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Abstract: [Objective] The invasive plant Sphagneticola trilobata has been expanding to higher latitudes and colder
regions since it invaded China due to its rapid adaptability to the environment. As a part of the rhizosphere environment,
the rhizosphere microbial community plays an important role in plant invasion and resistance to abiotic stress. However,
the effect of rhizosphere microorganisms on the cold tolerance of invasive plants remains to be elucidated. It is therefore
hypothesized that rhizosphere microorganisms of S. trilobata acclimated to cold stress play an important role in the
improved cold resistance of S. trilobata populations to spread to high latitudes (colder regions). [Method] In this study,
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two populations of S. trilobata from the southernmost (Sanya ) and northernmost (Wenzhou ) regions of China were used
as the research objects, and the cold-acclimatized rhizosphere soil microorganisms of these two populations of S. trilobata
were used as microbial agents. Afterwards, the feedback effects of rhizosphere soil microorganisms on the cold tolerance
of host plants after low temperature acclimation was explored through soil feedback experiments. [Result] Under low
temperature stress, the inoculation of rhizosphere microbial community significantly increased the biomass, root growth,
chlorophyll and leaf nitrogen content of S. trilobata. The maximum photochemical efficiency and photosynthetic
performance index of S. trilobata were significantly enhanced by inoculation of rhizosphere soil microbial agents
domesticated by the northern (Wenzhou) population, and the relative content of anthocyanins was significantly reduced,
indicating that it was less affected by low temperature stress. [ Conclusion] The results showed that S. trilobata could
improve its tolerance to low temperature stress by recruiting rhizosphere microorganisms, and the effect of northern
populations was better. This indicates that domestication and recruitment of cold-tolerant rhizosphere microorganisms
could promote the expansion of S. trilobata to higher latitudes. Moreover, this study provides an explanation for the
possible reasons for differential cold tolerance in different populations of S. trilobata from the perspective of rhizosphere
microorganisms, and emphasizes the necessity and urgency of strengthening the supervision of the current invasion
boundary regions of S. trilobata.
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Fig. 2 The effects of different microbial agents on the biomass of Sphagneticola trilobata from Southern (Sanya) and Northern
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Table 1 Two-way ANOVA for the physiological responses of Sphagneticola trilobata populations under different treatments
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RC/CSo 7" ETo/RC

DIo/RC

7E: ABS/CSo, HFALBIEIIAAMILHIAER:; ABS/IRC, BARMHLLIILHIRER:; TRO/RC, HANSN AL 3R BE il

#; ETo/RC, ®ARMHOIIHEFiiEE: DIo/RC, BN FUOFERINREEEE; RC/CSo, HLALBEAIIAR 1 5 Rl
2% . Note: ABS/CSo, Absorbed energy per unit cross section; ABS/RC, Absorbed energy per reaction center; TRo/RC, Trapped
energy flux per reaction center; ETo/RC, Electron transport flux per reaction center; DIo/RC, Dissipated energy flux per reaction

center; RC/CSo, Reaction center density per unit cross section.

Kl 6 NRBEFLENE (ZI) Jb GRMD FhEEkIF R @i h RE 5O m (n=5) (a. &
AP, b, ZTEAE)
Fig. 6 The effects of different microbial agents on the fast fluorescence parameters of leaves of Sphagneticola trilobata from

Southern (Sanya) and Northern (Wenzhou) populations (n = 5) (a. Wenzhou population, b.Sanya population)

30

3.1 RIEMNE T IR AL 4IRS A B Fh 8 ma S I 5 4 KV S

ARWFFERIN, LRt IR YA 1) e 5 00 4 A B - 398 mT 50 25 2 0t v SR G TEARIR R IR AR K
(B2, B3, IHAeZMCIRIIE X FE R & R nis (B 5, B 6) , HEmdiERM
FhEER (R ROR B 0 TR A = WA, FiRSE R, S RRYMER &S E CEAHX)
P SRS PR AR o S8 A A A mT R A R SR IS HE PRI Mo . 4k ) i 25 B b X 9 ke i
P R E EEAEA

AW T B AR AR B 25 T R R B AR A X AR R GRN AR
SPIITE 6 C~9 C, HuifiE-5 'C ~0 C), ik, REMFHE AN FHEEN T8 T~23 C.
REHERIGE CWKT 5 °C) mRes KT 3 P& R, AARR AR, K
T 5 CHHE EHYAEE R EE N, Mok 10 CLLTATYIMLRCR S 2. EXT =11
FhEET =, HEAREBELATSETY 22C~25 C, K 135 'C~20 C, @ HIKEAKT
15 C, PRI AL B R = S0 b A A o it A 42 Ak 3 -5 0k HE LA A A AN G o B

(K4 .

