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Abstract ; Salt stress imposes a major environmental threat to agriculture ; therefore, efforts to increase salt tolerance of crop
plants bear remarkable importance for sustainable agriculture on saline lands and could potentially improve crop yield
overall. Pakchoi ( Brassica chinensis 1..) seeds were pre—treated with 5, 10, 25, 50 and 100 mmol/L hydrogen peroxide
(H,0,) solution for 2 h to evaluate the effect of H,0, on germination, early growth, and physiological characteristics of
seedlings under 100 mmol/L NaCl stress. Results showed that 100 mmol/L NaCl stress inhibited pakchoi seed germination
and seeding growth. Germination potential, germination index, vigour index, and root length were decreased significantly.
The osmosis —regulating substance, reactive oxygen species ( ROS), and malondialdehyde ( MDA) content in roots and
shoots of pakchoi was increased significantly. However, the activities of catalase ( CAT) and K* content in roots and shoots
were strongly inhibited. Different concentrations of H,0,(5, 10, 25, 50, and 100 mmol/L H,0,) increased the seed
germination potential, germination index, and vigour index, and promoted the growth of pakchoi roots and shoots.

Application of H,0, also significantly enhanced the activities of antioxidant enzymes such as superoxide dismutase (SOD) ,
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ascorbate peroxidase (APX), and CAT, and decreased the contents of MDA and reactive oxygen species like H,0, and O’
in roots and shoots of pakchoi seedlings, and further increased the proline and soluble sugar contents. In addition, K"
content and K*/Na" in roots and shoots of pakchoi seedlings were increased by H,0, ; however, Na" content was decreased.
10 mmol/L H,0, showed the best effect for improving seed germination and seeding growth of pakchoi under NaCl stress.
However, the mitigative effects of 100 mmol/L H,O, on inhibition of pakchoi seed germination and seedling growth caused
by NaCl stress were weakened. Hence, an appropriate concentration of H,0, treatment improved NaCl tolerance of pakchoi
plants by increasing the plant’s antioxidative defence system, the capacity for osmotic adjustment, and K" content and
decreasing the contents of ROS and Na' to alleviate membrane lipid peroxidation, thereby increasing seed germination and

seedling growth under NaCl stress.
Key Words: hydrogen peroxide; salt stress; pakchoi; germination; physiological characteristics
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1.1 M

BRI R i AN BTG TS (Brassica chinensis L. ) F1 AR, T 5N S ERL AR AR, o S80S (30%) 1
F 254 A AR A FRA A
1.2 it 548
1.2.1  NaCl ¥ J& i vk

R e /N — RPN 3R T, 0.5% (1) NaClO IR TH BE 10 min , 284K 52 52 whie T4, 281K 12
Tl 2 b J5 RERFPME RS RT3 G T A BUZ R AC B A AN AR B NaCl(0,50,100,150,200 ,250 mmol/L)
PYREFR LA B ILR% 50 i+, b6 DN abs FAAbH 5 IRER . BFh T4 —8 T (25+1)°C AHXNE
JE 85%—90% WITE IR IG FRAE G R 7 d, FhFEEg= W], B R GETH R ZF R4, 2 B 4P SEAH B 9 NaCl W, TH%
F2 7 d R 2R AR R SRR BORIE AR I E ARG
1.2.2 H,0,i&Fpiuba

