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Effect of Sulfur and Silicon on the Forms of Soil Copper and Absorption of Copper in Rice
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(Key Laboratory of Crop Physiology, Ecology and Genetic Breeding, Ministry of Education/Key Laboratory of Crop Physiology, Ecology and
Genetic Breeding of Jiangxi Province , Jiangxi Agricultural University , Nanchang 330045, China)

Abstract: Copper is one of the main heavy metal pollutants in farmland in Jiangxi Province. In order to reduce and control the harm of cop—
per to rice growth and improve the yield and quality of rice, the effect of sulfur and silicon on the forms of soil copper and absorption of cop—
per in rice were conducted by means of pot experiment. The treatments included different amounts of sulfur(0, 30, 60, and 90 kg-hm™)and
silicon(0, 0.5, 1.0, and 1.5 g-kg™').The results showed that(1)Application sulfur or silicon fertilizer could significantly decrease the soil
acid—extractable and increase residual fraction copper content, while organic matter fraction copper content and the soil oxidizable fraction
content varied with the amount of sulfur or silicon fertilizer in copper contaminated field; (2 )sulfur or silicon can reduce the uptake of Cu by
increasing the copper accumulation in the root of rice or decreasing the available forms of Cu in soil. In conclusion, it was more suitable with
the sulfur content of 30 kg+hm™ combination with the silicon content of 1.0 g-kg™ to production when considered the influence of the cop—
per content on brown rice and yield of rice.
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Table 2 Design of experiment

S0Si0(CK) 0 0 52Si0 60 0
S0Sil 0 0.5 S2Sil 60 0.5
S0Si2 0 1.0 S2Si2 60 1.0
S0Si3 0 1.5 S2Si3 60 1.5
S1Si0 30 0 S3Si0 90 0
S1Sil 30 0.5 S3Sil 90 0.5
S1Si2 30 1.0 S3Si2 90 1.0
S1Si3 30 1.5 S3Si3 90 1.5

20 cm, 7 25 em, BEAFRE KT L 14 kg RHFHE, 2010
A6 11 22 HAEFD, A KRR S N 0.18 g-kg
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Table 1 Selected soil properties sampled before the start of the experiments

pH  JliHh  HHLF/g-kg! AL P/mg-kg! AL K/mg-kg™

4 Nlg-kg 40t Cu/mg kg™ %L Cu/mg kg™ 474 S/mg-ke™ A%% Si/mg kg™

4.7 Bt 19.23 16.30 113.09

0.9025 317.27 58.99 17.29 189.13
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Table 3 The content of various forms of copper in paddy soil under different treatments(mg-kg™)

st PR TR B AL A AVBALIIZE 525 B A
S0Si0(CK) 57.48+0.68ab 36.36+0.55{g 74.48+0.67cde 138.09+1.44gh
S0Sil 53.59+0.38cd 34.71+0.72hi 86.73+2.20a 141.60+1.53g
50Si2 53.61+2.42¢d 37.69+1.10e 73.49+1.75de 136.45+3.29h
S0Si3 55.93+0.88bc 38.42+0.71de 71.64+0.51e 155.06+1.01e
S1Si0 50.18+0.21e 34.80+0.44hi 80.82+1.09b 169.73+1.30b
S1Sil 57.85+1.24ab 36.07+0.37fgh 65.83+0.891g 150.13+0.61f
S1Si2 55.45+0.32be 43.56x1.31a 73.63+0.88de 138.17+2.49gh
S1Si3 52.15+2.38de 37.99+0.26de 65.24+0.88fg 162.31+2.71d
52Si0 51.56+2.30de 37.02£1.24ef 78.36+1.61bc 136.47+2.15h
52Si1 53.02+0.49d 39.23+0.46d 56.49+0.3%h 168.28+1.39h
S25i2 56.26+1.24b 40.89+0.52¢ 63.83+2.46g 175.15+2.92a
S25i3 55.61+0.57be 35.34+0.44ghi 65.44+2.18fg 163.90+3.32¢d
S3Si0 51.82+0.32de 34.50£0.53i 72.91+0.01de 138.83+0.36gh
535il 59.27x1.14a 37.97+0.21de 76.70+1.72bed 174.75+3.43a
535i2 56.66+1.45b 37.87x1.41de 69.84+0.42¢f 127.40+1.23i
S35i3 56.60+0.39b 42.20+0.26b 73.14+8.87de 166.34+2.31bc

FE R NG 7 2 R AR B 225248 595 3K .

