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Table 1 Basic chemical properties of different soil types

+HEA pHAE AU £ TRA AN ARk AP B AK FRhE ASE WEES SRR Fe Ui B AALAR ALy
Soil type pH value OM/(g-kg™') TN/(g-kg™') /(mg-kg™') /(mg-kg') /(mg-kg') /(mg-kg™) /(g-kg™h) /(g-kg™)
ZIHERS  4.3940.01 9.10£0.22  0.41+0.04  46.11x1.36 2.34+0.17  61.33+9.61  109.44+0.31 33.67+0.02  8.98+0.46
B} BS 5.95:£0.01 29.91+0.34  1.79£0.01 151.50%2.92 105.96+7.78 249.33+0.33 208.61£5.59  9.39+0.05 5.27+0.07
WS 7.45£0.02 46.01%0.56  1.41x0.12  74.1125.16 10.31x0.17 418.00+34.03 221.21x1.83 13.44=0.14  5.2020.01

T B F I E bR R (n=3) . T,

Note: OM: Organic matter. TN Total N. AN Alkali-hydrolyzed N. AP Available P. ASi: Available Si. Fe,: Free iron oxide. Al;: Free aluminum oxide.
Data are expressed as means + standard error of the mean (n=3). The same as following.

1.2 RIwigit

I T 2017 AFFEHTIT R F R S R IX H O %
HIEAT AR G SR Y JC 35 R i G 75 (b 111 4% 28
em, T 4219 em, & 22 em) B3 12 6. 0 kg, 4%
HEN0.15 g-kg ' (JRFK) P,0,0. 1 g-kg' (i BERREY) |
K,0 0.15 g-kg™ (BRERHR) i A 1456, o B H0 0
ST Ry AR — KPR, FE 50% 7 A SEAE it A
T34 5091 R AL DL WOE 2XAE 4 4346 ) Wt A
T8, KREFMEH KB BER BT, 8483 T,
B3 MR, EE 3K, —BAEN—ANEHE RHHLIX
AHED . AEAKFE A B R ALK AEAE O, 5 A B L
Pe— I ROK R4 B 25 b RS ATRE K 43 5
gy, —7OKFEM R G B IR R — R, B R KU S,
FHEB T /KBRS 3~4 ¥R, 105°C 475 30 min, 65°C HET
JEFREE, RN L 0 (100 H) J5 & L, - F o RE o

Mr,
1.3 NEmMB K
1.3.1 ##massazs FREO0.3 g YW T &

s, 550°C JK4k 3 h, 2R J5 H 50 mL 0. 08 mol - L™
H,S0, IR Ko 4T BEA 100 mL S8R A 2
mL 40% IR (HF) 9% 1 h JE & i, e
W1 mL T 50 mL B0, 0.32% H,BO, B E
RZE 50 mL, B 1.5 mL BESIART 10 mL B0 45,
FIA 1.5 mL & {45 (0. 08 mol -L™" H,S0, il 2% $H&

BRI 1 VIRGW) , 55 ##IE 5 min, ITA
1.5 mL 3. 3% A BRI 1. 5 mL 0. 4% BT AR, $£ 57,
10 min J&5 FIF TU-1810 $54h ] WA 6B i (bt
AT FE 811 nm A R OGE ™ , 3 B A X3t
ARERES (%)

FEAEE S =

m

K, p: N TAEM LR A& Sio, A9 R & ik,
mg L7 VRS BAR L 10 008 R B m TR A
mn iR, e,
1.3.2 #HH=FACAEZI FRELS mg FEAS 60~70
mg NaOH-H,0 B2, & T 7 mL MR 21— bt A
e LIRHFETE AL R Y (PFA) AR (7 L B JE 2 A )
H1,200°C E AL 3 d, B EIG, M) PRA I FERR i
A 2 mL B4k B F DB -3 18 i L B (H N A
Al) FmER 1 ~2 h AR SR, A A RE A TTEY),
L RE WA DIER B E 10 mL .08,
11 000 r+min™" B.0> 4 min, 7325 _F3H W AMTLIED) , # DT
TEV % & PFA I FEAR T, N A 200 pl 7 mol - L7
HNO, , 7EfE R B AR A 5~6 h (A, 2R
W CATFENE R e, U  AG50-X8 #4 JiE ( Bio-
Rad A H], USA) . B 5 XA BE HEAT IR VE . AR UM A 1
mL 8% HF #PE 1 7%, 1.5 mL &4k 3 ¥, 1.5 mL
6~7 mol-L™" HCI #k¥k 3 ¥k, 1.5 mL #BL4EK#RTE 3 Ik,

pXV

x 100% (1)
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F HCI-H,0 Wy 72 3 k. W LR B I 5 2
FE AR B IR GEAE P I A BB 4tk AR =
15 mLE LA AT 21K AT M B AR W b Sio, /Y
FrE A 2 ppm PP

1.3.3 #adprE Rz Rl 2 R P KA
Si0, fik Al Z 4 R FH Neptune Plus 234232 %6 55 Tk
JT 14 ( Thermo Fisher, Germany ) #47 K I, 45 1 45
FH 8%°Si(%o) XS T SRPAREY) T NBS-28 3R .

