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Abstract: [ Objective JThe 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, 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.

Key words: Plant invasion; Rhizosphere microorganisms; Soil feedback; Cold stress

AR AARAE ) C S AR -y b Jl 4 B 1Y 7 T
st RO R B A TS R RO B
FHERERE S, XIAMASRGE . KB, LRI A
W 2 A DR s Y e R R W I 1 2R
U BRI DX O3 A1 B B 2 AR AR A, b R
AR UESE Y i 35 R A 2 e 21

AR PR A W) FE AL ) - 1 3 A 25 R L ) S S i
DA KA ) 7 o0 WM AR R e 3 APl 3 2 G 2
TEFES Y- LR ORI LR AL
PEM S AL ARG | R AR A B2 AR A
AR BRI, SRR E F AT AR M X
U AT PR AT A B I i R A Y LA e &
I Hoal il R R I B e R 3R A
Jr AR AN EAR I AR T, AR B i A X A
iR R /L I PN AN AL I S o v e 2 | PP
SKAEI ARBERN I H, ARARYIE T s

SRR Y RE T, T 55 AS M) Rl OO AR B
%‘[1]]O

MR BRI A P A 0 3 P AR AP R ) O 32 AN R 0 A 45
IS TER-A o N TPl 1R S 31 I Y N Gt 7 LI B
S AR %t A B R A 0 TR R e o U, s T
o HLAE 0 5 PP A R RE U SR, M RTE A LA
AR B 15 A W 52 i) A A=A ) ) i FE ¥ T 38 Y B
AR IE

B W 4 ( Sphagneticola trilobata ( L. )
Pruski ), — 857" T Ha LR s ALY, 20 22
70 AEARAE A ARG AL AR D B 5 AT, SR AE
o E R A X k) R . &
ML AR MRE RS, R IMEF S BF
SERWI, B IR A o (IR U SRR L T3S N R B X
e e R G Y SRR, LRI 2 PR L ) b 5 1 €
WX ) F BN R, (BRI TR T =T,

http://pedologica.issas.ac.cn



34 25— JUAE IR DI A e 5 57 A AR s 398 fol A4 0 o A )t Bl R S SR P ) 52 0 945

127k b A R | R S 7 NI R TR

LR, VP2 A W50 N DU R 56 7 i 2
FIAAZHLEE . A B Ui v S X A A= S R GE Y
M JEIT T RO . PSR, R L I aE H
A A 1Y 2 B R S R A Ml E N, 3k SRR AR TR
T O T BT A DREOE N BE T, LA BT A R A
TR AR SR A T aE T L W, AT
21 I A T T R WD, AR 0 R O I A Y AR K
PUE IR M0 55 B DA TR i SR HEAE IO 1L
A, VA A T A T RE 5 5 W 1 O U7 A A A KR
L/ 15 = S S O 1 B O A S U A B S T
g 215 A T AR TR 12 P 56 17 I 4 A AR Bl K T
TR AR ATE S P, LR B Y Ak
AIF 52 AR X g 5% 47 1L 4 11 B — Fof R DEAT BT 50

ARWFFEULIT T R ) — AN A ik A B,
5 U7 WH 3 Y S Rl 23 A A 2% O AR A A N 1) JE 4
B, AEWTTLHR AN —i7 I8 7304 A e RS SRR 1B
T MR s JFH, A A SE A R
HA 2 CERAgERE T ER=E), JH
5 FG R B 2 P AR A B A R RE A AR 2 M IE A G R
Z Y MRO (4 — 505 A T S R, e S e
HUFTAE A X R B E TR W, 1l
SO TR TR PR AR, VU, PRVYSEMD
DX E SRR I 75 F 5 07 L 25 P AR A L W 25 4F
Py B AT f ARl AR A L7 & Rk, HAS R
PIRIVE TR ARG . B4, R SR AG J2 5 ] LU
SRR R M LU R I B T SERE T W 7

