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Accumulation and Chemical Forms of Vanadium in Different Rice Cultivars

HOU Ming, GUO Ling, HE Jian—liang
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Technology, Guilin 541004, China)

Abstract : Accumulation and chemical forms of vanadium in two rice cultivars were investigated by pot experiment. It suggested that the V
distribution levels in organs of two rice cultivars was in sequence as follows: root>stem >leaf>seed(rice grain). V was accumulated mainly in
roots. V concentrations in organs of the 188 species were lower than that in the 838 species. During stages of stooling, flowering, pustulation
and maturation, V concentrations in root of the 188 species were 73.10 pg-g™, 92.56 pg-g™, 57.46 ng g™ and 57.81 pg- g™ respectively, in
stem and leaf were 8.79 pwg-g™, 4.52 pg-g™, 2.13 pg-g™ and 2.56 pg- g™ respectively, when V siress level was 100 mg-kg™. Meanwhile V
concenirations in root of the 838 species were 59.14 pg-g™, 94.93 pg- g™, 88.59 pg- g™ and 89.70 pg- g™ respectively, and in stem and leaf
were 4.64 pg-g™, 3.66 g g™, 2.29 pg g and 3.24 pg- g respectively. It indicates that the 838 species has stronger V accumulation a—
bility. V speciation in roots of the 2 rice cultivars were mainly in the chemical forms of HCI extractable( Fiy;) and HAc extractable( Fy,.), but
they were in the chemical forms of HCI extractable( Fiyq) and water extractable (Fy) in stems and leaves. It suggests that most V uptake into
root was combined as phosphate or oxalate, which restricts its transportation from root to stem and leaf, and prevents V damaging to plant
photosynthesis and other physiological process.
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1.1 X gE

P IKFE (Oryza sativa L) R R840 188 (& HF
& 2007028 ) FiI-H11; 838 (A A7 AF 2006012 ), ik 188
JE R = R 2R KAE, TERE 7 A XA E A MR A
SEH BT 1124 d, AR BUAERGE KB B
IRGERIT AR FR IR, S BE T FIH R , 25 AR
ISR, S 32.2 em Y8 1.9 em; BEMHEEL, Je M
N B 1 666.7 m> A RS 19.4 TR, bk
f 101.0 em, B 24.0 em, BRREECRI L 127.9 K7, 4552
£ 82.3% , THIHE 25.8 g, 111 838 J& S A = R A45C
KA, FEFR LA AR, 2R F L 125 d, R K
HEFT ARALE Lk, G B TR PR S5
gy, B 660.7 m* 3R 18.0 JTHE, MR 114.9
em, FEAC 24.9 em, ARREECRIEL 147.3 i, Z550%
72.9% , THiH 26.6 g

FAR A (o PR ALl ) 52 1 ) 398, HOLAR
PR 1, B3 T Br A ARk, i 3.2 mm
T, 2 o 3L NP A K AR i) R e v
(NH,VO3) 3 R A2l
1.2 I &t A b 32

AR IS AE AR TR 2E IR R A T o BUXT
07 5 B R (33 emx29 emx11 em) 2 A 4
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Table 1. Physical and chemical properties of the soil
mEs

i AW g cpey W WO EV B
g-kg emol-ke - &°k&" gkg? gkg? mgekg

te]
574 1124 7.43 108 093 164 9497

kg (LA +1t1), & T 58 13l N[CO(NH,),] 0.2 g,
ons(KH2P04)0.2 g\KzO(Kstzt)O-l g ’VEEHE , LA *5}5'{
WA RS, I E N 3 B, S nA Vv
7 (L NHVO, JEZUINA )0.50,100 mg kg™, A Ff b B
ANEI SR SIBRACT- 1R . PR AR Y
JKAEFPT, HAKIZ L 6 h, B = & S EUR BRI IR W
(1.5 g-L™)#2d 2 h, FHS/K G REOK , BT i aF
JE BRI PR E . B 30 d MRS R IR R
BEAE N T BRBIE , $RK HAR A BESR R4 T /KRN
BAE,
1.3 KA *
1.3.1 KAFAEARARIN V LB 5

