TTIRAN 23R ( Jiangsu J.of Agr.Sci.) ,2024,40(8) ;1379-1388
http: //jsnyxb.jaas.ac.cn 1379

ARELE, A R ARER, AF. BRACHADME RO T AR R A B R R [ )] VIR A4, 2024,40(8) £ 1379-
1388.
doi ; 10.3969/j.issn. 1000-4440.2024.08.003

A EEE RS R T 5 2 K& A BRI R R0

REY, & OB MR, RIX
(KA B SR M, FHE 300392)

WE: DB ar, RS IR ML T & ZF 0 1% 8 2518 7K .200 mmol/L NaCl I 15% PEG-
6000 3 BRI  FFE AR R BE [ 0 wg/mL( CK) 0. 94 wg/mL 1. 88 wg/mL 3.75 wg/mL.7.50 wg/mL . 15.00
we/mL] B A I AE T IR R 5 AL SR T 0] A8 br 4L S 180 A AR ARSI . AFT A RE M, 5 CK ML,
KIS BT R Ao RS0 R S 3R 2F 38 03520, 7. 50 e/ mLAR A 25 1 1142
WAL LG i 2 42 7505 1. 88~ 7. 50 g/ mL A Q7] 45 Wl 1 12 Bl Y 5 A6 POD I P W 35 v T R Ho 3075
peg/mLER A 45 BE TR Al BE 0 3548 = B2 1Y SOD A CAT 3% 7, H. MDA & 538 T xR, a7, 50
wg/mUBRA R AT R A BE 5 PR R T B3R 0 SOD  POD &bk, B FRA% MDA &8, T2 T, R 2w
RFPRE 0 P 0 T LSRN T R AR PR, B RN T 76K MDA 7450, 94 g/ mLERACHI AR IR Fh i &3S n
FESM EARK, 1. 88 weg/mLAN 3. 75 g/ mLABA G 7M1 Bl A 00838 42 155 7 A6 SR IO MUEE LE 5 15. 00 g/ mL B AR 3 2
PR AN GE BN AE3R 0 POD 154, SRJE SRBUM TS R ZRIE KIS AT R AT 3,75 we/mLERICH
HEPRETR AN SR EE R 7. 50 we/ mLGR AR TR A SR B R AUE SR . 28 DT B AT AT IR A i A A
T AEER T A MY I R EMELE TR FEMEE BRI E R 3,75 png/mL, Eh A TR fd
WM 7. 50 weg/mL,

KEER . HAS; AR Mk, AR, buaiik

hESES. S635.3 XHkFRIREG . A XEHS: 1000-4440(2024)08-1379-10

Effects of soaking seeds with glucosinolates on seed germination and physi-
ological characteristics of broccoli

70U Yixin, LI Hui, REN Yuxin, ZHAO Kaiwen
( College of Horticulture and Landscape Architecture, Tianjin Agricultural University, Tianjin 300392, China)

Abstract: In this study, broccoli seeds were used as experimental materials, and germination experiments were car-
ried out using culture dishes. Three culture conditions of distilled water, 200 mmol/L NaCl and 15% PEG-6000 were set
up. Six different concentrations of glucosinolates were set as 0 pg/mL (CK), 0.94 pg/mL, 1. 88 pg/mL, 3.75 pg/mL,
7.50 pg/mL and 15. 00 pg/mL. The effects of different mass concentrations of glucosinolates on seed germination indices,
seedling morphological indices and physiological indices of broccoli were studied. The results showed that compared with

CK, soaking seeds with glucosinolates had no significant effect on the germination rate and germination potential of broccoli

under distilled water culture, but the root-shoot ratio of

Y75 B #8:2023-10-16 . . _
HETE  FTRHE R R T A B (18ZXZYNCO0160) s Tt broccoli in the treatment of soaking seeds with 7.50

e BT a3 H (202210061104) pg/mL  glucosinolates was significantly increased. The
VEE R ARTI (1999-) , 4, TN B A, B+ A58 24 | =3 TR POD activity of broccoli in the treatment of soaking seeds
PR RE A FFSY . (E-mail ) 913788290@ qq.com with 1. 88-7.50 pg/mL glucosinolates was significantly