P, ASSCHBGRE . 2ot JE0% il YL AR By 1
SR W X P G I B A AP B R W AR (R
X)) B SCBERE ) ——T e % T E M. T
ki B, AW R 4R o A Tk E R b
CHIN ) Fdemg (=0 ) P4~ R 56 187 L 4G A R
M HAERILH & (B ) AR % R EE 1T A 2R
a2 CAR IR 08 B ) =4 /9 [ J5 e b A 9 Ak 1
AT A, WAL F R R (1) 2
B R B S A R A RE 8 fie E AR AR W X
R B RL 7 (2) Horh, wg A Rl BT 91 AY AR
Pt S8 B AR W0 6 N AR A ) A AR L i Y A AR R
MATAEZE 507 WEFE L RANMAR PR Gl 2B - M ) B
VE i1 JE i D T SC 087 WL 4 4k 2 1) o 4 AR B K
(Al REALEE, Sy T ok w5 7 S 4G 5l i B XA A
P BEIIE AR

1 MRS IHE

1.1 R R

AW G A By B 58 r FH 04 AS ) b 35 B R
5 U7 WH 3 AE W) B ORE B 43 000 SR AR A W VAR IR N T
(27.92°N, 120.70°E, 4E ¥ 18°C, 4 e ikt 5°C )
MG A =W (18.28°N, 109.51°E, 4FE¥iE
28C, I fIKIR 20°C ) MY EFAME KPR, B0 1k
BAERK AR KB —FoFAE 2 DR EHRESE
I A 25 By, TH VRN TR % H o
1.2 Rt

I 2 BB, MRIR I A B T Al R
DAL AR R B S 72 R S N S B /S U IR SN 191
P =4F ( 1a) FIEHERBHLL (B 1b) , Bk
LI
1.2.1  pg SE 0745 AR PR -+ AR TR 9 Ak R P 7] 1 4

B AE BT T (32.20°N, 119.52°E, 4F ¥R
15.4 C, FEHRMRIE-10°C) LI REHRE 5% 4
TR 2 BE A W UL 3 R T 48 A SR A& AR (12020
AE 8 J1—2023 4F 9 J1 ) Ja (4 il M 1 = A B e S
W WHE 4 A R 0 AR PR A S a4 g, SR ATAR PR 1
HEREWAE AR R (K 1a) .

T HERI TS IV AECO g, TRANE R
Wmr.

RIS G — it g, AR R &K
%2185 gkg !, FHLE 116 gkg ', #4035 mg-g ',
WA 0.42 mgg ' FTA AL AL WILG 1888 285
WFAREALAL B . (1) 2 mm % Wi g8 £ R 25 ;
(2)121°CHEEKE 1 h; (3)JH3 &K E = 250 gkg!
AT 48 ho KRR L A RPEE G RS S5 I L A i S
FHAERA BT L0, BT RFRE
AR A (CRES )R, @B A RKEE (R
WEAK AR ) o #55R=ARE, T 2023 4F 10 H 10
H (169 C ~26.5 C) kilifikk, Wbt 55
BRPIVETE KA FCE A, AR T AR PR 1 5
WRRA), FRECERE 10 g, A 100 mL 47 B B BR A0
BKHIE T, $87% 5 min, i BREFAMTHEL, #8
UUYE 10 min J5 B W RN 3R . b, R
( WZ ) Fh B ok I AR Br + 3 % 5] ( Rhizosphere
microorganisms, RM) fg#4°7 WZRM, = (SY)
FRHER PR AR PR 1 8T 45 44 7 SYRM.

http://pedologica.issas.ac.cn



946 + b1 Z e 63 %

2020478 7 2£20234F9 A T [R) el H 8 i 2 AR WA AR b £ 43
Natural wintering and low temperature acclimation of rhizosphere
soil in common garden in Zhenjiang from August 2020 to September 2023

|

|

s " L HE A I

* * Soil microbial agents I

|

I

WZRM :

; . e I

TR ERZ |
Wenzhou (WZ) Sanya (SY)

population population SYRM :

