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BRIE P BN EXATY R

VAR RS B 2B, A 230036; 22 AR T S P BEORBEJE R, Dk 238200

WE  DMEBURA S A 2 R 33 (Brassica campestris ssp. chinensis var. rosularis)&FW-1 R, #EAT A FHK E
AN RRE A B, 5 B A IR AL FEAR B, B P (0.05810.1 mmol-L ™) 3l fie b B34 12 35 HLRL R 1255 %6 DA % i 44k
2 BEE TN S EARREM TR, . SEEEN, TR SRS IR T, RS, 6 SR AR AT R
JB R B, A5 45 5P TR B B HE 42 IR I 5 AR M b 0 A P 1 T 8 T T B, 0.05 mimol- L Ak e b B 15 st Jd
15350 i, $90.05 mmol-L™" 4k e RE A B MRS 4N T M0 35 o itk — 25 20 W7 0kE I 75 76 1 SEHRA IR, W ata o
RAEAEF, @RI A PE M0 HAKE I A BN 570, 454 0% 19038 B0k B HukE I, e 2 MR I AN R 2 38 s AR | 32
F1518 (MK IR ) I EFW-1 (IRIRSURA AT AL 3] . S5 3R W], SR EL, IRIR A T 24 Rk FLfif 575 0% 22 R T — 8
FRHEENR, HPEW-1BEEE LR, ZRAGEEASE, KIF 7 HW- U RIEBUSL,; RE RIS f A e
HIFUE2N MR R 2 i EAE A B 7, BRIBER NN S — ST w, HRERRBERN, HE
SAMEARE L 18 (AR AR T 3K, HH ALY 5L B (SOD) Rt A AL M (POD )i 1t i 2 PR, RIS, it I A RS il vl 22 it
0 1) 751 Ak L L PR o 1 T, R PR AR I 5 5 SRR M S i P B I AR O, L AT BB 4E R = (1 SODRFIPO D 15k
2 i R T 1

Kegim g, (RiEPE, HERE

LY, BnE, TR, BAN, REZ, BE&E BE, BAE, EXA, REM (2026). FMFHE &I A ]
A 5 SRR T PR R e . A AR 61, 277-290.

5,57 (Brassica campestris ssp. chinensis var.
rosularis) g7 AEF} 2552 JB A S5 BR S 1 — AN AL R,
S A AEVLHETR IR R (i S, 3 AR K& AR
HPtE 2, Wik 3L, [FRSA KET YR F4EE
R, By “Yifthar 7 SR, 2 BNHORBRZ I S
%, W@ RAWHG I (ERIT, 2020; FhiE, 2022).
BB 5 AN, HBARKEREAR T HIEFEAKK
g, FlRymEh BIGR S B EFIK. Bk, &F
T SRE 4 55 14) % St A oxod JHG P A I 3k ) A S At A 7
Wk R B L.

AU A O A o0 BT iR A B T 2 i FE PR AS 7] (1)
53518, KR 52 1Y, &FW-1, IR HUR L)

Wik H 391: 2025-04-01; 232 H 1: 2025-07-01

e Sk 4L EE (Wang et al., 2022), & B Ak
Mt i FE K ACLS (ACAULISS)7E 1218 B3 Fif%&
ik, MAEFW-1J0 8 Z2N; BN, GRFE TR
K & AR AT R B, AR KRR R IE T
e, ELAEARIRIN 52 B AR R 5K, A2 R %
ik b B H 51 ) PORS e AR B AT R AE B S AR IR
e R E SRR . PSR RE AN FEZ G
——— R RE e A . 2t — R R R
RS T BRI S B EY), |2 T 5 A% A
FHAZAEDEN . RIS Z AR, SSE N
W% % 2 (B, Putrescine, Put). =%
i ll; Spermidine, Spd)- VY% (4 i%; Spermine, Spm)

