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111 BRRAR AR B 297, ]
MBS T ARF B R AL,

11,2 s PRk R/NI ) ORI i i Fh
T 200 i, FHZ& R ACH: B Uk J5 BT, BT 3
Boh 0.1% HgCl, 320 20 min #E47 8 Y 5
ALK ook, 5 2 WKER 24 h, R HE
FREFENL A A IS B 2518 K A 85 92 4 b b AT &
FHYW RS R ER R 25 C. 4K
F W — B A 1/4 Hoagland #3701
SARE G HEAT B % R AN R 35 A R
B AR R AL T RS BT IRl B A 3R Wb s A
PRIERABEN . 5 2 d e 1 WOEFRW. fR4hili K
F OB P A K AR — B &y v
11k .

1.2 H &

1.2.1 X% ik 6 FhAbBE, 25 B AR R B
TR W b pE AT AL 38, bR 1 X B, SR
100 mL 1/4 Hoagland 7 3% W ¥ 47 &b B 5 40 B 2
Sy b a5k A 100 mL 1/4 Hoagland # 5% i fic
% 100 mmol/L NaCl #4743 ; 43 3 5 30
pmol/L LaCly + #Whrif; 4t ¥ 4 25 1 mmol/L
IBU + 30 pmol/L LaCl, + s kb3 5 K
3 mmol/L IBU + 30 pmol/L LaCl, + ;18 ; 4b
16 &y 5 mmol/L IBU + 30 ymol/L LaCl,+ %k
fpifn, AbFR 2~6 2 1/4 Hoagland & 3% W& It il
A 100 mmol/L NaCl # % fin A LaCl, Fg #
BRI BE ) LaCly, LL3A 3] LaCl, #1 NaCl 3 [q]
AhFRA R . AbFE A~6, 5 H IBU HikbHE 1 d, 4%
J5 FHH LaCly Fil NaCl 3 [6] gb 3, 45 A b B 1) 75
b6 MRS L A 3K, AbFE 3 dJE LI E Ok
LT AR 45 I A BEEE B L A5 FR AR I 2 3 K.
A3 6 d JE I E A& AL BRI AR 6

1.2.2 wE 7k MDA iRk R 6
B F 2 3 52t 5 SOD 3 1 SR 1T A ik Y mk
(NBT) S8 5 5 2 s POD i 4 2R FH A 6 A B
Pl . ARS8 N A 846 0. 001 S 1 ANl
PR CAT  APX I GR ¥R 28 41 43 96
JETHE  CAT LA 8 N Az 284K 0. 001 2
1 ANl % M B0 APX RLEEA3 b Y Ao 2240, 001
1A EEE PR AL, GR LU B N Al AR R
0. 0014 1 ANMEGETG M . DHAR 36 PR 2 2

W Miyake 21 19 07 3, LA 43 8P N A A8 fk
0.018 1 M HEGTE AL, AsA £ B Kampfenkel
U s I A2 s GSH 2 88 Griffich'™ (1) 5 34 1
FE o ATV PR R R 43 S SR B IR TRk R
RIS AR R R I
SR IR Jo1 12 3 BCR FH g BB 0 52 170 60 I 7
1.2.3 ##EA® R SAS B, 1E o=
0. 05 /K- b iiAyT 22 7 B 3& 70 Hr .

2 HEXR52M

2.1 IBUXXRFE®RE 5 H M MDA [TEER
R B

M2 1 o] DUA L 50 BEAR HE b Bl (i
P 2R IR ST 43 50 S G L BRI 38. 7 %%,
RS R LGN BTN MR A RGN S E R S e e S
FIW2 & 43 B 1 n 34, 8%, 5 B £R A
REFRAR G . 1.3 F1 5 mmol/L IBU 43 5l ffi it f v
F1%) 24 1] 1R Jo H 0 B AR 16. 626,32, 296,36, 1%,
5 LaCl, +#h 4 3AH , 1.3 1 5 mmol/L IBU 43
S I R e SR R R I A AR S R AIN38. 1%
49.7%.52.6% . XULHA, REFTER A B il 77 IBU
CINPEEEN I SERSE A Th7 S BT sI] /i Pt