R/ ST A

8305i — |: FRURER 1} % 1000%o0 (2)
Rﬁ?ﬁ#ﬁﬂ:

M, Regpyres « FEOUAE S rh E AR R 2 SRR AE R A7

R FLE LG, B S/ % Si5 R e,  PRAERE f Hh E
[ 28 SR RERM 2R 22 (B A B2 Lo BRvBERe R 32
| e Jr A SR ) 57 AR EY) it NBS-28, 4 8%
Si {E M IE, Dd BAE & o A0 3 A R 7 28 3 o i T AR vER)
[ 524 8%Si fE At BERAAE S P B Ak R4 R AN TAR
HEVIIE , X T Rl—AR R 2 Rt A B i 45 8, Si 10
FERE LR 8, Si {8, RIAY T A AXF T4 B &,
ARG TP TR St KL T+0. 01% (20) .

R ity HP AR A [R] 37 3R 2 A0 7 AL BRI AR

A RN AT,
1.4 RS

K H SPSS 20. 0 B A AT AR G150 Hr, 25 7 12
R0 K F Duncan & H 2 1: (P<0.05) ; #HeME
I3 HK A Pearson AH5E 3 M7 5 K I Orgin 8. 0 3k fFi#E 47
fEH

2 HER5HH

2.1 AEXEBLEABEHFERRE

HE 2 W 210 R W b B R K R A N
KA E RS BN AR 58 0.18% ~7.61%
0. 12% ~12. 81% 0. 13% ~19. 06% , 25 A1 155 22 B}y #63
>4 S 3 B R LIRS Rk A i, R
W, Hor s A KR A S R B s TR
ZI4E, 3 Fh M R A K R RE S I B 38 LA B A
15, 3 C LG A1) 2o B BRI 50% , s - Al
B K R I F AR 43 e L A9 I 8 v T B - T3

®2 KBAERETE,EE . RREMNSELH)

Table 2 Dry weight, Si concentration, Si accumulation, Si distribution in different organs of rice

it R

Si accumulation/ (g-plant™")

T 43 L]
Proportion of Si

e wE (RS T A i
Soil tpye Organ Dry weight/ ( g-plant™) Si content/ %
ZI3E RS Gics 2. 68+0. 13hi 3.42+0. 10g
ES 6.61x0. 22de 1.91+0. 12h
nt- 10. 3420. 18b 4.72%0.07f
e 2.32+0hi 7.61+0. 13
PN 4.57+0. 12fg 0. 18+0. 01i
B+ BS R 3.370. 45gh 3.37£0.03g
ES 8.90+1.0lc 5. 16x0. 03f
- 16.22+1. 49a 9.11+0. 10d
e 3.300. 19gh 12. 81+0. 10¢
ok 7.59+0. 02¢d 0. 12+0. 02i
¥+ Cs il 1. 3320. 02i 3. 84£0. 03g
£ 3.28+0. 14gh 5.1520. 05f
it 5.510. 05ef 13. 810. 05h
e 1. 31£0. 03i 19. 06+0. 65a

B 2.49+0. 04hi 0. 13+0i

0. 092+0. 006efg
0. 12620. 010ef
0. 487+0. 003¢
0. 177+0. 003de
0. 008+0g
0. 113+0. 015efg
0. 458+0. 049¢
1. 475+0. 126a
0. 4220. 0245¢
0.009+0. 001 ¢
0. 024+0fg
0. 169+0. 006de
0. 7600. 005b
0.251+0.015d

0.003+0g

0. 10320. 007h
0. 14120. 005¢
0. 548+0. 003¢
0. 198+0. 004de
0. 010+0j
0. 045+0. 003i
0. 1840. 005ef
0. 595+0. 009h
0. 172+0. 013f
0. 004+0. 001
0. 041+0. 001
0. 137+0. 003g
0. 61620. 008a
0.203+0. 009d

