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i E: B WRINFITAME (hydrogen peroxide, H202) TRANEEN I 2 ¥ Sedum sarmentosum PUISVE [ 2544 1= A,
SRR, NS SR R A M A R R AR R R KR . iR A MU AFEWRE (0. 1. 10, 100
mmol/L) Hx0: J5 47 HAMKIR, WORI I KiRhs. EWE. SMEIRRS T ER S MR PIELEE . &R K
BAMETN, Wi O B BEF RS ERER KK, WHHER. S AWE. SHEIRERS &8 &SRR
J1o BEANE MO W ESR S, |AEEM B, B HAFHR. AYE K AR (peroxidase, POD) FiG 2 FEE
R, AN B LR (superoxide dismutase, SOD) . i AMWERG (catalase, CAT) BiEPE A N —# (malondialdehyde,
MDA) & &EE FFHEaH. 1. 10 mmol/L HaOz A HE 1 A1y 43 il LU X B2 151 209.38%FH 87.50%. L iafiil . Mg & & DL A
R, &R, FREJFRSELLL 10 mmol/L Ho0r A, EEXTIRSE S 16.67%~37.84%, 1 mmol/L HO2 AbFHIRZ o 1 mmol/L
HoO, AbFRIEZLEL 1,1- 2K 2- =LK (1,1-diphenyl-2-picrylhydrazyl, DPPH) F 2,2 Bk W(3- £ FE 75 F M Ibk-6 - R — 4%
#h[2,2"-azino-bis (3-ehtylbenzothiazolin-6-sulfnic acid), ABTS]H HAERRAEF1 IR, MFRAEH mAERAE S AP Stk
REJILL 10 mmol/L HoO2 b 5. 4538 fEARIRSAME T Ho0 AN A R T3 B P T R M = B R A K
AW JE MR S, 1 81 10 mmol/L Ho0: AR e m A P IEME, mre ;R sHes.
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Exogenous H:>O: pretreatment improve cold resistance, yield and quality of
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Abstract: Objective To explore the effects of exogenous hydrogen peroxide (H202) pretreatment on the adversity resistance and the
yield and quality of Sedum sarmentosum, and to provide a basis for the high-yield and high-quality cultivation model of S. sarmentosum
induced by stress signal substances. Methods After foliage-spraying with different concentrations of H2Oz (0, 1, 10, 100 mmol/L) on S.
sarmentosum, it experienced natural low temperature, and the growth index, biomass, content of various flavonoids and various in vitro
antioxidant capacity were measured at harvest. Results Under low temperature conditions, spraying H2O> significantly increased the
maximum branch length, leaf layers, number of branches, biomass, content of various flavonoids, and in vitro antioxidant capacity. With
the increase of the concentration of exogenous H20z, the number of leaf layers, branches, number of new buds, biomass and peroxidase
(POD) enzyme activity showed a downward trend, while enzyme activities of superoxide dismutase (SOD) and catalase (CAT) as well as
malondialdehyde (MDA) content showed an upward trend. The biomass of 1 mmol/L H202 and 10 mmol/L H2O: treatments increased
by 209.38% and 87.50%, respectively compared with control. The content of total flavonoids, total phenolic acids, quercetin,
kaempferol, and isorhamnetin were the highest when treated with 10 mmol/L H202, which was 16.67%—37.84% higher than the control,
followed by treatment with 1 mmol/L H202. The S. sarmentosum treated with 1 mmol/L H202 showed have the strongest free radical
scavenging ability with 1, 1-diphenyl-2-picrylhydrazyl (DPPH) and 2, 2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS)
methods, while the hydroxyl radical scavenging ability and anti-lipid peroxidation ability are the strongest when treated with 10 mmol/L
H20z. Conclusion H:O: pretreatment under low temperature conditions is beneficial to increase the cold resistance, yield and quality
of S. sarmentosum; And 1 or 10 mmol/L H2Oz pretreatment is suitable treatments after comprehensive evaluation.
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I LE = 0 i B/ -