S MAEK R B o e A8 ) SR
BIHBEIE o AKFEAE AR 28 I RS0k
J& . AR K e s R Ak Pk, 105 CA 20
min, 60 CH LT 5, FAEYI R DL A 20 H
(0.90 mm )i , R AFEAE, T THeas P IR AE 5 . I
3.000 0 g #E il SRHEZLR PN & AR d ViR
JniE S 100 mg-kg™ I AFKFFHATIES 30, LAgh
H RS XY

Z: WOV 7 IR S5 12 ) Ak 2 U500 8 A S Bk i A 7
MR, WK AR IR NS RTEAS V T8 A0 PE G, 12
BOARIR Hy 80% £ % (Fe) . 8 F 7K (Fy) 2% R
(Fise) 0.6 mol - L™ E@%(FHQ)9§.§E%§£%7§(FR)O H
PREEAENT - ERR PR T 3.000 0 g, T A 20 mL $2
BRI A 50 mL B8RO 7 25 CHEIR IR 22
h J5,5000 remin™ Z.0> 10 min, fFH FFw, FNA
10 mL 2GR, 25 CIEIEIR Y 1 h,5000 remin™ &
> 10 min, ] FIHW, 59 2 I EIHHR .
1.3.2 #Efh V S E e

IKFERERE T VISR A KA S BRI AR , V TEAS
AT BORZE & 2T 5, H H:0,-HNOs(1:5,V/
VI 2, K85 G A S0 R 6ot
JE 7 (GFAAS , novAA 400P, Analytik Jena AG) I % V
T RISLE R 3 R E IR A HME .
1.3.3 ¥dlssb e

592 Z 8 (Translocation factor, TF) FAZR FE /R FHY)
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(pgrg™)o MFXTHG)E MY & % R4 BCF(Bioconcen—
tration factor, BCF)=ARFP V & (pe g )/H3EH V &
i (pgeg),

% FH DPS 9.50 %4 &b B 2 48 Fll Microsoft Excel
2003 XF e Hm HEATGEIT oA, AR LIPS hR 2
(Mean+SD )3 /R o

2 ERESH

2.1 VEKBHEKAEREWREMSH

FH % 2 Al FEANTR) V VR EE A T, K FEAS R 4%
B ZRUY VIR R B MIRUR R A > ZE >3
V F A KRR th R s 4R, b ERAR D, 75K
OV S ERAR, PROKRE TSR VS EKT 05
pgeg”, UHKRRISEAIE V i FiEiinae s .
FET]—A KM, Bt VAR BRI B A3 K, AS ] i Aok
A REUR V S E T e, AR iR K,
L2501 SIS R A o AR KRR AR AR KU
ANFEPKFI A4 E VS22 e, mR— v ik
JEALFRR KRGS V & it AT B, KA
EV SEETRES, 75V AR 100 mg-
kg™ B, PEATBEN] A6 ESR I G, iR 188
IKFEAE AR AR TRV & 5 5 51 73.10.92.56 ,57.46
57.81 wgrg, 2Lk 8.79 452 .2.13.2.56 pg-g;
T 838 K FFME BEAR b V % 5 h 59.14.94.93,

88.59 .89.70 pg-g™, ZENFH Ky 4.64.3.66.2.29 3.24
peee”s AU, - 838 Xt V A FH AL S B i = TR
188, RN M FKFEXT V & Efe I AF A
HRES V S e i =, SRR A ARk
AK; AV E RSB S, NI R T
R, BRCEJHMES VS R RRAL, SR A Y
e FEARIN V AbFR A /K FEL I, R V 75
ik, H2Em V & aim/NFARER .

A 3 Al 0L FEARTE] V R BE e T KRR AR &
AR R BU(BF) TS R E(TF ) EAHI . TER—4
K, Bl VAR FRMR R, AN]SR OK RS AR 4
FEE N HEB R TR, ARV IREEAN T,
ST B I, A B R B R BRI, T
B REE TR B AR R AR & & R 50y
TEAC I B R AEL, Bk 188 I K& R E
1.02, 11 838 3 1.04; 78 V #e 50 mg-kg™ B, Bk
188 JrBEMIAYIT RS R AN 0.24, UM 0.05,
SEIRFW] BEE VRS KA R V 9 RE )
B, KRR S YV R BT AR ER, 4
AFEZEM D AKAEH VAR DR 35 ) |
AR, L RS R BRI
22 VEKBEKARABZRENLZEAERS

