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1% 0.50.100,150 F1200 wmol/L NAC ¥ A6 B HEAT 10 Ab BRI 156 , e 240 2 100 pmol/L N Feil AMR AL BRVE FE , I
RGN T HMIE NAC X IS4 B AR SR A PR e Mp e o 7 5 PR 223k 2 e o 45 53R B, SR 100 pmol/L
NAC ARG T Fh Wit i3 4l i AR K & T A9 HIE T, ELAME NAC AL FRFEAR T 3R Mk b L350 nT i MM A 2
R AR B A A T Na /KBRS o TRIA, BT b b 3R F a8 rh MDA & i, 9 T AR i Uk 403 ; 0F LAl
AU SIS 5984 POD .SOD Ml CAT B i 4 , 353 05 M AUE BRAE 7T o qRT-PCR AT s, 3 WM3E T, BaRD29A |
BnCAT2 %5 Wy 16 15 7 5 DX 7 9t 28 b _L 350 s b R 35 e L3R, 1M AR NAC b B AT LUA 8 2 R AR AR BE o &4 L 4N
NAC T P88 BT Y AR 8 A5 B8 A0S Rt A Ah B A K Joly 6 i) 17 356 PR 93 45 22 FEAIL ) , BIp 7] 2% ik ik

X A 15
EgR  H AN ST W s N- O B -L—E e &R s TH A B TR S
FE 5>k 5 :5565.4 SCHRARIAAD - A XEHS:1007-9084(2026)05-0087-14

Exogenous N—acetyl-L—cysteine alleviates salt—induced damage in Brassica napus L.
JI Xiang', FAN Shi—hang', HU Jing', FU Zheng—wei', HUA Wei'*

(1. Oil Crops Research Institute of the Chinese Academy of Agricultural Sciences, Key Laboratory of Biology and Ge-
netic Improvement of Oil Crops, Ministry of Agriculture and Rural Affairs, Wuhan 430062, China; 2. Hubei Hongshan
Laboratory, Wuhan 430070, China)

Abstract: N—acetyl-L—cysteine (NAC), a sulfthydryl-containing small molecule, effectively scavenges excess
reactive oxygen species (ROS) that accumulate in plants under abiotic stress. However, its regulatory role in salt
stress responses in rapeseed remains unclear. In this study, salt stress was imposed using 150 mmol/L. NaCl, and a
eradient of NAC concentrations (0, 50, 100, 150, and 200 pwmol/L) was applied in pretreatment screening, leading to
the identification of 100 wmol/L as the optimal exogenous concentration. The effects of exogenous NAC on growth
phenotypes, physiological traits, and stress—responsive gene expression were systematically evaluated. The results
demonstrated that exogenous application of 100 wmol/l. NAC significantly alleviated the inhibition of seedling
growth under salt stress. NAC treatment reduced the accumulation of salt—induced soluble sugars and proline in
shoots and effectively maintained Na'/K* homeostasis. Moreover, it decreased malondialdehyde content in both
shoots and roots, thereby mitigating membrane lipid peroxidation. NAC also modulated the activities of peroxidase,
superoxide dismutase, and catalase in a tissue—specific manner, thereby reinforcing ROS scavenging capacity. qRT-
PCR analysis revealed that salt stress significantly upregulated stress—responsive genes such as BnRD29A and Bn-
CAT?2 in shoots and/or roots, whereas exogenous NAC treatment significantly attenuated these changes. Collectively,

these findings indicate that exogenous NAC alleviates salt—induced damage in rapeseed through multiple coordinat-
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ed mechanisms, including modulation of osmolyte accumulation, maintenance of ion homeostasis, enhancement of

antioxidant defense, and regulation of stress—responsive gene expression.

Key words: Brassica napus L.; salt stress; N—acetyl-L—cysteine; reactive oxygen species; ion homeostasis
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Table 1 Experimental treatments

Kb B Treatment AL FE 7% Treatment method
CK FEAK 22 B IR Hoagland solution
FEHE 2 B IR+ =N 50 pmol/L NAC
CKN50
Hoagland solution + 50 pmol/L. NAC (N-acetylcysteine) at 3—leaf stage
AR 2 E TR A 100 pmol/L NAC
CKN100
Hoagland solution + 100 wmol/L. NAC (N-acetylcysteine ) at 3—leaf stage
FEHE 22 B SR+ — A 150 wmol/L NAC
CKN150
Hoagland solution + 150 wmol/L. NAC (N-acetylcysteine) at 3—leaf stage
FEHE 2 B IR+ =M A 200 pumol/L NAC
CKN200
Hoagland solution + 200 wmol/L. NAC (N-acetylcysteine) at 3—leaf stage
sA AR 22 E IR HIIA 150 mmol/L NaCl
Hoagland solution + 150 mmol/L NaCl at 5-leaf stage
SANSO FEAR LB TR+ = I 50 wmol/L NAC+FL A 150 mmol/L NaCl
’ Hoagland solution + 50 wmol/L NAC at 3-leaf stage + 150 mmol/L NaCl at 5-leaf stage
SANI00 S 2L EFR = IIINA 100 wmol/L NAC+FLITWIILA 150 mmol/L NaCl
Hoagland solution + 100 pmol/L NAC at 3-leaf stage + 150 mmol/L NaCl at 5-leaf stage
SANISO TR 22 B IR+ =TI 150 pmol/L NAC+FLHHIILA 150 mmol/L NaCl
Hoagland solution + 150 wmol/L. NAC at 3-leaf stage + 150 mmol/L NaCl at 5-leaf stage
SAN200 FEH 2L TR+ = MBI 200 pmol/L NAC+FLH I A 150 mmol/L NaCl

