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Effects of silicon on cadmium accumulation and non—protein thiol content in the seedlings of two rice varieties
under cadmium stress

LI Jiang—xia', ZHANG Jun?, MA You-hua", CAI Man-di', GAO Fei'

(1.School of Resources and Environment, Anhui Agricultural University, Hefei 230036, China; 2.School of Life Sciences, Anhui Agricultural
University, Hefei 230036, China)

Abstract: Many studies have revealed that silicon (Si) enhances plant growth and decreases cadmium (Cd) accumulation in the shoots on
rice. In this study, we examined Cd content and its subcellular distribution in two rice varieties(NJ4 and HLY6) using hydroponic experi—
ments with treatments of Si(Na,SiO;) and Cd(50 pwmol- L™, CdCl,) for 7 days. The effects of Si on the contents of Cd and non—protein thiols
(NPT) in both shoots and roots were examined. The results showed that under the different Si and Cd treatments, significant differences were
found in the biomass of the two rice varieties. Both Si treatments significantly increased rice biomass. The Cd content in roots was higher
than that in the aboveground parts. Transfer factors of the rice variety with the low grain Cd content (NJ4) were lower than those in the
rice variety with high grain Cd content(HLY®6 ). Si significantly reduced Cd accumulation and translocation in rice in the 50 pmol L™ Cd
treatment. Under Cd stress, the content of NPT in rice was affected by Si. With Cd treatment alone, the content of NPT in roots of the two va—
rieties was significantly higher than that of the control. Combined Cd-Si treatment resulted in no significant changes in the content of NPT in

the roots of rice NJ4, but significantly decreased the content of NPT in stems. Cd-Si treatment also significantly increased the content of
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NPT in the roots of HLY6 but decreased the content of NPT in the stems of HLY6. In addition, the subcellular distributions of Cd in rice

roots indicated that the content of Cd in the cytosol was higher than that in cell walls, and was lowest in cell organelles. Rice shoots had a

higher content of Cd in cell walls than in the cell cytosol, with the lowest content being observed in cell organelles.

Keywords: rice seedling; cadmium; silicon; non—protein thiol; sub—cellular distribution

TS KHEIE TS URA FH L R AR 25 AL AR B A A Bt
FA i F - 39852 2R R R A T 4 T e o Bl i
A TR ] 18 57 7 4 1 e A - b T AR o DX T AR
[ 64.8%", LA (Cd) Y5 Yede A . FRERH Cd
15 YA H 25 INEE A 3P KRR . S — K AR, B
P TRRUR 2= A AR TE ), Kk N R AR
hE W RI L KRR 2 B Cd (EY), Cd 1]
PAMIKAEAR 2 ) 3385532, AT S 80R ok Cd 55
P E AR A2 15 Y KRR I SRR AT DL i
PIEEDIE AN, S ARG ER K

i R it B Ak 700 %) 9 AR5 e A HH 4 3
T AR A A Rk, R R LR S A AR T
Yo i — g YURE R AR FH AT AR SR AR = e 42
A i o AR -3 AL R RN AN AN [ 4
Jits FHEB AL TSR 22 0K o B (Si) SRR R bt
FROUER , T Al Lm0 T 4 I8 2 AT 52 1 A A
IRy e B I A RO S s A 0 4
&R W B B4 T AR [ R0 iz, SR A A )
T IR OG R MR, 32 R A A B i B SR AR RE T, R
WY Z B4R AFED. XA Cd it % A
TEAEVEAT Si Cd 4B, WFFTFEBH Si nl DLyl i it i
A Cd B, X Cd BUBS R, STl Cd dr AR )
Hiy 3 A2 B, AR R A R R ) Cd s X
Cd Tiif S, Si EEERRARZE P Cd 5 i [R]E S 4
TR GELIEE Cd FEEY, Si WKREAIET Cd 4345 15
M 5E 25 S W, Si R R IK AR S 25 b Cd 19 &%
i, (HB%AE I A Cd e B4 R 5 A MA R 1) o3 A
EL B

