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Effects of arbuscular mycorrhizal fungi on the growth and the
competition of an invasive plant Wedelia trilobata
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Abstract: [Background] Arbuscular mycorrhizal fungi (AMF) can promote the nutrient absorption and
the growth and development of plants. An invasive plant Wedelia trilobata, invaded in the South China,
often distributes in nutrient-poor wasteland, but still grows and expands rapidly. [Objective] To explore
whether arbuscular mycorrhizal fungi play an important role in the growth and competition of W. trilobata.
[Methods] A greenhouse control experiment was conducted using W. trilobata and its native congener
W. chinensis. The effects of AMF (Glomus versiforme), different phosphorus nutrition, monoculture or
mix-culture on the growth and the competition abilities of these two plants were investigated. [Results]
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Both these two plants were infected by AMF, and the colonization percentage of AMF in W. trilobata was
significantly higher than that in W. chinensis, especially under low phosphorus. AMF significantly
improved the growth and the competition ability of W. trilobata under low phosphorus conditions.
[Conclusion] Interactions with AMF not only promote the growth of W. trilobata, but also enhance its
competitive advantage. This effect is likely to significantly contribute to the successful invasion of

W. trilobata.

Keywords: Arbuscular mycorrhizal fungi, Alien plant,

competition, Invasion mechanism
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Figure 1 The mycorrhizal colonization percentage of
Wedelia trilobata and Wedelia chinensis

1:: Monoculture: [FIFFE Y ERAFIA ; Mixture: PIFIFEPIIE
GfiAE; Normal P: IEHWBEES:; LowP: BEESR; BUAEN
FAY(HESE (n=6), A[AlTFEERIRTEA [RI A SR AL AF7E i 3 22 5
(P<0.05).

Note: Monoculture: Single plant species were grown; Mixture:
Two plant species were grown together; Normal P: Normal
phosphorus nutrient; Low P: Low phosphorus nutrient; The
results are mean+SE (n=6), bars followed by different letters are
statistically significant at P<0.05.
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Figure 2 The secondary shoot number, leaf number, shoot length, and above-ground biomass of Wedelia trilobata and
Wedelia chinensis

. —-AMF. RIEMEEIRET; +AMF. {EFVSEEREESE; Monoculture: [FEIFPAYI B FpAE ; Mixture: PRRPHIYIIRE & FPH ;
Normal P: TEHBEH7: Low P: (EMETESe: Ol N F-HHESE, n=6, IR EEFm (AR b I 7745 % 2 5 (P<0.05).

Note: ~AMF: Non-inoculation of Glomus versiforme; +AMF: Inoculation of Glomus versiforme; Monoculture: Single plant species were
grown; Mixture: Two plant species were grown together; Normal P: Normal phosphorus nutrient; Low P: Low phosphorus nutrient. The
results are meanSE (n=6), bars followed by different letters are statistically significant at P<0.05.
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A Wedelia trilobata B Wedelia chinensis
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Figure 3 The root length, root dry biomass, specific root length and the ratio of root and shoot of Wedelia trilobata and
Wedelia chinensis

H: —AMF: RIEFEEERER; +AMF: AR ERES; Monoculture: [FAME Y HMAIHE; Mixture: PIREHITRA R ;
Normal P: IE# W& F; Low P NBEE S BE N EHIELSE (n=6), AT HEFR/RIEA [FACH R 1778 B 3% 2 5 (P<0.05).