Hoagland solution + 200 wmol/L NAC at 3-leaf stage + 150 mmol/L. NaCl at 5-leaf stage
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Ry i 5 e U NAC A0 it FH ¥k B2, 15 ' 0.50 .
100,150,200 wmol/L 3t 54~ NAC ¥ BB &, 43l 7F
X FE (CK) F1 150 mmol/L NaCl i3 (SA) F &b 3 it
B ) S = i G O e = O 1| SO
R R AR K 3L 6 A K bR
SRR (E ) FEX AT, 5 ARt H NAC 1Y
b BEAR FE , 45 MR BE NAC Ab B35 AS ) AR B 4R = 1 3
B T OB O 3 s s N 1 1 s R
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Table 2 qRT-PCR primer information

31415 B Primer IS5 -3") RS
Primer sequences (5°-3") Base /nt
BnTMA7-qF TTCCTGTGTTTTATCCATGTAGCC 24
BnTMA7-qR CAGTCACTCTCCTACGAACATGATAG 26
BnCAT2-qF ACTCTCTAGCCGTTGTCCCT 20
BnCAT2-qR TCCAGAATCAGTGCCCAACC 20
BnP5CR—qF GGGTTCATCGGAGCTGGAAA 20
BnP5CR-qR GACTTCATGGCGATCGGGAT 20
BnNCED3-¢F CAAGCTCCCGGAGATGATCC 20
BnNCED3-¢qR CAGAGGTGGAAGCAGAAGCA 20
BnDHAR1-qF TCAGCCAACGGGTTCTTCTC 20
BnDHARI1-qR CACCCACTTGTCGTCGTTCT 20
BnP5CSA—qF TTGGCTCTTGGTCGCTTAGG 20
BnP5CSA-qR GCTGAGGCTTCTGGAGATCC 20
BnRD29A-qF GAGCCCTCCCGAAGAAACTA 20
BnRD29A-qR TGAACACCTGGATACGAGCT 20
BnRD29B—qF AGAAACTGCATCGCCTGTGA 20
BnRD29B-qR AAGGGATCTTCTCCTCGGCT 20
BnP5CSB-qF GCGCTTTCACCAAGAACGTT 20
BnP5CSB-qR ACGAAGCCTTTGACGACCAA 20
BnLEA14-qF CCGGGAAATTGGAAAGGGGA 20
BnLEA14-qR ACGTCTCGAGCCAAGTTGAA 20

HERCN A BT s . Hor, 78 100 pmol/L #h i NAC
b B SR AR A T X R - SR A EE N 67. 6%,
Hiy 1B E 0101, 5%, F ARG 38 0 6. 8%, Hb
T A N 24, 1%, Mo T B EH G N 54. 9%, iR
K I 26. 5% (E 1B-G ). #E 150 mmol/L NaCl £ iy
TEALFETR R b S A A AR KR B A
b, S8R it i NAC J5 4 A= K 48 A5 AH 38 F T 40 IR
NAC T80 B SR oy 160 A B 20, SHC 0 o) 1 2 ¥ 45 31—
FERRPE M A, Horp b [ R F R R R
b S R T AR K Y B NAC VR BE Y 1 &
PTG B a3 . 7E 100 mol/L NAC 4b ik
RN FaE NS MBS TR 38 ) B2 b 1 s
N 123. 3%, #b L&+ T30 218. 9%, T I Hh
K I N 35. 1%, #0685 4 0 63. 1%, 1 &6 1
AN 108. 1%, MG 42. 1% (E 1TH-M) . XWLH
R ESIER GRS NAC ¥k BT
TSN b FREE R (P<0.0001) M T 35 8 (P
<0.0001) 55 ¥ 7E 78 5 35 () 28 BN, BEIH NAC X
EAN )12 N ST 4] B e o O LB iy G A [ IR R =N I B e
MIFETE . 25 Lot s SRR, SRR 100 pmol/L NAC
Qb B R LA 528 A Tl 3 69 3 A K R B R I
YEHL