I

|

b) +HERAFIRES Soil feedback experiment
TN Wenzhou (WZ) population | TIEEFIZEA! | =W A#E Sanya (SY) population

I

I

I i

: & & & m];grl:)ﬁ;f:g()é:lts % *
|

I

Jo
W WY | A W W W

SYRM
WZRM SYRM CK z CK WZRM SYRM CK

g
£ 209s
s “eed ©°
2
510t oo
& T e A A7 I8 B
uc|
0

S o or > DT
> > v el SIS
ASET SIS 1\\ G| '

R AR b (1 B F A, A
. 5] Time (mm-dd)
"= i High temperature —a— A3 Average temperature—— {iKil Low temperature

[E: WZRM, IRMAREERIE AR PR £ SYRM, =AM IEAUARER TR s CK, 25 (Xt iRdl (AR E
+ 3R H ) . TR, Note: WZRM, rhizosphere soil microbial agent ( RM ) sourced from Wenzhou ( WZ ) population;
SYRM, rhizosphere soil microbial agent( RM )sourced from Sanya( SY )population; CK, blank control group( No rhizosphere
soil microbial agent was added.) . The same below. (DLimited temperature threshold of Sphagneticola trilobata; 2
Determination of physiological indexes at normal temperature; (3)Determination of physiological and growth indexes under
low temperature.

B it (e ASFIFPRER S BB MR PR LR AL, b, TR A4 )
Fig.1 Design of experiments( a. Acclimation of microbial agents in rhizosphere soil of different populations of Sphagneticola trilobata, b. Soil

feedback experiment )

1.2.2  HHER R + 4 I R gy B BRI (CK) (K 1b) , S AbBEE 5
6 MALBRA, HRMARIEIN . = RS A A R R ANEE,
3R WZRM B H] . SYRM B 771 LA J A 42 B 57 PL 200 g peiEept T RO RbAE B SRR, FETL

http://pedologica.issas.ac.cn



34

Zr— LA AR I 54 g S 097 H A AR B b ST A X HCAS [+ b B R i S8 4 B 52

947

IR REF A B 2 P R A, IS B[R] 2023
10 H3HZE20234E 12 A 17 H, B4
75 d, R R PRSI EE AN A 16 B, AR R 4
FETE 75%+5%. PEHUE Y ZE B0 A B2 T v d i T
AL, POKIRERET AR N HTEE
b RN — N TR B A 22 R, R
Ko 25 GV T T K DARIE B 2R ) R K 43 e A2 o AR
PRAS H 55— X i T e A 7)) A 8 2 A AR AR S
Tt fin 10 mL AR B 3R, AN HEAIER 31 174 &b B4 7E
FERRARFRAEIN 10 mL JG R KA X R AR A K
AEH Rk, R A A B AR KRR,
1.3 #EYEIIEIRNE
HR&MT, 8F 2023 45 11 H 3 H
(15.6 C~ 273 C, #WHM, AXRSEIIER,
XA 229 15 C) | 2023 4 12 H 13 H
(4.9 C~ 149 C, REMHE, ARSEBEE 15 C
IR, BRI 5 CRIR ) A 5 E
A0 (TYS-3N, WiiTFGE (A FRA /) ) ) & Af A it
AR R A MM gERS R, fH2 6 R WX
( MPM-100 GPS, #f7: PSI, #Evw ) M-SR A
M) AH X A6 H R & i gk R O0 I e Y
( FluorPen FP110, ##7%5 PSI, #7575 ) MEHEKMT H
BCEFEbR o I it 2 Sy DA R T i ) 256 o 5 1)
SR T 2023 4 12 H 17 H 3 TR,

®
N
S
()
=)
N

ffi ] WinRHIZO R & $14#1% ( Regent Instrument,
Quebec, fNER) HiHEMR R ; THRR AT
BT 65 CHET 72 h, RJE /BT E S
AN TR, A Z A A A
1.4 HIELEBESSH