AR, AR @ 1 5m R o Wl JEOR R AR KRR AR KAV B i &
Prigivieel, gan, Jo FERRAR SR I, RBP4 H (PGPR) FIHE IR & (Centella asiatica
(L) A AR o 17T AR o A 0 e T (2 R A0 S0 i AR E AL 1 AR K B 10,
HETT A 2 B RSURIRPNE . Nz, ARSI 7RI, P AEE Bacillus sp. WLEB-
JS040 311, [ % 41 i Kosakonia sp. WTB-JS007[211%% H A7 P2 15| Ik -3- 2, R IAA. [ & & e 4
Th R B A A= 0 TR R e 0% S5 35 (0t T S it 2 A K, T MRS TR AR L A 1 5 A 9 2 (Funineliformis
mosseae) (321 & 7% i Bk & 75 (Glomus versiforme) (22175 G 6% 3 15y X & 757 1 W Ui T e J4f e 56
WA AR Kak i A OR IR HEAEY (R, BEE IR il . AR R, BEfheg i

http://pedologica.issas.ac.cn



+ R
Acta Pedologica Sinica

MR G, ERE THEEM RS E (B3 o Bk, 78RR EEE R, SRR
I RIAR B el AR v e R 38 (2 0 TR IR AT 25 30 I g SR i A 1) B & (B 2) AR AR AR K
(K3 .

3.2 SEEEMERIREYIEIER RIS (RIE THEE SRS

IR e 22 PR I S 22 1) & 2 90 WS MR D6 RGP, R S& M2 78 17 I = iR
iR T RAEMIan, ks s S HRE < B RRRS, S8, AL, KA SR
PN FRHERR BRI A 1 e Sl 35 14 N e S A S S BN [FII, R AR 1 R SR A TH 0 IR
SR ROCSHE (B4, fgm T HBE O EIEN AR i (B 5 . X5
0 SCRBA R UAR BRIAE MRS AT AL BT 75 (Medicago sativa L.) 7 [ Il JE A= 40 i 1 s B L o sy
PSR E S B2 ROt (FvIFm) BT 45 AR L

A S 2 7 52 2 T K IR I8 K i, e n @ R B 2 e 2RI R E AL R,
B HARFRIE A KL, AREF R IR LT GRIND) FhEEDIAL 135 (1) FE 2B 3 1 75 2 AR X
TEEERK (B 40 , MEMEN (S0 MRG58 R R 55 1075 F AR & =AU
PNFREEREARAE W IR T A PR, 7E AL N LFJe38 4k, X U6 B Pl i N P AR B - B i 2R 4
(e S 3G 2 B 7 SE /N IR, 2 = AR AR B - 33 AR Al R S 0 4 R R i
TCEH R . X R Re R AN [F 25 BEAE Y T iR 55 B A TR A AE 22 e 9L, TV 20 R R, 4
JE PR W T el Ik 3 5 ' A/ P SRASPT AR ZE A a8, f5illy1, Chen S5B7 3) PGPR @it
B RAEY) 2 FEYE . A AE F AN T SR DRl R 18 X /K FE (Orzya sativa) 1520 . Xie S5EB8IE 5T
RIAR bR v G am 5o A E A . e AR, [ SR G DG IR I Rk $d iy 1 /KR [ i
FENE . PRI, SR RIS WA T AE AR R AR AR AL BT 52 1 B AR R 8CR B Am st 1R
A AE AL 7 RN FRE F SS IA IR K AL T S A by, LI 33 52 T REe 35 Bl S5 0
WL 5 A FE A W TP A T, AT 2R A B S 20 46 PSIL TR 1) 1A% 3 i R TEARIR N 32 3
P, BE5E e EAEADTE .

