E#EERERZEZEIR

JOURNAL OF SHANGHAI OCEAN UNIVERSITY

534 B 5 W
202549 A

Vol.34, No.5
Sep., 2025

XERS: 1674-5566(2025)05-1092-14

AN [E) 3 X S 4 B X IR v 8 B3 A 1

DOI: 10. 12024/jsou. 20241204748

AR, AR, xFE, R, FREE, dn#,
B, HER

(1. VLo T E R A BT T (R Rt A BE ) VT8 mE AT 2100145 2. VLI AR Y B8 AR I 5 1) 21 5 S0
FLULH mEaL 2100145 3. VLA /KA IR SKIRRIEE TR 0,70 et 210014)

W OE. IR X AR KA Y) K EE (Pistia stratiotes L.) X s VA 15 6938 W, iR BRBE 12 K A2
FRAUEIIRARYE o AT MAXENT A= 25458 0 T R S i ] 9 v 7 3 A DX, of T AN [ b DX ) o T e i 9€
PE OGRS R PEKCE TR TR B2 SCI TG AR ) S 5 A 4 T W AR BAE AR A N . i IR AR 5
W) KA AT B BB S E . 7E5.0 °C N EFERha 48 h )5 BRI X A K R B B 8 AR 5 B0, B T
RIS ANBEM AR, TV 0 L XA R AR DI AR o b S0P Bl 1 28 B Y1970 b X 3 g % T ok
e O AR IR R o 28 1A BSEE B AR B |, 30 Bl IXC A R T SR A A R T B R B i BRI DL B AR
ARSI AR, HOH X ] TG W 3 22 S, AR WK e IR Xl s B, R SR AR W Sl RURI
Ab BT db SV DR L A SR A R (LR Sl R B A 10 T R A A A T R 2R . TR
6 RECRI A W T 258 AR ) A A A3 A0 1 SR B DR 28, e B 5 i R AR 4 ORI B0 o R T Ry o Y [
B, FLAbE M DX R 0 € 25 v T R Al X R 7, 100 W R e TR R AR i B h A S A B dh 98 7 A T

X ARl )T A, QAN A BT 9, DR AT AR AR ) L4 5K A T B

SRSRBIA K MR 5 IR s AR
FESES: S451 XHEPRAERD : A

K (Pistia stratiotes L.) , X2 /K A IKTF
Y, N RKE AR (Aracoae) KiEJE (Pistia) , 24
A KA TP BAARY) , T2 53 A 7 Bl R Y
MM H T R E DR ARV S DA R )
EZZ <) NP0 i TG RN 2 /[ A M 2 G ] [ 2
M AR AE S RGN T R SR TE WL T ™ EE S
b B BT 1Y) K 2 TE WU Ry 4% A I R 7 7 K
1A, 35 SE T, s s FNHEE R 2R 5 THAE K R i
fiff S, BEARK AT B, DR BHLIE 25 e AK T, 53K
IR EA , 3G 0850k K T A% AR BB N 2R (g
B PGl sk sl A £ A AR K R S
AT, B AU I A BV 450, B ARk AR AR
YR, KSRGS . FIL, mEUFITE
K ) A AZHLHI DA R A R [ 7 5K 47 41 %o

Wfs HEE: 2024-12-31 f&E BE: 2025-07-20

PR

FUAT, R AE 2k 2 EZ MM X2 90
Aii, R B AR IR 22— RS | [ A
DI 18] 3 A BT, 5 e B UL TR R4 H D) B9
BRI TR ROE K SEROR S, )
R TR )R AR A, B S TR
R ZHE D315 BIRIE R o YRR T
B ARHE IRTT VB TR T AR AR Y LW
(2R R) I N 97 RN DT I TR iR 7S SR AP NN
B LR R HEAIEL T 349 A1, ph A R e A
Hh I A B B A N 1) LB A AR . AT
2 N RS FMRR (4 22 W)~ e VR B B 58
PR DRI OCT s AERA K B R, PR 05
A PR 2R 2 I 5 5 i JFG B0 R O

