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8 ZE N T Spd CIERS RO R /IS IZE 1 3528 BRHLHT , 358 FH /N 3 AR, 385 75 2705 97 1R 96 7% 70 -1 s
Jiti 0.4.0.81.2.1.6.2.0 mmol - L" Spd ¥ 100 mmol - L' NaCl #E3 E it 2648 & /N A4 4E K AsA-GSH (FiE 3R
R3O PG IR S AR KI5 . 45 5232 0, NaCl il &3 i/ (4l i i 4 K DL S AsA-GSH 138 V&R
B IER 2% . ML T HA WK E Spd, 1.2 mmol - L' Spd /N 134l 1 NaCl i 38 1 28 i 35 T e £, BE B B R AIG
MDA & 5, S 35 8 N4 B A s AR | SR 6 5 B A 5 B BB AL 2 3R TT AsA-GSH 1EFF th i A AL 7 (AsA .GSHD
PR APX S5 CBERETE T, ASA/DHA F1 GSH/GSSG LUAE#E NT AbHE 4 B E 38 T 15.93%F1 6.08% ; E i 3 12
FEAR W BB S M NRNIR.GSGOGAT Fl GDH 1% PE%¢ NT A #7351 B BN T 57.09%+28.47%127.01%
28.79%F1 37.56% , £ 1 NOs -N HIMR LAk . 25 L ik , Wit i&E B R FE Y Spd (1.2 mmol - L) R i 19558 AsA-GSH
EIR B R ARBR IR T /N 1 SE h T  id E  75 2800 4% NaCl b 38 X 40 i K 48 A 05 35 5 AN R BB AR A K

R$IF: /N E 3K Spd s NaCl il s 42K s AsA-GSH i3 s ZAR T
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Effect of spermidine on the growth, AsA-GSH cycle and nitrogen metabo-

lism of Brassica chinensis L. seedlings under NaCl stress

ZHAO Xiaoqiong', LIANG Taishuai’, ZHANG Henghui'

(1. Department of Environmental and Safety Engineering, Taiyuan Institute of Technology, Taiyuan 030008, Shanxi, China; 2.College of
Pharmacy, Shanxi Medical University, Taiyuan 030001, Shanxi, China)

Abstract: In order to clarify the salt-tolerant physiological mechanism by Spd-regulated of Brassica chinensis L., a nutri-
ent solution culture experiment was conducted to explore the effects of foliar-spraying different concentrations of spermi-
dine (Spd) solutions (0.4, 0.8, 1.2, 1.6 and 2.0 mmol - L'") on the growth, AsA-GSH cycle and nitrogen metabolism of
Brassica chinensis L. cultivar Shanghaiqing under 100 mmol - L'' NaCl simulated salt stress to clarify the salt tolerant
physiological mechanism regulated by Spd. The results showed that NaCl stress obviously inhibited the growth,
AsA-GSH cycle and nitrogen metabolism of Brassica chinensis L. seedlings. Compared with other concentrations of Spd,
1.2 mmol - L' Spd had a better alleviation effect on NaCl stress, significantly reduced the contents of MDA and increased
the plant height, root length, fresh weight and dry weight of the seedlinh. Spd at 1.2 mmol - L' significantly promoted the
contents of antioxidants (AsA, GSH), the key enzyme activities such as APX in AsA-GSH cycle and the ratios of AsA/
DHA and GSH/GSSG by 15.93% and 6.08%, compared to NT treatment. Moreover, 1.2 mmol - L' Spd significantly im-
proved the activities of NR, NIR, GS, GOGAT and GDH in nitrogen metabolism by 57.09%, 28.47%, 127.01%, 28.79%
and37.56%, respectively, compared to NT treatment and thus to promote the absorption and transformation of NOs -N.
In summary, foliar-spraying appropriate concentration of Spd (1.2 mmol - L") can improve the salt tolerance of Brassica
chinensis L. seedlings by promoting the AsA-GSH cycle, nitrogen metabolism and reducing the oxidative damage, thereby
increasing plant growth under NaCl stress.
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WRIEIE A & o 2 PE IR A S o v A o
RAEEE B2 KIERE N EZY. TFER,
5 Rt i SR ARk TR RO R AN R R AR AN
B it T B g A R AR R
20 T /)N S 5 it i e R 3 1R AT Rk R ER
FBEMT MU REETEEMNSEME, T
SR Y 20 A I T S (ROS) L FE AR B, B8R 1 4 i
JEEGERE, PUEL 7R I AR A AE KR E
3G B EYI = g b I IR AR R T/
1SN 8 1 R8s 45 S AR BRALA) 5 T 3R L
F ) A B