Note: Values followed by different small letters mean significant different among treatments at 5% levels, respectively.The same symbol is used for table

4 ,table 5 and table 6.
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AL TR 11 B L X REAIR 8.6%0~58.4% , Horh DLt
B 60,90 kg hm? StEfEAE 0.5.1.0 g-kg™ ArAtRR
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Table 4 The content of copper in different rice parts at mature

period under different treatments(mg-kg™)

yusi s 2 Ly LS

S0Si0O(CK) 98.25+1.57g  15.33+0.80b  19.58+0.11c  9.15+0.06bc
S0Sil 105.29+3.57f 14.50+0.90bed  13.80+0.49f 8.92+0.01cd
S0Si2  118.02+1.56d 14.13+0.52bede  15.67+£0.92¢  9.02+0.19¢
S0Si3 99.54+2.76g  18.96+0.69a  9.11x0.45i)  8.43+0.10e
SISiI0  132.59+1.47b 14.89+0.22bed  12.95+0.74fg  8.50+0.24de
S1Sil 91.50+4.30hi  15.54+0.38b  22.76+0.14a  9.22+0.09bc
S1S8i2 83.04+3.77]  13.56+0.65de  17.89+0.55d  7.46+0.14f
S1Si3 88.36+0.95hi 13.80+0.60cde 15.24+0.67¢  9.03+0.15¢
S25i0 109.41+0.71e  15.27+0.91bc  9.90+0.571  9.37+0.43bc
S28Sil 91.98+2.65h  11.07+1.62g  10.01x0.12i  9.04+0.31c
525i2 87.89+2.611 14.53+1.35bed  11.36+0.44h  9.52+0.75ab
525i3 91.40+0.3%hi  11.65+0.65fg  12.69+1.55g 9.09+0.12bc
S3Si0 138.11+2.34a  15.49+1.74b  21.08+1.55b 8.93+0.16cd
S3Sil 100.88+1.31g 13.69 +0.29de  9.25:0.27i  9.81x0.42a
S3Si2 122.49+2.62¢  12.83+1.09¢f  8.15+0.45]  9.25+0.15bc
53513 100.72+2.32g  11.54+0.80fg  21.12+0.23b  9.30+0.28hc

A L4350 ek BRFRARS 7.1%F1 2.4% , Tii 60 kg+hm™
AL LS AR T 2.4% , PR A 30 kg -hm™
AL FRF RE 25 S 3 5 PR RE AL BERE K TR Y 1Y
MCFXTHE, BARE & 1.5 g-ke™ AbFRE K 4 & & 1
XTHEREAR 7.8%, 25 W2 M. AERECHEH S1Sil,
S2Si2 . S3Sil ,S3Si2 S3Si3 4% &b F Kk K v il o e v i
XF BE 0.8%~7.2% , HAthFC il b PR K i &5 i Fo X BE
R 0.6%~18.5% , Horb LUJitafiit 30 kg~ hm™ Fljitifit 1.0
g kg BOAERCR i fE
2.3 MEEEHEXKTEE & EEENEm

BERPOEIREY S E oL R i RO
RO A, FREIE LKA R RS )R
JLRITRINMED R 58 R U5 R oo
R i R T os R S E 5 FDRRAE
AR E SR TR i 2R i FERE R
MEZ REE

HHE 5 n] 0, FRAEAT | PR A AL FRAR AR 1) = AR R
BT R 125 I OREOK 2528 B A ) & A R AT
X BEBR S B s 6 RERCRERR S3Si2 AbHERAL , Hofthkb
FHAGHR 25 I REK I & A R BT TR