M2 18T LAE 5% BEAR L, 5 a6 4l
A MDA i 5 B8 R ¥R B @ 35 38 in . b X R 8
79.4% . 5l ER b aE A b . STk B A R B aa R
M MDA Ji R EE R E R E TR 18. 1%, 5
B R A BEAR L. 1.3 AT 5 mmol/L IBU 43
B R MDA T i B R VR OB R 19, T
22.9%.40.9% ., 5 LaCl, + £k b BEAH L, 1.3 F1
5 mmol/L IBU 4> 5 ffi i} B MDA i 5 B /K 1k i
PR 4620.50%.72% . X UL, K ATR 2S5 5 W
3H K AR K L e i R A
2.2 IBU x#i & LB SOD,POD #1 CAT ;& 148
A

M 2% 2 0] UA L 5 BEAR L, 3R Bl a (i
SOD 6P B E 3 6. 6%, 5 Bl £ 30 40 He
SAL BT 38 R M A SOD 3% MG W2 5 .
55 ppoph 2 3 4 BEAH L 1.3 AT 5 mmol/L IBU
A3 AE I B SOD 36 i 25 FEAR 14, 126.,9. 9% AN
17. 3%. 5 LaCl; + #h &b 28 46 kb, 1. 3 A0
5 mmol/L IBU 43 4| fiff i 5 SOD % ¥ K X
17.8% 13, 1% A1 20, 2%, Lk 45 SR U6 BH . 26 4]
22 5 1 W ia K SR B0 X TR 4 i B SOD %
PRI R
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55 B L, R a0t i CAT 3 M 8 3%
Bam 342, 9% . 5 gl e AR E, G000 B 0
e R B CAT 36 o 3 0 138. 7%, 5
MR W3 ZE FRAR L 1.3 F 5 mmol/L IBU 43 %
ik i CAT 36 M35 B B AR 32. 320,29, 00 M1
35. 5%. 5 LaCly + & 4b B8 AH Fb. 1. 3 Al
5 mmol/L IBU 43 3| fff i /5 CAT i ¥ % %
71.6%.70. 3% 1 72. 9% ., LR&E R ULHH . KF]
22 5L it R A AL B ok gt i CAT %

PE B IR

5%} BEAH L 8 W 38 A8 1 i POD 35 M 5 3% 38
i 33.3% . 55 Epuh AR i aE A EL , SECAR B G R B 38
Tt POD M JC 8 2 5, 5 Sl £ i 8 Ak
A LaCly + #h 4b BEAH H AR 5] v B 1) 2K i
2 G B R IBU X ity POD 36 £ ) 7 1 3% 52
M, X U] AR A 2 5 5R0ha0 K A A0 Bl
KA R POD 3 1 1 4

F1 TELETEXRGEMFHRFAERRESEI MDA REERRE

Table 1 Mass fractions of jasmonic acid and molality of MDA in leaves of maize seedlings under different treatments

1 mmol/L IBU+

3 mmol/L IBU+ 5 mmol/L IBU+

W 48 A xof Hig i LaCly+%; LaCl; +#; LaCly +#h LaCls +%;
Test index Control Salt LaCl; + Salt 1 mmol/L IBU+ 3 mmol/L IBU+ 5 mmol/L IBU+
LaCl; + Salt LaCl; + Salt LaCl; + Salt
R/ (ng/®) 55 344 94  76.74£6.4b 103.4£11.2 64.046.9 c 52.04+4.7d 49.0%5.3d
Jasmonic acid
MDA/ 3.44+0.3 e 6.1+0.7 ¢ 5.0+0.4d 7.3+0.8b 7.5+£0.6 b 8.64+0.9 a
(nmol/g)

W AT EE 5 R R /NE R R 25 0k B 3 KT (P<<0. 05) i e m i F 3 S AR, T .,

Note: Different lowercase letters in the same row represent significant difference (P<C0. 05),values in the table represent mean= standard

deviations, the same as below.

