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WE HLhasEymriik SEEREKEZERSKKE . LIPS H 1 (Brassica oleracea var. acephala)# it B A#1 kL,
WA 2R 2% FoFp 7 8 R 520, R ZR KA R (SA) S oA R i) 771) S 25 277 6 192 (A\IP) AL 3% S0 A W o 1 9 11 4% 41
. SeB s LW, 1505200 mmol-L™ NaClibHE G it B4 H W F 735 /1 5 5 AR . 2RAME 535 FR AR FT 7 PR AGE R . Fl
TG E, FEKNARAMEE S NHSAT &, il A E(H0.) 5 A& 7(02 )& & . SAR LA
o3 o S A H A b T A T, (Rt VRS AE R, TR B R TR R SR TG ST, (R TRKT . Mg® i
e, BRAENa & . Hah, ARG SARE S . 25 1 ot AUk B AL B A ok Sk S P, FRIRH 0 5 O IR R MR, &
FEEIBE IR (AIP )R BT A8 A5 38 5 35 e e b 55 R A A, HEIX 5 AIPAL 3 BB 9% 25 BRI R T N IRSA & BB UG, W
FR IS HSAT BRI S SR B M RIS T AR B R R R R P S A0 SR 58 R A R i A

KR MAHIE, FTUR, MG, KR, R
WK, B, Bl RUOF, BTN, RER (2020). AKHRRIEER A T A H IERN TR IOBLE. R 55,

49-61.

TR BRI ED A 5 = 2 s AR A i E R
FZ—. B, TIESREAH IR, CBONAERRER
PRI S A i B, A ERER B 2 11 B3k 1.0x10° hm?,
7 B 4 17 (¥ 60%, L4 4 16 1:1.5x10° hm? L |
(Zhang et al., 2010). #EZuit, o E R A Em e T
6x10°hm?, H EF4ER IS (IS, 2015). K
T AR P & ot 138 0 RS B i Al AR 7 R 4 R s
W IR ) ] i 2 —(Ci and Yang, 2010).

P E YN faE R ERIWABENIE. BT
BT BEMERA S A AW RIS L 7. EYE
LS GiBURC Sral RVINE /=R AL 2T AT I S El VAN
JBria, LAUEAR £6 Ml 4% 3 (Maathuis et al., 2014).
e RN G G S E i, R IR nIIATERE S
AVEPE R A SEBE TR AR B i A e BB i
o3 ) B AR LA o SR N AR 5 A KR
FA(ROS), it Mg I S Ak, 50 20 i 11 1 AR ERAR
#%f(Sharma and Dubey, 2007). ROSH {54 £ 4 -
PG ALY L (SOD). i Ak il (POD) 5
iR H 301 2019-03-14; #5352 H 11 2019-07-26

B TH: Wil &= st & 11%I(No.2019C02004)
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A A (CAT), BeA RUERR IS &ROS, MM frkE
HYB S EEREKEE. WA, RiEEEABA). £
[i&(PA)5 /K By (salicylic acid, SA)Z5AE 4
A A e B 38 e R A 4% B AR (Shu et
al., 2017; Fariduddin et al., 2018; Ke et al., 2018).
KRB AR R R IR IR, 2 — ) 2 A AE = A

TN F YR . Ak, SAH 2 —FhE 2
Yz, WTRLEE B R E S M %S S
BT N FE(Ma et al., 2017). BRI, M5
F — 58 W BE B K 4% R W 42 v 2 b A W 10 T 3R 1
(Hayat et al., 2010). *I =440, F4 7+ (Arabidopsis
thaliana) R A (A (T FE R B, 7K A9 IR 7 19 s b P 47 #h
77 T &% ¥4 (Hao et al., 2012). — ik, SAE
RN G BOE T EERFER-FNEARIER
(Yalpani et al., 1993). KNZ ML K N 2RI
(PAL) AL A 9 4 P I TR 2 v S AL WD SAAE ) 5 1%
e IR . BFFUR I, 22 B i % (2-aminoinda-
no-2-phosphonic acid, AIP)&— & ¥ & — I PAL

© 0000 Chinese Bulletin of Botany



50 H#FEHk 55(1) 2020

kR, SMIRAIPALFE ] DL 25 B Y PALTE 1 5
M ESARA £ (Solecka and Kacperska, 2013).