BIEE .2 2, (E-mail) lihui@ tjau.edu.cn higher than that in the control, and the SOD and CAT ac-
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tivities of broccoli in the treatment of soaking seeds with 3. 75 pg/mL glucosinolates were significantly increased, and the
MDA content was significantly lower than that in the control. Under salt stress, soaking seeds with 7. 50 pwg/mL glucosino-
lates could significantly increase the activities of SOD and POD, and significantly reduce the content of MDA in broccoli.
Under drought stress, soaking seeds with glucosinolates could significantly improve the germination indices of broccoli seeds
and significantly reduce the MDA content of broccoli. Soaking seeds with 0. 94 pg/mL glucosinolates could significantly in-
crease the main root length of broccoli, and soaking seeds with 1. 88 pg/mL and 3. 75 wg/mL glucosinolates could signifi-
cantly increase the root-shoot ratio of broccoli. Soaking seeds with 15. 00 wg/mL glucosinolates could significantly increase
the POD activity of broccoli. The results of membership function analysis showed that the membership function values of
3. 75 pwg/mL glucosinolate soaking treatment under distilled water culture and drought stress and 7. 50 wg/mL glucosinolate
soaking treatment under salt stress were the highest. In summary, soaking seeds with glucosinolates can effectively alleviate
the drought and salt damage of broccoli during seed germination and seedling stage, the optimum concentration of glucosino-

lates for soaking seeds under drought stress is 3. 75 pwg/ml, and the optimum concentration of glucosinolates for soaking

seeds under salt stress is 7. 50 pg/mL.
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Fig.1 Germination progress of broccoli seeds after soaking with different concentrations of glucosinolates

F1 FEBKEFRFHETARNRERKEGEETFEMISLEMTF
RIFIEBIR I

Table 1 Effects of soaking seeds with different concentrations of
glucosinolates on germination indicators of broccoli seeds

under distilled water culture

wm  KEE i R
CK 99.79£0.21a 98.77+0.44a 76.47+1.41ab
Tl 99.79+0.21a 98.77+0.44a 79.38+0.44a
T2 100.00+0a 99.57+0.43a 78.91£0.82a
T3 98.16+0.28a 99.16+0.28a 74.15+1.34ab
T4 99.79£0.21a 99.16+0.28a 71.71£2.55bc
TS5 100.00£0a 100.00+0a 67.97+2.73¢

CK.T1.,T2.T3. T4 T5 WLIE 1 7, [FIFIEHE 5 AS [R5 BE R 4 3]
Z 5 W3E(P<0.05),

HEME TARRERREGEET M S XM FLFIER
Al

Table 2

*x2

Effects of soaking seeds with different concentrations of
glucosinolates on germination indicators of broccoli seeds

under salt stress

B

%5

Jb s (%) (%) KRR
CK 84.84+0.29b 77.85+0.07b 38.82+1.63b
T1 91.18+0.04ab 78.98+0.08b 38.93+1.58b
T2 97.82+0.6a 93.33+0a 48.35+1.52a
T3 83.64+0.22b 79.20+0.26b 40.90£2.79ab
T4 93.30+1.87ab 84.36+1.55ab 42.73+4.28ab
T5 88.94+0.03ab 83.42+0.07ab 37.32+2.68b

CK.T1.T2.T3.T4 . T5 WL 1 7, [FIFEHE 5 AS [R5 RE &R b H )
#5503 (P<0.05)

24 HREEBERHNSEXRYEMANEET
4 1Y =2 i

2.4.1 BRRHBHBHFZAATHFRLEL Y SOD FiE

arm B 3 AT, ZRIBKIE SR T, T3 AL 3
SOD W& B EE T CK T1.T2 #1 T4 AL B 1 CK $2
1 52.55%, FhBATE T4 4P SOD i P E
T CK FHAbALFE | H T4 4638 SOD i1 CK 25
T 44.28%, T5W0F, T3 4B SOD 36 P W% &
F T1.T2 F1 T4 Zb PR 15 CK A TS AbBREEA & 2
PE2ZE S, MR B], ZZMWMAKEEFRFMT, 3.75
we/ mLAR A ) 45 B 32 A (T3 AL B AR e R
7.50 wg/mLARACHT A FEF IR FN (T4 AL BR) 43 5550}
MR CK) BB 88 = 5 4E3¢ SOD 61k,