ER, FEADZ BRI E T, AN I B — RN LRER ORI 2 0 o ARBR AR RV L v]
I PR AL R e K PR AR RO T R AR ARG 5 S T SRR )
G 52 AT IR (1) flp A (12400 3k AL 1) 7 2R SR R 78 FRAE AR JE— IR N IR T o TEAR SR A 72 m gk
— DRI AR b5 3B AR A 9 38 R IS T B, 45 & 2 A 2R — 2D g o
AR A S HAH B L

3. 3 IRBR{E MO s SR ST It S L S RS S R H X4 K AYE S

FEARRURAR AR 2T, ARV A S 2 b X Y sk S AR . IERT BT 7k
B, BRI RS AT RS A X, EAEARRAURIFEEANR T, B SRS K L )
by K EERRIIGLNE, JFH, mCig i E R IR I S A% =, B 4 T =i 58
PEsg R, DRI, ASHT TS RMARBR A M B RS 1A R PR i SC AL A inf 8 1 22 7 1) R g
JEE, G I S5 D FE AR B ol 2 0 mT a3k P S L 3 1) B8 v 4 B X5, Dt — 2
5 i SR NARIA IR X 12 54 1 BRI

4 45 %

AT TR I P AL P A s B AR A R SC L 4, eid = A FARSE I 4 Ja ROIRIR AL FOAR B 1=
AT RIS, R R S A T e (R B I, LI SRR PR E P Re g il i
et B SR IR AT E IR (RO MR SRR ARIE X F S AL A0 ' & R SRR 4ERF HL 2R

http://pedologica.issas.ac.cn



+ R
Acta Pedologica Sinica

BAE, AT e e SR M A R IR PR S RO 52 1k, SRR T 2 AR A4 S 4T HOAR
Fo AbT5 GEIMD P e SR T A S KM T B b . B2 294 g, Mt
AL H B SR A AR PR E I SR RE 70, IR TR T i & ROAR BRI A s, (LS ) R
A RALTT BTN 45 b, R SR A P e i S T O SR L B S AR PRI TR
I PUIERE S, T RAS 1 1) S v 3 M X AR R4 5K 70

2EHk (References)

[1] Sun'Y, Zust T, Silvestro D, et al. Climate warming can reduce biocontrol efficacy and promote plant invasion due to both genetic and
transient metabolomic changes[J]. Ecology Letters, 2022, 25(6): 1387-1400.

[2] Nguyen D T C, van Tran T, Nguyen T T T, et al. New frontiers of invasive plants for biosynthesis of nanoparticles towards biomedical
applications: A review[J]. Science of the Total Environment, 2023, 857: 159278.

[3]1 Li Y, Yue M, Wang Y C, et al. Invasive-plant traits, native-plant traits, and their divergences as invasion factors[J]. Ecology and
Evolution, 2024, 14(6): e11525.

[4] Dong B C, Yang Q, Kinlock N L, et al. Naturalization of introduced plants is driven by life-form-dependent cultivation biases[J].
Diversity and Distributions, 2024, 30(1): 55-70.

[5] Xiong Y, Zheng L, Shen R F, et al. Effects of nitrogen deficiency on microbial community structure in rhizosphere soil of wheat[J].
Acta Pedologica Sinica, 2022, 59(1): 218-230. [AE 2., RH, kA5, 25, MBS /INEAR bR IR M BEVA 245 MIUFAE K15
W[J]. 3R, 2022, 59(1): 218-230.]

[6] Li X, Zhang Y, Kong F L, et al. Invasive plant Alternanthera philoxeroides benefits more competition advantage from rhizosphere
bacteria regardless of the host source[J]. Plants, 2023, 12(11): 2085.

[7] Wei W, Zhu P, Chen P D, et al. Mixed evidence for plant—soil feedbacks in forest invasions[J]. Oecologia, 2020, 193(3): 665-676.

[8] Reinhart K O, Callaway R M. Soil biota and invasive plants[J]. New Phytologist, 2006, 170(3): 445-457.

[9] Fu W, Wang N, Pang F, et al. Soil microbiota and plant invasions: Current and future[J]. Biodiversity Science, 2017, 25(12): 1295-
1302.[f44, E97, ), % LA SN FTRIRE RE]. AP FEE, 2017, 25(12): 1295-1302.]

[10] Yang J T, Pan Y J, Chang C L, et al. Effects of native plant-soil microbe interaction on plant invasion[J]. Chinese Journal of Plant
Ecology, 2024, 48(12): 1547-1560. [#tEls, WERE, WH, & ARHEY S LI TAEX RN AR 200 (R 70t
[3]. MW A& 2R, 2024, 48(12): 1547-1560.]