J14< H i (Brassica oleracea var. acephala)/&
T TR SRR M. AR, PIACH I R
WL 5 B FAN B 1T 4 52 % (B A5 45, 2009). {H
T~ 1 R AN A K A 52 1) 48 R A S B A s e
ST PIAH W A 7 T I PR 5% ) R I T A
SR PIA H A T R A — T B O, (R T R = PR
BEUR, AT R 2R ), RCEREUK. Tk SME )
Jo A B e PIAH W A i AT ER A%k A ROV
I, AT DARIA H W e AR, di Tt SR K B R
S AT, 4R 5T ER A TR K R B A ) 0f
PR W TR ARG A AR A T
No AHEF B YIS PR H W R F LS, 2R
ARV 150 I % A R e R FALER, DUBASASRIA H
WA PR E e B 5Lk S %,

1 MRERE
11 SEmbhY

PLFIAC H 5 (Brassica oleracea var. acephala L.)%
RS R KRS e BRI
B bz TR A PR A

1.2 KZERS SEENRERTHFo| L 412

B PIAR H W R T 4% 1:20  (miv) 1B B 2 )R i A
0.5 mmol- L™ 7K B R v i « 2.0 mmol- L™ 42 5 e i e v
WE4K . ARAERSESR, 20°CER & 5]
RA2/NE o 51 R W G B R, B SRR b,
W KA TR 73R K, =il N T2 MR

G7K5T .

1.3 FMBERLES L FW

EHvE W HNaCl (737 4h) A0 4 K e B mg i, 6 ok B i
WS W BS /M EE EEWEE, BP0. 50, 100. 15070
200 mmol-L™".

T B R TERNRSG, £20.1% KGR R
TSP A R AL B R . REZFER(12 cmx12 cm)P
B2ZEKFAR, RN FINaClb# %10 mL,
TR G, YIEIN00KFT . SRIG 4K E A .

Fii - B T 25°CHEMR B FRAE R A, 612/
JEREM 2/ PRI o SR B0 B rh A R 24 /)N 461 A 2
T CALRAE - Ab PR 2R R B2 1) — B0tk o DA AR SR o
2 mmAKREEARIE, FER12/0BHESR R L, ER
FEIRMES K5 Mt 5k 2F % (germination en-
ergy, GE)fl k& %f % (germination percentage, GP)
(FK 7T #E5, 2008). FERZFSR G, BENLEICA AR
PER10RRAN B, & H 4K .

& HEFe#(germination index, Gl)=3 (Gt/Tt)
Horpr, GURER N HIA 4, TOAH R R

% 1388 (vigor index, VI)=GIx 1 T H(g).

1.4 KIFBEBSXRRERFBEEHNE
IK AR S B I g SR FH v B8O 5,35 (HPLC) % . KA
T OB (L A (Waters 600, Waters 717 H BhiEFE
%%, Waters, Milford, USA)IESAE & . FlIF 5
W #% (Waters 474). C18AH#E(Waters Nova-Pak)
RIS ARHEAT K I o SR HI 5 90% 0.2 mmol-L™
RN MR (PH5.5) F110% H S o I 3 A1 R A
0.8 mL-min™" . ¥R St K 53 5 3051407 nm.
IR T 2 IR R I 1 W € T A R HX0.5 g
ERE B ZE VR TP TR 29 5, A2 mL 0.1 mmol-L™"
Tris-HCIZZ #h W (pH7 .2) E AT SR B, 2 Jm 15 VB &5 WRAE
14 000 xg2& {1 T 55002073, BB WA il s U
SEFFIEGR . LA290 nm R AE460.0 1B IE/E v — A
WEVERAAT, BERVETELAU-mg™ proteinh™ %R .

1.5 BFSENE
KRG e B E K FINa ™ & &
2 5E Ca® FIMg & &

F IR -7 IR SO T

1.6 BERTHRISEMNE
K SRR 000) 7 25 A B ) mT S P . SRS S
SIEG-250 4 thiE N E v E A A . R B =
TR PR

AR S (mg g™ FW)=(M ARk 2k &3
] 22 R 0T B (g ) W R A5 )/ R o EL(Q)

AR A B (mg g™ FW)=( MR (A BbR v 2% -
AR AT (pg )< BB R5 %2)/1 000

IR S B (ug-g” FW)=(\ Il briE th 2k
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1.7 BEUESERAEFIENE
HoO, & &l e . HOHT 8 FF 0.3 g, N3 mLA R 51,
12 000 x g&5/0r15%0%f, B E3E#1 mL, fIA0.1 mL
TRERER AW (5%)F10.2 mLZ( 7K (25%). 12 000 x g
15535, & BB, YRS mLBIER(2 mmol-L™)i
fitto BEJEFH 6T E 415 nmAb RO GAE -