Note: —~AMF: Non-inoculation of Glomus versiforme; +AMF: Inoculation of Glomus versiforme; Monoculture: Single plant species were
grown; Mixture: Two plant species were grown together; Normal P: Normal phosphorus nutrient; Low P: Low phosphorus nutrient. The
results are mean+SE (n=6), bars followed by different letters are statistically significant at P<0.05.
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Figure 4 The relative competitive intensity of above-ground (A) and below-ground (B) in Wedelia trilobata and Wedelia
chinensis
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Note: —~AMF: Non-inoculation of Glomus versiforme; +AMF: Inoculation of Glomus versiforme; Normal P: Normal phosphorus nutrient;
Low P: Low phosphorus nutrient. The results are mean+SE (n=6), bars followed by different letters are statistically significant at P<0.05.
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Figure 5 The competitive balance (CB) of above-ground (A) and below-ground (B) in Wedelia trilobata
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Note: —~AMF: Non-inoculation of Glomus versiforme; +AMF: Inoculation of Glomus versiforme; Normal P: Normal phosphorus nutrient;
Low P: Low phosphorus nutrient. The results are mean+SE (n=6), bars followed by different letters are statistically significant at P<0.05.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



ARSI AR FLTR X A FRAE M R S A A K e 524 T ) 3809

3 WitE4%i

HAl, T AMF 25 AR Tkk
FRAMADI TR P Holn, Bunn %13
HH A AR ) A AL AMF {2 3% (i 1y 3564
WEMES . SR, REZMRIEI, AMF 1E5k
KA AR R T EHEWMIER, SRS
AMF F BV CEAE AT LA A O AR P42, A
YA AR T R PR 5 A (L BE o 35 (2 i A\ (R A B
EIG AN TR K, R R A T
Xof A LR 4 ) S S RE T

G N AT ) ol S 987 WL 44 7 3 161 ) A e DX
HEEFE S, H e oA R S R A AR AR
Ut , B 350 A R 5 R v ASOR B B 3R R
PR A K S HOR A EEEH . MFRRM,
MNP RE R 25255 T 5 AMF IE AR,
Fel, Majewska ZEPHF R, AMF X RRIA
{524 9 4 5655 (Rudbeckia laciniata) Fil Bk — 4 2
£ (Solidago gigantea) Y2k K 578 F W AR A B %
FIEHEVE T . [, 5 AMF AR AT ISR @ AL
M BIFRRE 1 ABF g RE, TEARRE &
T, 5 AMF BAE R0 0F T R Ll a8 i 25 K
DL R A s, ARG A b A ) 7RI 8 77 K OF
TR EA BB A (E 2), ZEM KA
Az ) R 2RO s AR K LA L E N B
SC, T R 2 A A TR S S AR T ) 2k
PR TC o R A UEA TR R, K R A B
TR XTI B A K 3, T 55 087 0 2 o ] )3 ik [
AMF 1 B AR i AR ) S 5K A A8 3

FAMEWIE RS, FEBEIURAET, YT
i A R AR R AR AR P SRR
() — TR SR 28 0 B, R SR I M4 N TR R A R
T U A A g R AR R T kAT
I, RT AR N Dy B ) R AR 2 A R S A A
A W AMF R, e o me 55 B 48 1 AR K
IR TS T . X FEUR 5 H N AMF 255 7]
LIRS IR PO iy 2 Tri AR P00 DT i v
Prx g, (AR A K

AMF T8 TR RE J1 3o S A KA ik o]
LU E AR A BRI s e RE 1B, AT L —
Ak LI, AMF LX) 48257 2 (Ageratina
adenophora)®? 5 # 15 44 (Flaveria bidentis)™ (3% 4
AERKARIHEA, #5 THAR . RiFs Rt
T, EHAMAEYI SRR, 5 AMF BAE
[ RE R T AR AL W T 55 7 B 2 1) 55 4 A
(4. 5), XARATRELE RS S LA HEBT A Hu R 47 A
Ay A R EAE A .