HEWBE: EXE AN AT (2022YFC2601302,2022YFC2601304 )
{EZ R AP FH BH (2001—) , &, Al -+ BF 5 28, WF 5 0 1) Ry oK 26 RS 90 (R LR K 28 AR AR B B0 )% . E-mail s

dengyangyang@jib.ac.cn
BIS1EE : Wk H , E-mail : yaodongrui@cnbg.net
WAL © (_RIHEE =4O S i (CC BY-NC-ND 4.0)

Copyright © Editorial Office of Journal of Shanghai Ocean University (CC BY-NC-ND 4.0)

http://www.shhydxxb.com



54 A BHBH , 45 - AN [7] 3 DX R R AR XS RT3 A3 10 1 1093

O MaxEnt AR B B K A R0 BRI
Ba A5 1 5 Wy Fh oA B PN S e ) A O A
P OCHEMR AR Y IR REmMRKEAERKREE
B2 5T R I, R A i ek b i 7 55
FREIN YRR 2R, E RN R
o At R 7T A G R B R0 IR 23
Fp Do R I A AE Y . R R R, R
V3 LT 2 W R RIS B PR A TR A A K
S T RRURIAE AR A ) B W I, R 2R
T RIS IE S T 3B B A im0 G IR
PR E AR R F R D R et
HEGR BT, T A 2% A K A8 An 308 TR i 4k
B, A, PR E R ER K- R R e R AR KR
B EZERHNZR, 5 XR ¥ (Eichhornia crassipes
(Mart.) Solms) F B, K 7 75 7K 14 & 78 7 4k 1 17
BT O BT (HR AR — o R
b ERAEH, BHATIEAN W . Pk, etk 3 58
g %t K AT 55 R e 08 i — 20 Wi R X 5%
TCR ISR b o DAL X PR B 9 N B T, S
KPR A F) SRR 2R . SR, A [] b 2
FRRE P R TR X B3 M 0 )5 7 2 S5 e 1 AN A A
HAEAARY e 2 rh 32 WIS SC B PR B P 3R 1 52
W 47530 A RER AT -

ASHIESE i 1 MAXENT Az 2545 90 X K 7 17
TOUI , A5 ) 7 A v R VAR IS A X DA R F2 B
IR Z i B AR G TR SR = 3 4
B PAEE R S 55, 275 DPAS P58 A X A ] b
PR T RE R B B2 3 sk B DR Y
T35 AT SR B A B A AR A B A e 0 AR AR, RO
SRR 5 ) PR AR K BB A IR AL, A
12 AW R A v A I AR AL T B A AR
P, M RE W LR AR B BRI s =

LB i

1.1 gl

S BT K E B A YT R A i i T (1180
19'12"E., 33°58'48"N) . il § 44 7k M i (111°
37'48"E. 26°2624"N) | I m 44 4& M 7 (110°
21'36"E . 19°12'0"N) , Fi il T VL9544 i B B 2 B
FE 5 P Tl 2, SR ERUTCR L7~ MO B G
CENEL )¢ SN Y po R

1.2 SEWHE
12,1 RV AP A A DX

VIR oy A B s R UR T 2 BRAE Y 2R B
it GBIF (https ://www.gbif.org) . ' [E £ 7
YFrA (https: //www.cvh.ac.cn) | [E Zbr A5 B 5
fithi 1% Jifi (http : //www.nsii.org.cn) , 7EHIBR T &2 TG
Mo s Z )5, i TR S i S AGN 1 B Y
w22, i il ENMTools Ffi #L £ B4 — 4~ 50 45 1
I, 528 367 oA kUSSR WU T MAXENT #
[

P A9 19 A A2 ) < A A2 B4R A WorldClim
% v (https: //www.worldclim.org) T %% . J& T4
ot 5 2 A 19 A A= W) A TN 5 352 MAXENT
THRINAE AL | A FH Jackknife J7 15 PEA 4578 B X AR
R EZAE . R, R H ENMTools 314 19 4~
W) A% - 22 18] 14 5 %) Pearson #H ¢ R AL (r)
[1=0.8 (IR XS 0 ARG . BT, X T4
— X AR OC AR B, HOR B RS BTR AR Y