Oy & m W E: W03g#Hff e, FH3mL
65 mmol- L™ B4 22 i VI B 51K . 5 000 xg g
1543 %f, We4E2 mL Ei& W, HiA0.5 mL 50 mmol-L™
B R0 22 P RI0.1 mL 10 mmol-L™" 8k i ¥ e vA ik,
25°C/K 52054 . 4RJ5 M1 mL 58 mmol-L™ A Ail
1 mL 7 mmol-L™" a-Z5#%, #2741, 25°C/Ki204 %4,
N3 mL) BRI =S H k%, 5 000 xgi 03
a3Eh, BOR A EoKAH(EE), WE530 nmib i A -

1.8 mEMEEENE

R EE ARG 72 L S A S B (CAT )it . R
AU G 3 I i S AL P BE(POD IS 1 o R U
VU (NBT) b (5000 5 8 A A ) B A BB (SOD )i 1 -

1.9 EEREERN

FHEPIRNATE BUR G & 52 UM 1 S RNA. F A Nano
Drop 1000 43 J% % £ i (NanoDrop Technologies,
Wilmington, USA): ill RNA [ 46 & fi ik B . R A

F1 qRT-PCRXEFTH 55
Table 1 Primers used for qRT-PCR

AR KRR R % 3R A T PR H B T A RILEE 51

PrimerScriptTM RT reagent Kitix 7 & (TaKaRa,
Japan)#F{TRNAR #3525 . RART-PCRGIN R 4t
(Roche, Hercules, USA)#H{T 520 2 EPCRX M. . 7E
964tk - FIFSYBR Premix Ex TagTM Il (TaKaRa)
1% LLCDNA AR #E 4T PCR N o 45N BE i i 37k
2. PCRIMNAZ N20 pL, fFESYBR Premix Ex
Taq TM II, 0.6 mmol-L™"1E 2 [f 51 47811 uL cDNA.

PCRx M FE ¥ A 95°C30%); 95°C5#FF, 56°C20%7,
40N . TE60°CHIIE R (G S . BRI KRG
AT R b, DLt J7 :AN65°CHHE £295°C.
L18SIRNAA K S, SR A127 441t B BOPALL,

BoPAL2. BoCAT1. BoCAT2. BoSOD1. BoSOD3.
BoPOD2HIBoPOD3f % ik & . HTH 31 W& .

1.10 Git5rin

BT 15 30 4E FH SAS A3t 47 Se ik v i, 2 E LR H
LSD (0=0.05). Fi 73 R EHa 15 70 b7 il #EAT S I 5% e 46
(y=arcsin [sqrt (x/100)]).

2 ZR5i1e

2.1 ERBELER TR FRHEM

NaCI4b #5314 H W5 Ff 735 177 A2 1 AN [R F2 BE [ 410
HIVERT(B1A). TE0-24/NF, Firfg Ab B Fh T 15 oK
%, 50 mmol-L™" NaClkb 394 H i Fh 1 7£0-96 /Nt
(¥ %% % 2 5 %6 B 2H.(0 mmol-L™" NaCI) 6 & & % 5 . [

Gene name No. of accession Primer sequence (5'-3')
18srRNA NC_016118.1 F: GGAAGGACTTGTACGGTAACATTG

R: TGGACCTGCCTCATCATACTCA
BoPAL1 XM_013781025.1 F: TCGATCTTCCACAAGATTGGT

R: TCCACTTCGTCAGGAAGCA
BoPAL2 XM_013749252.1 F: AATCAGCTGAGCAACATAACCA

R: GACGTTTTGCGAGACGAGA
BoCAT1 XM_013742034.1 F: ATCCTCGTGGTTTTGCTGTC

R: TGCCAACAAGATCAAAGTTCC
BoCAT2 XM_013774413.1 F: ATGGAAGGCTCAGGTGTCAA

R: CGTAGTGAGCTTTTCCGGATT
BoSOD1 XM_013783393.1 F: ACATCATTGTTGGAGATGATGG

R: GAGGGATCTGGCAGTCAGTG
BoSOD3 XM_013750980.1 F: TGGTGATCCTGATGACCTTG

R: CCTGCGTTTCCTGTTGATTT
BoPOD2 XM_013729485.1 F: GGTGGTTTCTTGCGCTGA

R: CCATGGTCCGTTGATCACTA
BoPOD3 XM_013728218.1 F: CGTCAGGAAACACGGAGAA

R: CCTCAATGAAGCCAAATCCT
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Figure 1 Effects of salt stress on seed germination of kale
(A) Time course of seed germination under salt stress; (B)
Seed germination after 96 hours of NaCl treatments with
different concentration