VA e (Spd) A2 HEH ) 4k N L B — il 2 Jig
(PAS) P51, LA B 3 55 TE A7 AR T 4F SR B A
FLR I, Spd A& W) AR A Py B e G B ) AR K
A, —RAE NE AR YR, — 2
VENIEAE 5 7 SR R S S5 by
(PR, [l T ER SO ST SR B, T Wi Spd BB 6%
8 55 e R I 2R A AR R O B T £ 3R
I 2 Nl 1 3 A B 0 40 T ) P R R e T
i A o Al 55 S5O TR I, 1.2 mmol - L' ) Spd fig
BEHR TE T T A T A Al B 1) S AR BB
A JOT R A R 2 R = P R A 1 A
T 5 iAo Al e G A 5 o ol A
W LR B AMIE Spd BE %2 1 B 4 8 i 8 7K G
Tl RV A e S B AR S I D 7K 8 40 2 FHAR 22 6T i
(IR WA SR AR, SR AR Ao KB B 55 A8 . H A, R
T Spd %F NaCl JHpié '~/ B 3 40 i 28 K Bk o
PR -5 I H IR CASA-GSHD 18 38 B AR 52 A R B 72
AR WARE . R, 5 DL BN B3 il
I IR G IR IR AR T AN IR A RV BE Spd Ak B
X NaCl i~ /s A4 i A K AsA-GSH 30 &
AR BL I, 97 126 HY Spd 1 e R I R, H o
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PRE /N F R AR A T T E R Rk AL
W FCT ;s Spd W B _Eilg SRR A R A H
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FIRHATBL A W PO — U 2 1 1 O /NESE
LR E M T35 F 1/2 Hoagland & 37 (2 L)Y
MR, 221 3 d JE KR A R LI E 7 A
WEFE (R Do Horr, B4 100 mmol- L NaCl [¥)
B IR SR E , R A e e R AL T, BEALEE 12
PR,3 IRER . &K 9:00 [7) - [ W it 25 14 /K 5% Spd
TS, AR P T4 R D 0k AW 10 d 5
BRI € /N I SRR AR 1) 2 THE A o

F1 HWAERE

J oSt ¢(NaCD/(mmol-L™) c(Spd)/(mmol-L™")
CKCHFHED 0 0.0
NT 100 0.0
NT+0.4 Spd 100 0.4
NT+0.8 Spd 100 0.8
NT+1.2 Spd 100 12
NT+1.6 Spd 100 1.6
NT+2.0 Spd 100 2.0

1.3 MNERFRFAFE
13.1 A K4 2R HE RN E D3R8
PIRR AR, B 02— B RSP E R B R i
105 “C L2218 57 & J5 - I BT .
132 vt h A4 N (MDA, B QE b %
R R A B M R R I JEU Bl (NR , 35 AR 922 375 1k 1 il o
2 08w R R T 2% 5 AsA-GSH 1 24 471 48 1L 71
AsAGSH, S L IE J5E P 5 it A PR LR (DHAD , 44
LA B H K (GSSG) Fr & e S BB HT IR 1ML R it 4
A CAPXO « FL B S PTA LR A4 )5 B (MDHARD
it S0 0 1ML 8 3E JR i (DHARD « 24 b H Ak 38 J5 il
CGRO 5 1 [ 52 F2 HERX 1 B0 S50 R AR J7 5501
i AR (NOS-N, &4 k) BB A
(NH.'-N, 50870 6320 & &8 SO AH BRI J5 B (NiRD
B Z A R (GO WM E 2% BB R
U5 R A U (GOGAT) 4 & 1% it A il
(GDH) & R & 2 W8 42 7k M 0 7 ik 44
PRl e 3 IKEH .
1.4 HEBRS R