=N
EEAO

1.2.2 IR RE

{fi FH 51 cm. 5% 37 cm. /5 14.5 cm [ K 5%
6, A4l K EC S 2 B Hoagland %85 57 & (b 5t it
F AR AT PR AT ) 10 L, B K7 8 TR IR OE R
B gt OEMRE 5 000 Ix, 25 SR RHE B 60%,
SEHERFE] 14 h) PRIR 5.0 °CAL 1 48 h 5 & i T
% 30.0 °CYK 5 24 h, 43 53C A VT 95 0K ik Ab 2 4
(TJ) P IR AL BEZE (THN) Vi g (R I Ak HL 4
(TH) , B4 1244, 45 8 h BHALM 3 4k L 87 HLH
bR A 2~3 o —ER4r E A P T I A
XTHL 38, 5y — BB PR VR A PR A VROt A AE
-80 *CUKF AT
1.2.3  MERHALHE

fFi K 39 em . %8 31 em 5 13 em /K546,
SIS /K B 2 K Hoagland 75 57 i (A6 5k 48
BHEA R E) 10 LT 2024 45 9 A JF 4R 86 4k
PR, VB R 0% (426 R, X HEZH ) v B 3 S
50%~60% M A4~ &b 3, 43 5 ic A VL 8 6 B 4H
(CKJ) . i g X B 20 (CKHN) | g 5§ X B 2
(CKH) JLAM R4 () I EEEE P40 (HN) R
WA (H) , BB & 3 MY F R E I
18 78, B4 3 bR K, S5 JRI DI o8 28 d, 35 5% 1] 1]

http://www.shhydxxb.com



1094 SR C S N S SO 34 %

T 2 B Ak i AR A DS, F e — R BURE N
A= PSR
1.2.4 RN

i K 39 ecm . 95 31 cm 5 13 cm K 5548,
3 M BEK IE B 425 95 (NP) (A (QN) Flfk
5 (QP) 3 Fhelt K Hoagland & F# Uk (b 5Lk A}
FARAT )10 L, LLNP N X REAH , 23 5id
NP QN .QP, A/ b HA B ¥ 3 AW # A, 4t
9%, B3 MRRE . IR T AR (25+1)°C DI
I 5000 Ix GBI E] 14 h @935 38 2 kAT, 256
JEH R 28 d, 15 7 A1) B BE 2 B A g AR N g
2, T Ja— KRBT R A= FRES B
1.3 1BHRE
1.3.1  ARKFEHRm

LT IRIG , AR 7 d AT — R A K AR AR
S o FLARIN N 2L GE TR AR R i R 4
RIS MRS s W T KA JE A A 7 2
— [ HL R TR i R R Y £ A A By
0.1 mm fY B RO B R SR ARG B 5 I
T RAR R D P 1) Z IR0 26 0O i g e S R
K.
132 AEHFE R E

& 28 55 BN A 2 R 4o S5 i O ik
4 LICHTENTHALER %5 By 28 S8t /- ep
2R 2 a AL 2 b 1Y 5 HL R IINE 2
R B0 05k . i A Ak AU (Catalase,
CAT) i %8k (Peroxidase, POD) % (L)

By fk i (Superoxide dismutase, SOD) Fl A — i
(Malondialdehyde, MDA ) 4 Ffia 51 £ (5 M A% 45t
AW BB R | I A A T M R
MDA ¥ & , B4R A 0L a0 & vl i 4 .
14 HIELIEFSH

% F Microsoft office Excel 2010 ¢E47 32 56 %%
P Fiab B, i SPSS 27 Bk AT BN 2 07 25 0 M
2 22 5 B, {8 Origin 2021 #/4-4E
F HEATAS [ A A AR FE AR AT -