T A5 4B 5 4 % (36 4) ml 1, R Ta) S Rl oK R
RIS TV BAEEIE S AL KRR
ERFRFRIUS (Fua) >BETR AR IGE (Fiu ) >7KEEBUS (Fy )>
RIS (F)>HR i 5 (Fo) o KREARES V Z LU

&2 AMUKFER ZEMM R VIRE

Table 2 V concentration in stems, leaves and shoots of two paddy rice cultivars

V &4 V content/pg g FW

gy VAR — _
Vegetation period \% conle{lll/ #2 Shoots 2% Stems IH Leaves T4 Grain
me ks il 188 Tl 838 w188 T 838 L 188 +1It 838 il 188 T 838
i 0 7.36+0.14 9.81+0.19 0.74+0.05 0.87+0.04 0.79+0.05 0.90+0.02
SrEEN 10.26+0.39  11.26+0.25 1.86+0.06 1.49+0.08 1.23+0.19 0.95+0.07
50 21.09+0.23  42.46+0.41 2.47+0.05 1.66+0.08 2.45+0.13 1.70+0.09
100 73.10+0.54  59.14+0.25 4.45+0.23 2.42+0.19 4.34+0.31 2.22+0.21
e 0 14.45+0.30 4.38+0.17 1.00+0.03 0.07+0.01 1.37+0.15 0.39+0.03
50 24.72+0.30  51.85+1.51 1.14+0.17 1.13+0.08 1.92+0.07 1.10£0.12
100 92.56+0.55  94.93+2.21 1.52+0.11 2.34+0.18 3.00£0.32 1.32+0.18
HEA N 0 2.70+0.17 3.08+0.12 0.19+0.02 0.05+0.01 0.38+0.03 0.44+0.04
50 22.83+0.29  52.23+0.32 0.91+0.02 0.46+0.07 0.49+0.04 0.61+0.02
100 57.46+0.41  88.59+0.95 1.45+0.12 1.65+0.18 0.68+0.05 0.64+0.02
JE 0 5.14+0.19 3.42+0.17 0.60+0.07 0.12+0.02 0.18+0.01 0.23+0.04 0.05+0.01 0.08+0.003
50 20.63+0.41  24.95+0.30 0.75+0.03 1.00+0.10 0.37+0.05 0.53+0.06 0.14+0.02 0.17+0.02
100 57.81+0.50  89.70+0.47 2.38+0.09 2.50+0.14 0.18+0.02 0.74+0.09 0.36+0.02 0.38+0.02
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Table 3 Enrichment coefficient and transfer coefficient of V in different organs of two paddy rice cultivar

AR VAP V content/ EHARRE(BE) LR RE(TF)
Vegetation period mg-kg! il 188 14l 838 ik 188 +1k 838
K11t Seedling 0 0.093 5 0.121 9 0.207 5 0.180 4

SrBEY] Tillering period 0 0.140 5 0.144 3 0.301 2 0217 1
50 0.274 3 0.482 6 0.235 1 0.079 3

100 0.862 3 0.671 6 0.120 2 0.078 5

46 Flowering period 0 0.177 1 0.050 9 0.163 6 0.104 6
50 0.292 5 0.569 4 0.123 9 0.043 1

100 1.022 2 1.038 0 0.048 8 0.038 5

#2531 Pustulation period 0 0.034 4 0.037 6 0.212 4 0.161 1
50 0.255 1 0.561 2 0.061 2 0.020 5

100 0.627 4 0.957 0 0.037 0 0.025 9

JiEIY] Mature period 0 0.062 3 0.039 8 0.151 7 0.128 8
50 0.229 0 0.278 8 0.054 1 0.068 2

100 0.635 7 0.978 6 0.044 3 0.040 4

PR Fuo B Fne SN F  Fo &4 B =80
43.46%~62.24% , Fyne 2515 S 1 17.52%~28.81%, —.
FHATHE B 80% A L T Fr S5, 105 B
3.79%~5.18% ., SHRALL,V EKFEZE R HIE A
ATFREAT FEASTR], KR ZE 2 - SRR PR UE (Fua ) >7K
FERCS (F)>BETR FEHUS (Fin) > CBEPE IS (F) > 5%
BA(F) o ZEMh VILL Fuo 851 Fy 88 TR,
T o5 F A9 43 514 33.08%~51.30%F1 21.49%~29.43% ,
Fin. X LR 8.35%~16.62%, SARAH HLEH: H oAy
JFRRE, T Fy &G BREE e 8 F 80T
FLBIET 15% ., G503,V A28t i DL 2RI
AFEAE, ATHEWT V 0] 5 2R EAIRSS & .