[11] Ettinger C L, LaForgia M L. Invasive plant species interact with drought to shift key functions and families in the native
rhizosphere[J]. Plant and Soil, 2024, 494(1/2): 567-588.

[12] Vimal SR, Singh J S, Kumar A, et al. The plant endomicrobiome: Structure and strategies to produce stress resilient future crop[J].
Current Research in Microbial Sciences, 2024, 6: 100236.

[13] Kong Y L, Qin H, Zhu C Q, et al. Research progress on the mechanism by which soil microorganisms affect soil health[J]. Acta
Pedologica Sinica, 2024, 61(2): 331-347.[fLILEN, Z4E, KRB, 5. LIEGAYIse LI 4 R AR R HLHIaT Je st e [)]. L
HE2EIR, 2024, 61(2): 331-347.]

[14] Elsheikh E A E, El-Keblawy A, Mosa K A, et al. Role of endophytes and rhizosphere microbes in promoting the invasion of exotic
plants in arid and semi-arid areas: A review[J]. Sustainability, 2021, 13(23): 13081.

[15] Wu Y Q, Hu Y J, Liao F L. Wedelia trilobata—A species from introduced to potential invasive[J]. Guihaia, 2005, 25(5): 413-418.
[REW, WHEME BEEK WGEEREENZ B —BI SR [0]. T8, 2005, 25(5): 413-418.]

[16] SunBY, SunLL, Song LY, etal. Contrasting changes of chlorophyll fluorescence in leaves of invasive Wedelia trilobata at different
temperatures under high irradiance stress[J]. Journal of South China Normal University (Natural Science Edition), 2009, 41(4): 100-
105. [FMEH, Fh=22E, RHE, 55 NRIEY) =R i SR DO I R ma RE[J]. ARG IMTE R 24k (B 2RE
22Ji%), 2009, 41(4): 100-105.]

[17] Cai M L, Huang J D, Chen M H, et al. The role and synthesis mechanism of anthocyanins in Sphagneticola trilobata stems under

low temperature[J]. Biological Invasions, 2024, 26(9): 2851-2867.

http://pedologica.issas.ac.cn



+ R
Acta Pedologica Sinica

[18] Liu Y T, Dai Z C, Xue Y L, et al. Prediction of suitable area of an alien invasive species (Wedelia trilobata) in China[J]. Guangdong
Agricultural Sciences, 2013, 40(14): 174-178. [XI E ¥, BEHE, MUK, 5. SRR YR SR BAE 7E v [F 1038 A X T
[31. ) AR, 2013, 40(14): 174-178.]

[19] Dai Z C, Kong F L, Li Y F, et al. Strong invasive mechanism of Wedelia trilobata via growth and physiological traits under nitrogen
stress condition[J]. Plants, 2024, 13(3): 355.

[20] 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.

[21] Wang J J, Wang J H, Huang Z Y, et al. Effects of endophytic nitrogen-fixing bacteria on the growth strategy of an invasive plant
Sphagneticola trilobata under different nitrogen levels[J]. Chinese Journal of Plant Ecology, 2023, 47(2): 195-205. [{£ & fn, T3
W, mEE, & ARG A AR FUE X R S 2 A K SRR I s [J]. A AR 2R, 2023, 47(2): 195-205.]

[22] Qi S S, He F R, Wang J J, et al. Effects of arbuscular mycorrhizal fungi on the growth and the competition of an invasive plant
Wedelia trilobata [J]. Microbiology China, 2020, 47(11): 3801-3810.[#R3M M, #725%%, VEfhas, 25 AHEREE S AR Y
RIS K RS IR [J]. SRR EE R, 2020, 47(11): 3801-3810.]

[23] Chen Q, Wu W W, Qi S S, et al. Arbuscular mycorrhizal fungi improve the growth and disease resistance of the invasive plant
Wedelia trilobata[J]. Journal of Applied Microbiology, 2021, 130(2): 582-591.

[24] Mei Y H, Li X, Zhou JY, et al. Both adaptability and endophytic bacteria are linked to the functional traits in the invasive clonal
plant Wedelia trilobata[J]. Plants, 2022, 11(23): 3369.