FRAE 1.2.1 SLERZ5 5 £ 100 mmol/L. NaCl 35 AL BE/IN A SEFP 7, K 18 35— 1 0 i fl Bl /) (S,
0.5%11) NaClO ¥ IH BE 10min , ZE1R/K A w4, HIURAR/N 0 PRE /N 1 SR - R K 230 e+, 43 5
5.10,25 .50 1100 mmol/L H, O, I=F 2 h, [FIEF AZEIE AR AL FE 2 h S Fiost B, B 4 10 /N 2R+
FRZEIR K vhk 3—5 WJE , AU T 7 L RS B K43 SR G A 1o I3 20 3% T4l A W2 084K &
100 mmol/L NaCl (8532 I | A5 MG 50 Kifh 1, DIZEIEAKC TR 37 AL B 235100 . 2808 /K IR FFEE NaCl
il AL B (CK) 2518 /K 32 At NaCl i3 40 B ( NaCl) .5 mmol/L H,0, 2 NaCl Wi 4 ¥ (T1) .10 mmol/L
H,0,ZFf NaCl JPpift b3 (T2) .25 mmol/L H,0,3=Ff NaCl JFirifi 4bFH (T3) .50 mmol/L H,0,¥=Fl NaCl rif &b
FH(T4) F1 100 mmol/L H,0,72 Fl NaCl i b # (T5) , B HEELE 5 K, #AhF5%— & THGEE R
85%—90% i A (25+1) CITHIRBEFRAA Th i k3595 7 d, B3R 0], B RS0 S R 2940, 8 I Ah 2
NaCl W, P 3555 7 d J5 , THE RS AL BA TR0 R 2F 3 R 2R3 R ZRHR BORNE T3 48 55, T e R~ b 3o
FISEA) AR RN ZE A BE N o, A, & AR S5 iR 12 DR TR 7 d JRBUNA SR A ZERE T
AR FLFE BRI A2
1.3 WEmH Sk
1.3.1  FpFf R e bnillE

Pl F & ZEDIRARE 2 mm VBN K ZEVRUE /NSRRI T & 2R R 238 R I8 BOMTE 118 80T 2 %54
WA TR PR BRI b SRR AT,

REHR(%)= (557 REZERTHERF T 280 x100%

R (%)= (5 3 RIYEZERFEU R 8550 x100%

KRR = 3 (¢ RIWRZFEU MY & 28 KA

TG 1HR B = IRA B > R 2R 4R 4L

Tt PEFEEL (% ) = 1% TTHEE o/ T TTHEEL 50 X100

HRAC XS R 3R (% ) = (W BRAR K - b FEAR ) /5% BEAR K x 100
1.3.2 ARSI E

B R IR EE AT, RS AL 3 B ALE I 15 BRI, RS - R B0 AR 2R B TP K B LA
em FR; RJG A BIVTBUR TN ZE SR 43 2 — KRR b o 31, R 0 me/FE
1.3.3 MDA &#ilE

KB E Rz Y B 0.1 g BES L INA 10% TCA HGEHFEE 12 000 g B 10 min J& , BUE
F110% TCA 4% 2 mL T —2 .08 b, g5 &3 15 min, KR HS K 3 000 r/min B0 10 min, B
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MI5E 532,600 nm AbAYIGE .,
1.3.4 H,0, % EFH AR &1 A s

H,0, & il 2 AR A 7 3k R R ek sl . B 0.2 ¢ FEAH LA 2 mL BUA AR, 580 0FEE 5) 3K )5 , 10
000 r/min 50> 10 min, 1 mL _FIEBRINA 5% BB A Z7K ,5 000 t/min &0 10 min J5 K UIRER T 3 mL
1 mol/L FYBRAZH 410 nm FIEWGEE

AT (0, ) PP A s R ARV B0.2 ¢ BESINA 2 mL BEFRZE Wil , FE 0B BS J5 75 A BI04, 10
000 r/min K& 15 min, B EWEBUSIE . FF 0.1 mL 10 mmol/L NH,HCI iIIAF] 1 mL W H,20 °C T
7% 20min, B 0.5 mL BIREIRANA 0.5 mL 17 mmol/L X & EHEAERR A 0.5 mL 7 mmol/L a—ZEfi,20°C F i
20 min, SIS ) S (0 RAFR G IE T B8 403850, #0 B 0 )2 05 BUE T A TE 530 nm A2 e RE
1.3.5  HrE G P