H i LA E A K (PC) X} 8 4 & 1 fi 2 ML
J AR 5 e A 252 U W 85 52 6 . Cd FE7KF
N FER DL PC—Cd 44 5% Cd-GSHx 454"
Wizfi. PC X} Cd BT WE G RE IR, 76 Cd &R
FRURI it ot el A o 4 E LA M,

AR R FH B IR WG IR0 98 T AR Si Wk
AR BRXT KR R Cd P39 28 A s SR I 52 T K R R
HRHEAER IS (NPT) & AR L K2 Cd ()30 440 ffd 43
AT . IHOULZ VAR 7% Si XKk Cd 2B N R i
FlKRE MM AL R Cd 22 FHLPE, DUHEE Si KR

Cd WSFR ZR A2, DT DA 45 Bt P A A Dl 1
Cd R E R AELS A .

I RS

L1 RIG#r

1 T BT R U5 80 AN Rh A S /K e i B Y
THVERIFST , PeBURPRE & Cd 125 SR 2 23K
il 8« TRE 4 5 CRPRLAI Cd 3 8 Al NJ4) FIBLH
I 6 5 CkphiEr Cd St fh , HY6) . P S AP i A= 7 10
H(150£20) do AKFERPT- i 22 BEE AR Bed i

KK FEF 20 28 R/K IR 24 h J5 27 48 h,
FZEIRKGERE 1 RSO 172 EFRIIE TR AR
B ot g iR . Y E IR pHS.5 Ay B
B 2~3 K. BSR4 R R OK R4 BT 40008 T Siovk
JE4 0.0.5.1.8 mmol - L™, Cd ¥ ¥ 0.50 wmol - L™ {45
FEW SR AL T d SRR AR BRANR : CK(Cd
0 pmol-L™,Si 0 mmol-L™");T1(Cd 50 wmol-L™",Si 0
mmol + L) ;T2(Cd 50 pwmol <L, Si 0.5 mmol - L) ;T3
(Cd 50 pmol -L™,Si 1.8 mmol -L™), - MAbFRE K 3
K, Cd it R A A48 (CACL, AR BT il , Si SR Ffk: R
#(NaySiOs, AR )L il .

1.2 MEF %
1.2.1 AW

FECRAEWOR G 258 TG UE 3 Ik, KoK
YHAE R EME AWy i oSBT 40 v AR TR B
F,ETF 115 C4 7 30 min, 85 CHLT E 1T, & H
AR T
1.2.2 Cd & AR REE) I &

1 T TR KRS A B B TARERY R | SR FRIBUR 1
F0.2000 g FIHAEE T, SREHMA 10 mL Ay 2t
o 552 d, e TR &, SR 5 A b s T
MR , B e B T B WOE 23 50 mL (B, AR
WA T (AAS )N E A it Y Cd 5 521
1.2.3 NPT [ E

NPT % 5,5 - AR (2 -7 B4 R )
(DTNB) & A 75005E o FRIEFFE 1.00 g, A 4 mL i
&Y 5% b B K A7 R , UK IF B, 25 .0 (Beckman —
CoulterAvantiJ-25 8000xg, 4 °C)15 min, B _E35% 0.8
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mL, K%M A 3.05 mL 0.25 mol - L' i Tris—HCI
(pH 8.3)71 0.15 mL 10 mmol - L™ f#) DTNB, & il T jiX
B 20 min, 2R )5 FAM G RETE (K 412 nm) il 7 A
an WOGEE(E™ . AAE RN DTNB A IR A A %t
B8, DL GSH-SH i pnttfil VERRifE T4,
1.2.4 Cd FE/KRIHEARAS 4 B 0904l 3 A

