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B, MREN, BAE, AR
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F 55 BE AR E
2, %M, A7

(1. TWRFE MG A2, WL T 315211; 2. WA KW, f @A WA Y3 5 s ik
FIFHE S Cu s, e JEI 361013; 3. T RFHEARE, WL Tk 315211)

WE: HLERMPATTERAT S HY), RASATFA LR, LEBAPALGCATAESE
ZAER ., RABHAMEDERAITESB LN, BAKBUHARRS LS T UGB RIEFA, S
fERA . RERTBRAE A My i ZARE T RFAE R, BEAMA MBI BRI X Z T, KFRA R &L R
B ASBLEALGEL SRS, EEMATLBHATET, B35 EHAKRR L% ALY hT B
IS BE AR K A A b 2B R, . 2 F R T AGEAE, LR B, BLENL. . ERBRELRAF, &
Ml 14 AR, BT BB ERMEN RS, L FOFREHRER T OEE(TFHINA
56.46%F 60.23%)E AR KT ZFARCFE 55 A 41.56%F 44.45%). 2. vt bk 86 FFAE K MA AL
W), BREBRARFE, BEBEHBRFIEL LA IMAT LK T R EEIK, S RI0F0E 0 BRLG £ &
GHKRTREA G, KB RAER KRS, FTALBOEKLBRE RS RRG. ALK
HLEHEMNSME A DE TN, L CI8 S BAM e BLA &5 a4k, C18: 3(n-3)F= 5 #5 B2 o 5| 2 A5
Wi 5EE YR RATZNAANARY Y, TRERELRATWRE. KR AR B EH

HMAMBTHELEESEIRARBT 24,

KR AL, LB ELUAIY, B, BRER

RESES: Q948.1 X ERFRIRAD: A
DOI: 10.11759/hykx20230404001

5 5 U5 (Sesuvium portulacastrum )J&—F A Fk
1 V5 R A I AR A AR A . FEFRIE, A
KPR, [ AR 5y T X AR K
AMER A SO IE N, X R L EReE . SRR
GBS YA ARSR A SZ VR, B . PR
Gy THRAE S A P EAT A DR KSR, 1
WS BOK IR E B IR E RIS R, B, 727
SR ERAESEE TR RIS kR
JE T B R E AR T B Aok BT, R I S
AR BEAT O KK 82 ), IR KA. BT R
HAETHZEN, AROERREIKNEERRE, 2
AR AED R B, FpRE I o 1 T DUAR AT Y o T 7R 5
Ko WeAb, W ER TG ZEHR A BRI R] A R ]
AU % ) 5 T B 4% B (Skeletonema  costatum) i) A K
HEZE HLAE AT,

Vi S I ATV Ry B R L ekl R 2 T,
WIZA B TIHEBRAENEER, Boibo mE Mg stmie.
T St S A R UCE AR T LR RL L B
Aot R 25 Tl ofE Sy A R AR B RTOL,

X EHE: 1000-3096(2023)12-0040-15

MR S 1A, B BEA AR AR K R AT AR 2 B
52, XRELE HAT m BB A A=W BT, N, J2— b
(EATHE) (T Rp 2 K e 7 3o

AW PR AT B B A A BRI 5 200 B 5 ) 2
A%, RS BE SRR B AR 1 & A e R
T 07 TR 2 A Wy I 4 B S A 8 o, A g i P —
SEA5 50> TR ET A BT, RT AR 5 40 64 AR 8 )
et NI U TR R A B R A S, e A
Wy RGN v, AN VR RN 7 TR e e, BN A ARG T