R2 ARLETEXRLEM A H SOD.CAT 1 POD &%
Table 2 Activities of SOD, CAT and POD in leaves of maize seedlings under different treatments

[U/(min * @) ]

1 mmol/L IBU+ 3 mmol/L IBU+ 5 mmol/L IBU+
i 5E $8 b pamilsl h LaCl; + £k LaCl; + £k LaCl; + £k LaCl; + £k
Test index Control Salt LaCl; + Salt 1 mmol/L IBU+ 3 mmol/L IBU+ 5 mmol/L IBU+
LaCl; + Salt LaCl; + Salt LaCl; + Salt
SOD 7.64+0.5b 8.1£0.7a 8.440.8a 6.94+0.7b 7.3+0.7b 6.7+0.8 b
CAT 0.740.1d 3.1+0.3b 7.440.6 a 2.1+0.2 ¢ 2.24+0.2 ¢ 2.04+0.2 ¢
POD 3.04+0.3c 4.0+0.3a 4.3+0.5a 4.5+0.4 a 4.5+0.5a 4.3+0.3 a

2.3 IBU 3t APX.GR.DHAR & 4 18

M 3 AT LUA Y, 56 B B L R i ae (s B
APX 7% M 5 65. 0%, 5 gk £ i A A1
W @A B £ W38 T ot e APX 3 M I 2 4
51.5%, 5 Bpopl &b 36 kb FRAH K. 1.3 A0S
mmol/L IBU 4 fif 5| it i APX 3 1 1 3 P& AL
35.4%.31. 8% F1 37. 9% ., 5 LaCl, + h &b # A
. 1.3 F1 5 mmol/L IBU 43 3l fdi i B APX i #
RAAR57. 3% .55. 0% 1 59. 0% ., X Ui B, 25 #i R
Z 5L e K SAL BT E R Gt B APX 5
) P4

50 BEOME 1L, h 30 X i GRS P W 3
S, 5Ok R a0 A EE TR B A R 3 R e
A GREM BB 147. 1%, 5oLk a4
FRAIH, 1 mmol/L IBU ffi it B GR ¥ o4 B 2 2
B 064.7%,3 M1 5 mmol/L IBU 4 % f# it A GR

TWPEFEAL 11.8%6.17. 6% . 5 LaCl, + £k &b B AH
e, 1.3 15 mmol/L IBU 43 jilffi it i GR 7% P
i 33.3% .64.3% F1 66. 7%, XULH], HEF RS
5 &R aa I A AR X E oK Gt R GR TR PR
EEC

5 BEAH L L R Wt it i DHAR I M 3%
PEF 37.3% . 5 HMER a0 AR H  ST0 B Al R 0
AT A DHAR G Z 485 55. 4%, 5y
WA FE AT L 1.3 1 5 mmol/L IBU 43 51 fif
- DHAR 36 M 3 5 2 AR 80. 896,92, 7% fil
95. 0%, 5 LaCl, + b 4b # A0 b, 1.3 Al 5
mmol/L IBU 4 % f# i+ B~ DHAR % ¥ [ {5
80.8%.92. 7% F1 95. 0%, X UiWl. KA =5
AR 0 K SR B X K 4 R DHAR G M
EEC
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Table 3 Activities of APX, GR and DHAR in leaves of maize seedlings under different treatments
[U/(min * g ]

1 mmol/L IBU+ 3 mmol/L IBU+ 5 mmol/L IBU-+
(mu%*ﬁ*ﬂ‘ X#Eﬂ Jin’;_ I‘a(jlfi+ﬁ|’]\4 LaCl;; +%uli I‘ﬂC13+Jl£E LaCngﬂ[{:’i
Test index Control Salt LaCl; + Salt 1 mmol/L IBU+ 3 mmol/L IBU+ 5 mmol/L IBU+
LaCl; + Salt LaCl; + Salt LaCl; + Salt
APX 12.04+0.9¢ 19.8+1.7b 30.0+2.4 a 12.84+1.0 ¢ 13.5+1.2 ¢ 12.34+1.3 ¢
GR 8.0+0.7 ¢ 8.5+0.9 ¢ 21.0+2.2 a 14.0£1.5b 7.5+0.6 ¢ 7.04+0.7 ¢
DHAR 14.2+1.5c¢ 19.5%1.4 b 30.3+2.8a 5.84+0.4d 2.24+0.2 e 1.5+0.1e
2.4 IBUNHRELY R GSH #1 AsA [RE ERiR EEC
=4=0p Al 55X REAR LG, R W0 et i AsA T iR IR vk