R 2230 53 GBS O H R 43 85 1 42 A ) 4 i
ZH 4314, FRE 0.200 0 g A5k, I 2 mL $2EGH] , 35X
FH 0.25 mol - L™ FEBE .50 mmol - L' Tris—HC1 (7 %%
pH 7£ 7.5 7247 ) .1.0 mmol - L™ — % 7R &£ f F1 5.0
mmol - L7 Hi IR M FRZHAY, . KR B T RE vk |, 760
PRAEERE SIS 2 503 56 R 3 2 mL A B0 T L
FEEEREASER O 7000 remin™ B0 20 min,
TUVE A 40 ML BE (F1) 20 53 5 PRl BV I 2 mL 2
DA TE R AR R 0L 12 000 remin™ Z.0
40 min, MCHAS B A FE WOH 40 B T 4 4
(F2)Cd &l , DivE T A 4140 (F3)Cd &%
O, SRR TE 4 CF TP, R IS
KUTTE 2 B FR B A 50 mL = A b, i & i
WG TR EHE, PEZRMIMAZE 5 mL iR
G IR (AR e AR =41, KR LL ) I & 2= g™, i
JEIFEA R 50 mL, A Sb -kl E Cd
T
1.3 HESWHZE

K Excel 2003 X a4 T4 SPSS Statis—
tics 17.0 3R XA T 5813 B o

2 HRESH

2.1 Si ¥t Cd BB TAFABEEYMENE
Si XF Cd fpiE T PRl KRS A9 i 52 26 1,
2E R, o Cd AR FEAS(T1),NJ4 1 HY6 B FPK

® 1 ARAKBHEYE ()
Table 1 Dry weight of shoots and roots of rice plants(g-pot™)

Qb3 NJ4 HY6
CK 5.56+0.20a 5.98+0.18a
Tl 3.54+0.13b 3.69+0.15¢
T2 3.870.15b 4.82+0.19b
T3 5.13+0.06a 5.60+0.03a

T : RSB AN 7 BEROR AL PR E] 22 5 2. 25 (P<0.05) . T IR]s

R A Kz 2B B0 6, AR CK 4 5] F B
36.3%%1 38.3%(P<0.05). A Si i Cd X AKH (1 iy
A TG, RN AY) R T A B T2
ARFRES , NJ4 FHY6 A9 5AH He T1 ARB 43 535 I 1T
9.3%7#1 30.62% , H:rh HY6 7K Fe i Fl ik Wi 25 25 5 (P<
0.05);T3 4k B NJ4 A1 HY6 A= 9y & 43 W 34 i 1
44.9%F1 51.8%(P<0.05), SZI4E S F201 , Sph Cd 4b
PR PRA 7K AR S Bl ) A= Py i8¢ CK S 2 TR, 40 3
A 0.5.1.8 mmol - L' Si J& , B AKRg A= 910 BH S 75 o
22 Si ¥ Cd BB TRMARE Cd SEMEBRRZHH
=AU

ANTRAEBE R BRI OK RS Cd & LR RO
2, CK ZbBEH TN Cd, L wEAE# AR, AR H o
% 2 AIAITEAS R AL FH R NJ4 F1 HY6 #8263 g A
Cd Fr i THo BF 0 Si ARBR(T2 T3 )NJ4 /K REHHE
Cd Fir T T Bl Cd AbEE, (Hh B3F8 Cd &g
T1 AbBE R HY6 RIS Cd &5 T1 4P
B H EEE Cd SRR T1 AR

HBERBE UM E ST ESEIOCR SR
B (S/R)AFRIR , AT LA e B 453 Jas A4 P IR AL 38 i A
SECTE DL, 2 2 Z5RR PIRIOKAE Cd M5 25
B Si Ve BT m B EA M Cd AR FHBH B R R, B T2 T3
ALFREL T1 AFE Cd (RS R B8 T . Bl Si Mk BE

x2 WM Cd EERFEBRY

Table 2 Cd content and translocation ratios of two rice varieties

i Qb M Cd 2 t/mg-kg™! M 13 Cd 5 H/mg kg R R %
NJ4 CK — —
Ti 560.28+8.21h 115.68+2.85¢ 2122.00a
T2 715.68+9.64a 120.07+4.3¢ 1721.20b
T3 765.23+8.74a 90.25+5.14d 12+1.00¢
HY6 CK — —
Ti 660.25+6.39a 150.36+8.34a 23+1.82a
T2 676.32+10.1a 136.38+5.78b 20+1.35a
T3 681.23+6.75a 120.89+7.64c 18+1.40b