Wik H 38 2023-04-04; [l H1: 2023-04-24

He BT AR A 4t SR BE BT Ak A B BT 55 (2020R 1013004
2020R1013007); A 4 ¥ 4 il 55 -5 ¥l o Jo ik Az Joé e 0T ¢ < T H
(FIHY-YYKJ-2022-1-5)
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Pt iR U120 A 0 Y P AS 6 R 7 R ) R s A
P MR Sl Mk, 5 e RS AR 3 T
PR, AN AR i 10 T LA 7 L A 0 38 2 A1 R 3 95
i/ RS R B R A A B EA 6 25 A A BIR
AR T DY EEE, R R R IR s R
By, ENRARIE . g R R B E A
i £ R VR B AN TR R 1 i 0 T 4L i, %o A AR 1) it
JAE 4 i AR [ 1 5 o U100 2 S M ) I 2 B i
I A A R T SRS g e T, el
B O ARRRIE, 5 AR A A AR i R
FROG . JE I B R PR AA B, AT DA E RS 4
0 A LIRSS, AT T A i S RS20 [
FERY, K PEA ML) B2 D0 2 B AR R
Rfs B

WO ER E EEARKTRE. R, .
£V TP R AR X A T X S M X, W T
b F A b i) M B R H AT U A T R
JERLE AT R T, T E A ZE T e
S VKRR KR, Rk, XF LR R AR 4 0 15 15 A=
SBEERRE-ANDTEER ., RO T I
Vg Tt AR B B TR IR LR A T U A, B A AT
I I 2 R i M A L0 R AR AN RIS A ) 4L B
AAVRRAIE, HE A G R A S DA B AR 0 7 A
PRI AR AR AR, SR 15 0B BB, AT I B A
RV N R 3 i i B S e s [RIES, TR E R AR
B, PRITAURS A 0T Tt B SR RS
1 #HPEFE
1.1 #RREFRRAKR

IR 05, 2020—2021 4F & W 1 SR
T 10 HSFHSIRZ 20°C A 47 11,12 AEHAIR
Z510°C. 2021 4F 1 AREHEAL 0°C . 2—3 AN
T, EERIRL 10°C . T 2020 4F 10 A H1 2021 4E 3
A, S WHERAE . RAE S WL TGS XA
¥ 1 i D05 5 B8 TF R (db 4 29°45°23”, K &
121°55°6”), fE—FHEFIRG 7 AP IK b, [Alfg 1
A ILBEH 3 AT RAE

SKRET L RIRE A4l 3 2 YORFE 3 4404 .

10 A4l BEPRZEM SR ToRZE | A RS R
T T U B R AT

3 ARG FIFEEER 2L RO 2E | A K
ARZS B A Vi I D R R A

'M@AWME

3 HURGGAL: SEPRREEZENT B ORI 5 . BB
AR MOR SR A B 5 B I 1 T 1 R, e
R ZEIR I R AR R A B, BIVR G AL S AT
SRIEPEAFAR [ Se A A BT o SRR Vi S AR AR 23 31)
A E B, Wl B, B LI TR oAb
o BPANREERIN, B YSI KBS g i . Eh
VAR SR pH 25K RS 4L
1.2 HRAE544

Wt ] 5250 % ) T 1 FHZR IR KIS TR )R, A R
e, W ZERR 495y, RN AR -20 C
UKAA TR 24 h, B WRURTIRMLTHE 48 h, il & T
FEdh, DAY BB R 7R TR, —80 "CUKAR TRAF -
PIAE R A 58 OT VR TFE S, 2647 B 7 R PN 4% &
PEA L5 HT o
1.3 e B #7

B 100 mg ¥y AMRKE S, RS 3 1T, &%
SCHR P, Zead BEBUEAE B8 R AL R R
BEAL)S, JIA 0.1 mL BYXL (= H SRk 3 =M L
JZ(BSTFA), 60 C/K¥E 2 h, AT, 1A EadinA
1 mL A9 1E OB (i 2l), A A SRS 2 mL
A, & GC-MS &l .

4% R 7890B-7000C A (A - ik e AL, 2&
FE 2R PHE A FRA AL

g4 CD2560, 100 mx0.25 mm=0.20 pm, £
E CNW AF]. GC &M, #FERAA B,
AR IAIRE 140°C, 745 S min, PL4C-min”, FHE
F 240°C, fAFF 30 min, FHAAEAAAR, WHEN
2.25 mL'min"'; PEFETIREE 250°C., MS 444 EI &
FUR: T EER 70 eV; KT KGR 200 pA, B
TR B R 230°C; 4 T3 [, 40~600 m/z.