P28 =T B/ o i
24 MEMNEEHMAZE (malondialdehyde,
MDA) &EME

43 5l DA Ak B 2 B L3 R S AR AR R A
M, GEHUHE R T I T D AR B R bR .
F R NS, B 0.5 g 3 7 B R I
BT AR S, I 8 mL AR 0.05
mmol/L BEFRZEMR (pH 7.8) , UKIAHTEE 5 B 0»
(4 C, 8500 r/min, 10 min) , _EiHREN Nl
W BAMDEALES (superoxide dismutase, SOD)
MR EOE Yy, i E g (peroxidase,
POD ) 3 % % H & ) oK My v, i A A A
(catalase, CAT) %MK H &40 76 ke,
MDA K BAR L Z iR YE . B3 E 3 K.
2.5 HERSEFNE

ST S B R AR RS R, R
B 1225 I 50% 48, 60 CiE=H2H 40 min,
HUE, N 50%LEEREAAE 10 mL, PP T Xt
f, 510 nm PEAKEIROGEE, SR A B -1 R
AL RO 58 o e Ty 5 5 B ECE 2 BOA OR
TR NZE KRR 2 h, IERA e A KA
Wedi, FABKERZE 10 mL, LIS TR
BB, KF Folin-Ciocalteu yEUSH & . #il 7 25
R, RRERGESE (PEZHR) 2020 4
Jix [SIHPLC ¥:i5E
2.6 RIMAEKEESINIE

W R A IR BISEE 2 h, RS
B ZRAIR S, FZEKERE 10mL, H4 C
UKFETRAE, M HUEAGIE TR FBE 22 500 pg/mL.
KF DPPH. ABTS %5777, #H7T B FEHAIRE
JIVERTOL, DI4EEZR C (Vo) AXTHR.
2.6.1 1,1-OREE2-= AR % (DPPH-)
TERFRDE R FRE DPPH X771 0.024 0 g, &
K ZBEVEMREZZE 100 mL, 3 DPPH VAW, Bt
7. RE 1 (4 HINEET/K. DPPH B 4
mL; 8 2 (4) PN SR (500 pg/mL)
DPPH ¥ % 4 mL; il 3 (43) N g
M (500 pg/mL) 5 ZEEF/K%E 2 mL. # & 30 min
JEF 517 nm AEIERE 1. 20 3 IWOCRER,
WA A A Az fH. THEEZ RIS DPPH-[1IE
BrE (SA)

SA=[41— (42— A43)]/ A1

2.6.2  2,2"-BRE-XU(3- 4 IR IR E ML p-6- T R ) — 4%
£ (ABTS") HHEFERZE (D WE  HoehH
7 mmol/L #] ABTS /&, 140 mmol/L B id Hi R 47
W, % 101 JREK ABTS IREW, #FHEIT
o FTEK OBV IR A R R 22 4E 734 nm Ab 1) 4
B4 (0.700+0.05) , &M EREFIMA 1 mL $#
Ol O3 A PRI FERIRARIETD
PN 4 mL 1) ABTS TAE#, HE, ##E6min, 1E
405 mm AISE A B, SEESPATIN 3 K. THE TE.

I1=Ao—(Ax—Ay)/Ao
Ao 9% XTI A B AcAMNKER BTG 4 {H: 44
AN Ha02 FIRE S A R I A {8
2,63 FRELE HIEEEREMNE B 2 mmol/L
FIBRER WP ARYAT 1 mL, 6 mmol/L H,O; 1 mL, 6
mmol/L /KAA R - LBV 1 mL, NI 25 B B
(500 pg/mL) 1 mL, JH& 30 min, 7E£ 510 nm AL
EAME, ITEHEABE OH (OH) MiEHE. %2
BSPATI 3 K. AR AT T
2.6.4 FEEREL (FTC) yEA Mg Fiad E L fe
Z 8 Kim 2508750k, BUAS [R) AG 21 1) 3 23 5 3
WE 4 mL, RN MZERES, A 4.1 mL
2.5%E MR ( LFEERCH]) « 8 mL BEFRZE i (0.05
mol/L, pH7.0) 139 mL £ 7K, FH, Hik
B 40 ClEEMTHE. 24 h)5, B 40 CIEHEM
RGBSR 0.1 mL, 43500 9.7 mL 75% £ 2
W 0.1 mL 30%M IR EA T, A FHMA 0.1
mL 0.02 mol/L &AM NERIEM (3.5% HCI LD
HERfI SN 3 min, T 500 nm FIE A 1H.
2.7 BES