PR AR BB B 0.1 g A, B TV O IFEA v, ik f2E 15094 9 50 mmol/ L B 22 I (3% 1% PVP (100
wmol/L EDTA .5 mmol/L DTT,pH 7.0) , UKi DFEE iA1% , 16 4°C F , 12 000xg £5.0> 20 min, b 35 Bl A i 1
DI

SOD (superoxide dismutase ) >R FH & PUMBE (NBT ) S Sk Az 12, DA i S P0 il 356 O 450w 5 e fh ik I
50% J— Tl M B0 7R . POD (peroxidase ) FIN 7 R FH @A TS Le B3, LA&E 1 min P9 A470 284k 0.01 24
— A E AL AL CAT (catalase ) A2 RSN, LA 1 min N A240 387> 0.1 [ —
AEEEPE A APX (ascorbate peroxidase ) A9 2 SR 2 AMR L 2, LA 1 min N A290 387> 0.01 f il
h— A BEEEAA
1.3.6 oA mT s bEp &

KPR M = A e B0 g RS A 3% G S K A R RS | Wk /K R 42 10 min, B2 H1)5 L
TH RN IR P B O/, B 2 mL EVEW, N 2 mL 9K SR A 3 mL 2.5% ()RR PEER =R, 7K 78 i £% 40 min,
BN S mL 2R 4835 30 s, /i E A, R 2V ITE 520 nm A0 E OGRE

AP IO S R P R L (5312 B0.2 g BEA, JH 80% TS K Hh R B 30 min, A I E IS 4
000 r/min FE5.0> 10 min, FIHWREEA R 25 mL AR, R 3 K, AIF LIER, A E 25 mL, BUHRRK
1 mLAiR T4, A 5 mL BEEIRRERIR ], 90°C /KA 10 min, S 1E 620 nm ZMI & WG
1.3.7 Na'fl K" &2

Na* Al K" &5 8 530 2 R S E R HEI E . B 0.1 g METRES N S mL BRER, VDA 2 h, SR 5 H dL i
HATIH A, B0 30 min LA 1 mL H,0,, HERIRGWICEEY] IR E HZERACE SR 2 50 mL, HMEGEE T
M2 Na* il K &2,
1.4 ZdRabi

RIREHE ST 737K ] Microsoft Excel 2010 #4175 0555 Hi Ab 38, B SPSS 16.0 43T 8 b7 B R 2 25
5307, R Duncan J5 AT 2 5 WM 22 57 10 BRGS0 (0= 0.05) |, IR il - B s bR TR

2 EREHS

2.1 NaCl 3B X% /IN F 520051 4 00 52 1)

MR T AR /NSRRI R 2R3 RS R EFTR B TG 1 3R BRI I BE S NaCl Bha vk B 19 7
MRHEAL, S5XFREAH L, 5T 150 mmol/L NaCl Bt R, /N SE R T4 & 2E 3 W I F% A% ( P<0.05) 5 =1 T 100
mmol/ L NaCl JPirift 2 E Ml /N (P10 & 2E 34 RNR ZE 850 (P<0.05) o AN[AIHRBE NaCl e BH 5 i /) (128
Foh 71935 38 BRI J 2l B BOAR K (P<0.05) , 50 HRAH L, 78 50,100,150 ,200 A1 300 mmol/L NaCl ZbH /)y
FISERhT-AO T J1 38 5003 B AR T 30.45% . 54.26% .67.79% . 79.89% F11 89.17% , HR K 73 S FE MK T 28.09% .
47.12% 58.41% .68.58% F1 78.32% , 44K F , 100 mmol/L NaCl il 5B M/ 38R/ 710 B 4 %R R
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e KR HRBONIE FIFE, HIHE T8 BOMAR A Im il B2 290 50% , A K Bs 1 H] 100 mmol /T NaCl ¥
YER/IN SR Eh A BE A i TR