W A5 1 45 R D R % 1B 55 3 F B LS 12 (NISTY
Wiley) " (45 1 i i 12 3% Tl 2R 45 % L, IR 45 & e i
i b 4 it P PR B R TR0 AR AT 2 P A BT o e T AR — 4k
BHEAT AT, SRASAS BRI RR A AR XS 43 i
14 FLMH AT (VOCS)HHT

B S 15 - FIZE R A5 15 g (A8 IREER A 2,
AU Z2RE 80T VOCs), B4LkE 3 BT, &
F 50 mL BB R, 10 1 I AR AL A TR, R
A ERHT RO, BREARAE BILAL G W i e B2 o AP v O3
OHLEAT 203K A0 B, B 5 mL 2) 3 FE SR 8] A 20 mL T
R, AL T RE
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0073 [ AR AAE B A I 4 A 3l 1R A6 B
R G (TEE Gerstel AH]). FEAE JETE 60°C T 7E
Y A 15 min, FRIETYE2 46 30 min (19 50 B¢ 30 pm
DVB/CAR/PDMS # B3k (3E[H Supelco 23 @) )R A F
FE AR T2 ARG BFF 20 min. teid e, EEJR 60°C
IR BE R o WMo UG, AL UL A 2] GC #E M
H, 78 210°C BT f## "% 7 min.

38 2544 FIF 7890B-7000C < AH (73 - 5 i Bk
FAAL e B Z R BR 2 |]), ] VOCOL 4t
BHE(60 m=0.32 mmx1.8 mm, FEE CNW A )T
O30 HERER A A, ARRATR GRS 35°C,
P4 2 min, L 15°C/min, FHEZE 125C, f£+F 1 min,
FELL 2°C/min FHRZE 200°C, f£4%F 12 min. A
45K, Wi N 1.6 mL/min; #EAETTIREE 210°C,

FriksF: EI B TR, TR 70 eV, AT K
STHL R 200 pA, B FIEIREE A 230°C; AR
FEl, 50~500 m/z.

1 A5 19 25 4k 6 ik 5 3 5B A (NIST/
Wiley) H i AR HEY) BT 5 BT 3#E AT 0 L, 5l AN T L3
AT, IE25 G IE M Be kb o i B 12 B3 s 1) R 47 52
G307 o R — AR Ik AT 400, RIS &L PR
XH
15 BRE e sk it A

FI AT 0 B D R v oy e glE, o — 251t
B LU IR TR TR R Z AN RE R /1 AR
[ 2 LLAEL (PUFA/SFA) . A AR IR n-6/n-3 FAH
(n-6/n-3) ., Bh Bk EERE AL AE EL(AD) . IR TE AR5 4L
(TT)FMERAE S 2 i RE /s A §5§ 1M E SR (HH) . =
AI=(C12: 0+4xCl4: 0+Cl6: 0)/(XMUFA+PUFA,¢+PU-
FA.3), (1)

TI=(C14: 0+C16: 0+C18: 0)/(0.5xXMUFA+0.5xPUFA,, ¢+
3xPUFA,5+PUFA,,5/PUFA, (), (2)

HH=[C18: 1(n-9)+C18: 2(n-6)+C20: 4(n-6)+C18: 3(n-3)+
C20: 5(n-3)+C22: 5(n-3)+C22: 6(n-3)]/(C14: 0+C16: 0). (3)
HPYMUFA i AR FIIR R S0 F1, PUFA, A n-6
Z A FIAE IR, PUFA,53 A n-3 Z AR HIIENTRL .
1.6 FIESHT

K F A B /N — 3 H11 31 7 5 (PLS-DA) 4T 3 153
48T, B MetaboAnalyst 5.0(https:/www.MetaboAna-
lyst.ca)2 [€l; F Excel il A 4 L HERA,; B 550
T145r#r4e SPSS 26 AbFH, SR 5L 2 J7 2253 #1(One-
way ANOVA), i % ME/KF P<0.05. FIH Interac-
tiVenn 2193 BUAL