ik WPS 2019 Al SPSS 19.0 #1413k 47 B4 4k
HAG T 8T

2 R

2.1 Spd ¥ NaClBhE T/NERMEEKFN
H 2 2 A0, NT ALEE 52 3] 1/ [ 2240

AR K, Rk AR L R B T =R T R B CK

SRR T 23.36%128.36%+25.15%A1 40.91%. %
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A B, 55 Spd A NaClJHME /N SN AR K AsA-GSH A & R 52

X BT HF 5T

Jiti Spd fit N [F) 2 5 22 /iR NaCl il /s - S 4 1 1)
K, BRI 58 Spd Ik FE R34 N e 7 5
B, NT+1.2 Spd AL 1) /)N F 32 40 ik v AR A L Bk
E R AR NT A 5 & W T
23.05%+33.27%-+25.41%A1 53.85% , H41lE e K.
F 2 Spd X NaCl frB T /NEELSHEEKHFI
BRI ST
g
CK 10.53+0.31a 7.30£0.20a 3.26+0.05a 0.22+0.02 a
NT 8.07£0.15¢ 5.23+0.31d 2.44+0.06e 0.13+0.01 f
NT+0.4 Spd  8.50+0.26 de 5.67+0.21 cd 2.68+0.09d 0.15+0.01 ¢
NT+0.8 Spd  8.93+0.15d 6.47+0.06 b 2.82+0.08 ¢ 0.17+0.01 cd
NT+1.2 Spd  9.93+0.35b 6.97+0.15a 3.06+0.07b 0.20+0.01 b
NT+1.6Spd  9.43+0.40c 6.47+0.35b 2.84+0.04 ¢ 0.18+0.01 ¢
NT+2.0Spd  8.63+0.23d 5.77+0.38 ¢  2.76+0.08 cd 0.16+0.01 de

R R/ NG FRERIRTE 0.05 KPR 3. R,

pGSE P =i/em A /em

2.2 Spd X NaCl 8 /B 3 4 & 5 MDA #A
AsA-GSH fEIEX YR 2 ERIF2 D

ME 3 ATLLEH, 5 CK fHE, NT &2 T
MDA AsA. GSH. GSSG % & /& AsA/DHA.GSH/
GSSG b ) 2 1 0, 0 0 8 1 87.37%
28.57%+35.90%.12.50%411 18.71%.14.51%, ifj DHA
FEAHE ., NaCl i~ , MDA & & i %
Jiti Spd < JEE (1) 38 i %6 % J5 7t , 1 AsA DHA.GSH.
GSSG % M AsA/DHA .GSH/GSSG LU 1H [t 25 55 fti
Spd W FE RIS InseTHE % . 5 NT #HEL, NT+1.2
Spd 4 # ff) AsA.DHA .GSH.GSSG 5 & [t AsA/
DHA . GSH/GSSG LA 73 il i 2 39 00 1 37.96%
22.22% + 33.96% « 33.33% Al 15.93% . 6.08% , 3 i
K51 MDA & & &% TN T 47.18% , M 1E &
Ko