0. 003+0j

3« FIBIAN NG 5 B 2oR [ — 2 B AR IR TSR A1 2253 3% (P<0.05) o TR, ik SR = KA B T xRES &, Bl L 0 KA &%

BRE R G R R SR Y

Note: Different lowercase letters in the same column indicate significant difference among different soil types of the same organ at 0. 05 level. The same as

following. Si accumulation =dry weight in rice organ X Si content in rice organ. Proportion of Si means the proportion of Si accumulation of rice organ in total rice.
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M 3 AT, 208 R4 4 A R KRS
HAwE 80 S E M ILHRAR E 2 TR B 2B
My s REoK e, AR R, 203 R R
R KRR A AR 22 8] 87°Si (E AR IR AN,
ASAL L FE 3 5K = 2. 04%0~ 0. 31%0 .~ 2. 21%0~ 0. 96%o .

-1.94%0 ~ 2. 14%o, H: h #5 + & K, 28 1k iF B Hh
4. 08%o; Ja TR Z , AR BE A 3. 17%0; 213 /N, A8
AR BEANL R 2. 35%0 , 3 BHZK A P ik [R) 42 28 43188 v
MR M 1> B+ > 21 88 3 Fh 4 1 A A% K e 2 bk
8YSi (HAFAE I 25 57 MR R i+ >8> 4T3

x3 FAEXBLTEABLAERE SVSiE

Table 3 The 5Si value of different organs of rice under different types of soil /%o
fj%ff R Root 2% Stem - Leaf 5 Husk &K Grain #Hk Total
213 RS -1.15+0. 18 -2.04+0. 02 -0.91+0. 06 -0.38+0.03 0.31+0. 10 -0.98+0. 05¢
2+ BS —-1.03+0. 03 -2.21+0.03 0. 06+0. 04 0.82+0. 12 0.96+0. 14 -0.27+0. 02b
#wt Cs -1.53+0. 19 —1.94+0. 07 0.53+0.03 1.48+0. 05 2.14+0.02 0.30+0. 03a

2.3 AREBHEKEERMCZHEEN
B 1 PT, 203 PR A A A R A K R AR P A
[ 2 43 1 2B o, 2098 0.998 8.0.997 8,

0.997 5,30 3 Fp 32U rp 4 + FoRE 9 K A RE [R)
PEFEMBRE R BRI RN,

1T zs
G
2 A
S or
E
«
-
5
% 1MAr
o
wn
% 2L
X AA EB —C----D AA EB —C------ D
00 02 04 06 08 10 00 02 06 08 10 00 02 04 06 08 10

KRB P UTIERERT 5 Ll

Proportion of precipitated Si in rice

L RAR ;S 25, L H RE5E G REK A K AR TR B8 8%Si {1 ; B K A2 Bk 8%0Si {8
C o R AFAR A T E Ak T 1) 152 3R 2 B 5 D < KOS PR P 8 Ak ek ek [ o2 R AR A

Note: R: Root. S: Stem. L: Leaf. H: Husk. G: Grain. A; The 3*Si values in rice organs. B: The 8*°Si value in total rice.

C: The variation of precipitated Si isotope composition in rice. D The variation of precipitated Si isotope composition in rice.

E1 Sio, fEkfE&R

B UUE R Si [543 518 h £

Fig.1 A plot displaying the Si isotope fractionation among Si precipitated of different rice organs

2.4 TIEAHEOKBERMRHIES THEELE
Rz BRI R S

128 4 A0 KRS Fr 87Si fH A bk 87°Si fH 5
€ pH A AP R AT 850 5 e 4 A% 2 IR ARG
55 S s AR T R SRR A A AU
Ko KFEEERR 8°Si (05 HIEAA T B BE LML,
KRS 8%Si {5 e e S A 3 IEAR G, 538
RS R RF B, LA NS S 1 pH
{6 AHLBT A S B A 3 T O, S
fifp SRS S R E IR AR, 5 e A B T s A

B R A
3 itie

3.1 ARTEEBRIKERERMLES BRI

IF5E A DA N A P IR RE DL BRI, REAE A
PR I RE R IE A7 7 TSI TR, 2 DI
Ve IR R ik 2 e rp AR 92, 5% AR REAR AT L
FRRBEA I BOR | B REAR 1 7 i R R T 4
S b HADRERRER 1) , 2 LM b 1 A RO Y T2 Bk
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Table 4 Correlations between available Si of soils, 3 Si values of rice and soil chemical properties

KM R 8Si fH

3%Si values of rice leaves

IKFEHE R 80Si
3%Si values of bulk rice

e FE R I3 Ak
Soil chemical properties Available Si of soil

pH {f pH value 0.913*
AHHLFE OM 0.933 ™
A TN 0.908 **
A AN 0.720*
B AP 0. 452
B AK 0.824*
H R ASi n.d.

