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Alleviation Mechanism of Exogenous Silicon

in Cabbages under Cadmium Stress

YANG Wenjia, WANG Qingya., SUN Jianyun”

(College of Life Science, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: We carried out a hydroponic experiment to study the effects of silicon (Si) on the growth, Cd
content, nutrient absorption, photosynthetic characteristics and antioxidant enzymes activities of two cab-
bage (Brassica oleracea L.) cultivars with different Cd-tolerancers (Cd-tolerant ‘Niuxin’ and Cd-sensitive
‘Liiffeng’) under Cd stress in order to reveal the alleviation mechanism of exogenous Si in cabbage under
Cd stress. The results showed that: (1) Under the stress of Cd, the growth, contents of nutrients (Mg,
Fe, Mn, Cu), the activities of antioxidant enzymes (SOD, CAT, APX) and photosynthesis efficiency of
leaves in plants were decreased significantly, while the malondialdehyde (MDA) content in leaves and
roots of cabbages were increased significantly compared with the control. (2) Supply of exogenous Si un-

der Cd stress promoted the biomass of plants, raised the nutrition element contents in shoots and increased
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the photosynthetic parameters (P,, G,, T,), fluorescence parameters (F,/F, , ®psy » qP) and photosyn-

thetic pigment contents. At the same time, MDA contents in plants and the transportation of Cd from

roots to shoots were reduced significantly. It is suggested that Si can alleviate toxic effects of Cd by reduc-

ing the accumulation of Cd in shoots, increasing the activities of antioxidant enzymes to reduce membrane

lipid peroxidation, promoting nutrient absorption and transportation, and enhancing photosynthesis.

Key words: cabbage ( Brassica oleracea 1.); cadmium (Cd) pollution; silicon (Si); antioxidant systemj;

photosynthesis; growth
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B H R 72 5% NaClO % 5 min 5, HEE T
KB Ve, 25 Clttwik.fsH)a T 25 Cigfa b
R IEE G BR 7 d B EAEA 5 LOE IR
JAHeFE R 3R . Y6 M 1/4 Hoagland 8 37 W 85 57 4
d.# M 1/2 Hoagland &R 57 6 d, M5 &
FRWKESR B 2 d B 1 OB IR HSROLIR. &ad
bl ok H A SCRR b Y Cd v B2 JF B 98 A7 30 9 Cd ¥k
JE Ui B 92 5 K BLAE 50 pmol./L Cd k38 72 2y vh
B 5 v e A v BE Y Cd AR A HE L AN Si Y 28
BRI PRI A S 18 FH I Cd ¥R & . 4 K
EHM—L)E,KE 3HAHA.0(CK), 50 pmol -
L' Cd(Cd).50 ymol « L' Cd + 1.2 mmol « L'
Si(Cd+ SO, FAMEL 3 k., Hf,Cd L CdCL
¢ 2.5H, 0 45, Si DA Na, SiO; » 9H, 0 = fit
2, HEFW pH A 6.0 Z£47 . KEEEFRW N Ho-
agland W, A % R :2. 5 mmol « L' Ca(NO,), .
2.5 mmol + L' KNO;.,1 mmol « L™! MgSO, .0.5
mmol « L™' KH,PO, .20 ymol « L' FeEDTA 46
pmol « L™" HyBO; 0. 32 pmol « L' CuS0O,,0. 71
pmol « L™" ZnSO, . 11. 1 pmol « L™" MnCl,,0. 38
mmol « L' H,MoO, . 4 3tit4b B 12 d 5 HUke
HEATAH OCFE AR DU
1.2 WMZEDBRAGE
1.2.1 FE ALPEES WS, G40 B4 500 B 4 % I
BT 10% EDTA-Na, TR 30 min, i,
FBETREVE T A A FIAR R 237,105 C4%
30 min, 70 CHETAH R 2 H &, 4 BIFRIAR R 5
b2 i R EN R 1 I S - 7 4 B IS S
HHEAXWT .
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X100% .
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1.2.2 CAREFTEREE MEMKIR 0.5 g Y
FEa I TH R AU KB B (V 2 V=4 Dl
B H BT A I A TR A B R R
SOGIE AL (ICP) I % Cd, Mg, Fe, Mn, Cu Jt &
o,
1.2.3 MREEREE MBRERTELWERENT
L HERFREL 0. 2 g BF EERE L I 95 % 2 R
AT TR B R B R AT B 2 A0 3K PN 96 26 1 £ T 10
mL, 4k SEHF S A SV L B 3~5 min, HUIE AR
B R 96 20 £ WEVEE B BIF S S A VAR K B
EE A B A R B BT Ay gk
R EMMEAF R T RJ5H 960 CBEERE
25 mL RS, Al g Asis v Ases o T8 T I
H RS =