%3 Spd %t NaCl BB T/ A4 & B MDA #1 AsA-GSH BB XM RS /50

wn e T T e e 0 oo
CK 2.93+0.20 ¢ 0.84+0.06 ¢ 0.17+0.022 d 4.97+0.33 ¢ 0.39+0.02 0.08+0.003 f 5.03+0.07 ¢
NT 5.49+0.15 a 1.08+0.03 d 0.18+0.005 cd 5.90+0.18 b 0.53+0.02 ¢ 0.09+0.006 ¢ 5.76+0.18 b
NT+0.4 Spd 5.00+0.09 b 1.21+0.02 ¢ 0.2040.001 abc 6.13+0.12 ab 0.594+0.01 d 0.104+0.003 d 5.87+0.32 ab
NT+0.8 Spd 4.32+0.14 cd 1.37+0.05 b 0.2140.024 ab 6.50+0.53 ab 0.66+0.01 b 0.11+0.002 ab 5.96+0.01 ab
NT+1.2 Spd 2.90+0.09 e 1.494+0.06 a 0.22+0.003 a 6.84+0.35 a 0.71£0.02 a 0.12+0.002 a 6.11+0.08 a
NT+1.6 Spd 4.18+0.11d 1.35+0.03 b 0.2040.015 abe 6.61+0.47 ab 0.63+0.01 ¢ 0.11+0.002 be 5.80+0.04 b
NT+2.0 Spd 4.53+0.19 ¢ 1.21+0.02 ¢ 0.19+0.012 bed 6.55+0.43 ab 0.60+0.01 cd 0.10+0.002 cd 5.80+0.07 b

2.3 SpdXf NaCl B T/NBE 34 &t i AsA-GSH
B X R

ME 4 LLEN,NT 28 5 E g7
AsA-GSH 1 4 Bl OB B 1) 35 7 , APX. DHAR.

MDHAR 1 GR & 8 CK 73 738 0 1 38.91%
22.08%+13.98%F1 16.54% . Wijfi Spd REAS [F] FE &
o 98 AsA-GSH 35 4 Fhoc BB 0 75 14 , HL3G 9
2 B Fif 45 Wit Spd < FE 0 389 I 26 )5 B, NT+1.2

£ 4 Spd ¥ NaCl friEB T/hAXRSEM K AsA-GSH B3R % 2E6:5 148 2210

JOBL APX i5PE/(U-mg" - min™) DHAR % 1/(U-mg"' - min™) MDHAR ##£/(U-mg'-min")  GR §%/(U-mg" min™)
CK 10.23+0.37 ¢ 17.71£1.20 f 137.44+5.68 ¢ 71.03+2.20d
NT 14.21+£0.22 d 21.62+0.97 e 156.65+5.79 d 82.78+2.29 ¢
NT+0.4 Spd 15.70+£0.28 ¢ 23.68+0.78 cd 166.08+5.47 ¢ 85.15+3.83 ¢
NT+0.8 Spd 16.64+0.50 b 25.47+0.68 b 174.6246.88 be 91.48+1.65b
NT+1.2 Spd 18.21+0.30 a 27.11£1.00 a 192.23+2.66 a 98.24+3.57 a
NT+1.6 Spd 16.92+0.37 b 24.98+0.71 be 180.97£1.70 b 91.84+2.76 b
NT+2.0 Spd 16.43+0.57 b 23.19+0.74 d 167.43+5.68 ¢ 84.90+2.23 ¢

Spd 4t # ff] APX.DHAR.MDHAR #iI GR 3 4
NT A B 53 5 5 30 T 28.15%25.39%+22.71%
H1 18.68% , Wil 5 K.

2.4 Spd*fNaCliMET/hEXRSEMHFRNEH
=AU

&S EAER, S5 CK i, NT 48 T

NO; -N & & [ NR.NIR.GS.GOGAT jif £ 43 7l &
F AL T 27.70% Al 38.11% - 30.66% « 58.10% -
27.18%, 1l NH,-N & & & GDH &% 73 1) i 2 5
T 53.70%7F1 23.41% . Wil Spd e A [F)FE A 12
NO;s -N & & R BARYS 5 FhOCERg s 14, HIg AR
b5 Wt Spd W< FE (39 I S 7t ) B NT+1.2 Spd 4k
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hoE R $35%
5 Spd Xf NaCl BB T/ hAZFEM /ARG R0
fs w(NOs -N)/ b(NH"-N)/ NR i/ NIR V& £/ GS i/ GOGAT %%/ GDH i1t/
(ug-gH (pmol-g™" (pg-g'-h")  (ug-g'-hH (pmol-mg" min")  (pmol-mg"'-min") (umol-mg"-min™)