& 6 I UG AR |t ik A B EL AR | ik it Ak B
Hehn 3 AR KR AR B e AR L R A i Ak FAR 35
] o) 25 DR K ) s R AR L PR | St A Ab B
W v B, R S1Sil ., S1Si2 W43 R 2w T8
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Table 5 The absorption coefficient of copper in different rice parts

at mature period under different treatments

&6 FRILEMAHKEEREXNANEERY
Table 6 The transformation coefficient of copper in different rice

parts at mature period under different treatments

pisal R e - A bR eV /AR A/ AR
S0Si0(CK) 0.321+0.005f 0.050+0.003bc 0.064+0.000b 0.030+0.000b S0Si0(CK) 0.156+0.010b 0.199+0.004¢ 0.093+0.002¢d
S0Sil  0.333+0.011e 0.046+0.003cd 0.044+0.002f 0.028+0.000d S0Sil 0.138+0.013¢ 0.131+0.007f 0.085+0.003e
S0Si2  0.392+0.005¢ 0.047+0.002¢d 0.052+0.003d 0.030+0.001b S0Si2 0.120+0.005ef 0.133+0.009f 0.076+0.002f
S0Si3 0.310+0.009f  0.059+0.002a 0.028+0.001ij 0.026+0.000ef S0Si3 0.191+0.010a 0.092+0.007h 0.085+0.003e
SISi0  0.395+0.004c  0.044+0.001d 0.039+0.002g 0.025+0.001f S1Si0 0.112+0.002ef 0.098+0.007gh 0.064+0.001g
SISil  0.295+0.014gh 0.050+0.001bc 0.073+0.000a 0.030+0.000bc S1Sil 0.170+0.005b 0.249+0.011a 0.101+0.005b
S1Si2 0.267+0.012jk 0.044+0.002de 0.058+0.002¢ 0.024+0.001g S1Si2 0.163+0.011b 0.215+0.007b 0.090+0.004de
S1Si3 0.278+0.003ij 0.043+0.002de 0.048+0.002¢ 0.028+0.001d S1Si3 0.156+0.005b 0.172+0.008d 0.102+0.002ab
S2S8i0  0.361+0.002d 0.050+0.003be 0.033+0.002h 0.031+0.001ab S2Si0 0.140+0.009¢ 0.091+0.006h 0.086+0.004¢
S2Sil - 0.290£0.008gh 0.035+0.005fg 0.032+0.000hi 0.029+0.001cd S2Sil 0.120+0.019def 0.109+0.003g 0.098+0.005b¢
S2Si2 0.261+0.008k 0.043+0.004de 0.034+0.001h 0.028+0.002d S2Si2 0.165+0.020b 0.129+0.006f 0.108+0.012a
S2Si3  0.285+0.001hi 0.036+0.002fg 0.040+0.005g 0.028+0.000d S2Si3 0.127+0.007cde 0.139+0.017f 0.099+0.001b¢
S3Si0 0.463+0.008a  0.052+0.006b 0.071+0.005a 0.030+0.001b S3Si0 0.112+0.011ef 0.153+0.011e 0.065+0.002g
S3Sil  0.289+0.004¢hi 0.039+0.001ef 0.027+0.001j 0.028+0.001d S3Sil 0.136+0.004cd 0.092+0.002h 0.097+0.005bc
S3Si2 0.420+0.009b  0.044+0.004d 0.028+0.002j 0.032+0.001a S3Si2 0.105+0.007f 0.067+0.0021 0.075+0.003f
S3Si3 0.298+0.007g  0.034+0.002g 0.062+0.001b 0.028+0.001de S3Si3 0.115+0.007ef 0.210+0.006bc 0.092+0.005¢d

TRLRAL Bt Ak PR RS R A S A vl 2, A ) 2
NP LSS S ESE NEICE S E i P i PS
2B -0.6104%  -0.3676 ,-0.9045%* | A] fEZH
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AR WK IREAIEE - A2 1 HS 5 Cu 8T8 Bk
BALEY), FEUEHLECD R R AT RS Cu &
I A VIR G4 Cu it AERREN
fiti A HIE AT RS R 5 Cu JE URERR Tk & 41T
Ve R ARG I T K AEAR PR Ak BE ), Ak Cu B#AIK
HFs i SR A IR R R 8 P R TR IGE: Cu &
REALG, X LAt T2 2 %) s i) PR S AN [ D i AN [ 5
A APt PR AN R R T S i R AN ]
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3.2 TR e Xef 7k FE I AT 5 Y 2 M