ZE LTS, AMF & e dF R SR 4G i A 1
AL R 3E 4 T, (HBA fEF A Hu kg 4
72 B ARG S TE A ik — 45 RS AE A P A
JIE i 6 T T 5 080 L A AR G T AR R T T BLA 2R
Kl HA RS A, Bk, 5 AMF [
AR T Bk T S I8 M A 1) B TR PO R T
s A TTmk, AR AT RE G 55 B A o AR A
SR . MU, AT EEET R S N sR A
PR v g 25 0 LA 7 5 TR B E A, SRR T
DL TS BRAEARWIIT, LAY 248 B B 45 A 3F:
FEHRRECR

REFERENCES

[1] Kula AAR, Hartnett DC, Wilson GWT. Effects of
mycorrhizal symbiosis on tallgrass prairie plant-herbivore
interactions[J]. Ecology Letters, 2005, 8(1): 61-69

[2] Yooyongwech S, Samphumphuang T, Tisarum R, et al.
Arbuscular mycorrhizal fungi (AMF) improved water deficit
tolerance in two different sweet potato genotypes involves
osmotic adjustments via soluble sugar and free proline[J].
Scientia Horticulturae, 2016, 198: 107-117

[3] Lin JX, Wang YN, Sun SN, et al. Effects of arbuscular
mycorrhizal fungi on the growth, photosynthesis and
photosynthetic pigments of Leymus chinensis seedlings
under salt-alkali stress and nitrogen deposition[J]. Science
of the Total Environment, 2017, 576: 234-241

[4] Chen Q, Wu WW, Qi SS, et al. Arbuscular mycorrhizal
fungi improve the growth and disease resistance of the
invasive plant Wedelia trilobata[J]. Journal of Applied
Microbiology, 2019. DOI: 10.1111/jam.14415

[5] Jo I, Potter KM, Domke GM, et al. Dominant forest tree
mycorrhizal type mediates understory plant invasions[J].
Ecology Letters, 2018, 21(2): 217-224

[6] Holford ICR. Soil phosphorus: Its measurement, and its
uptake by plants[J]. Australian Journal of Soil Research,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3810 A

Microbiol. China

1997, 35(2): 227-240

[71 Roberts TL, Johnston AE. Phosphorus use efficiency and
management in agriculture[J]. Resources, Conservation and
Recycling, 2015, 105: 275-281

[8] Bai YF, Guo SX, Li M. Interactions between invasive plants
and arbuscular mycorrhizal fungi: A review[J]. Chinese Journal
of Applied Ecology, 2011, 22(9): 2457-2463 (in Chinese)
D7, SR, 2. AR S5 BRI AR AL
YERI]. WA 274, 2011, 22(9): 2457-2463

[9] Zhang L, Xu MG, Liu Y, et al. Carbon and phosphorus
exchange may enable cooperation between an arbuscular
mycorrhizal ~ fungus and a  phosphate-solubilizing
bacterium[J]. New Phytologist, 2016, 210(3): 1022-1032

[10] Zhang L, Fan JQ, Ding XD, et al. Hyphosphere interactions
between an arbuscular mycorrhizal fungus and a phosphate
solubilizing bacterium promote phytate mineralization in
soil[J]. Soil Biology & Biochemistry, 2014, 74: 177-183

[11] Smith SE, Smith FA. Roles of arbuscular mycorrhizas in
plant nutrition and growth: New paradigms from cellular to
ecosystem scales[J]. Annual Review of Plant Biology, 2011,
62: 227-250

[12] Facelli E, Smith SE, Facelli JM, et al. Underground friends
or enemies: model plants help to unravel direct and indirect
effects of arbuscular mycorrhizal fungi on plant
competition[J]. New Phytologist, 2010, 185(4): 1050-1061

[13] Fargione J, Tilman D. Plant species traits and capacity for
resource reduction predict yield and abundance under
competition in nitrogen-limited grassland[J]. Functional
Ecology, 2006, 20(3): 533-540

[14] Dai ZC, Fu W, Qi SS, 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

[15] Majewska ML, Blaszkowski J, Nobis M, et al.
Root-inhabiting fungi in alien plant species in relation to
invasion status and soil chemical properties[J]. Symbiosis,
2015, 65(3): 101-115

[16] Qi SS, Dai ZC, Miao SL, 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