T FER R 8=t B3 Cd 35 B/ Cd 5 Hx100%
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B THE , St fEdE— 2 UE Cd ZEMR R I FR 2, Cd 19%%
B RBUCT M. Rt Si nT AR AE Cd ZE/K R4 i 250t
AR EE Lo SiomT ARG Cd 1) _Fiz 4, AT
FEAR T 280 Cd & 3, 98 T Cd XK Rl B3
HEEE , PRI AT BEREAR Cd 7K RFPRL R AR R, B
AN[E SRR Si IR EA T
2.3 Sixt Cd BB TAF/KFERFAM & NPT S =/I50

3 5K, AOKRE AR SiCd AP BAR
HONPT & T i B3B8, T14bBE, NJ4 K& HY6 f
PR FEMLER Ko b3 NPT 5 it CK ¥y 2558 in .

NJ4 ShFhKFS T2 4 T1 ARFRAR o NPT &1 JC ik
F2ESE T3 8T AL T . T1 %8 T2 T3 4b P
NPT SR FEES . HY6 MFKFER NPT &
R T1 AR FRTFF i B3R NPT ks T1 AbFE R %
SEEGEE R R, [FFE Cd MhE T NJ4 R NPT %
e T HY6, RS 45 5 2 Cd &+, Jel /b 1) |35
(24 o NJ4 SRR R N B8 2 19 NPT T4 i
BRI R, NJ4 JKAEXS Cd JHirif (1) 5 68 1 S5 . 450 Si
fifi NJ4 AR NPT b, {Hi B30 NPT & 522 5%
B HY6 ARH NPT &30, M -3 NPT & &
TR

* 3 WEMKIERM_EE NPT & 8 (pmol-g)

Table 3 The content NPT in root and overground of two rice

varieties( mol *g™)

2.4 Sixf Cd BB T #/KTEER Cd IR 5 70

HNIEAR AN St X PP K FFAR 20 fL 2 o3 v Cd &
WIEMANER 4 s, 253 FRM, AR ENT
Cd 7E/KAFAR BB A ML K- b 534 B — 3, Cd 740
MurT b o TARARRE, diids b EERD.
T3 REFRIE, A0 RE 40 H AT 1) ot S 0 ks b Cd 352
T1 BB RFEAG . T3 48 T1 Ab B 5 A K RS AR 35 1 40 g
KL rh AL RE R Cd 4 43 TE EL ) B T e, 2 AR
W Cd B EL 1B SR . NJ4 SRR A A Cd &5
HiE T HY6 fhFh

ANTR] St e BE XS] P 7K e 3 (250 ) S 240 i 2
o3 Cd S EBEANGE 5 s . 4558 % B, AR AL
PRACAE T Cd FE KRG 250 S0 240 K F b 45 A B —
0, Cd FEFUREAEM A EE b R B AE AN T i)
J R A g b b . AMIR Si SN S AR B
i MK R AR Cd /9 3 T L 3], T3 AR 3 N4 i i
JKAFH A L RE Cd Y LB hn, At Cd 1943
e H ) B s HY 6 SRR RSN St J5 AR rh 4 g BE Cd
()43 Tic FL A A8 Ak (H A a5 Cd Y43 e Eb 51 B
B RE. NJ4 Sh R ARG R AN RE Cd /)4 Be He ]
AN, T3 Zb AR 2% Cd (1443 FE L 4138 5
HY6 KRS T3 AbFRE - FRANMEEE Cd #9453 FL E
(B EE AN, 210 A B 1) 4 T L A5 A8 AR AN B