2 GRS

2.1 EF MaxEnt 3 X K iE 4 X # T
ST ARG R A TR 58 A DX K
SEA A S, R AE S [R) B30 e A B R
AE P E A AR T MAXENT &2, A
TH 0 o3 A B G TN 7 4 A S R - ST e A
A, MaxEnt fiz Z 5 R PR 5% AR o ik R W os (3R
1), KE 534 £ T A5 AR 8 R A (e H
1y B AR BIO06 AF it A5 Ak i ] BIOO7 | e
Z5 [ SR 3 BIO08) |, [7] I 52 KA ek (2= i
F%7K BIO1S Fe# 2 [ K i BIO18 e id 25 [
Kt BIO19) i 5 o b e v A S A=
BIOO06 X K 8 43 A 52 Wi 5 K, Ho 2 fe v 22 i e
K5 BIO19, Al A% 45 U A4 8 1) BTk & 4 Lt
BIO06 (45.8%) >BIO19 (37.7%) >BIO02
(7.3%) > BIO08 (4%) > BIO018 (2.1%)>BIO15
(1.7%) > BIO07(1.4%) .

®1 RATRARAFARNENSEERRHTH

Tab. 1 Bioclimatic factors and their contributions used for final model development

PR ERE R s TR E 47 L
Bioclimatic factors Variable Contributionpercent/%
% A3 BeAILA G Min temperature of coldest month/°C BIO06 45.8
Fe % Z5 i [ K i Precipitation of coldest quarter/mm BIO19 37.7
IS i 22 A ¥{8 Mean diurnal range/°C BIO02 7.3
Tl 22 - 241 & Mean temperature of wettest quarter/°C BIOO08 4.0
e A7 i [% K 3 Precipitation of warmest quarter/mm BIOI18 2.1
F= 47 PEFE K Precipitation seasonality BIO15 1.7
AL A8 4675 [l Annual temperature range/°C BIO07 1.4

MaxEnt B RE 1T 25 RN & 1 Frw , H iR
FE ] T AR IS B IX R 24 1.80%10° km?, (&
B AR 18.73%, Ho sy il B X T AR K2
2.46x10° km?, H i B X A AR K 24 4.72%10° km?,
ARG B DX TR FR R 24 1.08%10°km?, 155 i B IX. 2 %

http://www.shhydxxb.com

2T r e DX R S e e e i, L T
VRV ARE B o RS X
1113 P25 B AR 358 2 A A ) R A A AR R R LT
VA BVF 22 X DU T 2 A — 26 73 B PP LR
PRI



54 A BHBH , 45 - AN [7] 3 DX R R AR XS RT3 A3 10 1 1095

2.2 A[EHE R KEXHE B B A A R

i Ve A A7 B AR AR A58 PR 2 5 1) 38 4
A FEARMERNZR R R E A, A0
FEPVR, RKEAE KT AL AR E AR, £ 5
JE DAL g A DA YT 5 A 30 A5 el X Th &% .
L YA i I8 i DX TR VL0 b DX R L
HEER P IENE . W 2 FF s, 5.0 °CHESE i ia
48 h, Vi 1 X1 R I B e v ELH BT

A AL ARG 22, AR PR B AL ROIR A B 22, Lk
Je W) T i IXC, AR B A AR ROIRZS A 3 T VL 5 3
DCPRAF T BT A AR ROIR S, P i R 2 1, i 2%
BoeEE WMWK 24 h TR R E RS i i 2%
A DL B A At 2 R 8 TV g ) R I
BEARZ AR R N P MR Y S B T R AR
AT 22, B =AM R B W A R
RSy, M R A E R O

50°

40° |

30°

£h 1 Latitude

1 JEifi4E X Non-suitable area
20° b 3 fiki& 4 X Low-suitable area
mm HiE A X Medium-suitable area

B =4 X High-suitable area NG I
0 550 1100 2200 km ‘
[ T ) ool
10° b - . . L e :
70° 80° 90° 100° 110° 120° 130° E

2% Longitude

Bl XKEEHEEEEELERSH
Fig. 1 Predicted potential distribution of P. stratiotes in China