CK 105.93+£12.47 a 79.52+£5.62 ¢  4.33£0.20 a 12.46+0.47 a 3.27+0.14 a 142.85+6.24 a 45.45+£2.04 f
NT 76.59+6.75 d 122.22+6.12a 2.68+0.13 ¢ 8.64+0.58 e 1.37+0.11 d 104.02+5.11 56.09+2.66 ¢
NT+0.4 Spd 89.08+4.71 ¢ 116.52+4.75a 3.11+0.11d 9.51+0.51d 1.94+0.18 ¢ 112.83+2.72 ¢ 60.43+1.74 d
NT-+0.8 Spd 95.94+2.86 abc 96.44+4.53 b 3.62+0.06 ¢ 10.58+0.45bc  2.56+0.10 b 125.6943.43 ¢ 66.10+£2.64 ¢
NT+1.2Spd  101.56+2.86 ab 86.48+4.67c 4.21£0.10ab  11.10+0.51 b 3.11+0.11 a 133.97+44.01 b 77.16+£1.68 a
NT+1.6 Spd 94.07+2.86 be 103.08+7.08b 4.02+0.13 b 10.16+£0.18 cd  2.62+0.13 b 123.974+5.41 cd 72.41+£2.51 b
NT+2.0 Spd 85.33+3.90 cd 114.63+3.56 a  3.44+0.09 ¢ 9.35£0.32de  1.78+0.08 ¢ 116.45+2.70 de 63.11+2.28 c¢d

FE ) NOy-N & & M NR.NIR.GS.GOGAT.GDH
PR ONT A B 23 ) & 2 38 T 32.60% Al
57.09%-+28.47%127.01%28.79% 37.56% , & I f%
K10 NHS-N 75 8 35 AR 29.24%, B TR AR -

3 e i

A ) ST AR A A ) T O R i 1 25
S, BAEPITE 4 v B 3k 8 SO U A
156, 100 mmol - L' NaCl fria R /N F 3240 T 1Pk
T AR K B R B T R 5 ) S PR, B
NaCl I X5 /s S SI) EAEAR 1 AR = A A 8N
7 P T 5% it 0.4.0.841.2.1.6.2.0 mmol - L' Spd V&1
REAN [F) A2 B2 Hb 23 NaCl il R/ (A SEZh i AR K
ARWL, 3L 1.2 mmol - L Spd AT NaCl il R/
IS4 8 AR K I R B L X 5 g R A5 R AR
75 SR T 2 R

ER A SR ROS FH 2B I 35 1 i 5
KT ERE I E AL ) MDA )77 4, H MDA 3
R E R LA DAE N PE R B B A P R
FITH 52 P () S B FE AR, AsA-GSH I3 & A8 7 14
N EZ AR RS E R RS, R EE L LA
7 AsA.GSH PA J X Bl APX.MDHAR.DHAR,
GR 3% [\ /& F 4 7 40 B 1) 5 4k 38 T i s
AsA-GSH fEHM A, APX 4L AsA Al HO, B AE B
MDHA Al H,O", &5 MDHA 1 i i 35 i {2 B¢ 4k,
J B3k — B %4k 4 DHA, ifif MDHA A1 DHA #] 3
%)iE i MDHAR A1 DHAR 1k 7245 4 AsA™, [H]
fif GSH 7E DHAR {4k~ 4= 5% GSSG, GSSG W] 7
GR fi# ¢ ™ & # ¥ i GSH"™., 1t 4, AsA/DHA.
GSH/GSSG b AE 7T LA sz B AR 40 20 S PN 1 8 0 o i
WA, BB HE DU R W EEEF S, Rk
I AN\ N e NI 128, L DU i
AsA-GSH i I 1) PT A AT 2 52 A0 DG B B 1% 1 oK By
AR AR R P9 11 S8 A P o A6 49 3 250
45, NaCl [Pl ™/ F 40 i i MDA B R &2 9
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BT CK, U8 NaCl e in ] 17 /s (A 22407 i
RS A, [FIIN SR T AsA-GSH S BLA L &
g, L ERICAPUAAF (AsA.GSH) Al GSSG %
2 A IE JFUIR A5 (AsA/DHA . GSH/GSSG EbAE)
Kt B APX.MDHAR.DHAR . GR 3 1 & 42 5
W 16 % it Spd ¥ R AT E — 2P 52 F+ NaCl il ~ (1)
APX.MDHAR.DHAR.GR i £ , 4 &5 /8 2k 74 3 55
KT T AL 77 (ASA W GSHD 75 B K S8 AL 8 JFUIR
75 (AsA/DHA . GSH/GSSG HE) , f#iF ASA-GSH
T8 R0 = U2 AT, NI i B MDA 3 B 2R
Ao Horr, PAWEHE 1.2 mmol- L' Spd &I NaCl i
IR /NASELE A AsA-GSH JE3R 1135 47 35050 i
o

