEEHENEA®RSE B4 AELETEEBHBETRFNFERAE



— 106 — TLAAI RS 2020 4155 48 45565 8 J0)
3 YU A OR  OR e R SR I AT AR K

AHIFSE &I, AMF 514 35 87 8L W] LUE i B4
AOFLAE R TR R BR A R, AT L o 1 o,
I3 B HE ) i AR ARG 1 B 5% W L4 2 0 2 T
FWE o BLAN BN AMF R LSS 2552 (AL BT Y
FIPUAG IR Y IR AR | AR 55 R & &, X0 pig SE
S0 HE ) 43I0 SR W FE AT R 45, DT AR 2R AR ) A=
1o XL I AT LA 53 ik % 1 56 67 WL A5 7 7 IR A
P PR T AR TH RE % DRl AR 1K iy L, (] i 3%
B, AMF TESMRAEI AR h & 95886 B2 . B
FER LI, AEARBE AL B T 19 GV 7 1 25 187 L 4 A1
MEMF R Em TIEFERLOM, EREFEEN
g b, IBCRIAR L Y FE R AR Y AR
10280 TS DR e ek AR A IR A P e
JEAR BT R  TTEARE FR IR h T 25 AMF A
HAE RS G AL E Z R R i, 8 2o ik A7 AR
FRE B 22 A AR A BRI e R A

FL AR BRI Y BT I8 0 A S AN 5T R, AW 32
FIMRE IR0 B, 2330 o R R A K g, ek
AR T 5P W R IR T 6 A 5 I 40 T B
(optimal allocation theory ) 8 Hi , 18 ¥ i/ 24 43 Bt %% 17
K o ke R A AR 1 . AT S A R
TN TEARBE A N USRI GV, a] DL 25 42 i b T 2B W)
2, DTS2 35 48 150 i 9% 09 0 2 1) R e L 5 R TR
GV J& I b B 1w 55 187 L 2 1) L4 I 35 40
WL R RN, GV A AT RE 3 A 3 I AR A 53 i
FEHRA R 2 i LAY A R S TH AR T AR R i R
AR DL Y R 4 5 00 s sk T 905 A R BB, DT 42 T
T 5 057 WL A 7 0 I 1l P 58 38 T 1) 5 00 T 9 T
BB HEYIHER Y B 57 A i R AL RE
WE SR ALY . KRR SRR A
2 B TEZAAAE TR N e A TR R KR
BIEYIEER . AR AT LA W AR ) 0 T R AR,
EEBHR L YA K R
TR St R B R GRS RM, SRATRR T LA
B AR ) ot £ 55 S, AT AR SRR AR
TRE R R E KO mA R . W
PBARERSE S ARMY R B 22K A E
RRACE SR ARSG, IR T AR 9 2R 1R 4R
THTHAR TS H . ABF5E & B, 16 G 4L 3
LGV AT LU 3R it A R SR AR R R R
i, UEITEARBE PR 55 v, AMF B A AT B ik 164 i

CA BRI, AME AT DL G 46 3 R 5
JI L SE TSR E A AP RRE ST s AMF w5
WA A RS 5, DT ol AL 7 ) 3R B A A 5 |
MG S B0 o ah, AMF ] L 9 1
GRS SIORp 1IN & N ST = E R L S
PRI TT L, AMIF T L 3o 97 35 A8 0380 3R 8 3K TR 3% 114
7 2R AL B BRBE raE 19 75 5 AR R
B, AME AT DUE ISR A B IR 8 R R AR OK
ML A P S I87 3L 2 14 5 DL FE SR s 3 1 AR 14 4
T LARL ARG , fir 28 52 BUAE AR B PR 58 A 14 PR
R AR AT LI A B AME 15 g 5% 47 41 44 119
HIERARATF b — BTN J5 ik, LA SE BURS
[ZES 2NN ViR

S

[ 1 ]Pimentel D,McNair S, Janecka J, et al. Economic and environmental
threats of alien plant,animal ,and microbe invasions[ J]. Agriculture
Ecosystems & Environment,2001,84(1) :1 -20.

[2]Blossey B, Notzold R. Evolution of increased competitive ability in
invasive nonindigenous plants; a hypothesis [ J ]. The Journal of
Ecology,1995,83(5) .887 —889.

[3]Callaway R M, Aschehoug E T. Invasive plants versus their new and
old neighbors :a mechanism for exotic invasion[ J]. Science,2000,
290(5491) .521 -523.