*3 FTEMETARRERREEHESMMBELEMT LS

RGEAT
Table 3  Effects of soaking seeds with different concentrations of

glucosinolates on germination indicators of broccoli seeds

under drought stress

wm  KEE i R
CK 77.20£0.49¢ 73.27+1.23b 34.98+6.04b
Tl 95.68+0.07b 94.02+0.40a 46.64+0.75a
T2 97.82+0.60ab 95.68+0.07a 49.96+0.67a
T3 100.00£0a 96.27+£0.97a 48.98+2.78a
T4 95.68+0.07b 91.66+0.32a 44.71+1.96a
TS 99.63+0.37ab 97.82+0.60a 46.06+0.95a

CK.T1.T2.T3 T4 T5 WLIE 1 7, [FIFIEHE 5 AS [R5 BE &R b 3]
Z 5 W (P<0.05),

242 BARFE FFEF R FLEL Y POD FH
#Hre I 4 AT ZRIBKER SRR T3 ALBEAY POD T
P 35T CK R AN EE | HoFY CK #) POD 35145
79.80% ., LA T, T4 A3 POD IEPER 5T CK .
T1.T2 #1775 Zb3l, T5a T, T5 A3 POD 1%
ST CK FUHABALIE R B, s R B2 A B
RATEE TR 3 = L3R POD TEE,
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Fig.2 Effects of soaking seeds with different concentrations of glucosinolates on the morphology of broccoli seedlings
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Table 4 Effects of soaking seeds with different concentrations of

glucosinolates on the morphology of broccoli seedlings un-

der distilled water culture

b3 FE L FAARK (mm) ZEH (mm)
CK 0.18+0.03b 57.50+6.61a 0.89+0.04a
Tl 0.20£0.07ab 65.22+5.28a 0.83+0.04a
T2 0.26+0.03ab 71.36+5.94a 0.92+0.03a
T3 0.28+0.04ab 75.72+5.01a 0.90+0.04a
T4 0.31+0.03a 66.99+5.07a 0.95+0.04a
TS 0.29+0.04ab 65.25+2.96a 0.87+0.04a

CK.T1.,T2.T3 T4 T5 WLIE 1 ¥, [FIFIEHE G A [R5 B: R R A 3]
Z5F W3 (P<0.05),

x5 HWETARKERKAEETEMXNEERDHERSHE

i
Table 5 Effects of soaking seeds with different concentrations of
glucosinolates on the morphology of broccoli seedlings un-
der salt stress
pUBLi HE b FHRK (mm) ZEH (mm)
CK 0.06+0.01ab 17.90+2.86a 1.26+0.06ab
Tl 0.07+0.02ab 10.47+1.82b 1.00+0.15b
T2 0.07+0.01ab 15.82+1.67ab 1.12+0.05ab
T3 0.08+0.01a 10.91+0.74b 1.29+0.07a
T4 0.07+0.01ab 15.54+1.36ab 1.27+0.08a
T5 0.05+0b 15.30+1.95ab 1.25+0.10ab

CK.T1,T2.T3.T4.T5 WLIE 1 &, [FFNEE G A A B 2278 Ab 38 (8]
#5513 (P<0.05),

243 BRHFHEFZASFLES Y CAT FH
%ok RS T, 2K ER IR, T3 AL FR

CAT 6L B 7 T CK FH M43, H Fb CK #2755
153.97% ;T4 Kb R CAT 3% M 5. % 5 F CK . T1,T2
AITS AbH L bR, T3 4P CAT WG B = T
CK FIHAMALBR, FL e CK 3G PR T 38.79% ., T
FWiE T, T3 AbBE CAT 361 B 3% &+ CK A Al AL
PELHH CK @& T 150.00% ., b8, N 3.75
e/ mLBR A A R AP (T3 AL EL) TR E RS
163 CAT HITEYE

F6 TEWETARRERRBEMERMG S LD EHEH

B

Table 6 Effects of soaking seeds with different concentrations of
glucosinolates on the morphology of broccoli seedlings un-

der drought stress

Jb3 FOE L FAARK (mm) ZEHL (mm)
CK 0.19+0.02c¢d 39.11+6.35bc 0.92+0.04a
T1 0.27+0.06bc 121.69+4.91a 0.73+0.06b
T2 0.32+0.04ab 44.92+5.27b 0.95+0.08a
T3 0.39+0.05a 48.22+7.07b 0.92+0.03a
T4 0.11+0.01d 24.59+5.03¢ 1.03+0.09a
TS 0.19+0.02¢d 45.99+6.19b 0.97+0.06a

CK.T1.T2 T3, T4 .T5 WLIE 1 %, [RIZNEHE G AN R 7Bk 3 s Ak 242 )
%5 1% (P<0.05) .
25 HmREAEBERMNERLELSE MDA £ 2
pA !