t 2 4 AT LUE Y, 50 B Eb L R il ae f - B FE W E AN 133, 3%, 5 gl M an AR H L, A AR
GSH Jit # B8 /R ok FE 1 2 3% 758. 100, 5 B P AR 38 R R AsA T BEEE JR VR I T S RS M
AR W30 A L, A0 R R W ae R i R GSH i i 85. 7%, HHpER M A AH EL, 1 mmol/L IBU fii
JEE IR MR PEBRAR 21,7 %6, 15 LR B Ak BHLAH B MR AsA TR EE R Mk BE 8 42, 9%, 3 A1 5
1 mmol/L IBU %t B GSH Jii & B /R ik % C mmol/L IBU %fi H- AsA it & B /R ik 5 1 6 i
FRW, 3 15 mmol/L IBU 43l {fi i i+ GSH FHRW . 5 LaCly + &5 AL BEAH H L m ACK [ ik B2
Jo R JEE R Ve BE W E RSN 15, 4% R 22. 2%, 5 By IBU fifi it F AsA JoT & B IR Vi B2 14 W 2 R % .
LaCl, +3h b FEAH L, 1.3 #1 5 mmol/L IBU 43 5 5 LaCl, +#R 4 BRAH L, 1.3 A1 5 mmol/L IBU 43
flint B GSH Jfi & B /R vk B B 2 8 im0 25. 9% . BT R AsA T EE SR VR B B AT 30. 7%6.38.5%
AT AR 56, 1%, XU, RATR S 5 Wi & 46, 1%, XYL AR S 5 ER W an S G 10 5 k)
SALH X K 4 i i GSH 5T & B /R W BE Y TR 7 AsA i EE /R B I 428

K4 AELETENXRLSEM K GSH T AsA R ERIRE

Table 4 Molalities of GSH and AsA in leaves of maize seedlings under different treatments pmol/g
1 mmol/L IBU+ 3 mmol/L IBU-+ 5 mmol/L IBU+
W 5E 46 AR ROl N LaCls + #; LaCls + £k LaCl; +#; LaCl; +#;
Test index  Control Salt LaCl; + Salt 1 mmol/L IBU+ 3 mmol/L IBU+ 5 mmol/L IBU+
LaCl; + Salt LaCl; + Salt LaCl; + Salt
GSH 0.43+0.03d 3.69+0.33b 2.894+0.35¢ 3.64+0.28 b 4,2640.37 a 4.51£0.43 a
AsA 0.0340.00 ¢ 0.07£0.01b 0.1340.02 a 0.104+0.01 b 0.0840.01 b 0.0740.01 b
2.5 BBUNMSZEEFTYRAAMEBEMBEBER  BFN0 31300, 5H0MER B0 A L, 568
BESHH M ER 30 R R I SR BT R R i 58, 704