Mk almg » g ) =02.71 Ags—2.59 Agss)
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Bl FE (C o B UM 16 86 it 5 i A ) 07 & 5L
E SR
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JEE AT R 2 10 mL B0 .12 000 g B0 15
min, MDA & & i Il %€ #% Tripathi %5 [ 95 i,
B 0.5 mL FHEREHIMA 1.5 mL 0.5%
ALK e Z i (TBA) 484 J5 .90 CoK i 20 min, 1%
HZEZEWR L 10 000 g .0 5 min, B EF W 532,
600,450 nm Kb %G1 .
1.2.7 fmEHEEGE B0.5 g MYWH. 5 mL
B4R (0.1 mol « L', pH7. 0 BEfR 2% #h ¥ . 20
mmol « L™" EDTA,10% pvp, % & FK), K i #F
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T P 00 2 By B BV R 200 Ly AR R (1. 5 mL
0.1 mol « L' PBS (pH7.8),0.3 mL 20 mmol
L " EDTA-Na,, 0.3 mL 5 mmol « L ' GSSG, 0.3
mL 1.5 mmol « L™ NADPH, 450 pL 28 1K),
5E 340 nm 4b A GAE . APX 36 £ I 22 B, B -
HW 50 pLo M A W[ 1.5 mL 0.1 mol « L™
PBS (pH7.0),15 L 100 mmol « L™' ASA, 30 pL
30% H,0,, 1405 pL KB FK ], W& 290 nm &b
FIWE G . 3t 48 Ak S CCAT) 3 14 4 I < 5% B Ba-
tool ZE- A Jy . B W 100 Ly A S
[1.5 mL 0.1 mol « L' PBS (pH7.0), 10 uL 30%
H,0,, 1390 pL K& 7K ] M 240 nm &b (1 1%
A
1.3 #HE\EHH

FH Office 2010 X 5 5 ¥k 4fs #F 47 4b 225 fd7
SPSS 20. 0 X} #ds #4777 2 43 ¥ » R H Duncan’s #
S22 AT 22 7 W E AR S (a= 0. 05) . FIH]
Office 2010, Origin 8. 0 HIVEE 22,
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2000 K 28, 4% .28, 2%, Tt 1 5 ¢ 40
I 4 508 19. 9% .21, 1%, UESE & 7 %F Cd i
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BOH D BRRMEERES T &E (P
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CK Cd
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Cd+Si

CK. %I f#; Cd. 50 pmol « L™ Cd; Cd+Si. 50 pmol « L™

R
Dry weight in root/g
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AP H A R Fe,Mn, Cu #93 B K H M 3% Mg,
Fe fil Mn /& &, H S F WRER & T 40
(P<C0.05) ;5 Cd ZbH A H . Cd-+ Si &b 2 & 3 3
TgEH EE Mg Fe,Cu B9 & 88 407 i I
# Mg .Cu & it EAS K2 88T AN CK, H
G ] 2% S 2 (P <0, 05) , [ B AN Ak ED X 2 A
AR R E U R TR TR E R, B Cd
AT H W A MR R Fe Mn S0 R M & /.50
U5 SiBEAT RUZR fff X Pl IR R B
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CK Cd
Kb P Treatments
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1'Cd + 1.2 mmol « L7 Si; AN [RI/NE 8 s kb 31

A AR AE 0. 05 JKV-A7 7 i F k22 5% 5 1 [H]
1 SRR SiAbFEX Cd W ia F H i 4l i A 9 0 52

CK. Control; Cd. 50 pmol « L™ Cd; Cd+Si. 50 pmol -

L ' Cd + 1.2 mmol « ™! Si; The different normal

letters indicate significant difference among cultivars and treatments at 0. 05 level. The same as below

Fig. 1 Effects of exogenous Si on biomass of cabbage seedlings under Cd stress
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Table 1 Effects of exogenous Si on Cd content in shoots and roots and TF of cabbage seedlings under Cd stress
'ﬁjﬁ] s Cd % Cd concentration/(mg « kg~ 1) ¥z Z %0 Translocation factors(TF)
Variety Treatment Hy 3 Shoot 1% Root Calys 11 /Cli 5 Clanoor / Cll g
CK 0od 0d 0d
S
A Cd 430. 2a 754. 5d 0.57a
Liifeng
Cd—+Si 356.5b 1393.3b 0. 26¢
CK od 0d 0d
4L cd 326. 9b 949. 1c 0.34b
Niuxin
Cd—+Si 259. 0c 2 031. 0a 0.12d

e 07 RN WA G I B 5 A 5 R TR SRR R R SRR b BELEIFE 0. 05 KF Bk R E MR R TR

Note:“0” is not detectable. Different normal letters in each column indicate significant difference among treatments and varieties at 0. 05

level, the same as below
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Table 2 Effects of exogenous Si on nutrient element contents in shoots and roots of cabbage seedlings under Cd stress