FENaCI BE 1) -5, S5 e 0 224 H 86 Fl 7 & 2F
G R IER PR SN E . A E TR, 100,
1505200 mmol-L™" NaClib # 20 7 36-96 /)M i [ &
I R K. 7E96 /NI, 100. 150 5200
mmol-L™" NaCI4k 4 i1 % 25 %53 5 979.3% 53.7%
515.7%, X iK% £192.3% . 66.0%518.4%
(E1B). 455:% 1, 100. 1505200 mmol-L™" NaCl
X SRV AC H W b R 2F oy i AR B P R S R
HIMEA . BRI, FRA1EE150 mmol-L™WE y f5 4 Se it
R aE ) A IR P

2.2 BB TKHER B B IDEHRIX & TFid i
R IR 7k A RN

PR 8PP 7 1R ZE IR R, 7 R RO IR K TR
08/, L2185 K I #E 836 /N ; 1] £ 36—48 /1N,
Tt P R K R A /NI K (2 2) o R0l b 2 58 25 40
) B ACH W - R 248 /INSE P 4% I 7] B T K 2
ANIR SAKL 3 T 3 B2 w5 #h 38 R ORI H S AT K 2R
0-81516—-48 /)N Hi[a] (W /K T 265 AH S, SMURAIP
(SAG AN 750 ) b 28 5 25 FRAIG 1 26 Bl T P H iR
Rl 7 1E R ZE0-4. 8-16524—48 /N HTIA] (1 W 7K 3 5
(#2).

2.3 BT REREEMNFIFNMHTFLFSH
EHEKRE

B Bl 38 55 2 B AR P A H R 1 (1 5 2 8 R S 40 v R
o SMESALLERE IR m 1 OMACH WP A £ aa

<2 ERWME TR (SA) B A 71 Ak BT RR (AIP) XS S AC H WS 7 i R AR IR K 2R 1R 5 0
Table 2 Effects of salicylic acid (SA) and SA synthesis inhibitor (2-aminoindano-2-phosphonic acid, AlP) on water uptake rate

during seed germination of kale under salt stress

Water uptake rate (%)

Treatments
0-4h 4-8h 8-16 h 16-24 h 24-36 h 36-48 h
Control-1 47.1843.52a  42.56+2.19 a 19.1440.81 a 18.3312.04 a 18.21+1.33 a 27.26+2.67 a
Control-2 37.11+4.31b 31.67+3.15¢ 14.62+1.09 b 12.62+0.09 ¢ 10.21£1.02 b 17.6410.08 b
SA 42.27+2.89a  37.75¢3.09b 14.31£1.59 b 14.241+0.15 b 16.77+1.44 a 25.81£1.77 a
AIP 32.12+2.71 ¢ 30.41+4.93 ¢ 13.41£1.07 c 12.7810.21 ¢ 8.211+0.06 c 7.55+1.23 ¢

Control-1: 0 mmol-L™" NaCl+i&7K; Control-2: 150 mmol-L™" NaCl+j&/K; SA: 150 mmol-L™" NaCl+/K#2; AlP: 150 mmol-L™
NaCl+& e . MBI HUE G AN F/NG FBERRTE0.05/KF £ F &% .

Control-1: 0 mmol-L™" NaCl+distilled water; Control-2: 150 mmol-L™" NaCl+distilled water; SA: 150 mmol-L™" NaCl+salicylic
acid; AIP: 150 mmol-L™" NaCl+2-aminoindano-2-phosphonic acid. Values followed by different lowercase letters in the same

column indicate significant differences at 0.05 level.
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Table 3 Effects of salicylic acid (SA) and SA synthesis inhibitor (2-aminoindano-2-phosphonic acid, AIP) on seed germination of

kale under salt stress

Vigor index

Seedling length
(cm)

Seedling dry
weight (g)

Treatments Germination Germination Ger_mination
energy (%) percentage (%) index
Control-1 85.33313.270 a 85.33313.272 a 15.742+0.742 a
Control-2 53.667+3.208 ¢ 56.33314.044 ¢ 8.231+0.810 c
SA 62.33324.615b 68.667+4.730 b 10.558+0.556 b
AIP 41.000+3.331 d 46.667+2.516 d 7.267+0.597 d

1.610+0.892 a
0.908+0.071 ¢
1.167+0.064 b
0.762+0.079d

8.241£0.711 a
7.822+0.635 b
7.837+0.706 b
7.156+0.523 ¢

0.083+0.010 a
0.076+0.008 b
0.079+0.009 b
0.064+0.004 c

53

Control-1. Control-2. SAFIAIP[EF2. [FFIHUEE A F/NEG FEERIRTE0.05/K -2 7 % .
Control-1, Control-2, SA and AIP are the same as Table 2. Values followed by different lowercase letters in the same column

indicate significant differences at 0.05 level.