W B FALER Fe, ~0.961 **
e SALsE Al -0.970*

0.977 0.994 ™
0.986 0.995 "
0.820 ™ 0.739*
0.553 0.434
0.255 0. 126
0.673" 0.559
0.970 ™ 0.927 ™
-0. 880 -0.829
-0.939 ™ -0.902

e AR ERTE 0.05 F1 0. 01 7K A S i 35 A i 3 s n. d R R B AN AETE

Note;

PR S S ARTF G A5 AR, ARHRIT R, AR KRS
f 8%Si {H 5 A7 85k 22 AIA7 e AR B B IEAH G L &R
TESE T AR R AR T i A WS () B R U

F5E 3B, AK R AR P 6 e ] 47 28 2L Il 2 1k T2
3 F] ( Rayleigh) 4847 R, B Fl - B AL AL HR 7
W H,Si0, e A R A DUNE, DITERER) 87°Si {H
IR TP R AT RERY 8%°Si (1l , UK R it
TR T RIS A o 100 [ A7 28 20 A ) 2 AR B0 =0T 3 g ik
R SRS E el 1 0N R CIR VA X 1
F e F8 , ORI R UTTERE R & A (R, ) 5%
FRREIRIOE 2 HUIE (R ) Z T Lot =L MEREK, BEHH
UUUERE R 25 7 ik [R) 037 28 22 [B) A9 o o 25 S K
IR AE 7 Nt o N 6 T B oL o i N W ol
ZIME A M bR R K RE A N A g R 8YSi
LR AE A TURRE BT 5 e Bl TR (1) 2R %
2T PR A Rk A% ZKORE 1R P A ) 467 38 401
JEFRIONE + > B+ >2T 1 R AR T8 + A KRS
PRI RE[RI 2 A1k fee i, 2B+ R 2 2T MR 55, AR
WFFEE R KRG 8 Si fH CREMR A Fr) |+ HEA akork
SRS AR S RAFEN B AR, it
JHE , e - AR %) 7RG R P B [ 57 25 40008 A B e Y
JER AT R 54 HAVUR SRS A, APLR S R
1o, 2 W R HE AR R R S R T RE AR R, S BUKRE IR P RE
BB AKREAR P Bk ()57 28 A0 AR Rk bR . BT &
BRI K R A P ik [R) A7 28 40 A R K T TR AE 01, 4
AT RESE T R K R R R SR, H AR AT
THRUK R N B [ 7 2018 R B o P R B, AT T
RN R 2SIy N o & A (£ 8= R N O R S R A 0 et
JEHN 5 UK R HE 30T, 28 B R ) R D9 3k [R5 38 401

*and ™ represent significant and extremely significant correlation at 0. 05 and 0. 01 level, respectively. n.d. means no data.

ROV 55 1] BE A S AR R A MR/ 62 AR
FEARRY], MAE T 3 Fh L B KRS T E AR O B
T >SZTES A -, Tk ) 67 3R 70 1 AR KR B A >
MRAESLIHE, e HED i O B AR AY AT BE A R —
7 TR TR KRS T E R T AL, RN XL
S, P T 0B b B ROK RS AR AR S, e R 6 3K 01
RN B3R 5 53— T A AR E R TR Hop
L ATRE et + A IR B RERE 1 S BRI T
Wt B AR R P RS R T AR b, BRI S BORR AT T
5t AR R A N R[] (0 28 7GR i T b, A
FELIR M, LT HERIAE 0 7R P N ik [R] 3 28 1) 2001 7
JEf/I, ATRESE T A0SR A B 7, e KUAL 7 i 45
7 T R A BILBT R S AR A
TEAAAY 5 T BERC A s 5 — T T B o AR AR A A P 5k
G0 AR T S W i R, S B A AR A
A, ASH TRt [ R AE KRR AR A 708
3.2 AEHEEBIKTERER AR AR KIS