'h@Ammw

2 &R

2.1 ELHAESFRKBRGKR S
PIHEUCRAERT, i 515 SR XK RS 8 1
v

x1 BERREHKRSH
Tab. 1 Water quality parameters assessed during two
months of overwintering

KB ZH 2020 4E 10 A 2021 4E3 A
mEE/C 23.9140.00 12.79+0.01
PR B (pH) 8.70+0.01 7.92+0.01
WA/ (mg L7 10.45+0.00 9.27+0.00
BETY (gL 20.17+0.05  21.27+0.05
LA AL /my 212.67£0.47  338.67+0.47
ENES 20.55+0.01  21.65£0.00
L 5% /(ms-cm ™) 32.87+0.05  34.87+0.05
W (kgm ) 12.90£0.08  16.17£0.05
MUE/NTU 7.33+£0.47 0.00£0.00

H 7K B0 i 45 R AT, A LT R A R R A Ak ik
F#(P<0.05), 10 Ay~ 23.91 °C, 3 Ayl 12.79 C,
pH A TR, 10 A6 K 8.70,3 A4y A 7.92. 10 A&
it 10.45 mg/L, 3 H°A 9.27 mg/L. 10 H B3 N
7.33NTU, Tfii 3 H RAER, FEAKE] 0.00NTU. M HA
KR AR KT, AT S S AH X3 IR A,
By, 2017 g/L B 21.27 g/L; EALEE AL H
212.67 mv #] 338.67 mv; A H 20.55 F] 21.65; H
5%l 32.87 ms/cm #] 34.87 ms/cms,

2.2 JI§ B BR 4 4 AR A B AR A AE

m= 2 PR, 7810 A, 3 ARG 3 A%
SRES T, JER 14 FRERTRR . P S S il
FINE iR (SFA), 4 BB FI G iR (MUFA), 5 #h £
A FRG TR (PUFA)., 10 H 24, R4 SBALEE i
Rl T AEB 14 PR IR, 3 AR R, 22 B DL YR
[ R B ARG (BRAR PR HE Y C20: S5(n-3)41), [FIH,
ARSI ARFE S, KR T C16: 1(n-7)o SMATT
&, WA R A IR R %

MAR TR AL AN AR Ak mT LUE H (] 1, 3 2), SFA
H, DEEIERTRR A C16: 0, & B A ZEFR B KT
A ERAL, Horb, 3 H R R 4 ZEFIAR ik 5 K AH,
I3 BIR 37.21%F0 31.54%; C20: 0 {XAEAE T AL FE S vh
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0 0 0 0 0 0 0 0 101790t 0 0 0 (¢-w)9 22D
CLOFSET 0 0 0 0 0 0 0 OTTF91 Y 0 0 0 (€-w¢ :02D
0 0 0 0 0 0 0 0 QOOFTTT  LOOFSOT  LTOFE0T  L£00F690  0:4TD
0 0 0 0 0 0 0 0 FE0F89' 0 0 0 (9-W :020
0 0 0 0 0 0 0 0 0 H0'0F6Y0 0 0 (6-W1 172D
0 0 0 0 0 0 0 0 OOOFLY T 8I0FC60  CE0FC60  LOOFF90  0:TTO
SV IFOSCL bV I1F88°ET  (€60FIS Y L COOFOTEL  SEOFTOTL P IFOTHL  (COEFILTE T OFBTOL  (IIOFILLL 9 OFLI'ST 6’ 1F8F Iy pO0F6ETL  (€-U)E 81D
0 0 0 0 0 0 0 0 0 :30°0786°0 0 0 (6-W1 :02D
0 0 0 600FVT 1 0 0 0 LO'0FES0 0 0 0 LOI0FH60  0:020