H 2 5 AT RLE HY 50 BR A EL 6 W aa (it L5 Bl R P36 A B AH B L I ACAS TR R R Y TBU X
1) T P O o o B i 57. 9% . il W 2R T R A B JE A . 5 LaCly +
AR 300 AH Eb o Ak B 0 R W an R i R R o b A, 1.3 #1 5 mmol/L IBU 43 5 {di i J
T B PR AR 34. 620, 55 R R B 3 A L i 2 R 5T i 43 AR W 3 B AR 52, 306,57, 5% Al
1.3 F1 5 mmol/L IBU 43 5| fdt i F- 7T 355 M4 o 56.0% ., XULHA, AR S 5 & b9 Xt £ K 4 i
Iy BUEAR 10. 2% .10% F1 3. 3% . 5 LaCly + 3 4b W I 2 P T o 3 BT R A
BEAH L. 1.3 F1 5 mmol/L IBU 43 5l i i J () w] 1 2% 5 38 AT, 550 BEAE L L R a6 4l R oK &)
Vi M W BT A A B W 3 i 34, 600,37, 706 Al Wk AE Y BT R B EREC 32. 1%, 55
AT.9% . XULH RF RS SE G0 X FOREIE sl W M He G fh B il a8 T 4l i B kR A
M AL RE T R A AR B R AR . S S X BT R BN 25. 9%, L5 sl £k b an A He
KAy TS P BT B SR A . SR A 1 mmol/L IBU X} ¥k A= ) & + Fi & TG B 35 3%
Fig 22 JIT LA K AT i A BT A B R AR A E T 2 W, 3 A1 5 mmol/L IBU 43 %I {fi 24 #k A= ¥y & T
43+ 3 55 2R 1) TR S50 A O R 13. 7% M 22. 9%, 5 LaCl, + £k &b

55 BEAR L L R 0 30 0k R I (R B B 8 BEAHEL L 1.3 1 5 mmol/L IBU 43 Bl il 5 4% 2 4
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BT HERERM21.2%.31.5% M 38.8% ., X
Vi ORF R 2 5 Eh i 0 K AL B Tk 4 i

B A=Wy R A PR A

RS FRALEBETERGEHAFNATRAERTIBERRESBREAKENETRE

Table S Mass fractions of soluble sugar and proline in leaves of maize seedlings and

dry mass of maize seedlings under different treatments

1 mmol/L IBU+ 3 mmol/L IBU+ 5 mmol/L IBU+

58 8 k5 Sif B £ LaCl; + £k LaCl; + £k LaCls +4£; LaCl; + 45
Test index Control Salt LaCl; + Salt 1 mmol/L IBU+ 3 mmol/L IBU+ 5 mmol/L IBU+
LaCl; + Salt LaCl; + Salt LaCl; + Salt

RS/ (pe/)

140.7410.4 b 222.2419.7 a  145.2412.3 b  195.5421.5 a 200416. 6 a 214.8418.4 a
Soluble sugar
s /
%ﬂiﬁﬁi/(“g’g) 52.746.1¢ 69.247.0b 109.8411.1a  62.345.2 b 72.745.8 b 68.346.3 b
T R/
BBV T /e o000 917, 1514015 ¢ 1.6540.12b  1.30%0.16 ¢ 1.1320. 10 d 1.0140.12d

Dry mass per plant

3 ik 54k

MDA J5T tk J5E 7R Ve i J2 A7 2k A ) e 396 o 59
(LG bR . ASHIEST 25 3 2 WL £ W aa T DL
FAOM K e B9 MDA i B8 R vk BE T
ZAEAL M X 5 AT BT A R — 5. Ak
BAPE RN —FhEZE MR TR R AP
HARERZERY, CA B R, Sk 8T L
i 3 4 1R B ALk 2R G 1 3 T S e SRR A 1
ERPER L ARHIE g A5 SR L SR B T DLt 2 B
IRERIM 0 T “ B 5 297 2 it i i) MDA i i B8
IRHE S X 5 Fr A 5T 45 5 — 300 AR
SER AR, 5 o R P 30 4b BERT LaCly + 45 4b
BHAH B IS [R] ¥R BE 1 2R 0 R A5 54 i 77 TBU
a7 i MDA 5Tt B IR e B 349 b 25 19 156 W)
KHIR S 5+ Wha KA A T ok gh w Pkt

FEBU AL 7 I, G Ak B AT L A 18 g R D aa
TE K &) B bt A Ak B CAT. APX, GR,
DHAR ¥, H bt A A6 W) it AsA Ji it B2 7R ik
JEE, DATITHE 58 K B R PR RE . R A
M2 A5 B 3R IBU 23 3 i A0 5 Ak B+ £ T 3a
SRR KA A LB SOD,CAT,APX,
GR.DHAR I £, BE Rt E ALY T AsA T i B
IRV BE S DT i 6 JBh 38 T 1 A %) 48 Ak e 3 i Ja
MDA J5i 5 B8 IR M B8 3 . 25 SR 2 0L Sk AT
LL3E I 1 5 4 v T AU Ak R G 0 B B RE ) T 4 e Bt
.