[17] Li ZY, Xie Y. Invasive Alien Species in China[M]. Beijing:
China Forest Publishing House, 2002 (in Chinese)
ZIRT, k. P EIRARIMIL Jbat: S E Al S
JiAt, 2002

[18] Dai ZC, Wang XY, Qi SS, 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

[19] Hoagland DR, Arnon DI. The Water-Culture Method for
Growing Plants without Soil[M]. Circular 347. Berkeley: The
College of Agriculture University of California, 1950: 1-32

[20] Phillips JM, Hayman DS. Improved 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

[21] Daniel BA, Skipper HD. Methods for the Recovery and
Quantitative Estimation of Propagules from Soil[M]. St.
Paul: Methods & Principles of Mycorrhizal Research,
American Phytopathological Society, 1982: 29-36

[22] Wilson JB. Shoot competition and root competition[J].
Journal of Applied Ecology, 1988, 25(1): 279-296

[23] Bunn RA, Ramsey PW, Lekberg Y. Do native and invasive
plants differ in their interactions with arbuscular
myecorrhizal fungi? A meta-analysis[J]. Journal of Ecology,
2015, 103(6): 1547-1556

[24] Menzel A, Hempel SR, Klotz S, et al. Mycorrhizal status
helps explain invasion success of alien plant species[J].
Ecology, 2017, 98(1): 92-102

[25] van Kleunen M, Dawson W, Schlaepfer D, et al. Are
invaders different? A conceptual framework of comparative
approaches for assessing determinants of invasiveness[J].
Ecology Letters, 2010, 13(8): 947-958

[26] Lagos ME, White CR, Marshall DJ. Do invasive species live
faster? Mass-specific metabolic rate depends on growth
form and invasion status[J]. Functional Ecology, 2017,
31(11): 2080-2086

[27] Majewska ML, Rola K, Zubek S. The growth and
phosphorus acquisition of invasive plants Rudbeckia
laciniata and Solidago gigantea are enhanced by arbuscular
mycorrhizal fungi[J]. Mycorrhiza, 2017, 27(2): 83-94

[28] Floss DS, Levy JG, Lévesque-Tremblay V, et al. DELLA
proteins regulate arbuscule formation in arbuscular
mycorrhizal symbiosis[J]. Proceedings of the National
Academy of Sciences of the United States of America, 2013,
110(51): E5025-E5034

[29] Oldroyd GED, Leyser O. A plant’s diet, surviving in a
variable nutrient environment[J]. Science, 2020, 368(6486):
eaba0196

[30] Lee MR, Tu C, Chen X, et al. Arbuscular mycorrhizal fungi
enhance P uptake and alter plant morphology in the invasive
plant Microstegium vimineum[J]. Biological Invasions, 2014,
16(5): 1083-1093

[31] Callaway RM, Newingham B, Zabinski CA, et al.
Compensatory growth and competitive ability of an invasive
weed are enhanced by soil fungi and native neighbours[J].
Ecology Letters, 2001, 4(5): 429-433

[32] Li LQ, Zhang MS, Liang ZP, et al. Arbuscular mycorrhizal
fungi enhance invasive plant, Ageratina adenophora growth
and competition with native plants[J]. Chinese Journal of
Ecology, 2016, 35(1): 79-86 (in Chinese)

BNLTF, SRWIA, BEAEWY, 45 MBER B AR A
W58 250 22 Y A R RO A MR ) 5 AL [D]. AR A
%, 2016, 35(1): 79-86

[33] Zzhang YM, Wang Y, Li Q, et al. Mechanism of AM fungi
on competitive growth between invasive plant Flaveria
bidentis and native plant Setaria viridis[J]. Acta Botanica
Boreali-Occidentalia Sinica, 2015, 35(6): 1215-1221 (in Chinese)
kT, TH, 2T, &AM HE P AREY T4
AR LR R K RO MLIRITTE ], 7L
R, 2015, 35(6): 1215-1221

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