FGIH 25w A RRHAR AL E 5 T0 H (No.2022AH050932) 2 #48 = i S RIIT K i RI B At 518751 H (No.2023204020005) Fl %

gl K2 N A FHIF % B350 H (No.re322210)
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Jo 25 K6y S 46 Ak #4ORG % (thermospermine, T-Spm),
LA A 45 O A AR 228 3 B 47 76 (Vuosku
etal., 2018; Chen et al., 2019), KEMFREMH, L%
MXZE G E (RIS, 2023). Fl5 1 & (FH 3L
NI, 2019). HFHE(Z=F5F445%, 2021)F1%E & (Liebsch et
al., 2022)% 4Kk, & 5HEMNIEEY B ia
i 1A ¢, 0 4 s (4EPHAE, 2009). 15 (W 55,
2021). TE(ELIEE, 2023)F1E:(Yin et al., 2016)
JiHif . fPLETF (Arabidopsis thaliana) ACL53E K2
RAZ R acl5 R I AR ™ R, NS I FA0RS i vT
GRfifix — R, RS AEIER, R A
FEMK L, I HTRAESHEEARKEH,
H A Y IR B 1) — M £ i (Takano et al.,
2012). F& 7 s m R A AR A RTR S0 38 4 5 A B 0 AR
4h(Takano et al., 2012; Z%¢#, 2022; Farsodia et
al., 2023; Mai et al., 2023), #HEEL= 5L MAE4
YOI IE N o 5 0, T 2R A (Diospyros kaki)
R ZR Bk iE & il L R 04 E R (Gil-Muiioz et al.,
2020); fULrd T acls AR 14 £h Us M 1G5, FRS i b
P A 2 = HL i £ P (Shinohara et al., 2019); #E4E
(Gossypium sp.) ACL5IE [A]JT R 1 H X 35 0 12 e
oMU (Mo et al., 2015).

H A7 9T PO % 5 IR W 18 07 96 &R v R ARG,
BRI A LEEAS B A . DR, ASH 70 DLUR A 2 £
B AR i AN (7] 1) 2 52 AR 3 28 &R 52 18 MTEFW-1
AR, RFIX 24N B4Rk ) 22 S AR R ) RS i 7E 2 21K
T BT P v AR R AT R e i, RN B A
i Fie T A P i s ) 5 R 1 5 ) KK 33 Pl 2 o 1)
DI RE 5958 FEAlh, (7] I Sy i 0 il 5 S o M S | R0
HigtEF.

1 #MREFE

1.1 #8l

AW FE e F 22 RO K 28 AR R R SR s L B Fhsk
% =5 B K124 5 3 (Brassica campestris L. ssp.
chinensis var. rosularis Tsen) &t H 28 #4K, KL
B EFW-1 (SW-1)FMIGIL T 32 74 518 (W18). Hf
LM i T804l R KR — O, Bk
2 A B IR E SRR (A X AR B N7 em %
5cm x 7.3 cm) W (B E10R), 78R B N 25°C/18°C

(BB R E R RIR, SN 14/M B0/
i 2

12 7%
1.2.1 Tt
BN — O N2, B E LIRS
(BSG-400, {8t ) kA7 i MO ) AR EE 77 0 iR
21 (CK) B+ 72 1L J& 4y 25°C/18°C, i . 41 (LT) }y 9°C/
4°C , JHRBRAEE 72 umol-m™2s™", JeJE 14/
FEIE/10/NE] BB IE, 2 SR B PR FFE60%—70%
KBTS AP 53: (1) KR SR T B E A RIS
TRBE I A FE, 50 (WEREE4E/K). 0.05. 0.1, 0.5,
1411.5 mmol-L™"; (2) # iRARIR &1 F 2 I s B34
AbER, ALHEI PR Al K (Ho0) W Wit Pk i &
JE A Fxylemin (1 mmol-L™") BA K i F 55 it $k iz
(0.05 mmol-L™" )13 Fxylemin (1 mmol-L™").
HUREIE, Kt 5 YRR S0 91 B T UK b, FREUHT R
JREMFESETHA T, B THA P EEERAT
—80°CUK#H

1.2.2 BFRME

1221 FH#E

FH 2SR KIE B 5 S 22 DABR 22 B & 2T, R4 5 H
WK ARHE 22 2 R K 5y, FRARFRE (BEH), BEJS 0 #k
BT EH T REFA50 B (115°CHLA), B b4 5
Z75°C, MT&EE, JETE.

1222 AZREE

R 45 Cvikrovass (2012) 1) 77 ¥ Wl % 75 — % (malondia-
Idehyde, MDA) & & . FF & 75 VA 1 B R 2% 131(0.05
mol-L™", pH7.8) AT BE i 514, 1 800 xg 02104344,
HY_F 38 n O (] A4 AR B AR B2 LK 2 B8 (thiobarbituric
acid, TBA), &5 J5 Wb /K307 o, ¥ 4 &= =,
1000 xg&.00154r %k, HU 37 W 5 W E (ODaso ~

ODs3 M10Dggo), FIH AT HAE M IKIMDAR & .