EFICE & & Nutrient element concentration/(mg + kg™ 1)

Ty i b2
A fi Variety Treatment Mg Fe Mn Cu
CK 4120.54142. 1a 293.9420.5b 110.9+£3. 1a 14.240.8b
45
Ij(:-jz i Cd 3 348.37%66. 4cd 178.14+16. 2d 82.344.7cd 11.940. 3¢
.ifeng
>d+Si 3832.0+212.¢ 2.94+13. 9.3+1. L2740, ¢
- Cd—+Si 3 832.0+£212.3b 242.9413. 2¢ 89. 34 1. 1bc 13.240.9b
Shoots CK 3555.6%117. 0c 373.04:28. 3a 95.0+13. 3b 11.0+0. 5¢d
NT‘L‘? Cd 3 067.7E49. 2e 280.3£13.1b 76.641. 2d 10.8=+0. 2d
1uxin
Cd—+Si 3 324.7+61.8d 302.7+6.4b 78.343. 1cd 16.640. 5a
CK 3 773.3+431.0b 3 425.04264.5b 1 885.0+98.8b 165.1£4.0b
45
'j%j: Cd 3 449.3+66.4b 1759.1£184.2d 543.3£50. 5de 100. 3+£0. 1le
Liifeng
WE Cd—+Si 3 548.8+73.1b 1 601.0+29.9d 476,445, 2e 112. 042. 6d
Roots CK 4524.14101. 7a 4 272, 0465, 7a 2 207.94289. 1a 175.247. 3a
N:F‘L‘? Cd 4 712.7454. 0a 2 610.7492. 2¢ 777.6+£103. 7cd 127.7+4. 5¢
1uxin
Cd—+Si 4 542, 74100. 3a 2 476.3478. 6¢ 811.6447. 4c 121.2+8. 3cd
£3 MESIHCABETHEDEH A XA EELBHTM
Table 3 Effects of exogenous Si on photosynthetic pigment contents of cabbage seedlings under Cd stress
Y64 {6 & & 1t Photosynthetic pigments concentration/(mg « g~ 1)
i i Ab B
Variety Treatment 42 a H4E b Mg R ESVIE NN
Chlorophyll a Chlorophyll b Total Chlorophyll Carotenoid
CK 0.690+0.065a 0.294+0.010a 0.984+0.070a 0.113+0.011a
%
Iijig Cd 0.38940.011d 0.13240.008d 0.52140.019d 0.080=40.005¢
Cd+Si 0.493=40.010c 0.17440.018¢ 0.66840.026¢ 0.09240.004b
CK 0.70540.012a 0.28440.010a 0.99540.027a 0.09340.002b
Nt!:‘L‘? Cd 0.50240.023c 0.17340.006¢ 0.67540.029¢ 0.08840.003bc
muxin
Cd+Si 0.582=40.010b 0.19440. 006b 0.77640.005b 0.09040. 001bc

b R R KK MR CEOTBRID S AL H
SN R R R T AR (P<C0.05) ]
W, Cd a3 B AR H g i oA B R & i (HAE
SMIR SiAE TR 75 2 A 20 Ak o HL AU B TR i
B,

2.4.2 tESH K2 R fE Cd A2
A A H M R PG AL T, B Cd Ak B3R (8] 1 48
KABRE FRHEH: 2= Cd A FEEE 12 K, ‘4 F i
e Z B X IR IR B 2w T R (P<
0.05), 7E Cd+Si LB 2 A G Fpit 7 i P,
G, T, 7ER A4k Bl e b 2 4R 24 T R 3 19 Cd
APRA B S AW BT R IR, S ES
BRIAR AE Cd Wi 26405 . 2 A s A H v i
(4 C; i Ak PR ] ) 4 4 52 S B ORI #a 3, Horp,
SRR A R G o AR AL B 3 KA

556 KR E e ARE . EALERES 12 K35 F X K
ARG COT AT I B X T [ A
A (P<<0.05), 5 Cd 4 BRAH I . 78 Cd+Si 4k
IS .2 AN H S AR C Bl b B E] Y ZE K, H
X R R AR R0 P o ) i E 1 T el 0N o L el ] 22
S (P<<0.05),