M 6 R, ZE Rk 35 92 1, T3 T4 #l TS5 4b 3
) MDA 5 & W T CK FH A AL PE4H, H T3,
T4 | T5 AbFE] MDA & #2255 AR, e T, T4
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Fig.3 Effects of soaking seeds with different concentrations of glucosinolates on SOD activity of broccoli seedlings
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Fig.4 Effects of soaking seeds with different concentrations of glucosinolates on POD activity of broccoli seedlings
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Fig.5 Effects of soaking seeds with different concentrations of glucosinolates on CAT activity of broccoli seedlings
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Fig.6 Effects of soaking seeds with different concentrations of glucosinolates on MDA content of broccoli seedlings
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Table 7 Membership function values of the effects of soaking seeds with glucosinolates on the germination, morphological and physiological

indicators of broccoli seedlings under distilled water culture

bR SOD WEME POD WEME  CATRIE MDA &t FARK el EVAE A B S & i Y. & =5 G 0/ G 0 2
CK 033 0.04 0.14 0.37 0 0.52 0 0.75 0 0.75 0.29 5
T1 0 0 0 0 0.42 0 0.15 0.75 0 1.00 0.23 6
T2 049 0.84 0.20 0.55 0.76 0.70 0.65 1.00 0.65 0.96 0.68 2
T3 1.00 1.00 1.00 1.00 1.00 0.54 0.74 0 0.32 0.54 0.71 1
™™ 0 0.73 0.54 0.84 0.52 1.00 1.00 0.75 0.32 0.33 0.60 3
T5 0.59 0.13 0.12 0.90 0.43 0.27 0.84 1.00 1.00 0.00 0.53 4

CK.T1~T5 WL 1 7,

*=8

HEETHRABEETENNEERTFHE HEHSRERERVINERE S HE

Table 8 Membership function values of the effects of soaking seeds with glucosinolates on the germination,

indicators of broccoli seedlings under salt stress

morphological and physiological

AbEE SODWEME  PODIEME  CATIGME MDA k. FARK 25 WO K2R R REFEEC P HEE
CK  0.40 0.33 0.60 0.22 1.00 0.89 0.28 0.08 0 0.14 0.39 4
TL 032 0.02 0.56 0.35 0 0 0.87 0.53 0.07 0.15 0.29 5
T 047 0 0.12 0.12 0.72 0.42 0.93 1.00 1.00 1.00 0.58 2
™ 0.4 0.62 1.00 0.23 0.06 1.00 1.00 0 0.09 0.32 0.45 3
T4 100 1.00 0.04 1.00 0.68 0.95 0.76 0.68 0.42 0.49 0.70 1
™5 0 0.05 0 0 0.65 0.86 0 0.37 0.36 0 0.23 6

CK.T1~T5 WK 11,

F9 TEBETHAAGETFEMNEERMFHE HEHSREBBIRYINRRERHE

Table 9 Membership function values of the effects of soaking seeds with glucosinolates on the germination,

indicators of broccoli seedlings under drought stress

morphological and physiological

AAFE SOD TEYE  POD EPE  CATIEME MDA FE EARK E-v il iSToRE Y = Y. &~ 5 & i e QI <3 QR A
CK 079 0.58 0 0 0.15 0.64 0.28 0 0 0 0.24 6
T1 0 0 0.10 0.70 1.00 0 0.57 0.81 0.85 0.78 0.48 5
T2 0.20 0.25 0.27 0.83 0.21 0.73 0.75 0.90 0.91 1.00 0.61 3
T3 1.00 0.24 1.00 1.00 0.24 0.64 1.00 1.00 0.94 0.93 0.80 1
T4 0.63 0.66 0.13 0.97 0 1.00 0 0.81 0.75 0.65 0.56 4
TS5 0.80 1.00 0.41 0.80 0.22 0.81 0.28 0.98 1.00 0.74 0.70 2

CK.T1~T5 WK 1 1F,



1386 H K&k 2% W]

2024 4 5 40 & B8 1

3 1

TR AN TR S D I o e e ¥ 7 2 1 & 7 e Rl
—RE TR BRI E R, AR
Yy R N A 1) Bk 2 — MY A2
FIRFIN R R Wpaa it 25 7= A 5 2 R A ARl = ok
X0 B A AR A X A ) 8 RN AR A
e Fpol A AR