AFEA KBRS E V IES 0 L AAIA
[ (3% 4) BAT L Frg A HEIOW RERER 7 26 X L3
W L 188 K AF AR A AR ZEFII rf 2 A Fu 5
Y 62.24% 51.30%F1 51.08% , Fy 75 5 BRI
10.03% .21.49% il 22.74% , H A WA T
15% ; Wi Fua & 61 h 51.43% 33.08% Fl
37.47% , Fy 2509 L9 R 13.21% .25.28%F1 24.18% , F
BHIEHI N 7.61% . 13.23%F1 11.85% , Hi AT 75 F il
B IR R, HIG AR A Fuo &K
53.45% .35.46% Fl 36.17% , Fy 7509 N 13.21% |
27.84% 1 27.83% , Fyy 75 11 L4 7.26% 13.21% Fi
11.04% , KA T BB LIS A FEAK . 1 838 /KA
OV BTE S BCRREARRL . R BITE AR $h R 1
BUSTEK TR AR IR 3 A B 2 AR AEAE ) A= Ko
FEFPAERRIR N V 1) FIiE B RE Rk, s TR

KR BGS IR BUSAE 2R M o fide 2, V18
Mo b ERAL T 5 TR SRS, X SR/ N AR K
SEATITS YA,

3 itig

G S XA (1) 75 TR AT BT 2 1, BT
TP 4 B RSCRIE AR T, ASTRI R % 4 s 1)
W 2 i N B 18 T AN [ () 28 A 4 % 4 T 1 Rz A
S DR S R AN [R] A7 B Y 22 527 PRRAS ]
an UK AN TS SR RIS e R, XV R Y
H—ERZER (3 2), T 838 KA AE K HAR
PRAR Y V i o 2 S TR 188 /K, HZEAR A
KHIFIARTR G V PR TR, 1 838 JK A w4k
ZE(BF) ¥ Tk 188 KFS , (HHi 1L 188 /KFFHY
RS ZE(TF) B & T 1L 838 7K # (% 3), %W
Tt 838 JKFEXT VM I E AR RE AR T 188
IKFEXT V FEIZRE 14058 . TR IO E KRR X Cd 1Y
W iz S 1 O RAESE e AT SEKRE I i
Y HFHERE I K, e ia B 22 W T A ik, T A o)
- 42 JE B CRE 77 2 R ) 4 e LR PEAE T
R 2z — , B I RE 22 R 0 1 it 32 P A X
AR I ML, HEIE, T LAHERT AR ST HPoBT O 188 K FE
AL 838 JKAFXS V ARG 3Z A8 1, FLifit VY
HLHIEA RE it — 58 . FRRERIR RECN KR,
MR AT HLBOR X 1 AR RE 2 R s 77
Yy A W S T 4 R A TR AR (HLDR 4 AR D
KA AN [, 7K RS b 358 0 WA B 4% 5 o 3
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Table 4 The chemical forms of V in stems, leaves and roots of two paddy rice cultivars
BIEV & V content/pg-g' FW
AR IERAL Fy Fy Fun Fuo
Organ  Vegetation period
Btk 188 838 Hifk 188 1 838 i 188 1L 838  Hifk 188 838  Hifk 188 {838
#2 Roots T 0.45+£0.02 0.57+0.06 0.74+0.03 0.86+0.07 1.29+0.07 2.83+0.95 4.58+0.09 5.12+0.98 0.31+0.02 0.43+0.04
Seedling (6.05) (5.79) (10.03) (8.82) (17.52) (28.81) (62.24) (52.20) (4.16) (4.38)
Vaxai| 6.50+£0.26 4.64+0.85 11.15+0.78 9.21+0.71 20.01+0.72 16.29+0.79 31.77+£0.95 25.96+0.94 3.68+0.63 3.03+0.56
Tillering period ~ (8.89) (7.84) (1525)  (1558)  (27.37)  (27.55)  (43.46)  (43.90) (5.03) (5.13)