TR REFR KRS IR fEREF
SKJa, PKHIEA KL S T HASALE SX L
BJCRE 2. i, SMRAIPALTE S 3 B8 T
PIACH A7 MR BRSO KR
58 JTHRH . R, AIPALZE 5 4 b E 3o KR &%
R T H IR Z R T X AL(RS; E2).

2.4 FhEMBETKGER K EMBIFFHFRFSE
P RIFESAKIG BRI

PIACH A7 IR SAT B BE A A IR 1 R
G0 o Ml Ak T I 2 P H R i A AR
TNIESAT B R . ShIE T, SMESAL & 2
S T PACH BT A (12-48/ ) NS AR

B M, AMFEAIPALFE B 2 BEAR T PR H AT
WIESAS . M TXE, fER%12, 24, 36548
/INEF, SARLEE G [P AC H W R N JESA S &
W7 1.84. 1.97. 1.3551.381%, 1iAIPALHE 4 A I
SAEENH T T2.43.2.12. 1.6951.25(%(KI3A).

1 =0 7/ 5 1= R N B S e B PN AW g
R ET RL A R T, ShA R, AN
SAL AIP AL HE X 2 A4 H W Fob 1 2 TR 22 R SR A T i 12
s AR . AR SALER/INIE IR & T R S R R
A H WA TR AR RS, M AMEAIP AL B
FZREACHRH M FAEK 12, 24536/ AR
RAIRPHEIEEME(E3B). fEH KT L, KRERA
fift i & 3 I BoPALL1 5 BoPAL2 I R R IF A%

Control-2

Control-1

B2 EpE R AKHER(SA) K HAm s
Control-1. Control-2. SAFIAIP[E#2.

SA AIP

EIIRER (AIP)XT PR H WA 2 SR 4l A K A5

Figure 2 Effects of salicylic acid (SA) and SA synthesis inhibitor (2-aminoindano-2-phosphonic acid, AIP) on kale seedling

growth at 5 days post-germination under salt stress
Control-1, Control-2, SA and AIP are the same as Table 2.
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Figure 3 Effects of salicylic acid (SA) and SA synthesis inhibitor (2-aminoindano-2-phosphonic acid, AlP) on SA content (A),
PAL activity (B) and BoPAL1-2 expression (C, D) in kale seeds during germination under salt stress

PAL: Phenylalanine ammonia-lyase. Control-1, Control-2, SA and AIP are the same as Table 2. Different lowercase letters above
the bars indicate significant differences (P<0.05) among treatments at the same sown time.

B AR SALL F 52, T AR IR AIP &b 3 I 52 3 PR AR H#MTFK 5Mg* & &, MNa"5Ca® 5B L&Y
BOPAL15BoPAL2[RIEKT-. 1ERHF 12524/, M (%4).

AIP Ak B A H 5 1 o BoOPALL R 1K 84X 4 il Ay
1123.3% 520.7% (F3C), BoPAL2# AL 45 26 EMMBTRGRRREMBIFIXFF XL

Joxt I 949.5% 537.7% (EI3D). FEERTHYRETENR

RS, PR H R AE K S 12-48/ N B AT
25 HEMETKGERRFMBIFIMMFLFDE . arpbdE o Sir s e o RIS, S5
FET R SAULFRHE L T $h Wi Pl H W Rl & 2 i F ep T
AHEE TR IE AL EE, R W38 PR H W A1 R 2F it WYERE S, HAER 2E12. 24 536/ A B)E K
FAFNa "G EEERN, K. Ca®* 5Mg” S REER P R F12524/MF, SALC AL IETEE A& &
. Ehphia ™™, SMESALHE B ZEBRILKF12. 245 R ZEETXR. SR, SAMFEXT 5 hia N PR H
36/NI R H IS A TN & &=, JRER 12, 24, TS R R S E R A — S, 78
36 548/ R T IIK 5Mg™ & &, {ExfCa® & & RAHF12536/MF, SARLERAL K B AR & B R
EE . TAMEAIPACEE &35 1 il R TR MAE R 224 548/ NiF, SAKE PR (i
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PR & B 5 T X R