B3E R Excel 2019 F1 SPSS21.0 #H174tit 5
ST, AEACEAEFE AR AT LSD LT 2 E L
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AMIR HaOo W5 it Ak BT 3 25 8 I 8 L KR
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F 1 INE H0: BHEL B ERERKESHEM (X5, n=18)
Table 1 Effects of foliage-applied exogenous H202 on growth indexes of S. sarmentosum (x + s, n=18)
b3 KD B /em 4 /em 58 /cm MR RS B R DR
CK 9.33£1.51° 0.92+0.10* 0.52+0.122 7.5040.84¢ 9.83+£1.47° 433+1.21°
Tl 14.00x2.612 1.12£0.15* 0.62£0.08* 13.00£1.792 15.67+£2.732 9.17£0.75*
T10 12.17£1.72% 1.05+0.142 0.60+0.06* 10.67£1.51° 13.1742.14% 7.33+1.37°
T100 10.33£1.03% 0.92£0.172 0.55%0.08* 10.17£0.75° 12.50+2.742 7.1740.98°

FAIARFENG FRRREREE, P<0.05; CKARMH,

T1. T10. T100 ZHCEARKE (1. 10, 100 mmol/L) H,0,, T

Different lowercase letters in the same column indicate significant difference (P<0.05). CK means control, and T1, T10 and T100 mean H,O, of different

concentrations (1, 10 and 100 mmol/L), same as below

JEH . RGBT, Bl H.0, AR T4 mER
RN, R AR AKWAGIER, H
T, T10 AbEEAR AT L,
3.2 RIBEETIHNE H0, st EZEEYER
AL

FEARIR AR, e HaOo ()3 73 5 PR 6 I
B, FTREESEST CK, ITFRKAEREER
(£2). BEAE H02 iR T sy, 7 B PR JoT
TR TS, Rt 2 BT, BT m
BT A A S, T10 AHR ., 43 lE CK #2
209.38%A1 87.50%. T1 HIARJE L & KT HAth kb
B, TEARIR & F Wi HO0r, 0 H BURIKE
H.0,, AR T EAEHEAYREER,
33 RIBRETINE H0, e EZE TS LEE
SEMEA MDA & 2850

IR N &AM Ha0, Wi AL FILES 5 25 32
SOD #I CAT &Mk, FEK MDA #&. T1 AHK
POD JEPERF & T CK, 1 T10 1 T100 Ab3 5

fF CK (F£3) o 34N H0 IkEAFE S, T1 4L
() SOD #1 CAT #% 1 & A, T T100 ¥ . T100
[*) SOD Fl CAT #HMHE4 AL T1 $2m 1 14.77%H1
15.90%. T1fi POD &4 12 H 5 2 %
MR HoO, M it A B 35) {2 2 B (I MDA & &
BEE H.0. WK ETHE, MDA & 2T Eiash, H&
Ab PRI 2 IR B KT, Hoh T1ARER ) MDA &
=N CK 1] 51.03%, 43772 T10 Al T100 AZLFH ]
68.48%7F1 63.95%.
34 KEFRHTINE HL0, G B2 E ARV
IR A T MR HoOo Wit A0 38 X0 T 2 B 1
i . BBy &R E, ¥WEESTRAAHE
(CKD o M. SR & i H0, E3 s 2507t
Ja b, E Y ELPE T10 ALBECA> 518 1.49,
6.01 mg/g) , b CK 73725 20.16% 37.84%. TI1
A T10 ALBR S EE S EERARE (K2 .
IR A5 it HoOo A R T IR AR 3. IS
MR AR AR, BEVNR L0 B4 m, M. 1