KHI SPSS 23.0 Gt AR AR R R IR YL AR R
T 70 Ak 3 R AT ) AR SR 5 R SR A A A G L AR
B s M T WA 27 22534 ( Two-way ANOVA )
ffi FIX3# ( Duncan ) K30 if47 2 8 AL, P<0.05 3%
MEA S L, IFFE GraphPad Prism 9 {4+
HATL R DO SR F Min-Max IH—f6 5 12
BRI AR R0, 11X, DLUERREARm .
2 45 R
2.1 RIERME T T IERAEY XA [E) F 8% rg S i ae

FEYEWF M

FEARIR AT, HEAh N Fh AR bR A )
J5 . EAEAR RN IR 1Y r S A b | A= )
HF AR RS AR W 5 R AR LA I
fn, JF BN R 32 2602 30 1R e T = RO
(2) 5 R = WA AR bR TSI, AR R
B AE YA PTG, (E AR A AN Qe o et M e AR
B LA YA Bl W 2, JF FLR A AR

© 03

b _
o [ M: P <0.001 yipptaem o 010 v p=0.013 M: P <0.001
2 P: P=0.001 Types of 2 P: P<0.001 P: P =0.001
g MxP: P =0.059 domesticated soil & 0.08 MxP: P =0.900 o MxP: P=0.356
=] o) . r u
2 015} WZRM £ 4 a
o ® 2 0.06} =
& CK e R = b
2 °l . . . 3 o0 be = t bed ¥
iz o = oo . . ] 01r [ . 4
< 0.05f c ¢ = . 4
*H.* e i— 0.02} . . 8 ! o
= 0.00= \ 1 . = 0.001= ' s 0.0 ‘ 1 .|
LM = RN = NP = P RpHE

Wenzhou population Sanya population

Wenzhou population Sanya population

Wenzhou population Sanya population

P SRS RIHE Sphagneticola trilobata population

H: ARFERFARRF LB 225 BE (BE £ FRMEDR, n=5, P<0.05) . M, Wl; P, AfE; M =P, BERIxFHE. T,
Note: Different letters indicated significant differences between different treatments ( mean = SE, n=5, P<0.05) . M, Microbial agent;

P, Population; M xP, Microbial agent x population. The same below.

Bl 2 AEGEGACEEX R (=M0) db CRMD) R IR S ML Rk A 2 (. M BAEY)HR, b MR A,
c. BAYE)

Fig. 2 The effects of different microbial agents on the biomass of Sphagneticola trilobata from Southern ( Sanya ) and Northern ( Wenzhou )

populations ( a. Above-ground biomass, b. Below-ground biomass, and c. Total biomass )
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Fig. 3 The effects of different microbial agents on the roots of Sphagneticola trilobata from the Southern ( Sanya ) and Northern ( Wenzhou )

populations ( a. Length of root, b. Area of root surface, and c. Average diameter of root )
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Fig. 4 The effects of different microbial agents on leaf physiological indexes of Sphagneticola trilobata from Southern ( Sanya ) and Northern

( Wenzhou ) populations ( a.Leaf chlorophyll content, b. Leaf nitrogen content, and c. Relative anthocyanin content )
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Table 1 Two-way ANOVA for the physiological responses of Sphagneticola trilobata populations under different treatments

ZRH 4¢ & Leaf chlorophyll M4 Leaf nitrogen £ FE Anthocyanin
iEs K AWE ¥ ¥y 75
Temperature  Variation df. Mean F P Mean F P Mean F P
source square square square
gl M 2 1029 21.14 <0.001 0.523 21.06 <0.001 0.019 10.30 <0.001
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Fig. 5 The effects of different microbial agents on leaf photosynthetic indexes of Sphagneticola trilobata from Southern ( Sanya ) and Northern

( Wenzhou ) populations ( a. Maximum photochemical efficiency of photosystem I, Fv/Fm, b. Performance index on absorption basis, Plaps)
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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 (7 =5) (a. Wenzhou population, b.Sanya population )
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