UbAk, AMEAIP AL EE 35 BEAR T R MiE TR H
WFFIE R S TR E A S R, K12, 24
548/, AIPACERA RTVE R S A EA SR E
RTXHER. Bhah, AIPAMEE XS EhbE N if S R IR & &
MR A — SR . TER 12548/,
AIP AL 5 25 {2 i 2 il R & B AR 3R e K 3
24536 /N, SALL P 2 B A B I 2R 1 B (R5).

2.7 ERIME TR GEE R BHAFR AT L i3I
HE SRR KRN

I E R TR A T ACF L R HL0. 5
Oy MIBZ . 150 mmol-L™" NaClih # T 314 H i Fi
TH O, 5 B AR Lt Ab B 111.60-2.041%, O, % &
e AR B AL P 1.35-1.881% . FMESALLFE L 2 [F

KT K312, 36 548/Nif P& H W Fl 1 H,0,5 0,

B, T SAS AN EIFIAIP A BB 3 i TH,0,5
Oy & (Kl4).

RS KRR % SR 0 T PR H WA TR A BIPLEE 55

2.8  EhBMETKIHER R EHNHIFIx#F & FidiE
PR EERZERF

IS ER e S D (R E I s SN e s N
BTG PE(EI5) . AL T RE A AT, 765 Ma TP
H ATl A AL S B (CAT). ALY 8L (SOD)
5 it S AL ¥ g (POD) & 14 43 1l b 17 1.14-1.67 .
1.15-1.4751.17-1.89f5. ULoh, SALFEE E i
R IE R K %24 F136 /NP1 AK H A7 CAT 5 SOD
WETE. AHRCHL, AIPALERIR ZFRIK T K312, 24548
N Fil P CATIE M & Kk 212 5 36/ -7 SOD i 1
(KI5A, B). 4Rifi, SASAIPALIET ke N BA H 15
FhFPODE M35 78 . % 52 (K15C)

POt E EPCRES BN, #hIHhE T P H i b
TFAER SRR R B A AL B & RO DG R R R IA 52 21 1
Wi (KE6). fERZE24. 36548/, Hf i b B4
BoCAT1 (/XI6A). BoSOD1 (&16C)5BoSOD3 (/416D)
RIEEWEET . FR, HpadRERS T RF
36f148/~ifBoPOD2 (KI6E)5 Kk %24 F136/N i

T4 G T KAER(SA) B LA 7 U B R (AIP) W A H W7 R S AR R s - S )
Table 4 Effects of salicylic acid (SA) and SA synthesis inhibitor (2-aminoindano-2-phosphonic acid, AIP) on ions contents dur-

ing seed germination of kale under salt stress

lon content (mg-g~' FW)

K* ca* Mg

Germination
time (h) Treatments Na®
12 Control-1 2.553+0.219 ¢
Control-2 3.711£0.431 a
SA 3.292+0.331b
AIP 3.809+0.504 a
24 Control-1 3.951+0.412 ¢
Control-2 5.5687+0.581 a
SA 5.108+0.432 b
AlIP 5.717+0.367 a
36 Control-1 3.762+0.319 ¢
Control-2 6.193+0.419 a
SA 5.654+0.384 b
AIP 6.202+0.609 a
48 Control-1 4.188+0.381 b
Control-2 5.772+0.720 a
SA 5.790+0.364 a
AIP 5.831+0.519 a

1.471+0.134 a
1.227+0.203 b
1.435+0.053 a
1.170+0.077 ¢
1.682+0.117 a
1.427+0.109 b
1.623+0.152 a
1.301+0.083 ¢
1.677+0.092 a
1.486+0.106 ¢
1.583+0.201 b
1.472+0.013 ¢
1.769+0.208 a
1.311x0.011 ¢
1.422+0.015b
1.226+0.064 d

0.221+0.018 a
0.192+0.012 b
0.183+0.009 b
0.211+0.018 a
0.148+0.017 a
0.123+0.017 b
0.112+0.006 b
0.118+0.008 b
0.176+0.074 a
0.093+0.012 b
0.101+0.004 b
0.095+0.011 b
0.132+0.008 a
0.073+0.003 ¢
0.072+0.009 c
0.094+0.014 b