1.2.23 HBBREEX

Z: [ Xu%E (2016) 1) 75 74 W 58 H A 5175 3% % (electro-
lyte leakage, EL). HUH B BY K S0 RIZ TS —
TERF A I 0, 28°CHE 527N 5 I 5
S R(Cy), BEJE KB5S B, FEIRD E B SR
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(Cimax)e EL=(Ci/Crnax)x100%.

1224 H,0.5E

FIFl AlexievaZs (200111 (1 77 V5 2 HL0, & . H
0.1% =& 2./ (trichloroacetic acid, TCA)UK T B i
Jr, BEIAI K AE4°C, 12 000 xg T 20205 8 B
0.2 mL E37, I N BIA B 5 R0 1l 1R 0 % 1 Y (pH
7.8), IRAIJEHE R/, W E390 nmid IR A,
GEEPRE 2L T HHL0. 8 & .

1225 BERABTFSE
o FRGE A B 1 (102) & B A A 57 & (BC1290, &
SEE ) UL AT Okl @Rt 35 B 15 R A 2t

50577 1.

1.2.2.6 H,0,%1-0;%¢

43 ) 48 0.1% — F 3t BE 2K JiZ (diaminobenzidine,
DAB)¥ (50 mmol-L™" Tris-HCI, pH3.8)10.5%%
1k hi 3 PY % M ¥ (nitrotetrazolium  blue chloride,
NBT)# (25 mmol-L™" HEPESZE i, pH7.8)i 1T
HoOo F1-Ox %y, BY R it Jy B T-DABHINBTV K 1,
FIRIR6-8/ N R, RS 595% L BRI I K
W55 8, BEJE I HT195% 2. 1%, = I i E sk R
Wi, FEHERER AR 2 S IRE SR

1.2.27 HELEFEE

FTRA B RR 22 M (50 mmol-L™", pH7.8)ukikif %
W, f£4°C. 12000 xg F B02070 81, B vl
FITREOR . AR 17 35 32(2019) 75 0 i A LA
ARl S

1.2.2.8 RESEEIEM

MR8 T 55 95 (2023) firik Jr vk, 4 A 38 o i =
(X=Xinin ) (Kenax—Xenin ) VT FEAN [FJAC P R i AL FE R - FE b
R e, FE SRR B E T HE4 .

1.3 RS

ARSI EE . 8 FIEXCEL 201684347 %
AL, FFHSPSS#4:(IBM SPSS 17.0, 3 [H)i#kAT
BRI T Z 0T, R Tukey K 56 1 & 22 7 B 35 1k

(P<0.05).

2 HRE5SH

2.1 RERE BB SRR MB %A #20
211 WMEEFEMBEHFMN

SRR B FRE fre ot ) SEATG TR T (VTR 3 ARG U Ak
RISW-1HHAT AN [FJ9R B ARG R i AL FE . i 2l tef - 2 A
EEE AT E, S5RRT, SXTRAALL, SCiE A
T, T E A R A, ARG e Kb FE R
Fhim, TEAGEEY RS FREE(EA, B). R
TR R AL TR ) () 2 S R A B B KT, (B RO REIR
J90.1410.5 mmol-L™" i, - F AN 4 Fil b T A X4
B, HALT (low temperature)+0.1 mmol-L™"#
HE & (LT+0.1) A B PR 1) 6 28 40 38 v LT, B & Ak
H it 03 R RR TRT  S 4y e e e P 1 A

21.2 ¥ 53K-0,fH, 0,2 EHM

IR, SXTREALL, FPRACIR L3 T -0 F1HL0,
SEYEE ETH(E2A, B). BHHE0.05 mmol-L™#ukk
A% 45 O 2 5 B 2 PR AR (PR IR 21 75%), 1HLBE 5 #oks
Je ik B )T, O & i IE n, LT+0.5. LT+1F1
LT+1.540 38 7O, % & % 3 5 T LT+0.05FILT+0.14k
HH([EI2A) . % FHy0575 5, 0.05 mmol-L™" #ukE il kb 2=
AR /N, 0.1 mmol-L Hukb e ab B R A st —
WAL, LT+0.1. LT+0.5. LT+1AILT+1.54bF 7] 2
AN, AH R HLO, 8 il #ORE i A BRI FE T = i T 5
frifa%(K2B). {iRiE MG T, 0.05H10.1 mmol-L™Huks
iz Hb PG S22 -0, 774, A 1200.05 mmol-L
RORTE NG, AEXTH O, & B R /N o