SO TFESTE LELIFSY6T  (ITTFOTT STTFCTEY  WOETFCHEE oqTH IFOV 0T 208 0FCILL WLV IFCIOY  9TTFO00E Y8 IF6TIT  OSTFLY' ST 9V TFE0Hy  (€-W)T 81D
WPV FFIBTL 96 TF8S 8T LISOFIV'6  WEOFO8L  WTOFOLOL  LISOFIOTL  (S80FSI'6  JOOFESIl 9T0FBE 0l  SYOFSSET CTTFIL'TL  8LOFLYST (L-WI 81D
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» Lo
S
g 20
17 15
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O —E —
Cl6:0 Cl6:1  C180 C18:1 CI82 C20:0 C20:1 C183 (C22:0 (C22:1 C20:4 C24:0 C20:5 (C22:6
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(b) it
407
35¢
£ 30t
3 25+
0 20t
= 15¢
= 0}
5 L
O e = [
Cl16:0 Cl6:1 C18:0 C18:1 C18:2 C20:0  C20:1 C18:3 C22:0 C22:1 C20:4  C24:0 C20:5 C22:6
(n-7) (n-7) (n-3) (n-9) (n-3) (n-9) (n-6) (n-3) (n-3)
(c) %
35r
30t
X 25¢
jfa 20t
= 157
= 10y
| H el
0 ] Em —
C16:0 Cl6:1 C18:0 Cl18:1 C18:2  C20:0 C20:1 C18:3 C22:0 C22:1 C20:4 C24:0 C20:5 C22:6
(n-7) (n-7) (n-3) (n-9) (n-3) (n-9) (n-6) (n-3) (n-3)
(d)
Bl 1 =20 E UG AR AR AN [ A7 v i i e 4 A8 ik
Fig. 1 The variation of fatty acid compositionin different parts of S. portulacastrum in the three groups

i, HAEXS & RARCE 2 1.00 %); C22: 0 Fl
C24: 0 7€ 10 A &AW K, P& a5
A 0.99%F1 1.02%, 1H 3 HFEAh#AA H . MUFA
o PRI IR K C18: 1(n-7), &ZHRES A K,
FE A8 A ZE A 0 AE R i CE 340 508 16.91% F1
18.26%) ¥ K T I FIAR &6 A7 (K- 3143 511 2 10.11% A1
11.31%). PUFA v, i3 ig izl C18: 2(n-3)F1 C18:
3(n-3), TEAAFEM T BAR Y, C18: 2(n-3)FEAEHRL
()7 R 1 (43.22%~46.12%), o 3 A R &
44

i, UROIH & R R (P>0.05); %8 TR 78 5T
ALY B AR (15.47%~22.04%), Hidh 10 H 241 Hig
/ME, 3 A &G HAR R AE; C18: 3(n-3)7E TR 1Y)
SR, PR 42.02%, =AREAE TG R FH %R
(P>0.05), FEAE . ZEFR A AF- 25 150510 11.96%
17.75%F11 13.31%. C20 LA A9 PUFA [C20: 4(n-6).

C20: 5(n-3)F1 C22: 6(n-3)]TEARMEACHTAY 10 HHLFE S
P, SR 1.68% . 4.16%F1 4.06%. 3 H %
PR, &R 2.35%00 C20: 5(n-3).
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I\ =21 7 Th 1 4% 5545 1Y) PUFA . MUFA i1 SFA 14
oy HEHERE T LUE (8 2), 1807 (] 2a), HHXT
FfE o PUFA, (5 HIE 56.39%~56.57%; ik
& SFA, 5 HN 2535%~27.72%; & & /b0
MUFA (15.87%~18.04%); =2&J8 5B A = £ BE i v
F 5 B (P<0.05). WA (& 2b), PUFA & i
(56.95%~63.85%, P<0.05), EL5# 10 A= 3 A K%
ez 3 H R Hs g R IE; SFA & &
26.73%~30.97%, 3 A URA AL, &b rE
MUFA(9.15%~13.44%), 3 H A S b o & 25,

I PUFA I MUFA [ SFA

100
80

56.42 56.39
60

AT i E/%

40 _
15.87 16.83

20F
27.72 26.79
0
10741 3 ARV 4L RYERVRVIKN
(a) €
I rUrA EEEMUFA [ SFA
100
80
X el
g 60
1
-’D_i’
= 40F
20F
0 v N
10741 3 A RYERVRVIKN
(c) 2