[4]Eppinga M B, Rietkerk M, Dekker S C,et al. Accumulation of local
pathogens; a new hypothesis to explain exotic plant invasions[ J].
Oikos,2006,114(1) :168 —176.

[5]Keane R M, Crawley M J. Exotic plant invasions and the enemy
release hypothesis[ J ]. Trends in Ecology & Evolution, 2002, 17
(4):164 - 170.

[6]Funk J L, Vitousek P M. Resource — use efficiency and plant invasion
in low —resource systems| J]. Nature,2007,446(7139) ;1079 —1081.

[7]Liao C Z,Luo Y Q,Jiang L. F et al. Invasion of Spartina alterniflora
enhanced ecosystem carbon and nitrogen stocks in the Yangtze
Estuary, China[ J]. Ecosystems,2007,10(8) ;1351 —1361.

[8]Wang C Y, Jiang K,Zhou J W, et al. Solidago canadensis invasion
affects soil N - fixing bacterial communities in heterogeneous
landscapes in urban ecosystems in East China[J]. Science of the
Total Environment,2018,631/632.702 —713.

[9]Verzeaux J, Hirel B, Dubois F et al. Agricultural practices to improve
nitrogen use efficiency through the use of arbuscular mycorrhizae:
basic and agronomic aspects[ J]. Plant Science,2017,264 ;48 - 56.

[10] Vangelisti A, Natali L, Bernardi R, et al. Transcriptome changes

induced by arbuscular mycorrhizal fungi in sunflower ( Helianthus
annuus L. ) roots[ J]. Scientific Reports,2018,8:4.

[11 ] Turrini A, Bedini A, Loor M B, et al. Local diversity of native

arbuscular mycorrhizal symbionts differentially affects growth and



TEIRAOL B 2020 424 48 545 8 1]

— 107 —

nutrition of three crop plant species[ J]. Biology and Fertility of
Soils,2018,54(2) ;203 -217.

[12]Battini F, Grgnlund M, Agnolucci M, et al. Facilitation of
phosphorus uptake in maize plants by mycorrhizosphere bacteria
[J]. Scientific Reports,2017,7(1) ;4686.

[13] Pepe A, Shrana C, Ferrol N, et al. An in vivo whole — plant
experimental system for the analysis of gene expression in
extraradical mycorrhizal mycelium[ J]. Mycorrhiza,2017,27(7) :
659 - 668.

[14 ] Smith S E, Read D J. Mycorrhizal symbiosis [ M ]. 2nd ed.
London ; Academic Press,1997.

[15]Liu H,Song F B, Liu S Q,et al. Arbuscular mycorrhiza improves
nitrogen use efficiency in soybean grown under partial root — zone
drying irrigation [ J ]. Archives of Agronomy and Soil Science,
2019,65(2) :269 —279.

[16] Jeske E S, Tian H, Hanford K, et al. Long — term nitrogen
fertilization reduces extraradical biomass of arbuscular mycorrhizae
in a maize ( Zea mays L.) cropping system [ J ]. Agriculture
Ecosystems & Environment,2018 ,255:111 —118.

[17] Vilma C M, Javier V, Silvia W, et al. Root colonisation by the
arbuscular mycorrhizal fungus Glomus intraradices alters the quality
of strawberry fruits ( Fragaria x ananassa Duch. ) at different
nitrogen levels[ J]. Journal of the Science of Food and Agriculture,
2010,90(11) :1774 - 1782.

[18] Awaydul A, Zhu W Y, Yuan Y G, et al. Common mycorrhizal
networks influence the distribution of mineral nutrients between an
invasive plant, Solidago canadensis,and a native plant, Kummerowa
striata[ J]. Mycorrhiza,2019,29(1) ;29 -38.

[19] Zhang F J, Li Q, Yerger E H, et al. AM fungi facilitate the
competitive growth of two invasive plant species, Ambrosia
artemisiifolia and Bidens pilosa [ J]. Mycorrhiza, 2018,28 (8) .
703 -715.

[20]Qi S S,Dai Z C,Miao S L,et al. Light limitation and litter of an
invasive clonal plant, Wedelia trilobata, inhibit its seedling
recruitment[ J]. Annals of Botany,2014,114(2) .425 - 433.

