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Abstract: To solve the present situation of low boron and high cadmium in dryland soils and
increasingly serious cadmium pollution in vegetables in southern China, in this study, we chose the
Guangdong specialty vegetable Chinese flowering cabbage (Brassica parachinensis L) as the research
object and performed to study the regulatory effects of exogenous boron addition on its growth charac-
teristics and cadmium absorption. The vegetable physiological mechanism of boron regulation under
cadmium stress was also explored from the perspectives of antioxidant enzymes and AsA-GSH cycle
key enzyme activities. The results showed that under 5 pmol/L cadmium treatment, 20 and 50 wmol/L
exogenous boron addition significantly increased the plant height and root length of Chinese flowering
cabbage by more than 50%, and the aboveground and underground biomass was increased significantly
by 114.19% and 187.59% with 50 wmol/L boron addition compared with the 0.25 wmol/L boron. The
results indicated that appropriate application of boron supply would effectively alleviate the cadmium
stress on vegetable growth. Additionally, the addition of exogenous boron as 10, 20 and 50 wmol/L
could reduce cadmium absorption to 24.0% in the aboveground and underground parts of Chinese
flowering cabbage. We also found that there were differences in the activity changes of antioxidant
enzymes and AsA-GSH cycle key enzymes with different exogenous boron addition under cadmium
stress. Overall, it can be concluded that the appropriate concentration of boron addition could effectively
improve the SOD, POD, CAT, APX, DHAR and GR activities of the aboveground and underground
parts of Chinese flowering cabbage under cadmium stress, to enhance its antioxidant capacity and
promote its AsA-GSH cycle, thereby reducing the stress effect and cadmium absorption. Accordingly,
screening suitable boron fertilizer categories and application rates would further achieve control over
the cadmium contents in edible parts of vegetables within their safe limits. This conclusion would
provide a scientific reference for rational application of boron fertilizer to ensure the safe planting of
vegetables on farmland soil with moderate to mild cadmium pollution.

Key words: boron; Chinese flowering cabbage (Brassica parachinensis L) ; cadmium; enzymatic
activity ; AsA-GSH cycle
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FET A48 P I)— DX o 22 b 5 Ak 52 it b B HL =
by A B R R S - D[R] R A 1 B 4 A T 2
T, BN R A B AR R A I . LY A 4 B
FEE GBI Y TR AR R 515 £ (Sun et al.,
2013; Lietal., 2021), Ht, F4REzisst i
T, FRARER ST, R BB 3 & P
FA D 3 I % JR 3 V)75 3K (Lan et al., 2023).

YR, 2 Fh il oo 2 A& 90T 1 & 15

HEBEZEMAEYHEN, A2 ERNEMbTER
) AF L 5 A 24, DA X HGOE AR B ) e R
TP A HRIE BOME) (Wu et al., 20165 Gui et
al., 2022) . R A K LT WMEITE, e
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Fig. 1 Effects of different boron treatments on height and

root length of Chinese flowering cabbage under cadmium stress
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Fig. 4 Effects of different boron treatments on activities of antioxidant enzymes and

AsA-GSH cycle key enzymes in the aboveground parts of Chinese flowering cabbage under cadmium stress
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Fig. 5 Effects of different boron treatments on activities of antioxidant enzymes and

AsA-GSH cycle key enzymes in the underground parts of Chinese flowering cabbage under cadmium stress
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Y 52 i R JH 455 5 3% X AR 19 W U (Huang et al.,
2022) . AHFGREE R, BEE SN IIG it 3
T, S b R b S 0 A R AT — R
B, HWREERFE T 7.78%~24.0%. 155 S 0F
g, k2 g A AR O 0 1S A I AE 2K
SV it e % S T A AR e R AR R B
i A REET

MY AEI A AEE T, RS B d SR AR
I A 2 KB, 1 SOD. POD.
CAT fE M H Y PR AL R G T B A 43, nliE
ok 3 I VR 2% g W 38 AE H (Li et al., 2022) . H
i, SODVENYIT A RGNS —ERIL, g
Y AEL Y R P ek ) e A 1 el R o % R A
1A AL S AE S (Pan et al., 2020) . POD fil CAT 5
SOD HA UMEIVEH , i i ¥ H b = ik S Ak
SRR A D i K AR, BHLLE X SE Y6
PESEFEAE YR P BB, DA IR/ XoF 440 it AN R 4
KI5 (Shah et al., 2012), ABFREERER, 5
AINEEAIEE, 5 pmol/L FA4b PR BE 32 10 3 Rt Atk
TR A= U S g 117) SER -1 I (I N i )
fity % 6 32 RT3 2 44t 1 ol O P DA 4 R S Y O
(A o0 (SO 0 7 N [ B R O R B T
FRAIHL T #A SOD . POD . CAT i Pk 5 14 K a3
X5 RLC T (2003 ) EF X AR R 0 9T 45 R — 3K
R AR FE 50 pmol/L 1S INT , 8% Hh LA ™

BB A 3 BT A AL BTG ARG B . U HOE
o EERI S, TSR0 2 5 W T A A S P
b O N R 1 U AR G R e ey | N 7Y =
T MPUEALRE T, R EREAE R N AT 1 AR
P (Riaz et al., 2018), Ml A fb i d, HEm
TSR B 0 P A HEST RE

FHk, TE AsA-GSH i 38 &2 4t i) APX, DHAR
5 GR3FOCHERIVET . IS5 8 AsA 5 DHAC
GSH Y5 GSSG B AL AL iy B oA B2 0 i S AL
Wb J5 N K M8 X (Ahmad et al., 2018) . APX J& LU
AsA S HL AR —Fh ol S A, Bt S S
XoF 3o AR AR AR T R R AsA B A B S 4 4 20 it Y
ROS R4S, AP N JL H 2 iS4k b i B
it AL Y 54 B (Gao et al., 2024) ; GR fi3%
AT B H K 8 AL (GSSG) ik & GSH, /2
AsA-GSH 1 ¥hrh 2 Bt 1k &0 5 240 B 3 (X
M55, 2021); DHAR ¥ GSH-GSSG it 5 AsA-DHA
% R Ok, 7E GSH #% 4% b8 GSSG iyt #2
DHAR BE# DHA i85k AsA, M5 AsA/DHA
12 A% (Deutsch, 2000) . A5 W~ , BEH -
Fh N 4319 APX DK i F 35843 19 GR 36 M7 5o b
18 TR TC AL PRSI 3, 1 R GRS A
DHAR ¥ M 76 4@ W 18 T % J0 4@ b BT B I8 F B
FE IS0 M -3 APX FI GR T 1 % i 36 B g
Y (P8 T ORI o O 1 B L 1 £ )
3 P AsA-GSH 1if 2 5 5 Bl 0 1 #0434 i i) e 45
s HE 2 WIS i v BE R 20 #1150 pmol/L B, 5 0.25
wmol/L B ES i Ak B fy il 3% MR 35 22 S W . R
AE A2 1E 3200 75 4 1P 18 PR 5% N il 2 0 5 AsA-GSH
96 BA A i 0 M O ok 3 AsA-GSH G M 30%, M
7 7 X 437 JUlk 381 BT & B 17 460 £k 51 43 (Singh et al.,
2020)
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PR, T 2 — A i 0 9 4 B W A 1) 43 AL
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