2.2 SMENACXHEERTYRRENZI
GRS w N 8=y R/ RN AT B S i ih
BT, LA VR A0 B i B AR R AN iR R
07 T A T EAE | R A A 0 R i Y S S S
NEAILH o ASBIFEI A T AN (] Ah 38T I S R
IS 0 AT AP R R ) % i A5 SR R 2 B
N ATV E M L R b T S AR Ak A
(e RN ) SIE R A8 N i 5 = € 5 O s 2 )
AL BE R AT MRS OO0 IR T 41, 6% %k
Joipi T ARG NAC J5 , ATV P AR o 2 58 S 3 1
AL FEREAG S, 8% (1 2A) o FEHL T &8, blpaes Ak 2
T AT T RN BT 6. 6% ; R W aE T AR
Jiti F NAC I , Al a0 B A oot 6 e b 3 RIS
1.4% (K 2C) o R T 2085 R R W, #h T3
AP B 32 SRl S0 (P<0. 0001) \NAC 3
BN (P<0. 0001) LA K £8 B 38 5 NAC 28 B 800 (P<
0. 0001 ) A fb 25 52 M) 5 1 T 35 0] 5 MM 5t IR FE 32
£ W 38 3 8% (P<0.0001) . NAC F &% S (P =
0. 0004 ) A K £5 i3 5 NAC 32 5 AW (P<0. 0001 ) H
S EERZ R, U B NAC X AT i PR AR SR A I SN AR
R e . BRI Eh an s S
SEH ORI R T R A LR AN NAC Ak
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SXF HE s B=G: AN [ e BE NAC &iiﬂxt%....ﬂﬂj_ﬁm%zt i&t*ﬁfﬁii i&L*HE ?HMHJ
YA s H-M : AN [A] 3 JEE NAC AR BEXT 150 mmol/L NaCl JJrif i 4l s B d B3 1 L N ARG
108K (n = 30) 5 AR FREF R ZWUIK 5 225087 Tukey Z 5 LK IAE P <

Note: A: comparison of growth morphology of rapeseed seedlings treated with exogenous NAC at different concentrations; B—G: effects of different con-

centrations of NAC on shoot fresh weight, shoot dry weight, hypocotyl length, root fresh weight, root dry weight, and root length of rapeseed seedlings un-
der non—salt stress, respectively; H-M: effects of different concentrations of NAC on shoot fresh weight, shoot dry weight, hypocotyl length, root fresh
weight, root dry weight, and root length of rapeseed seedlings under 150 mmol/L. NaCl stress, respectively. For morphological parameters, 10 seedlings
per treatment are randomly measured (n = 30). Different letters indicate significant differences among treatments (P < 0.0001, two—way ANOVA); Same
as below

El1 NACHER EhBME Tilk4 EHRE R

Fig.1 Phenotypic indicators of rapeseed seedlings under NAC treatment and salt stress

PG b PR TR B S e s Ak 2R e
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AR A S Tedb B, $hhin B 252w 1
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AR 8 AL B, (H R T AR NAC A 33K % R (18 2B)
FWI NAC XL i T i LI = iR A A R B A —
JE AR E Y I 55 300 . FEML T AR, S b AR L B
i8N NAC A 2 i 20 I 5 g 1 B R da Ak
B, O BT A Ak B A e e (T 2D) , R W NAC 3 1 8
e S T T AR A AR R . W R 5 2253
Praf R R, o b 2 o5 1 2 2 Wl =200 (P

<0.0001) .NAC F 5% 1 (P<0.0001) LA K £ 38 5
NAC iﬁ&ﬁzﬂj(ko. 0001 ) A f 25 52 Ml 5 i i 2=

i [A]FE A2 £R 3 323500 (P<0. 0001) \NAC F5K
ﬂj <P<0. 0001) LA J i 38 5 NAC 3¢ B8 (P<
0. 0001 ) 1 &k 2 52 A , i — 20 5L T NAC X} il 2 2
TR 4 B AT A SURe S, HL I8 42 2800 A
TR E sREE . 2 L, Ehhaa T LIS S S 1
G N T B G Y QN A R A 1 i
Ve AR S B R E NAC AR FR 5 T B, i T 350 i 2
#E— 20 (] 2D). 3X R W] NAC Ab BT DL i F
RAE P X695 375 98 15 40 o RH B2 R AR , A 1T B 4 e )
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Fig. 2 Contents of osmotic adjustment substances in shoots and roots of rapeseed under NAC treatment and salt stress
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Fig.3 Ion homeostasis in rapeseed under NAC treatment and salt stress
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Fig. 5 Antioxidant enzyme activities of rapeseed under NAC treatment and salt stress
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