[21] Qin Z, Zhang ] E, Ditommaso A, et al. Predicting invasions of
Wedelia trilobata ( L. ) Hitchc. with Maxent and GARP models
[J]. Journal of Plant Research,2015,128:763 —-775.

[22]Qi S S,Dai Z C,Zhai D L,et al. Curvilinear effects of invasive
plants on plant diversity : plant community invaded by Sphagneticola
trilobatal J]. PLoS One,2014,9(11) :e113964.

[23]Si C C,Dai Z C,Lin Y, et al. Local adaptation and phenotypic
plasticity both occurred in Wedelia trilobata invasion across a
tropical island[ J ]. Biological Invasions,2014,16 (11):2323 -
2337.

[24]Dai Z C,Qi S S,Miao S L,et al. Isolation of NBS — LRR RGAs
from invasive Wedelia trilobata and the calculation of evolutionary
rates to understand bioinvasion from a molecular evolution

perspective[ J ]. Biochemical Systematics and Ecology,2015,61 .

19 -27.

[25]Dai Z C,Wang X Y,Qi S S,et al. Effects of leaf litter on inter —
specific competitive ability of the invasive plant Wedelia trilobata
[J]. Ecological Research,2016,31(3) :367 —374.

[26]Phillips ] M, Hayman D S. TImproved procedures for clearing roots
and staining parasitic and vesicular — arbuscular mycorrhizal fungi
for rapid assessment of infection [ J]. Transactions of the British
Mycological Society,1970,55(1) :158 - 161.

(27 Voo, W IR, B8 ok A8 PN D3R B G 6 5 TR R 0%
(ELISA)MAE[T]. MHFEFHL,2000(5) 41 -42.

[28]Johnson N C, Rowland D L, Corkidi L, et al. Nitrogen enrichment
alters mycorrhizal allocation at five mesic to semiarid grasslands
[J]. Ecology,2003,84(7) :1895 - 1908.

[29 ] Karban R. Plant behaviour and communication [ J]. Ecology
Letters, 2008 ,11(7) ;727 - 739.

[30 ] Ericsson T. Growth and shoot: root ratio of seedlings in relation to
nutrient availability[ J]. Plant & Soil ,1995,168 ;205 -214.
[31]Ran J R,Lewak S. Interaction of jasmonic and abscisic acid in the
control of lipases and proteases in germinating apple embryos[ J].

Physiologia Plantarum,1995,93(3) :421 - 426.

[32 ] Wasternack C,Hause B. Jasmonates: biosynthesis , perception , signal
transduction and action in plant stress response, growth and
development. An update to the 2007 review in Annals of Botany
[J]. Annals of Botany,2013,111(6) ;1021 - 1058.

[33]Liu Y Y,DuM M,Deng L,et al. MYC2 regulates the termination of
jasmonate signaling via an autoregulatory negative feedback loop
[J]. Plant Cell,2019,31:106 —127.

[34 ] Cipollini D, Lieurance D M. Expression and costs of induced
defense traits in Alliaria petiolata ,a widespread invasive plant[ J].
Basic and Applied Ecology,2012,13(5) :432 -440.

[35]Peng J R,Harberd N P. The role of GA — mediated signalling in the
control of seed germination[ J]. Current Opinion in Plant Biology,
2002,5(5) :376 - 381.

[36]Dai Z C,Fu W, Qi S S, et al. Different responses of an invasive
clonal plant Wedelia trilobata and its native congener to gibberellin;
implications for biological invasion [ J]. Journal of Chemical
Ecology,2016,42(2) .85 - 94.

[37 ] Ruiz — Lozano J M, Aroca R, Zamarrefio A M, et al. Arbuscular
mycorrhizal symbiosis induces strigolactone biosynthesis under
drought and improves drought tolerance in lettuce and tomato[ J].
Plant Cell and Environment,2016,39(2) :441 —452.

[38]Bi Y L, Zhang J,Song Z H, et al. Arbuscular mycorrhizal fungi
alleviate root damage stress induced by simulated coal mining
subsidence ground fissures[ J]. Science of The Total Environment,
2019,652(20) :398 -405.

[39] Hashem A, Abd — Allah E F, Alqarawi A A, et al. Comparing
symbiotic performance and physiological responses of two soybean
cultivars to arbuscular mycorrhizal fungi under salt stress[ J]. Saudi

Journal of Biological Sciences,2019,26(1) ;38 —48.