T 1 B0 A A 1) AR R = R A EE R
M, A R SR Y A s L — A E R B,
AR RIS M A EE A > — 2 K gT 4
RRW] ZERKIEF T HARK R R 99.79% , W]
B AR R E R ) & 2R U I R AN R
X RR B B A A BRI A 2R AR K RS
BN (KA R DUN- Wi L R b |
REAFHRA BEZ,7. 50 wg/mL (T4 4L AL
AP IR R AR 5 1L & 3 v T B Eh e AR
AR A 32 Ao oy 45 ) F — 2 B B REVREE R, o
1. 88 wg/mLAELACH] 2 M IZ AP (T2 ALFR) A & 8
et 2 v T R X S S i AT R R Mt
JEIR OGS 3 0 1 B K B W R O 4 i Y R
RN R AR R IR A A A & B R G
FERL, AT, G4 400 = Fh 2 Re 2 48
FHACER T Z A8, X5 T R TS R
JEIY 5-FE 2  9 R V= R OGE 55 4K 1 7 Fh T
RN E CaCl, 12 Fp X 52 38 46 4 Fp 7
S PO SRR ST A SRARL

I K R GE kb, R A0 P R 1 9
P (ROS) Fl i 635 F WAL HLHL, SOD | POD |
CAT JEREIERT DR M EZ R 61 Shha T,
A P 3 )3 T AR R S B IR 4 T DI g
TN AR 2R G532 5t , 344 Jon 200 e 6 ) 3 35 4 O 7= A K
i MDA, K (3R 1, i 0, il H,0,
(RIBE TINICIG T 3 B ROS B PR i 22 G5, M1 3 53
SOD .POD I CAT {y3&PERY | SoD fiEfk 0, [ i A=
B H,0,,POD 4k H,0, 5 B 2 s i) £z 34 Bk i 3a
PR B R ROS, T CAT A B 3414k H,0,42 i H,0
F10, , B b 395 1 80T 200 e e B2 405 W 1k
P9 MDA 1) 75 ] 2 B P B vl /K ST 76 196 8% by 3
T AP P MDA B i BRI, 2 WA A Bt 2 M R
50

FRWKIEFRT 5 CK ML, P Bk % 3. 75

e/ mLBRA A A R AP (T3 Ab3) B T
1E2E SOD . POD 1 CAT W36 tE | 5 AR T MDA %
PR T AP EE T, X 5 DT B g
AN [R) J e A S s 2 Fob X 5 5 SOD  POD 3% P %
MDA 2 45 AL, $hWra T, 5 CK AL
3.75 weg/mL( T3 LbFR) B A 4 A H = A Y 75 43K
CAT 1 1E B 45,7, 50 pg/mL (T4 b3 & AR
EIEHIR AR AESE SOD A1 POD 5% o 2% H v HL
MDA & 2 3 B A, 1 7. 50 we/mLAR 103 45 0
TizMmliE s SoD #ifk 0, KW A AL H,0, , POD
1k H, 0,5 By 28 507 ) 238 BRIk 7= A= 9 K &2 ROS,
R ER e 2R R 0, Al H,0,, AR E b
FREERFAR, T MDA 5 &5 B 3% F %, 4 R
FW] AEFR a4 A T aE A B b A
it T T, AT A3 BR AR 0 AR N A B ) ROS, 5K
SRS R IR 8 R R S W (R SRS
ZADRENA W3 E oK SOD A POD W1k, H B E K
fIE MDA 35 3k 52 556 & BLER e F v A5 B 11
SEAI A BRI A 45 = TSR SOD  POD Fil CAT
WM X S ARG ZE AL, TR T s
MR Al AL AR W BRI 63K MDA & it 3R
i e S N S R TR AW ikl AR LI T E 7T = s
FERA PO X S5/ B R BE T S0 T
AR BE Y CaCl, 4 REHE S AL A BT T 268 Ty 25 2%
AL, Horr 15,00 g/ mILBAR A 258 1= A (TS Ab
)RR POD Witk . FRUITFHE R
JE iU FE A A T IR A AT A — e R AR
SRR SE AR T ARSI