=2 INE H:0: BB EREEMEMEN (X5, n=18)
Table 2 Effects of foliage-applied exogenous H20:2 on biomass of S. sarmentosum (x = s, n =18)

b FRPREE T g ART R g R EE FTH%
CK 2.39£0.99° 0.32£0.16° 0.51+£0.28% 12.9441.68°
T1 6.25+1.99° 0.99£0.46° 0.16£0.04° 15.854+3.53
T10 4.83+1.58 0.60£0.21° 0.23+0.09% 12374235
T100 3.83+1.01% 0.540.15° 0.68+0.31° 14.0341.85°

3 HNE H0: AIEXEZE IS HLEEEEF MDA S 2% (Xx+s5,n=18)

Table 3 Effects of exogenous H20: on antioxidant system of S. sarmentosum and MDA content (x + s, n =18)

AR SOD/(U-g '*min™") POD/(U-g "'min’") CAT/(mg g "'min™") MDA/(umol-g™")
CK 411.56£14.364 220.15£4.60° 107.29+6.36° 38.41+2.012
T1 486.161+9.97¢ 352.23+17.212 214.21+22.342 19.60+1.10°
T10 528.22+2.82° 174.06 £2.73¢ 235.29+1.822 28.62+2.38°
T100 557.97+3.512 139.20+7.86¢ 248.28 +31.17% 30.65+3.26°
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Fig. 2 Effects of foliage-applied exogenous H20: on total
flavonoids and total phenoliccon centration of S.

sarmentosum (Xt s,n=3)

AT RER SRR AT ESEA RO .
g EmAR RAERER S A HIE T10 434
(Wit 10 mmol/L Ho02), 43 Al L HESR T T 34.92%.
16.67%- 35.00%, Hr =Ml R RE =T
HAhAbFE, TTIO AT AR 2By E 2 AR E .
35 RIBRETINE H0, BiEx EZERIMNIE
Al

AR ARSI A FVREEINE Ho0, WAL EE )
MR, TR HOKIE RSN ERE T LR 5.
ANFEAEPEEH) DPPH ISR FE R AR AN ZESR, LATI04b
PR, N 46.06%, W m T HAKE H0, &k
P, b CK & 13.01%; T1RZ, N 41.60%. 4 4
ALFEH) DPPH-IGRAEHISE T Ve H. ABTSHEN
1510 B LSRR RE JI7E S AL B 72 4 5 DPPH -1

T4 SHNEHOLEBEMEZERHERISENTME (Xxs5,n=3)

Table 4 Effects of foliage-applied exogenous H202 on the content of flavonoids of S. sarmentosum (x £ s, n=3)

FERER%

REE/%

b2 Wi Bz 3R/% L Z313/%
CK 0.063£0.000° 0.012£0.001°
T1 0.068+0.000° 0.01440.000°
T10 0.085+0.000* 0.01440.000°
T100 0.060+0.000¢ 0.018£0.000*

0.020+0.002¢
0.024£0.000°
0.027+0.000?
0.023£0.000°

0.094+0.002¢
0.106£0.002°
0.126+0.000?
0.101£0.001°¢

(xts,n=3)

®S5 NE H0: LB EZEKEDFIMIENEENENE (Xx£s5,n=3)

Table 5 Effects of foliage-applied exogenous H2O: on antioxidant activities of S. sarmentosum aqueous extracts methods

AbFE DPPH- &R %/% ABTSYHRRZ/% FTC £t -OH &R %/%
CK 33.05+1.19¢ 57.66+0.69° 0.264+0.01% 66.74+0.56°
T1 41.60+1.01° 62.31+-0.68° 0.24+0.01¢ 76.45+0.83
T10 46.06+0.71° 63.73+0.67° 0.25+0.00% 70.38+0.32¢
T100 37.54+0.74¢ 59.13+0.71¢ 0.27+0.01° 69.51+1.29¢
Ve 96.8140.08® 97.92+0.18° 0.69+0.00° 99.43+0.09°