213 MERA_BSEMERRSEFLNZMW

Xof AN [ R HRORE g A 3T (R TR AT e, &
R, 5 EMAGEAEEAI L, 0.05 mmol-L #ukbi
AHR R RS BRI, FLEE A Bk R me itk
FETEE, ARSI Y, 1711.5 mmol-L
PORE AR HE R RS R B S T H e IR E A (K
3A). LT+0.0540 3 T Hififf 5112038 3 i A0 T S IGIR
AEFE(EI3B); Fi4k, AN RO b HE R B AR S
FERRIU 5 RS S AH F R Sy, RIBEAL2E
WP (T T B N ; LT+0AMILT+0.50L B LT+1
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Figure 1 Effects of different concentrations of T-Spm on dry and fresh weight of wucai
(A) Dry weight; (B) Fresh weight. Different letters above the bars represent the significant differences between different treat-
ments, the following is the same. CK: Room temperature control; LT: Low temperature treatment; 0.05, 0.1, 0.5, 1, and 1.5 indi-

cate different concentrations (mmol-L™") of T-Spm.

A 5
=~ a 4
54- a a++
) 1
2 %] b
£
£ 21
g % b
Q
o 1

0

oF

A ) N ) N ©
N Q Q- Q- &x N*
DT KX KT X
SNV v

Treatments

B2 AS[F R R X 5 3 O2 AT HL0, 3% B

B 0s6-
~ a
a a
E 0.5 1 + + +
2 04+ ab ab
g ab
2 0.31
-*g b
£ 0.2
Q
[&]
O: 0.1
T
0 A N N
o‘l‘ v ng &XQ‘ &xQ?J &x &xy\b
L8N AR

Treatments

(A) -0zt (B) HoOx 75 . CK: Wi I LT: fIRIEALEE; 0.05. 0.1, 0.5, 11548 FEA FIHUE &8 (mmol-L 7).

Figure 2 Effects of different concentrations of T-Spm on -O; and H,O, content of wucai
(A) -Oz content; (B) H2O, content. CK: Room temperature control; LT: Low temperature treatment; 0.05, 0.1, 0.5, 1, and 1.5

indicate different concentrations (mmol-L™") of T-Spm.

FILT+1.540 ¥ 2 0] 22 % AN 53 . [, 0.05 mmol-L™
PG e A MR M a T RSB E RN s RS
BT IANEIE A, E R (1F11.5 mmol-L™")Huks ik
SERBMER, SEMDAS &R B IER
Tt

2.1.4 RESKBTEH
I B3R AN [ R B HhoH g Ab FE R W45 1) 22 A FR pr ik

AT P35S SR b, 15 B~ 51 s s BB A7 HE
%, DAV AN R E FRRE e Ak BT 5 S e ol A 35
PIZRARAR . 25K, AR RS b 2R 1P
PR 8 R BUE I KT X IR, HE 44 B AL BRI B2 10 T =i
BT R FE(1); 0.05 mmol- L™ HkE fiie kb BT f) 5 347 3
JB FE 1543 5 (050.693), 1H11.5 mmol-L™" #uks ek
FER 2 3 R BRSO W SR, %970.05 mmol-L!
NG AL FE B A AR AR IR 5 S i 4 5
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B3 AN R RS i ) % S TR S (MDA) & B A LR T 15 55 R (1 52
(A) MDA% & (B) HEFIEZE% . CK: B0 B LT: {RIE4LHE; 0.05. 0.1, 0.5, 1F711.5/8F A 7 Hukb Fe v B (mmol- L"),

Figure 3 Effects of different concentrations of T-Spm on malondialdehyde (MDA) content and electrolyte leakage of wucai
(A) MDA content; (B) Electrolyte leakage. CK: Room temperature control; LT: Low temperature treatment; 0.05, 0.1, 0.5, 1, and

1.5 indicate different concentrations (mmol-L™") of T-Spm.

o1 RIRLE T A7) 9 B AR i Ak B ) 15 S A B R -~ 10 35 i e

Table 1 Average membership function values of physiological indexes of wucai treated with different concentrations of T-Spm

under low-temperature

Physiological indexes

Treatment concentration of T-Spm (mmol-L™")