S JE R BT S R BN TEZR I /K 200 mmol/L
NaCl PA K 15% PEG-6000 3 F5 55 440 F , i B &
R E R AR TR A B S AR LR A
Uik RE Sy, b ZE WK R AT B E T 3,75
e/ mLBLA T A TR PP R T AR SR SR AP RE
U BRSO TR 7. 50 e/ mLARACHG AT R IR Al
ALK A PR SRR s, PR A LR T
FAESEA T FH0~ 15. 00 g/ mLAGR A 25 0 11 75 il
24 h J& , fE7& 18 /K 200 mmol/L NaCl fl 15% PEG-
6000 3 FhEFFRIAME T, 6 i & S A= PR 52 M)
AR A AL B v B N30 2% 44 T T A R ) SR PR
P, £ A A R B R R (40 0.5 pg/mL 20 pg/mL,
50 e/ mLAE ) B AR 26 05 1 = R A AR (] i 36 B[]
(W2 h.4h.6h38h%)FARFEEEE:WE (40 100



RN AE < A B R T AL SR T 2R B A B ) S )

1387

mmol/L NaCl,300 mmol/L NaCl,400 mmol/L NaCl
) Z5AE T BN B A it — 2R,

4 45

T AL SRR T & B 5 18 327 5 e A 5L a
FEOL R ZERMR ZERBRAL, M AR A K T E e
M AR E A KR . AP E RE], 221K
BigEF,3.75 we/ mLGAR R I2 AT DL 2 R
R AE SR A P AL TG AR W R
AR, 7. 50 e/ mUABL AR 26 0 15 0= Fl o] 8 S5 4R T
A4 SOD ., POD i T F Wi, 3.75
e/ mLBA R AR R ] I A R T AR T
KRR, AR WS &, tsbnl Ll
o A 2 922 o T 8 1 T AL S K 2 o B
b TS A ST A SR AT R ) G AR A AR R R
PTG DU R LB

SR

(1] RV RS B B oR [ M. K KRR ROAR
AL, 2006 :93-94.

[2] SKIRAR VKK, B R, 5, T A6 S0 AU it 7 7= A B B R
[J]. KIT#RZE,2021(11) ;24-26.

[3] el P26 b EEH SR BURZELAT ST [ D], BUM . #7

VLT K,2018.
(4] T f ¥ MRHMSEAE T EZB5E (D], G 4Tk
K2 ,2012.

[5] &R ETEW 7 # 5% sCRANHTTE TP AR Y b
XHRLESIE AT, B 22441, 2022,49(1) :200-220.

[6] SALEHIN M, LI B, TANG M, et al. Auxin-sensitive Aux/IAA
proteins mediate drought tolerance in Arabidopsis by regulating glu-
cosinolate levels[ J]. Nature Communications,2019,10( 1) :4021.

[7] MARTINEZ-BALLESTA M, MORENO-FERNANDEZ D A, CASTEJON
D, et al. The impact of the absence of aliphatic glucosinolates on water
transport under salt stress in Arabidopsis thaliana[J]. Frontiers in Plant
Science ,2015,6:524.

[8] GUOR, WANG X, HAN X, et al. Comparative transcriptome an-
alyses revealed different heat stress responses in high- and low-GS
Brassica alboglabra sprouts[ J]. BMC Genomics,2019,20( 1) :
269.

(9]  ZEmi2R YhifR 4 35,58, PH 22460t s AU 2 bl 1 I K A
PR RSN A BT RIAR [ )] BRI 22 4, 201449
(2) :55-60.

[10] 8k &, Fatmi, R T, 5. PU2q68 N Sy ram T &
AP VERR T )] (TS 5 TT 42,2021 ,42(4) < 1-7.

[11] GANRY, LUIW Y, WU K, et al. Bioactive compounds and bio-

activities of germinated edible seeds and sprouts : an updated review

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[J]. Trends in Food Science & Technology,2017,59.1-14.
LINIC I, SAMEC D, GRUZ J, et al. Involvement of phenolic
acids in short-term adaptation to salinity stress is species-specific
among brassicaceae[ J]. Plants,2019,8(6) :155.

ik B EE R, KRR, % PEG-6000 BB TR 3 A4
H RSB R SRR ()], TR 2019,
47(15) :139-142.

SEBIREL, T OWB, K S RN NA T s R T E R
WG ARAION S A BRATLARI (). 0 ,2023,42(4) :31-40,63.
SCEAR, B M L RIEW R TR M GB/T
3543.1-3543.7-1995[ M ]. dbat. v E bR At 1995.
BFH, R4 MY R R E IR R )], K
B ,2016,22(9) :49-51.