F1 ATEKRE NaCl BHEXT /B KM F IR0

Table 1 Effects of different concentrations of NaCl stress on germination of pakchoi seeds

NaCl ¥ J& REFH R _— ; . .
ACHHRL o I R R K
NaCl concentration/ Germination Germination T . .
. Germination index Vigour index Root length/cm
('mmol/L) percentage/ % potential/ %
0 (CK) 92.80+3.03° 90.40+3.24* 39.40+2.35° 178.09+15.55° 4.52+0.43*
50 90.40+3.84°" 88.40+2.28"" 38.11+1.31* 123.86+12.84" 3.25+0.39"
100 88.00+4.29*" 83.40+2.72b¢ 34.08+1.98" 81.45+9.66° 2.39+0.31°
150 85.20+2.28"¢ 78.80+2.00¢ 30.51+2.02¢ 57.36+7.77¢ 1.88+0.26
200 80.40+4.97¢ 72.20+4.40¢ 25.22+1.59¢ 35.81+5.05° 1.42+0.22¢
250 71.20+3.15¢ 61.80+3.24° 19.68+1.40° 19.29+3.23" 0.98+0.20°

FRBE N I AR ; RIS [ NG TR 7R 22 54 2.2 (P<0.05)

2.2 H,0,%F NaCl Jir38 5 /N SRR~ A 1 5% )
A3 2 TTLLE L BB 100 mmol/L NaCl bR /)N (4 320 1 5 & 3 JC B S 40 il 4 1 (P>0.05) , {HBH & f
R T /NSRRI R 2 3 R ZF AR ECRITE J1 4640 (P<0.05) , 437l 3%t BRI T 7.74% (13.50% Fil 54.26%
T1—T5 AFEIAFE R T NaCl BHE T /NS 19 A& 28 35 & ZE 48 BORNE J146 %, o DL T2 AbJH A9 22/ NaCl
0 85 R e B35 (P<0.05) |, Ho & ZEH & 28 BORIE 146 B Bl NaCl Kb BR4 B 5 T 7.91% (14.67% 11
78.19% ., i T1 £ TS 4B, Bl H, 0, AbFRH B (W10, JFEXT NaCl e T /N F1 SR 1 & 1) 28 fff A FH 222 Se
S S U A A BAR T4 FI TS AbFEU 3R T NaCl Hﬁiﬁ?dﬂ%ﬁ%ﬁ@ﬂiﬁ% K SEFEBURE S5 8k, SR i
5l NaCl ZbBEAR FE IR AR R 22 573 B 7KF (P>0.05) , X BE25 LI, H,0, 7T A3 L% f# NaCl i Xt /N (4
SR T R IIHIE A, BAFAER B RON , T2 AR CR e B (£ 2)

£2 H,0,% NaCl ME T/ NERMFRFE LFE RFBBINENEBHZ M

Table 2 Effects of H,O, on germination percentage, germination potential, germination index and vigour index of pakchoi seeds under

NaCl stress

b ER R R REFHEL WAL =R
Treatment Germination percentage/ % Germination potential/ % Germination index Vigor index
CK 92.80+3.03° 90.40+3.24° 39.40+2.35° 178.09+15.55°
NaCl 88.00+4.29° 83.40+2.72" 34.08+1.98° 81.45+9.66"
T1 90.20+3.68" 87.80+3.54 37.22+1.97" 117.78+10.71¢
T2 93.20+4.24* 90.00+2.88* 39.08+2.21% 145.14£13.28"
T3 90.60+5.77° 87.60+3.23% 37.79+1.88" 116.12+12.98°
T4 89.20+2.88" 86.40+3.15% 35.41+1.48" 97.60+10.98
T5 88.40+3.56" 85.80+2.74 34.83+1.62° 90.79+8.76"