0.00 0.05 0.10 0.50 1.00 1.50
Dry weight 0.00 0.48 0.88 1.00 0.78 0.75
Fresh weight 0.00 0.68 1.00 0.91 0.78 0.57
Malondialdehyde content 0.61 1.00 0.98 0.87 0.00 0.16
Electrolyte leakage 0.53 1.00 0.53 0.55 0.00 0.15
-O3 content 0.12 1.00 0.73 0.21 0.14 0.00
Average 0.210 0.693 0.687 0.591 0.284 0.273
Ranking 6 1 2 3 4 5

2.2 HAEREE BADEIFI R E R S SR
ap-A )

221 MEFEEK. H,0,71-0;F RAIH M

H T AR AT 9 A2 76 X6 2 A [RIMEC IR iR 2 1% 32 44 (W18,
IR 2 7, SW-1, IR IE UKL ) HEAT El e 4 BT 1H Jk
fill I, A SRR A A S SRR
Ve 5%, TR #AORS i & B i 370 A B 24 AR, TR
BN e I ARG fi A2 A7 LR 75 RE SR R R . S5 Rk
B, HxFHRAREL, R TSW-13 it HiE T
e, AR BIH], TWASZ M /NE4A, B).
5 e £ AR 75 AL TR S S WA 8 RTSW-11H 1 H B 25
R [E] 0 RO 15 B SRR PR . HoO M
O Yt g LRI B B #4 (K4C, D), fik

T P AE T FAK A | 7R AL BE 5] R 2 5 SE L
PO OIS 2, HO MO B RGN, il &
SW-1, 111 it 0 ks 2 A G 5 AR WY 2 ks o HoOp AN
Oy i) & B 5 Y (5 /A — 2, (HEAERRE,
R 2EIF T, SWUKAEBAR B, FARE H A0 ) 77 4L BN
2RO 5 EIGIEA A, TIXTT-H,0. % &, W18
)22 A e J5E B S B K (15) . DA RS SRR T, Ak i
AR R 5 BUH 081 - O AR A, Il 724 5
SRR B 30 475 35, 10 MR AR i Ak 2 e 2% M
EE S A

222 MEFXATEFENRBREZEXRNYW

X TR AR IR 2% 1F T8 A R A2 1 3 — I8 2 gt AT
E, S5 RRYIRIR T Wi 25 1K AL B WA 8 ) — %
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Figure 4 Effects of T-Spm synthesis inhibitor xylemin on growth, H,0, and -O3 staining of wucai
(A), (B) Phenotype of wucai under the control and low temperature (7 d) condition, respectively; (C) H.O; staining; (D) -O: stain-
ing. CK: Room temperature control; LT: Low temperature treatment. Bars=1 cm

SREMEEEER AT, HSWAR BT EE
TR G it AR fee - A o SRR 24N B k) AR
R, WK AR AR LG, X PR AR R TS s 5 =
A E, AT SBE T, A wW1sH s
WIEFETE R, 54, EREFRELKELET, 5
AR it AR e A R R FRUAF B, I B P e 00 o) 75
RS iz 25 AT (WA AISW-1 T 1% & B 5 35 (AR E
XFHEKF-(BIBA, C).

WA ST TR E E R, 5 R
TRKAHEL, AR 25 T HH [ AR 22 (WA 8 FISW-1 Ha fif
JRIBIE R R E W OR, Rl 2 SW-1, 385 1 1.24%;
FAOKE JFe B P4 1) 700 Ak A 45 W1 8 LR SR V8 0 e it —

W A, (B SW-1REM /N, 78 5% it FRS e 3
1l 7710 1) itk b [0 B e o ARG i 56 W1 8 LA V5 0%
AN ZE L PRA, 6 SW-1 541 5 /N (E16B, D). KUk, fik
TPl 36 0 ) 5 Ak A A WA BRI SW-1 () T i 55 &
AR fif i1 2 @ 2t — 0 Tk, HrWABHT 32 1 2 il
K, RPN LS 5 AR A K

223 MEGEmELEELERRME

N E— SR W I I A P R0 5 S AR 3 i 1
RISEME, W PTAALBEE TEEATINE . SRR, WS
PER, IAREIE G AR 2R R LR A B 5
Wi 2 BN (B 7); AR AR T % AR A, W8I AR
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(A), (B) W18IIH20H1-025 E; (C), (D) SW-1HIH0H1-02 8 . CK: iR I, LT (KA 2