FEIB A VR 5 TSI B AT LR R
FOR A P 2R T Ak A, AT B R R oK
RGBS RE J1 . KA A R F 1BU Af
DA FRE o SR Ak B0 - R 3 Ak B I A A R

300 e AV A 2R B 0 DA TR 4 5 G 1 B )
75 Y419 RE 7 T 4 15 K 23 F- A

ST R T — i AR oA P B 9 Y IR T L
TR S R 5 TR BRI . E AR
B A8 R DU S A R R AT IR A 7= A . A
BIF 72 M) 25 B2 X 6 44 T 32 40 28 TR B SR T
DAV 3 R 38 T 35 K &0y v - e 24 5 T o+ 0 K
B 25N o 3 I R AT O L A A Tl R BT
Jo Jo 5k B JR e R I 35 o R ) o A g R DT
2% ER a0 R i BT A2 B AR 8 . B 2 S B
A R SN TR e B R b3 RE 65
I 2R T 1R S5 k3 S T X R ST SR T T T A L BT
S P o T R K W T B 1 R Y ) o O
PEAT IR . XU AR BT LA — 2B i S A
PR SO H 38 T DA 48 5 K I B SR
[ B, Al & B4R 30 K LaCly + 45 i R AR & 56
IR e B RAT B 25 5 (B G R AR Y 5
Wa) KN A 35 25 S e o 3k U L &S [A) A B9 B
Xt 2 ] T e J5E 1 o 7 A0 SRR A7 A B R S

B TRF R G A ) R IBU 8 35 0K 4y i
Fi R A R B i A PR AL SODLCAT VAPX,
GR.DHAR 7% £ HT 8 AL W) BT AsA 5t FE /K e
MR I R MDA J57 £ JB8 7K ¢ B2 2 35 388 o A= )
TR R R X UG R R A R A
i ) TBU X 50 A 8 81 25 ) 0K &) it 1y Bt 4k 1
HAT— 2 50 1) 28 90E W 2K ] R 2 5 A A Bl %)
K4y B IR B ER P Y R A
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Effects of Jasmonic Acid Synthesis Inhibitor IBU on Salt Tolerance of
Maize Seedling Leaves Regulated by Lanthanum Chloride

SHAN Changjuan'? and XU Xinjuan'**

(1. Henan Institute of Science and Technology, Xinxiang Henan 453003, China; 2. Henan Province Collaborative

Innovation Center of Modern Biological Breeding, Xinxiang Henan 453003, China)

Abstract Effects of jasmonic acid synthesis inhibitor IBU on salt tolerance of ‘Xindan 29’ seedling
leaf regulated by lanthanum chloride was studied. The results showed that salt stress significantly in-
creased the molality of MDA, the activities of antioxidant enzymes SOD, CAT, POD, APX, DHAR,
the molalities of antioxidant substances GSH and AsA and mass fractions of osmotic regulation sub-
stances soluble sugar and proline, and significantly reduced dry mass of plant compared with the con-
trol. Compared with salt stress, LaCl; significantly increased mass fraction of jasmonic acid, the ac-
tivities of CAT, APX, GR and DHAR, the molality of AsA and mass fraction of proline which resul-
ted in the decrease of the molality of MDA increased in dry ass per plant. The experimental results
further showed that adding different concentrations of jasmonic acid synthesis inhibitors IBU signifi-
cantly decreased the mass fraction of jasmonic acid compared with LaCl; +salt treatment, the activities
of SOD, CAT, APX, GR and DHAR, the molality of AsA and the mass fraction of proline resulted in
the increase of the molality of MDA and the decrease of dry mass per plant. These results indicated
that jasmonic acid involved in the salt resistance of maize seedling leaves was regulated by lanthanum
chloride.

Key words  Xindan 29; Antioxidant; Jasmonic acid synthesis inhibitor; Lanthanum chloride; Salt

stress
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