[25] Xiao Y S, Zheng J N, Li H C, et al. Prediction of potential distribution of Wedelia trilobata in China under the background of climate
change[J]. Ecological Science, 2021, 40(4): 75-82. [M b, Ak Te, AR, 5. AU 5 R 2B 7E o = i1
EA XTI, AEAFRHE, 2021, 40(4): 75-82]

[26] Sun'Y, Chang J J, Tian C J. Technical systems of reorganization and construction of crop rhizosphere microbiome[J]. Biotechnology
Bulletin, 2020, 36(9): 25-30. [Fhd, W dhdn, FFA. (EVIMRERHAED H RAM B ARE KRBT [I]. EHEAREMR, 2020,
36(9): 25-30.]

[27] Wang J H, Hu D, Shi X N, et al. Different responses of invasive weed Alternanthera philoxeroides and Oryza sativa to plant growth
regulators[J]. Life, 2022, 12(7): 1069.

[28] Jiang P, Zhou Y'Y, Yang K W, et al. Biodiversity and network complexity of rhizosphere soil microbiomes regulate the differentiation
of Capsicum growth strategies[J]. Plant and Soil, 2025, 509(1/2): 327-345.

[29] Jo H, Lim K, Ibal J C, et al. Growth increase in the herbaceous plant Centella asiatica by the plant growth-promoting rhizobacteria
Priestia megaterium HyangYak-01[J]. Plants, 2023, 12(13): 2398.

[30] Zhang J F, Song K J, Jin F Y, et al. A novel strategy of artificially regulating plant rhizosphere microbial community to promote
plant tolerance to cold stress[J]. Science of the Total Environment, 2024, 949: 175184.

[31] Dai Z C, Fu W, Wan L Y, et al. Different growth promoting effects of endophytic bacteria on invasive and native clonal plants[J].
Frontiers in Plant Science, 2016, 7: 706.

[32] Li Q, Chen Q, He F R, et al. Arbuscular mycorrhizal fungi promote the growth of Wedelia trilobata and the absorption of insoluble
phosphorus[J]. Journal of Tropical and Subtropical Botany, 2020, 28(4): 339-346. [2= 35, [, #2E%%, 2. ME R EE L
T 2 LA AR R O] HMEVE B AR UL D). F#AS M PR R 741k, 2020, 28(4): 339-346.]

[33] Aazami M A, Asghari-Arug M, Hassanpouraghdam M B, et al. Low temperature stress mediates the antioxidants pool and
chlorophyll fluorescence in Vitis vinifera L. cultivars[J]. Plants, 2021, 10(9): 1877.

[34] Fan W Q. Study on the mechanism of alfalfa recruited rhizosphere microbiome in response to drought and salt stress[D]. Hohhot:
Inner Mongolia Agricultural University, 2024. [ 3Ci8. 1578 1 SR bR A Yo 2 S A0 R (LI 72 [D]. WA
MR, 2024.]

[35] Ma J M, Ma K, Liu J L, et al. Rhizosphere soil microbial community under ice in a high-latitude wetland: Different community
assembly processes shape patterns of rare and abundant microbes[J]. Frontiers in Microbiology, 2022, 13: 783371.

[36] Su F, Jacquard C, Villaume S, et al. Burkholderia phytofirmans PsJN reduces impact of freezing temperatures on photosynthesis in

http://pedologica.issas.ac.cn



+ R
Acta Pedologica Sinica

Arabidopsis thaliana[J]. Frontiers in Plant Science, 2015, 6: 810.

[37] Chen Z J, Zhang P, Wang B, et al. Harnessing the role of rhizo-bacteria to mitigate salinity stress in rice (Orzya sativa); focus on
antioxidant defense system, photosynthesis response, and rhizosphere microbial diversity[J]. Rhizosphere, 2025, 33: 101043.

[38] Xie Y B, Wagas M, Khan M U, et al. Overexpression of the rice gene Lsil (low silicon gene 1) enhances plant-microbe interactions
that result in improved chilling tolerance[J]. Plant Growth Regulation, 2022, 98(3): 525-538.

[39] Allsup C M, George I, Lankau R A. Shifting microbial communities can enhance tree tolerance to changing climates[J]. Science,
2023, 380(6647): 835-840.

[40] Zhou F F, Li X T, Tang L. Growth promotion and stress resistance of synthetic microbial community: A review[J]. Soils, 2023, 55(6):
1170-1175. [JA35 75, ZEheks, Al & I Pridi TR imt st R [J]. 3%, 2023, 55(6): 1170-1175.]

(RERE: FRH

http://pedologica.issas.ac.cn