[_IWater [ Xylemin [ T-Spm+xylemin

Figure 5 Effects of T-Spm synthesis inhibitor xylemin on H2O, and -O3 content of wucai

(A), (B) H2O2 and -O3 content of W18; (C), (D) H20; and -Oz content of SW-1. CK: Room temperature control; LT: Low tempe-

rature treatment

A 35. B 24 -
30 a £ 20- i
- e ab
25 25- b b b S 16 4 be
2L 20 be c ' % 12 cde !
8'2’ 151 % 1 de cde
< O = 8 4 +
SE 191 s
5 3 4]
0 CK LT v CK LT
w18 w18
C 45- D 28 -
40 - a ;\? 24 | a @ a
— 35+ b o ’
2 304 cd c ¢ g 201
£ 254 1 d % 16
8% 20 2124 b 2P
e 154 = T
oE > g
SE 104 o 8
5 8 41
0 w oo
CK gt LT CK  quq LT

[ JWater [] Xylemin [ T-Spm+xylemin

B6  Hukh iz & il xyleminss & 32 A i (MDA) & 7 A1 HL R 208 R K 52

(A), (B) W18IHIMDA & & ATHLE G535 %; (C), (D) SW-1[HIMDA S EAHRFIBER . CK: #IRXIE; LT: kil Ak sn

Figure 6 Effects of T-Spm synthesis inhibitor xylemin on malondialdehyde (MDA) content and electrolyte leakage of wucai

(A), (B) MDA content and electrolyte leakage of W18, respectively; (C), (D) MDA content and electrolyte leakage of SW-1, re-
spectively. CK: Room temperature control; LT: Low temperature treatment

© 0000 Chinese Bulletin of Botany



284 HHANAR 61(2) 2026

250~

150 ab

abc apc |

—_i

ab

—_

SOD activity (U-g™' FW) 3>
)
o o
P
o
SOD activity (U-g™' FW)
o
°
[op

200+

ab ab
150 I b

100 4 bc

100

v}
)y M

6000 6000 -
= 5000 a ) % 5000 -
- a T a
2 4000- f 2 4000 - a a a §
= = £ 1
S3000{ ¢ o ¥ be Z 3000 -
2 c £
B 20004 | S 2000 A
8 1000 8 1000 -
o
o
0 0
cK LT CcK LT
C G
2500 - 2000 -
= = a
% 20007 a 4 T 1500 4 ap
o I o £ abc  ahe
S 1500 A ] ab ab ab 2 1 bc
> 1 > 1000 - ¢
S 1000 1 i 5
[$] &)
= 500 e 900
5 5
0 0
D CK LT H CK LT
S 12 s -
E b 12 a
T a o
1 a a I : a
joo) 8 I a 1 a a 2 8 a
N g | B 1
g 4l g 4
@
x &
. <
< 0 0
CcK LT CK LT

W18 SW-1
[ JWater [ Xylemin [ T-Spm-+xylemin
B7 BRI A AN HI R xyleminstt 1 S S b BEE 1 R
(A), (E) ALY EALEE(SOD)EE; (B), (F) i A MEE(POD)EE; (C), (G) i AMEAT(CAT)EE; (D), (H) HrdkMBRid ik
BEAPX)iE 1. (A)—(D) W18; (E)—(H) SW-1. CK: HiixJ i, LT: (KA

Figure 7 Effects of T-Spm synthesis inhibitor xylemin on antioxidant enzyme activities of wucai
(A), (E) Superoxide dismutase (SOD) activity; (B), (F) Peroxidase (POD) activity; (C), (G) Catalase (CAT) activity; (D), (H)
Ascorbate peroxidase (APX) activity. (A)—(D) W18; (E)-(H) SW-1. CK: Room temperature control; LT: Low temperature treatment
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Fop 38T A [ A BE MR 40 5 Adk B 1 250 5l T B 1) B
WP T E TG . n, BRI (2024) L T
AN [FJ A B2 47U S 00T 26 S0 40 B 5 I 3 PR 2% il
IS, R BB A T it SR A R B, R MR A B
1 A, H R P IA B e KR A BT IR Xk
A5 (2024) B B T R FI R FE B R IR S 2% P IR Ak B
NaCli i = (75 )8 (Citrullus  vulgaris)# 7, & ILFE
FHIRET R, PR SERRR £ RBU T 55 AR
s, IR TR R B R I BOE K FE; Sun
£ (2025) Xt T 5 e T 4B AR (Capsicum annuum)
A1 P ANt 0 3 A [k B PR R i, R RS R AR
FE SRS e Ab BRAR L, w9 B2 A BN MDA &= 2 35 7t
e PRI, AN T R4 B A 2 i AR R, X
A EE R0, BRI (0.05410.1 mmol-L™")#
i I P A R SRR P 3 55, (L o Ak B R
K, HaO.F1-OF B 1 fin 2 KI5 AL BE (1) K7, A
TR EMEMIZERERBE S TIZAKE, Ui
LRFRAE IS, A ER . X RE R R TANE S
i b B 51 2 IR 2 MoK I i (BR AR 405, 2023), &
BRI I () TRl B AR gk A R, 2 e fR I e 2 — g2