0 h oAb BRAY KT ;48 h O ARIELAL PE 48 h; R24 h (R AL HUS F AR 24 i TT THN I TH 43 53R VL5 1 v R g (Il Ak A
0 h indicates P. stratiotes without treatment; 48 h indicates low temperature treatment for 48 h; R24 h indicates the recovery to normal
temperature for 24 h after low temperature treatment; TJ, THN and TH represent the low-temperature treatment groups of P. stratiotes from

Jiangsu, Hunan and Hainan, respectively.
B2 {RiEAME 48 hFIEIERE 24 h FREIBX XEIHEE
Fig.2 Appearance morphology of P. stratiotes in different regions after 48 h low temperature stress and 24 h recovery
from normal temperature
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Different lowercase letters indicate significant differences among different treatment groups (P<0.05) ; TJ, THN and TH represent the low-

temperature treatment groups of P. stratiotes from Jiangsu, Hunan and Hainan, respectively.
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Fig. 3 Changes of physiological indexes of leaves of . stratiotes in different regions under low temperature stress
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CK represents the morphology of P. stratiotes under full light
conditions across three regions; J, HN and H represent P.
stratiotes in Jiangsu, Hunan and Hainan, respectively.
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Fig. 4 Appearance morphology of P. stratiotes in the
control and experimental group in different regions
after 28 d of shading treatment
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Fig. 8 Appearance morphology of P. stratiotes after 28 d of different nutritional conditions treatments
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Adaptability of Pistia stratiotes populations from different regions to
environmental stress

DENG Yangyang'®?, SUN Linhe"*?, LIU Fangyu'*?®, LI Yunhan'??, CHANG Yajun"**, LIU
Xiaojing"**, CUI Jian'**, YAO Dongrui'**

(1.Institute of Botany , Jiangsu Province and Chinese Academy of Sciences (Nanjing Botanical Garden Mem. Sum Yat-Sen) ,
Nanjing 210014, Jiangsu, China; 2.Jiangsu Key Laboratory for the Conservation and Utilization of Plant Resources,
Nanjing 210014, Jiangsu, China; 3. Jiangsu Engineering Research Center of Aquatic Plant Resources and Water
Environment Remediation , Nanjing 210014, Jiangsu, China)

Abstract: To explore the adaptability of the invasive aquatic plant Pistia stratiotes L. to climate and habitat
in different regions, and to provide a theoretical basis for controlling and preventing its further spread.
MAXENT was employed to predict the potential suitable habitat of P. stratiotes in China. Cold tolerance,
light adaptability, and nutrient deficiency experiments were conducted on P. stratiotes populations from
Hainan, Hunan, and Jiangsu to evaluate their physiological and ecological responses under various climatic
and habitat conditions. The minimum temperature of the coldest month is the primary climatic factor
influencing the distribution of P. stratiotes. Cold-tolerance experiments demonstrated that, following
continuous exposure to 5.0 °C for 48 h, the samples from Hainan exhibited significant frostbite symptoms
and could not resume growth under normal temperature, whereas samples from Jiangsu recovered.
Peroxidase activity assays indicated that P. stratiotes from Jiangsu responded more rapidly to low-
temperature stress by increasing peroxidase activity. After one month of shading, P. stratiotes from all three
regions showed reduced growth rate, lower chlorophyll content, and heightened antioxidant enzyme
activity, with no significant differences among the areas, indicating that P. stratiotes prefers light and is
sensitive to shading. Nutrient deficiency experiments revealed that nitrogen and phosphorus deprivation
significantly suppressed fresh weight, leaf number, width, and ramet production. However, there were no
significant differences in growth inhibition between nitrogen and phosphorus deficiency. Temperature,
light, nitrogen and phosphorus nutrient are the primary factors affecting plant growth and distribution.
Among them, temperature plays a particularly crucial role in the invasion, spread, and reproduction of P
stratiotes. Notably, populations in northern regions showed significantly stronger cold tolerance than those
in the southern areas, suggesting that P. stratiotes has broadened its ecological niche during its invasion in
China and developed an adaptation to low temperatures. Without proper preventive measures, P. stratiotes
may continue to expand into more northern areas in China.

Key words: Pistia stratiotes L.; environmental stress; adaptability; invasion risk
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