CK : Z&1B /K X} I8 | Control ; NaCl: 100 mmol/L NaCl; T1;100 mmol/L NaCl+5 mmol/L H,0,; T2:100 mmol/L NaCl+10 mmol/L H,0,;T3: 100
mmol/L NaCl+25 mmol/L H, 0, ;T4:100 mmol/L NaCl+50 mmol/L H,0, ;T5:100 mmol/L NaCl+100 mmol/L H,0,

2.3 H,O0,%F NaCl M8 T /N (134l p AR RN 28 A6 K 14 5 i)

SEELFHH PR NaCl JBirae B SRR T /N SR A AR A AR K AR AU X BRI 52.88% (P<0.05) , S5
it NaCl éuﬂﬁ L, T1—T3 AbPEE I S 4% 1 NaCl W3t X AR g I, AR SR B0 e in s B rd ka2, O
WL T2 Ab BRSO s, AR K HL R NaCl AZb B R Y 55.23% (P<0.05) EAT3 B AR F X3 R ( P<0.05) ,1X
X IR 82.08% , FR1f T4 Al TS AbFH AR K 55 Bt NaCl AbFRAH F , JCHH 8. 22 5 (P>0.05) , ¥ NaCl Brif
B0/ R4 T 284K (P<0.05) 5 5 5k NaCl AbBRAH EE , T1—T4 ZbEEAS [ RLBE B9 42 5 T NaCl Brie /A
SRS P L T2 AFE R 2R KAk, HE Bl NaCl A BE S H 18.53% ( P<0.05) , AJ3IEAIC T X R

http ; //www.ecologica.cn



6 S % 39 &

B NaCl Jiipe B B A T /N S AR R ZE (0 i 5 ( P<0.05) (1T 1), VRN 25 (SR X BRI 65.55% F11
82.58%,, ‘SEAMl NaCl KbEEAH LY, T1—T3 AP A2 HE T NaCl Wr3f ™ /)N 1 SRAR R 28 6 5 9 384 o, b 2L T2
AT IRE eoR, BA NaCl ZbFEAY 1.34 £ ( P<0.05) F1 1.18 £ ( P<0.05) . T4 F1 TS &b FEARFN 2 f 5 55
Bl NaCl ZbBEAH EE , JC 18 3 25 5+ (P>0.05) .

a 1w
l R
b 30 F 0, b
4r l g l: b j be
g c = E C ]
R a & g T : 3 oL
= _ abl 5] 2 s
E L d - b =20 - B : B
g g 1 r < : : : :
— 3 lC T § S s e
id A hk s = : o
¥ OB g & ; -
2| B & : : :
S S % [ a: 3
H | B : 10 : bEd DB be ¢ R
: 3 X s d | ol %
B 3 % A1 B o 3 SIS :
CK NaCl 2 T3 CK NaCl TI T2 T3 T4 TS

E 1 H,0,%f NaCl BB T/ hNEESHERK FRREESFHEHIN
Fig.1 Effects of H,O0, on length and fresh weight of root and shoot of pakchoi seedlings under NaCl stress
REVNG TR R — LA R AL ) 2 57 4. 35 (P<0.05) , T[] ; CK . 248 7K %4 B, Control ; NaCl; 100 mmol/TL NaCl;T1:100 mmol/L NaCl+5
mmol/L H,0,; T2:100 mmol/L NaCl+10 mmol/L H,0, ;T3:100 mmol/L NaCl+25 mmol/L H,0, ;T4:100 mmol/L NaCl+50 mmol/L H,0,;T5:
100 mmol/L NaCl+100 mmol/L H,0,