Ho0,, HAN i 2 X MRIE et 3 (Wu et al., 2022).
BE =, FIHNE SRR E SR B R EUE, F e
FIH 0. 2 Z e oy ik i =2 —, BHRAE S0 M
FATE DB ACEAEH, AT SR8 iR BT I A
HAHFmAEN,;, RE-FARERBEmHEE4, 7H
0.05 mmol-L™" #Akk i 22 fift 1 S AR 5L 48 195 55 1) 808
AT, HOEBZIR BEAE N )G B S I0 A HR R A BRIR P

b — 25 30 I i 0 FAORE B RN FAORE e R ) 7R R
W R e 5 5 SR ol e i 4 2 [ 50 2R o B UEG L
AEFETR, SW-1H 255 . B R B 2 [H,0.H1-0;,
H A R H R 5505 FR I IG IE BEOR, TTWA8R
JIT 52 52 R /DS, IR SEWA8 FISW-12 B A AR
TR P S S AR, HLWA8 AR IR i 4 B 35 (Wang
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Effects of Exogenous Thermospermine and Its Synthesis Inhibitor
on Low-temperature Stress Tolerance of Wucai

Jintao Feng”, Songmei Xie'™, Bingjiao Wang1, Chenggang Wang1‘2, Lingyun Yuan"?
Jinfeng Hou" 2, Guohu Chen" 2, Xiaoyan Tang" 2, Wenjie Wang" 2, Jiangiang Wu" %

'College of Horticulture, Anhui Agricultural University, Hefei 230036, China; ?Anhui Wanjiang Vegetable Industrial
Technology Institute, Maanshan 238200, China

INTRODUCTION: Thermospermine, as a structural isomer of spermine, is an important substrate involved in plant growth
and development, as well as responses to biotic and abiotic stress.

RATIONALE: At present, there are few reports on the relationships between thermospermine and the responses of
low-temperature stress in plants, for which a primary analysis of their relationships in wucai was conducted. Firstly, the
optimal concentration of exogenous thermospermine alleviating the damage of wucai caused by low temperature was
analyzed. Then, thermospermine synthesis inhibitor combined with the optimized concentration of thermospermine was
used under low temperature condition in order to further analyze whether thermospermine plays a role in the tolerance of
low-temperature.

RESULTS: When wucai was treated with lower concentrations (0.05 and 0.1 mmoI-L"1) of thermospermine, the electrolyte
leakage, hydrogen peroxide, superoxide anion and malondialdehyde contents decreased with different degrees, and the
dry and fresh weight increased; while the effects weakened with the increase of thermospermine concentration. The
evaluation of membership function showed that the average membership function values decreased gradually with the
increase of the concentration, and the score at 0.05 mmol-L™" thermospermine was the highest. The addition of
thermospermine synthesis inhibitor under low temperature made the two inbreeding lines of wucai with different low-
temperature tolerance accumulate more hydrogen peroxide and superoxide anion, and increase electrolyte leakage and
malondialdehyde content. Furthermore, when thermospermine synthesis inhibitor was applied in combination with
thermospermine, it can alleviate the damage of low temperature aggravated by inhibitor treatment alone. Thermo-
spermine treatment was associated with higher activities of superoxide dismutase (SOD) and peroxidase (POD).

CONCLUSION: 0.05 mmol-L™" thermospermine could effectively alleviate the damage of low temperature on wucai
seedlings, and thermospermine synthesis is closely related to the low-temperature tolerance of wucai, which may improve
low-temperature tolerance through maintaining higher antioxidant enzyme activities, especially SOD and POD.
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