0.431+0.026 a
0.313+0.033 ¢
0.372+0.042 b
0.211+0.018d
0.477+0.033 a
0.385+0.049 b
0.462+0.053 a
0.321+£0.019 ¢
0.597+0.055 a
0.511+0.022 b
0.590+0.044 a
0.367+0.048 c
0.646+0.054 a
0.491+0.060 c
0.582+0.015b
0.401+0.008 d

Control-1, Control-2. SAFIAIP[RIZ2. [RIFEAEE A F/NG 7B RA F AL ER A 7E0.067K F 2 = B35 .
Control-1, Control-2, SA and AIP are the same as Table 2. Values followed by different lowercase letters in the same column

indicate significant differences at 0.05 level.
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Table 5 Effects of salicylic acid (SA) and SA synthesis inhibitor (2-aminoindano-2-phosphonic acid, AIP) on osmotic adjustment
substances during seed germination of kale under salt stress

Germination Osmotic adjustment substance
time (h) Treatments Soluble sugar (mg-g™' FW)  Soluble protein (mg-g~' FW) Free proline (ug-g™' FW)
12 Control-1 13.56+0.81 d 3.57+0.40d 108.19+1.23 ¢
Control-2 23.19+1.73 b 8.11+0.71b 143.77£1.35 b
SA 29.28+2.00 a 12.17+1.03 a 156.53+1.17 a
AIP 19.13+1.23 ¢ 6.59+0.33 ¢ 157.11+£0.90 a
24 Control-1 17.1120.92 c 6.17£0.55 c 115.64+0.87 c
Control-2 26.35+1.74 b 9.27+0.49 b 167.59+2.11 a
SA 33.27+4.02 a 13.56+0.84 a 142.13+1.33 b
AIP 25.77+3.19b 6.59+0.30 ¢ 122.64+2.16 c
36 Control-1 23.85+1.39d 6.12+0.41 ¢ 117.26+1.55 ¢
Control-2 37.50£2.47 b 11.73t1.23 a 141.33£1.46 b
SA 43.59+4.33 a 12.19+1.19 a 172.57+1.15 a
AIP 30.661£2.20 c 9.13+£0.52 b 109.3310.82 c
48 Control-1 22.74+3.10c 5.80+0.37 b 133.52+0.81 c
Control-2 34.191+2.79 a 8.62+0.79 a 167.29£1.31 b
SA 36.821+2.12 a 8.93+0.64 a 128.19+1.55 ¢
AIP 26.70+2.34 b 6.18+0.56 b 186.53+2.08 a

Control-1. Control-2. SAMIAIP[RIF2. [FFIHIE G AF/NG FEFRA R A B E0.05/K P % R B % .
Control-1, Control-2, SA and AIP are the same as Table 2. Values followed by different lowercase letters in the same column
indicate significant differences at 0.05 level.
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Figure 4 Effects of salicylic acid (SA) and SA synthesis inhibitor (2-aminoindano-2-phosphonic acid, AlP) on H,O (A) and Oy~
(B) contents of kale seed during germination under salt stress

Control-1, Control-2, SA and AIP are the same as Table 2. Different lowercase letters above the bars indicate significant differ-
ences (P<0.05) among treatments at the same sown time.
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Figure 5 Effects of salicylic acid (SA) and SA synthesis
inhibitor (2-aminoindano-2-phosphonic acid, AIP) on the acti-
vities of catalase (CAT) (A), superoxide dismutase (SOD) (B),
and peroxidase (POD) (C) in kale seeds during germination
under salt stress

Control-1, Control-2, SA and AIP are the same as Table 2.

BoPOD3 ([&6F)f)# ik & .

AR KRR SR P0 T PAR H WA TR AR LR 57

Ha T, SMNESAL TR E RS TP H A
TR SR HUENET S A IR R IA & . KA
12/Nit, BOCAT15B0oSOD3% ik & £ SALL #4371
F144.26 53.011%(KI6A, D); K36/, BoCATL.
BoCAT2 5 BoSOD3 3% 1A & £ SA KL 2 T 4 1 1 i
1.34. 1.4151.591%(/6A, B, D). [FlIFf, SALFE 1 &
FZIE T K24/ M BoPOD3 ik & (EI6F). Hix
M, SMIRAIPAL 2 RS 1 K % 24/NF BoCAT2,
BoPOD2 5 & #£48/NifBoCAT1. BoPOD2f ik &
(KI6A, B, E).