FACH SR MR N S ) AR s R 2 —,
A3 NOy-N HI NH,-N PR & L HL A BIE SR | [F]
A AR P25 55 B2, NR . NIR.GS.GOGAT Al GDH
2 BRI AR I DGR B, T AT 1 e % I AR
PREVE FRR A B K FA K. A, NR & NOy
I J5P U T R B G W, B7 T A NOY IR R R
NO, ,NO, £ NIR 4k 5 NH,', 7= 4 ) NH, I
RN NH, R L% ; GS /& NH.' [/t GS/GOGAT
A2 (95% A 1 NHL Il & 2347 NHL R4
55— B S, AL NH, A2 &R E A & e
[l , SR 5 A3 2 W i A o 1 BRAE GOGAT AL T
¥ AR : GDH & 75 — 2% NH. [Rl b ik 1% 1) < B
M, 1L NH-N A1 o- B 2 — 1R 4 & T2 A &
FRPY BTSRRI, AR 3 B A 2 I
BAE W) B AR G B Bl i 12 52 Vo) A A0 s 6
PE, HREEALE] R P RIAEAE 2 . AR
R 45 B oR, NaCl i8R 7 [ 22 % 1 ik
NO; -N % & ¢ NRNIR & M35 82 2 AR, Ui B AR
X NOy -N IR 12 DL J NOy 138 Ji7 52 241,
M NH,-N LR 2 LI EE & T CK, KR AEK
TE J NH, "8 3 200 5 [FII GSGOGAT 3 14 % CK
S E U5 , 1 GDH ¥& 4 & 35 38 5% , 2% B NaCl g
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A B, 55 Spd A NaClJHME /N SN AR K AsA-GSH A & R 52

X ISR 5T

SHUNAZE NH [R5 & A 2502 , GOGAT/GS i
129859 , GDH & 12 N5k , iX 5 4 7K b 521 /0 9k 5%
ST LA R — . Wik 1.2 mmol - L' Spd ¥
TR BE 2 35 B 0/ F SRS I AR NOS-N & & K
NR.NIR.GS.GOGAT.GDH 3% % , ifij f& % NH,"-N
i, U Spd BB AR R AR A N NOS-N 19 5
LA S NOs I8 5, $3 [F] 0 58 GS/GOGAT 8 42 Al
GDH #4255 NH, [ A4k , AN T 22 f# NaCl g 51 &
(NS BRI KW -y

25 F Tk, 100 mmol - L™ NaCl e % /)N 32 4)

T ) 2B AR A AR B R ) SRS, I TRT i Spd ¥

TEANFIFEFE AR T /N A 2401 X NaCl i & B

AR, A, 1.2 mmol- L Spd ¥ % /)N 3% Na-

Cl il 38 1 2% fift 20 B ££ 5 Re % a8 ok 18 o A ok 1)

ASA-GSH 7538 K B AT, B E 5 i 8tk K F, 5%

LRI AR NaCl e N/ AR A K

S 3k
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