2.4 H,0,%F NaCl JH6 R /1N SN $h e 5O XT3k 55 22 10 52 k)

i e 50 A o B 22 X 3 40 T 52 R R K R X o B R S W B 2 0 2 Bl A £ R Y
M3 1,100 mmol/L NaCl Bl , AHXT R F R K, o0 47.12, H1 T1 2] TS Ab3 AXTEEF R E2 LT
W J 1 Ay a3 EL IS T Bpk NaCl Jip3d b B, 51 DL T2 Ab B4R %o 35 S5 5 I, 50 Bk NaCl a6 42b 3 AT
T 62.16% , 25 573K KV (P<0.05) . SAHXTERF A0, T1—T5 AP FFEEEAEE R T NaCl e T/ E
SRR ERHR 2, H T2 Ah PR 7 B B K, S B NaCl ikt Ab BRI 1.78 5, 255738 i 3% /KF- (P<0.05)

£ 3 H,0,4 Xt NaCl B T/ B 5 -F i Zh 5 201833 E EE M5

Table 3 Effects of H,O, on salt tolerance index and relative salt-harmed rate of pakchoi seeds under NaCl stress

b 3 (GEE s AL 5 (GEEEs IRSE =S
Treatment Salt tolerance index Relative salt-harmed rate Treatment Salt tolerance index Relative salt-harmed rate
CK 100 0 T3 65.20 32.02
NaCl 45.74 47.12 T4 54.80 39.02
T1 66.14 29.99 TS 50.98 42.33

T2 81.49 17.83

2.5 H,0,%} NaCl 138 F/NAZRAIT MDA & & 1520

MDA 25t A ) 2, o v] DR MUAE P e R e N 32 iR A, 1A 2 Z5 SR P
NaCl JiE T80 A4 AR A 2 MDA & 2 I B3 70 (P<0.05) , BAR ) MDA & &8 K T4h 28, 435k
XFHEY 1.76 45 A0 1.29 1%, H,0, 12 P AL FRFE(R T NaCl e TARFIZE MDA & &, HRfAE H, 0, Zb PRk 3 7Y 3
i MRANZE R MDA i S BUCRRAR R BN A8k, 4 H,0, A0 AR L, DL T2 ZbFEH MDA & i fif, HAR F 2
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1 MDA 5 HE Sl NaCl 2B BIREAR T 33.72% ( P<0.05) F1 18.48% ( P<0.05) , {EAT /s T-XF HE

2.6 H,0, %} NaCl i /NS4 i G M A A R Y
A

WiE W 38 fE G S S W R N AR T TR
(Reactive Oxygen Species, ROS) , ¥THAE Y (&N ROS 1)
BTl XREZE R 0T DA SR AR A A 5, 1T
SEAM IR G52 BN A MR E A K 5+
ARV S M G, B REARIE AZ B B 3 Al
NaCl Jiiri8 35 B/ F S8 R N ROS BYFR 2R B ) 32
T/NEZEA AR ZE b NI H,0, & B A1 0 7= AR i R
(P<0.05), T1—T4 ZhHE¥ I B FEAR T NaCl B3 T /)
FI3% 4 B AR AN 2E 1,0, & & R O AR R (P<
0.05) , Hoir T2 AbFEXT NaCl Bl T /N F 32 40 1 AR 2
HIH,0, & &A1 0, 7= A HURBRRAE FH ok, 5 ol
NaCl I EAH L, 7N SRR AT 2R H, 0, 7 it 43 BRI T
42.22%F1 25.08% AR FNZEH 05 77 A R 43 G FEAK T
46.04% 1 28.04% , & WIIE B IR JE 19 H, 0, =7 Fh nl FEA%
NEERARFNZE ) ROS &5,

Cm
B 2

20 |

10

H,0,% % H,0, content/ (umol/g )
o

CK NaCl T1 T2 T3 T4 TS

P

O - production rate/(nmol g™' min™! &)

5

a A
6 T B

MDA MDA content/(nmol/g)

CK NaCl TI T2 T3 T4 T5

B2 H,0, 3} NaCl BrB T/hNERLHERFAZF R MDA 228
S0

Fig.2  Effect of H, O, on MDA content in root and shoot of
pakchoi seedlings under NaCl stress
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