KRl k5 WM NPT b [ % NPT 3 3Fig
NJ4 CK 5.84:0.64d 1.23+0.28d
TI 19.190.56b 1.62+0.28d Sie KRR B TR UK, BFFERT ST LA
™ 19.96:1.41h  1.6320.12d UGz B A JE E Y, X Si IR AR Cd 7 F iIBFSY
T3 250262230 2.25:0.17cd B, Si WA Cd B E RN FERIMAEAE Y A K
HY6 CK 5.19£0.26d 3.09£0.13¢ HAEVER JUR AL S H At — e A= fb 45 bR . Si AT LA
T1 11.68+1.21¢c 9.09+0.41a @1_';37% cd ﬁ%%l@%ﬁ%ﬁﬁﬁzﬁfo %Eéﬁt Si48 h Eﬁ[ﬁﬁ
- POl BRI (R, [ SRR I R A kR A
3 12.171.34c 7.30£0.65b ey i
OGS B N BE o B K — 2 A 6B, Cd Wi
F4 KBREPETHBAS S Cd WEE RS ECLEH
Table 4 Subcellular content and distribution of Cd in rice roots
KA e Cd é‘%{fg'kg" SR l:liiﬁﬂ/%
il e AT o AL gs i RE A ATV o i)
NJ4 CK — — — — — —

11 103.48+324a  14378+236a  14.7+231a 39.50+0.50b 54.89+023b  5.61+0.30a

™ 98.96+2.45a  138.14x245b  6.40+1.12b 40.640.20b 56.73:0.51b  2.630.12b

™ 81.58+1.62b 96.42+323c  5.18+2.02b 44.53+1.10a 52.63+1.30b  2.83:0.10b

HY6 CK — — — — — —

I 91.96+2.36a  152.74+2.42a  9.22+3.0la 36.22+0.45h 60.15:1.20a  3.630.12a

™ 80.23+2.58a  130.32«1.36b  6.58+1.64b 38.430.32b 50.48+130a  2.09+0.10b

™ 84.20+3.11a  12696x225h  4.78+0.89h 40.38+0.53b 57.46:0.62a  2.1620.12b
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Table 5 Subcellular content and distribution of Cd in rice stems
TR e et SR
AN RE MR P BT Glifiogr AN RE AN ] ) 5T Glipogr
NJ4 CK — — — — — —
T1 18.04+1.02a 7.80+0.35a 3.42+0.56a 61.65+1.30a 26.66+0.30b 11.68+0.21a
T2 13.32+1.15b 6.90+0.12b 2.96+0.23a 57.46x1.10a 29.77+0.22a 12.77£0.19a
T3 13.40+1.25b 5.36+0.36b 1.90+0.14b 64.67+2.00a 25.87+0.32h 9.46+0.15b
HY6 CK — — — — — —
T1 16.86+1.34a 8.16x1.21a 4.10£0.36a 57.90+0.96b 28.02+£0.31a 14.08+0.14b
T2 8.64+1.26b 4.40+0.57h 2.30+0.24b 56.32+0.98h 28.68+0.41a 14.99+0.32b
T3 8.34+1.17b 2.72+0.22b 2.20+0.36b 62.71+1.60a 20.45+0.32h 16.84+0.21a
TR TS Cd BRI Y Z S IRG BURE ARY.