T R AR Al B Z AR ORI B9
fik 3y AR RE AR ) 10 AR AR Y B RK
A ER AR R E . AUFH, i Sio, R
KRS HEBR B 50% , HORE 1 E A B0eE KR 8 Si
CEERRATI B ) 5 A R B AT AR S 23 B, LA
FEAN RIS - X R Rk [R) (7 SRR A 2 ), AR
FR I RRE KRG 8Si {AH (MR A ) 5+
HE pH {E I AR 25 IE ARG, Al REJE h T AEMR I A
AR PR 2R 358 T, R ARk S B S pH (H R IE M
SIS H K Y R RE R TR M
AB SR LSRR, KAE 87 Si i (R AT ) b5 4 4
AU R IEA G OC AR Xl B i T
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AT S, R AR R S R AR
W FE SR AR BT AN 1 SR, 2 - FIAE - R ORI 2 R
TR, — T, R IR SR R S e B
BRRERII R I AR B AR R R
— D7, AR R E FOR A P FORPOR R RS PR 2
BowiRk, HEEE 1 e pl g, $idfiE, 2010 4
TR FORFEFF = 5 2 22 156 T3 t, T B3 A H A L A6
AL ERFE TG 17. 6% (1145 + 3 ik £
KIS IE R R R ek R R ok 2 e 8l 4h e, 5
H AW R St i i R A T Y
Tl SR A R AR 19 5 R TR, R I S B0 Bk 87°Si M
T, A ARBFIT AR K PR, B A i R AL Bk A
TR AL AR o IR T48 1, PR R B A KRS 87Si
(B CBEBRFNIT ) JMIS T4 £, B R 0] B8 = A — Y Rl
P, IR R i, Bk AR AR A 1
i, B R A Rk S iR 2 H A e
B A ik R) A7 2R, 5 B0 M A X e 4R EE R R) A
EZ AR SHOKRERN 8°Si [T, Hd A
R, BV R A RERR IT LU ER A0 AT 2 1 9t
fEI G F RN T, Ding 250 B ST & AL AT KRR
VLKA RIS, 28 4 A7 AR 22 5 10 B R 2 — AT R K VLI
ST 4 v R S A W X ek T 1 W o —figk I A FH B SR B
ARWFFE LA AR & i KR 8 Si fH (M R
M) 5 s R AR AR U RS AR S R AR B
TR SG, HEM 5t PN A . — 2 2D R v, itk
B ALTE TSR, S B E RS, A RO A
K 0 LUK MR 22 , oK G , RIS
(R B0 AR AL ) KT e 1R 1% W P —Fidf W A R R B 5 =,
ZT SR AT MR TR AT AR VR, A BLBT B s AR X AR
A ge e A Ak B & RS, SR, G T
S R Ak A STl X T A R R — A o R LA
PLELT B = BA R A IAIR , HASBF ST B T 3 Fl+ 35
B AL | A5 I T BT 22 20 B - ek T IR
AT

4 it

ARWTTEAERE], L R A LB KRR
PR [R5 3R 4318 s 0 LG AR AR B X 3 R g 4 1> B -
SELIE KRR [l 3R A5 5 £ 252 L pH (H AL
ARk i A R R R SRR R R, AR
FEVLARB T /KRR N fik ) 57 2R 2L R S o000 55 138
e & i o L1 [ PSS s 2O P 7/ N N R
MRS TG Z MR SCRBOE T RAFERL, 4

Je Al B T e R FIAR W) 6 T e P ) AR AL )
5 8] B RE R A7 2K L AR T IR AT ST, 2t
— 2 SR 5 AN TR A R BRI 2 [ ik [R) 7 38 0 B0
R, M AR YY) - LI RE RO R MR S IX
B BRI 0 E A D R A 22 IR B PR A T
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Effects of Different Soil Types on Silicon Isotope Fractionation of Rice
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Abstract; A plot experiment was carried out to explore the effects of different soil types on Si isotope composition and
fractionation of rice. Rice ( Oryza sativa L. cv. Jia 58) was grown in red soil, black soil and cinnamon soil , respectively.
Soil chemical properties, rice dry weight, rice Si content, rice Si isotope composition were determined. The results
indicated that different types of soil had a remarkable impact on the rice Si-isotopic fractionation. The Si isotope
fractionation factors (o, ) of rice grown in red soil, black soil and cinnamon soil were 0.998 8, 0.997 8 and
0.997 5, respectively, illustrating that the extent of Si isotope fractionation of rice planted in cinnamon soil was the
strongest, followed by rice in black soil and rice in red soil. Correlation analysis showed that the 8Si values of rice
(bulk and leaves) were significant correlated with the contents of organic matter, available Si, free Fe oxide, free Al
oxide and pH values of soils (P<0.01), indicating that rice Si-isotopic signature might be primarily affected by pH
values, organic matter content, available Si content of soils and the extent of soil weathering since the contents of free Fe
oxide and free Al oxide increase with weathering. The results provide a theoretical basis for using Si isotope tracing
technology to explore the model of Si cycle in nature.

Keywords : soil types, rice, silicon isotope, isotope fractionation