. H@ART/CLE

/INF 10 H 4l 25540718 2¢), PUFA & 7E 10 H 41
3 ARG 4510 36.46%F1 34.70%, TG i 3524
(P>0.05), 15 3 HURfidlH, PUFA & & I & 1 m
(P<0.05), (ilbik 53.53%. 3 H RN SFA &t
ik 52.65%, MIXFT 10 HAM 3 AGiHER B
(P<0.05), JG P& 38.53%F1 27.82%, oL & 2%
FE(P>0.05) HEFRA R (1 2d), =2ERE MR 7E = 4 FEA
A A R 5 XA E, Hob, PUFA & &N
46.34%~51.14%, 7F 10 A4l fz i, SFA S &Nl
31.76%~42.96%, 3 H R idl s, 3 H o4k,

I PUFA I MUFA [ SFA

100

ATDX 5 HE/%

CARI 9.420

10141 3R

(b) it
I PUFA I MUFA [ SFA

34

100

ATDX 5 HE/%

10341

3 ARG
(d) MR

34

Bl 2 =2l Sy AR R AS RIS W R 14 ¥ 23 LR

Fig. 2 Percentage accumulation of fatty acids in different parts of S. portulacastrum in the three groups

HHFE ) PLS-DA 43 A4 R won (Bl 3): ekt
mn R, ERLAR 1.2 20 ST 2510 39.4% 1 24.9%;
HEESL R, 350 61.1%F 33.4%; ZEFES T,
M 54.2%F0 42.6%; REES T, 5505 61.1%FH
33.4%. Hdr, FE(E 3a). ZE5(F 3c)FR(E 3d)HY
JEWFBRALAE 10 H . 3 ARG . KRG =44l

b DX G i AN A S ) i D R AL AN AE 10 H
53 AWM a8, 3 ARG5S RGO RE 5 G
7% 7% 5 (K 3b).

W PLS-DA 43 #7145 ) VIP(E & f ZME Y ) >
1 BB WIRR AR B (& 4), 30A 5~6 FhRITTRTE
Vi T 1 AT I B T R 4 2 S v A B TR
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o 0o © 21 °
o
o
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(OF- (d) AR
&3 =2 AR AR A (R ARAL A I T R PLS-DA A
Fig. 3 PLS-DA analysis of fatty acids collected from different parts of S. portulacastrum in the three groups
A 3310 B 3310
JJIA N
WAL YA
i V5 1ith
C18:1(n-7) o | 4lfh C16:1(n-7) PR ]
Hil 24
mCm EEE
C24:0 o I C18:2(n-3) o
HEE [ |m] |
C22:0 ° C18:0 °
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Abstract: Sesuvium portulacastrum is a tropical and subtropical salt plant. It is a traditional wild vegetable that has
been employed in the ecological restoration of coastal zones. However, low-temperature stress is a primary concern
for favorable planting in northern areas for ecological restoration, and the mechanism remains unclear. Fatty acids
(FAs) play pivotal roles in resistance to low temperatures, and volatile organic compounds (VOCs) are vital me-
tabolites of FAs. In this study, the composition, differences, and changes in FAs and VOCs in different parts of S.
portulacastrum before and after overwintering were characterized using plant samples from northern-planted eco-
logical restoration floating beds. The results demonstrated that 14 FAs were detected in the flowers, leaves, stems,
and roots of the plant. Roots contained the highest number of FA species. Flowers and leaves contained a higher
proportion of polyunsaturated fatty acids (PUFA, averaging 56.46% and 60.23%, respectively) than stems and roots
(averaging 41.56% and 44.45%, respectively). A total of 86 VOCs were detected in the stems and leaves, where
mushroom alcohol was dominant species. The species number of FAs and VOCs reduced significantly after over-
wintering, and the proportion of PUFA increased significantly in freeze-damaged plants. In terms of plant lipotropic
index, plants that tolerated overwintering temperatures had enhanced lipotropic quality. Overwintering caused sig-
nificant changes in two classes of compounds, among which the responses of C18 fatty acid metabolism may be
critical, and C18: 3(n-3) and mushroom alcohol presented as the two most pivotal metabolites that might be closely
associated with resistance to low-temperature stress. This study provides a reference for the wide application of S.

portulacastrum in constructing sustainable ecological restoration systems.
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