29 g
Pl RO A P B A (R P ERE, BT I IE
REGEE S EY RN EK S B RE L E
B, FFHi R R — AN NS SNER R EE A
it (Rajjou et al., 2012). EMT R T . T
W RRS R R AR RAFTE RIS R, SNAA RIFSR
FARINEI T IT R EER R, Hp, Hbha R
W VEDD B R 10 3 AR AE I 2 — AR SR B,
FIRH R T 7505100 mmol-L™" NaClb 3 {73 6g
(R FE T (35 77, TiZE1505200 mmol-L™" NaCly
HRPRHE R FRIRFRESRFRRERK. 5
g R —8, VIR EE(2017)F1 58 i SR (2018) 1 7%
R, hhiE EE i 7 KFE(Oryza sativa) 5 P14
H R R At AR o T2 i R R R Pl S
ZHKINE S 8T REE, HMIATE SR RS &S]
T WK, T S e 7 R 0 R % 2 A B AR A I
IKWATR (SA)RTERDNIR N2 7 A YR,
ZHZMARKE B, WiFSHEYITE. (LR
AN 41 L 3 22 (Rajjou et al., 2008). 4 %%
(2018) K LA IE SA R A 25 2% figk 25 1 18 Xk i & 32
(Sorghum bicolor)ff¥ 1 & FIHHI/EH . 5 hgh R —
B, AW EY], SESAT] K AL TR R
TP H W R T IHR SRR S 4R . M, SAZ
W& B — 30 57 (AP ) A 0 52 2 361 26 Fi 3 3
KHEBEM TR RS N TP HRESARES
PIACH WA M OE R, FRATX WIRSAS &=
PALYE T DA S A S R e ik S dh AT 7RI o 25 SR W,
Eh 38 B 2 PR T P H W R A AR R A JRSA
i, HUR W SAMR U S P H W Rl B A R
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Figure 6 Effects of salicylic acid (SA) and SA synthesis inhibitor (2-aminoindano-2-phosphonic acid, AIP) on gene expression
of BoCAT1 (A), BoCAT2 (B), BoSOD1 (C), BoSOD3 (D), BoPOD2 (E), and BoPOD3 (F) during seed germination of kale under

salt stress

Control-1, Control-2, SA and AIP are the same as Table 2. Different lowercase letters above the bars indicate significant diffe-

rences (P<0.05) among treatments at the same sown time.

RAEIVE VIR . MM SAKL ] W] DL 58 25 7 2 12
RN, B et IHSAKI R R, RIIHMESA
A BE AT LA 3 PIA H AR 3 e T W TRSAE A

Wfo SAT, SAKD TR 2R A 2R Rl g 2 R Rk 0 8
E2, Ul B SAR] BETE L % 5 KRR PALYE 4 o AH
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Regulatory Mechanism of Salicylic Acid on Seed Germination
Under Salt Stress in Kale

Dongdong Cao"?, Shanyu Chen’, Yebo Qin? Huaping Wu®, Guanhai Ruan’, Yutao Huang"

!Institute of Crop and Nuclear Technology Utilization, Zhejiang Academy of Agricultural Science, Hangzhou 310021, China
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Huzhou 313000, China

Abstract Salinity is a major abiotic constraint affecting seed germination and plant growth. The effects of salt stress and
salicylic acid (SA) and 2-aminoindan-2-phosphonic acid (SA synthesis inhibitor, AIP) on seed germination were investi-
gated using kale (Brassica oleracea var. acephala) variety ‘Nagoya’. The results showed that the seed vigor of kale was
significant decreased under 150 or 200 mmol-L™" NaCl treatment by significantly reducing seed water uptake rate, seed
vigor, and seedling quality, inhibited phenylalanine ammonia and lyase activity, decreasing endogenous SA content, and
increasing hydrogen peroxide (H20.) and superoxide anion (O2 ) contents. SA treatment effectively alleviated the inhibi-
tion of salt stress on seed germination, promoted endogenous SA anabolism, increased seed water absorption rate and
seed vigor, promoted K* and Mg2+ absorption, and reduced the Na* content. Furthermore, SA treatment significantly in-
creased superoxide dismutase and peroxidase activities and inhibited H,O, and O,” accumulation. By contrast, AIP
treatment significantly inhibited the germination process under salt stress, likely due to the reduced level of endogenous
SA. This study demonstrates that exogenous SA enhances salt tolerance in kale seeds primarily through increasing the
protective enzyme activities, reducing reactive oxygen species accumulation, and maintaining ion homeostasis during
seed germination.
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