LS AP2/Erf020  Hsf31 F NAC6 ik B 1t
5, (ALY SiJE X SR R B B T AN, A b
BT, T Cd WE T KRS B A K 2 29,
ARG, BN Si S PRI KREAE P Rk Cd
ACFRBH BN, AR AR T Cd IEEFEALE B
B Cd & E/NFRERE Cd &85 PSSR s RS R 5L
AL NJ4 VT HY 6, F9E R, Si 455 E Pl i &
Si TEZKREHL B PN 2 )22 b 21 4 J 2 20 B R O RR., E T 5%
Wi Cd (32 i, 0] Cd i b2,

NPT TEAEY) () 4 8 o5 T R R BAE A,
M oA SR R AL, S A 256 Cd &7 >
YRR F A Cd ARETT , TR B aE 35 1 H iy,
CA R R, Cd P38 BB A2 HEAE 9 (K N NPT 1 &
B, HRER NPT 3tk i 2, #38 NPT 5 Cd 255 9F
BEALTERGE N , WITBR I T Cd iRsshid:, [l T Cd
] ER LB,

AL AE R R, 1E 50 pmol - L™ Cd Y& JiHE
TLONJ4 SR FIOKREAR B NPT & 40 2 % & T HYe,
NJ4 3558 T HLERXT Cd i BR RE T, Bl Cd DR 1]
i EIEERS . [FRE 50 wmol - L7 Cd Wk EE A R, N
A 1.8 mmol- L™ Si &, B4 st Ak FE AR K it i NPT 5 &
BT REBA S0 o A5 RBT, Mn B R, it Si J5 K FE
TR AIAR R 1Y) NPT & S %A A8k, Mk bh
Bl ZLY /) NPT & it i 257 . = Mn A, U
R B ) NPT & i 5 A, T e ot b 20 A 48
T i Si AFEICIE R IEH Mn RIS JE 5 Mn ¥
FE T #RYG N T WA SRR R NPT 3 HE, Si X Cd
JoiriE T KA NPT & 5948 46 5 Si XF Mn Jiria
KRR N NPT & 5 (1) 484k — 2, Cd F1 Mn B2
&)@, Si BEKFE Cd Mn T4 @8 3 E MHLE T g &

ARG 45 B, B AL AR R AR Cd E 2R R
TEANME P o b, OO A EE b AR RS b
/(R 4), i B3R Cd FEA R EgniRE b, ke
AT AR, AR b SRR D (R 5) .
FARG DI IR AT —5, KA AR Cd BSR4
RIS R AR B AETEA T AR AR 3h i 20
JL#s b SRR AR Cd B A —Fh 25 [R) Bs 7Kk A
b b AN T DAKE Cd W BRI i R BH
TEMMLITR Z A1, XK RGNS Cd TR g — R AR, Li
SIS KB, A /INFZ KR 41 i K SF- |, Cd B i
[] 15 448 AT 5 0 S 4 43 v A R ] B 1 (HSP) &5
A, IILREREMR Cd B s, W/ Cd XA fi
Fo AN Si A SREIRAEAR A5 Cd &2, Jisb
Cd MEEE . Se X7KFE Cd #EMER 2 B ALK A i
FEEEREW], Cd Se B AL S EUKF M T HBIEE
P B0 2 B o, [R) A AOAR Cd  HiT 350 A6 IV 200 it 43
A7, AN RE L 20 1 Cd &5 i BT, i mT i 4 s 4l
ST ER A3 1) Cd S N FE, MM Cd )=k
M FEE B 3R B NE i A AR R, Se J& X
HYIA R MIT R, Si R KRBT EIRIGEK, Se X Cd
FRHLTE S Si AHRUA RE ik — 5T .

4 it

(D PIFRFRL Cd B AN 7] B 7K R & Fb (77 8E 4
SHBH 6 5 )23 Cd YR BT
R IMASNE Si J5 [RIFE Cd a4 T PRl KR A= 9
RO RTCII IR 25 55 AN ST BERE IR R AR 1)
Hi B3R Cd BYEE i

(2)FME Si AT DASE R /K AR AL NPT 5 4, fd it
Cd 5 NPT 284,



LI, 45 FERAHRIE AP TP AR, R AN 7 26 IS0 i 3 1071

(3)FMIE Si A AT AR 20 L RE | 241 mT 5 ) Jot
LA g b Cd i o AR BE ] AL R 25 25 5
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