GIANNOPOLITIS C N, RIES S K. Superoxide Dismutases[ ] ].
Plant Physiology,1977,59(2) :309-314.

KOCHBA J, LAVEE S, SPIEGEL-ROY P. Differences in peroxi-
dase activity and isoenzymes in embryogenic and non-embryogenic
‘ Shamouti’ orange ovular callus lines1[ J]. Plant and Cell Physi-
ology,1977,18(2) :463-467.

YANG Y, LIU Q, WANG G X, et al. Germination, osmotic ad-
justment, and antioxidant enzyme activities of gibberellin-pretrea-

ted Picea asperata seeds under water stress [ J]. New Forests,

2009,39(2) :231-243.

ENDARA M J, COLEY P D. The resource availability hypothesis
revisited ; a meta-analysis| J]. Functional Ecology,2011,25(2):
389-398.

SANCHEZ-PUJANTE P J, BORJA-MARTINEZ M, PEDRENO M
A, et al. Biosynthesis and bioactivity of glucosinolates and their
production in plant in vitro cultures[ J]. Planta,2017,246(1) ;19-
32.

HFRERE. HME MeJA I BR X2 i A1 & A4 FH G 54
WXL KA D] B8 AT A K, 2023,
SANJAYA G, ISOBEL A P, STEPPUHN H, et al. Seedling, ear-
ly vegetative, and adult plant growth of oilseed rapes ( Brassica na-
pus L.) under saline stress[ J]. Canadian Journal of Plant Sci-
ence,2019,99(6) :927-941.

BRVGAE, PR, SRR A, 4. AR5 A b BB R 3 AR 1
BH R S A v g 1 B A2 BRI [ 7] VOO 24z, 2022, 38
(6) :1637-1647.

MOHAMED Z, KADDA H, INES T, et al. Effect of salinity and
drought on the germination of Lygeum spartum L. in the region of
saida (western algerian steppe) [ J]. Ekoldgia( Bratislava) ,2023,
42(2) :159-164.

JeTiAE W ERI BRI, A R A SR A I AT A O ok
[J]. *PEMEMEY24R,2013,35(3) :271-275.

FASEH , 1 L KA, 45 AMIRUR Hex BRI 38 R 3 S AR 8
R BATHERIEEMA )] AR, 2023,39(15) £ 52-58.
DR R MRk 4, 5F. AMBUREE R X L VRA T A R A
TR LA ARMEWELT]. T RARLFR,2023,50(10)
66-74.



1388 YOO e ol % R 2024 4F 5 40 & 58 A
[29] BEMEA, TROM , SEREBE, 55, 5-ALA 2R B0 F 2208 1 2020,35(4) :682-687.

[30]

[31]

[32]

[33]

[34]

T P10 R AR [ )] i, 2022(6) :22-31.
WK, B WX TA, S SABESE R T 50 L AR
TR AN AR B R [ 1], YL AR R4, 2022, 50
(8):101-105.

L
IR R A58 0l R, 2023.

PN, W W T, 4. AR S T 5 X R 4 i g
BV Y SPEERE TR (1], TR XA AT,
2012,30(3) :154-158,164.

MENG X, CAIJ, DENG L, et al. SISTE1 promotes abscisic acid-
dependent salt stress-responsive pathways via improving ion homeo-
stasis and reactive oxygen species scavenging in tomato[ J ]. Jour-
nal of Integrative Plant Biology,2020,62(12) :1942-1966.

o T Bl o O S N RS/ SEDO R % N L -9 &4
HAEBAREER R ()], R REE R (A AR,

[37]

[38]

[39]

[40]

XUEEHT, EA L, FHilE , 5. SN Sk S o e 2 i Eh My
HAEBEHLEHI[T]. HbAFR,2016,25(2) :216-222.
BB B, E B AR AMIE CaCl, X ER A R PS4 A
P P SRR A R [ )] A A AR 3R, 2021, 57 (5)
1105-1112.
JEOE Ol G AR ANIR] R B AR A R R S A B
FAERMEW[]]. BRTLR R ,2023(8) :50-57.
[ ST a7 N S N L D N BRI S
AR AR )]. FhF,2021,40(8) :51-56.
ik FE, AR EOCH, AF. A T SR B Ao il S R
TR R ARG Fm[]]. Rl 4R, 2020,35(8)
883-890.
T/NE, B E XA, 4. S RF T R a4
TR KA R R e [ )] TR AR R, 2022, 50
(8) :101-105.

(=R E b))