2.4.3 MERWKSEHE  HhE 3 ATAL 5X A
Eb Bt 5 Ak BB ) (%) ZE 4, 2 A S FpOH W A FL/
F. @psy F1 gP 7£ Cd kb B 2 52 T R A, 5 4 7
B12 RAEF g FETHBEE R E ST 40 (P<
0.05);7E Cd+Si &b 5,2 N H MMt Ry F/
Fo @psy F P ¥105 245 7 [6] 5] Cd 4b 320, HO# 4k
T[] 2 S Bl A Ak LT (] 79 A K T 328 ¥ 4 K o A ]
ZREE(P<0.05) ., VI LR P, Cd i i %
FEAR T H i M SR 9O HUE S Cd AR SEAH L
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Fig. 2 Effects of exogenous Si on the photosynthetic parameters of cabbage variety ‘Liifeng’ (left) and

‘Niuxin” (right) seedlings under Cd stress

HRIR St ESE S T R VOCSEUE B m T
HEIK A

2.5 4ME Si 3 Cd BriE THIES E MDA & =0
MALEEENI

2.5.1 MDA&E K 4.A W, EHH Cd kb3
T2 AR R FR R MDA 5 i L
X R . B4t E 0 MDA & & 5988 IR BoE
T 407 (P<C0.05), M Cd g #AH [ . Cd+Si
AEEER 2 H SR R AR R N MDA & B
FEMR(P<T0.05), “&t 7 5 4.0 i v MDA B &

A WD T 19, 0% F 11. 4%, AR &2 MDA
SRR E W T 16, 1% M 12, 4%, H 5 R A 25
S (P<<0.05),

2.5.2 SODEM tiK 4.B R .76 Cd & HF .2
A b A H W RS g R AR R SOD I M 34 H X
RO R AR BERAIR . L 27 1 i FIAR R I SOD i
550t 22 3k 3 K (P<C0. 05) . 111 <40 i &R
P SOD 7 #4 4 bboxf BRI 38 7455 (P<<0. 05), 7F Cd
+SiAbEE 2 DA A A A SR RN
SOD JEPEXI . Cd Ab P & 25 34 & , I35 21 % BEOKF
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Fig. 3 Effects of exogenous Si on the chlorophyll fluorescence parameters of cabbage variety ‘Liifeng’

(left) and ‘Niuxin’ (right) seedlings under Cd stress

1M <40 MR R SOD i A1 e Cd b B I 25 REAIG
E AT 5 2 8 T X B (P<C0. 05),

2.5.3 PODFEM FTHph Cd 3T .2 A5 A H
W R A O AR 2 N POD 35 34 52 o IR T
HLS A A0 T 0 e R S 3 T A R sk R
(P<C0.05) ;5 Cd ZbHA H, Cd+ Si &b B H ik i Ff
MR (% POD 35 1 349 I W 5 748 Ak, 1 [] s 5 o < =
&K POD £ W & 7w, S 4R 0 R &R POD 6 1%
I dod 257 B o H LS PR AT I i g TR BR(P<C0. 05)
2.5.4 CATEM fEfuh Cd AT, 2 A H
WD A B CAT 1% PR 1t IR R,
H g BRIR S R 5l Cd A 3EAH L . Cd+-Si b
FH 5 A FPAR R AN A9 CAT 36 P 35 A5 8] 72 1 7
1 > LR 2 T 35 21 8 3% K7 (P<C0. 05)

2.5.5 APX &t fEHph Cd Bhaa &0 T, dn fh
‘o by APX W M X IR R R AR (P <

0. 05) 1 “ 407 AR I () APX 35 PE 20 6 1 2 28 4k,
e Cd+Si b HLJS . 2 A H 3 & B AR i APX 3 P
¥t Cd Ab 4 AS [ B2 3 7 . LW Fovt i 7
WR 12738 B b 25 /KO L [) e ] 34 38 3 kB s T k)
MK,
2.5.6 GRiEM SxFMAM,Cdia T mH %
mf GR EMR ‘S FE RAIBEF (P
0.05), 11 “Z&F "M R GR #E MW B FEAK, 7 Cd
+Si A IR AR T 2 A H AR gk R R
1) GR W63 L sl Cd b #8532 A& (P<<0. 05) ,
M40 R AR GR &M O B A8k,
L2 B Ui, Cd rit @ FRAE T H MW
SODAPX.CAT B i& Pk, i i 4/ 1 H iR o
MDA & ;5 Cd 4 BEAH Eb . SRR Si [R5 B ik 3 5
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