BRBES 3. HACHEN)-OH SRR 2 Rk B %
Ko DL T1 fbBRE S, N 76.45%, T2 IXZ, CK
Bf%. -OHERRE mARIUT N T1 AL >T10 kb3 >
T100 4 ¥ >CK AL FH . 4 41 H,O, 4P (#)-OH TR AF
H#55F Ve 4.
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AITI0 B 2ZERAEE . CK KIBOCE i, S35
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4 g
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Ho0, TEAH Y 52 BUR b8 i B A B 245 51

I EER0 PRI R A, R HL0,
AAENE 5 FIE KPR N, 2 i e+ A%
TN 52 He 73RN, S8R KRGS T R HIFE R,

A RLKH, JMNE HO, Wi s B 5 75 7
WL Bk, WA RS TRRE. BRESE
b i 35 A0 F X B AR 2H . K 36 o i in e 9k B B
T1. T10 &E GRES 518 1. 10 mmol/L) H,0;
WA RIS AR AR AT B
% MREH. Bk, 5% EEPER
M BRI TS AL, RIIANE HL0, BEWS LR AR
(N7 SE G =< B o IS 1 1| I [ = 3 S (7 £ 953
H202. H,0, XHMEIR &M T 3 2 5 (e gt /E F AT Re
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H,0, 7] LA B 3 7 5 SOD Al CAT 1% 1, AR 4H i
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SR 7 B PRI T FE
42 KBEHTING H0, X EZE R RAENT
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fi#= ¥ (phenylalanineammonialyase, PAL) F1 B-%i%]
PEFEREEEIR IR, $207 PAL ihtE, it T kR
R B A AT TE SR AR

KRR TR, KEZMGTHME H0, W
it b T R . RS R R, 1
BEFHTXRAATE CK. S 2R S =
H0 R E e oy, Bk 2T EMaA, Rkad
PIHBLAE T10 4P (10 mmol/L H20,) . B H20:
WM, MR, LERIRRERSEE
EEET G, REmEHHIAE 10 mmol/L
HoOo AbEE . Ui BGIR 2618 F Wit HaO, A F) T2
BRI A R, Hd 10 mmol/L H,0, 4b 2
(e RO Ak . ARG AR BRI BT R A N 2R
RIRFFEEE R, AR E H.0, $2m T iz & @i
ZURARW =) Al . SR S =P8, W%
PAL JEPRZRIAFINENE, (R ER, It
HoRE IR, ’m T ESAMRED, #
BT IR T DU A B S P IR TR TR R R 2R
RO B AR 200

2 FI Y B R 2R A S AU E N A R 1R
JTNIEN, BRI DN AR & . IR S
HAT 2, witaimte. Lo e, it
FELA) s T A S 00 iz 3% A e B 4 3R A 2 RO

PR AR BRI BT, AT R A 4 i A
FRAFR I i 3e O pL AR R R . BRI
U WS pUR: R ERER /N A S e e N i
FHIRR

A EEBUSR 8 2450 5T B Y O PR AR
(reactive oxygen species, ROS) HLHIFMRUE: A&
i iE ROS HIfEFH SEUED IR AACH K AR,
ROS RIEMZ M EILRIA TN R —. RIS
ERAERAT, R E B R Y, AT
FEt— € B ROS #EAT N TIUAKIB B LM I =7
HIH Y. AHTFURI, R 2 TR 0 28 7 5 Ak
L H,O, IE AT s ettt . R, 7T Tt H
H,0, ] AEFE 3 i 24 P AR YL Rl S FL A
AR A RE A . HoOy 24, e i 7K
R RIEE R AN, I HaO0 /A — R
LG G P SRR R ANR TS I 5, BTz 1
DAL B

AN TEARE ) SR . BYRRR ) & R
REYIES, KWK, FEHE ABTS. DPPH
HHEEEREE S BHR. WML RSENEE—
B, e EBIEITE 10 mmol/L H.0, 4bHE. F2H
HIZETRERE, BLTIAEER, N76.45%, B H.0,
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