T ) 37 i 5 T 4 R P 8 AR R BOK & T A
(ROS) ;™A , KW 5E Uk BIAE Y Hh i 2 R e A A B 12
RGREAE—E TEFENTEER ROS, fRIP A 552 A 4k
B E . B2 A SERIEY R BIAMIE GSH 1] 22 i
T4 a4 S R AR W DR /N2 A it A 35 85
i K AREESIR B Co &5 U 5o
il 3 R ek , A2 FHAIMIR ) Pl 60 B AR ), i
AR S BB R i AR VE F AT GSH Ak AT 6.
T34 WF 5T B R AR S IS5 e K R I R 42 e
I V2 R B 4 T A5 6, AR 3 R B ) /K R X ]
AR 2 32 68 01 B B R AR R B W /K R, Hu
S0 A B - PR 5 R KRR AR B B, 5 L
TR TRIZHE K REAE T Fe VR 505 Mk i 2 0 1E A
X%, % PR AT Al S 0 DK RS As IR REAE A £
B RRMEAE AR PR pH 390, T 48 SR A AL
B PIUITE TR, TG PERREAS AR PSR R AT, (P R e 1
WA LIRS pH THE AR B A
(61 A= 7 W B BB RTS8, BAAIK - R & R
3P . Boekhold S5 HFFY F BH R PERD + 1 pH B35
0.5 N, H 3 Cd I REsE in—fy . ANiFoess
S, B A N BB M A R T K R AR X il ) SRR
£ (0B A EAE RO AL i 30 kg-hm™ 1 60 kg
hm™ 55 AN S RENE Pt AR SR A 5 AR X I, 22 57 48
2, P DR PR S1Si2 MR 1 e AIG s B | it
REACHR HURR . Ak B A - AR £ K RS AR R 46 L (H
Bt ek EAE A PR AR ] ) 25 R K 5 2 R AL
BATHAR | AR A S = R I 4 R A A
REF it FHA R 08 DK RERE R ZE I i e R
HA LUtiAz R 60 kg hm™ F1 90 kg hm™ 5jitifEAE 0.5
g kg M 1.0 g-kg! BAESCRAE . HUihi RENE AR
TR P ATORE K e (R R SR AR, TR [R) A8 s i
Pic i %ot it K HH e 5 R e R [R]  PTRE S REAS ] H
PIRC T -3 A | T35 pH A MoK R R MRS
JEAEZ AR, HE TS AR 7E 3 KRR IR R b i
AT

AT AT K HR R 5 e R o (R R S0 ) 3
i 45 H B £ 30 kg - hm FNAE i 1.0 g-kg™ ALtk
Tt X TR SHRAL AL ARG 248 AR 2Rk
AR R B (R & SCEE ), T SO AR 2 2 9k kel
oA 5 5 55 AN AR AR - 38 pHL, R AR 2 5 48 pH,
EAR S pH (HHB7E 6.0 LN (Ff&3cE), Mk
Boekhold 5P iJF 5 45 J A 78 1 198 vh 11 W B £ 1T BE &

T, AT T AR KRS B A R, ELAR AR HE e
ARG RE X B R (8 W W, iE— 20 IAAE B 39 5
VI EE S R3] 7 STE

T

(1) it VB AR ES 12 8 AR AR 7 e DX e - 3
i PR IGE Cu & i $2 MRS Co &, (A 3
PA DA Cu AL S B3 Cu &
SRR AE RN R AR 25 5

(2 R Pt A ) i K R A AR 2K I X6)
e R i SR AR, DRI 25 B0 A e Tt Yo % A /K R A )
BEF VLT HRAR AL I

(3) A3 365 235 SR 2% BH A e 15 e X 11 38 DAB 30
kg hm? FIfE 1.0 g-kg™ B, 7 FSCR e fd:
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