e 7.04+£0.36  5.07+0.48 12.23+0.64 14.44+0.67 21.59+0.95 20.13+0.60 47.60+1.21 51.68+0.87 4.09+0.34 3.60+0.48
Flowering period ~ (7.61) (5.34) (13.21) (15.21) (23.33) (21.21) (51.43) (54.45) (4.42) (3.79)
I 4.27+0.34 5.39+0.66 7.79+0.66 15.46+0.79 13.15+0.86 19.19+0.70 29.70+1.19 44.87+1.08 2.55+0.49 3.68+0.48
Pustulation period  (7.46) (6.09) (13.55) (17.45) (22.89) (21.66) (51.69) (50.65) (4.44) (4.15)
Y 4.20+0.68 5.89+0.66 7.64+0.57 14.17+0.63 12.78+0.86 18.554+0.73 30.90+0.68 46.44+0.93 2.30+0.38 4.65+0.44
Mature period (7.26) (6.57) (13.21) (15.80) (22.10) (20.68) (53.45) (51.77) (3.98) (5.18)
25 Stems T 0.05+0.04 0.07+0.00 0.16+0.02 0.21+0.01 0.07+0.00 0.10+0.01 0.38+0.04 0.40+0.02 0.07+0.00 0.09+0.00
Seedling (6.87) (8.22) (21.49) (24.19) (10.51) (11.22) (51.30) (45.66) (9.83) (10.71)
SrBER 0.57+£0.06 0.28+0.01 1.31+£0.06 0.70+0.06 0.38+0.05 0.27+0.02 1.73+0.06 0.89+0.05 0.47+0.05 0.27+0.01
Tillering period (12.87) (11.67) (29.43) (28.83) (8.35) (11.20) (38.82) (36.97) (10.53) (11.33)
e 0.20+£0.01 0.32+0.05 0.38+0.02 0.65+0.04 0.24+0.01 0.26+£0.03 0.50+0.02 0.78+0.04 0.19+0.01 0.33+0.02
Flowering period ~ (13.23) (13.61) (25.28) (27.71) (15.91) (11.25) (33.08) (33.44) (12.50) (13.99)
HEIR 1 0.19+0.01 0.22+0.01 0.39+0.02 0.48+0.02 0.18+0.02 0.18+0.01 0.49+0.03 0.56+0.03 0.20+0.01 0.20+0.01
Pustulation period (13.13) (13.68) (26.86) (29.38) (12.58) (11.02) (33.97) (33.82) (13.46) (12.10)
I 0.31£0.02 0.31x0.02 0.66+0.04 0.71+0.03 0.26+0.02 0.25+0.02 0.84+0.05 0.94+0.06 0.30+0.02 0.29+0.02
Mature period (13.21) (12.59) (27.84) (28.38) (10.17) (10.11) (35.46) (37.45) (12.72) (11.47)
I Jregiii| 0.04+£0.00 0.05+0.00 0.18+0.01 0.22+0.01 0.08+0.00 0.12+0.01 0.40+0.01 0.42+0.02 0.08+0.00 0.09+0.01
Leaves Seedling (4.83) (5.67) (22.74) (24.15) (10.53) (14.00) (51.08) (46.42) (10.82) (9.76)
SrBEN 0.53+0.04 0.31+0.02 1.09+0.06 0.52+0.03 0.47+0.03 0.28+0.01 1.80+0.04 0.87+0.05 0.45+0.03 0.23+0.02
Tillering period ~ (12.30) (13.80) (25.12) (23.61) (10.76) (12.60) (41.43) (39.40) (10.39) (10.59)
e 0.36+£0.03 0.17+0.01 0.73+0.04 0.33£0.01 0.45+0.04 0.20£0.01 1.12+0.06 0.47+£0.03 0.35+0.02 0.15+0.01
Flowering period — (11.85) (12.92) (24.18) (24.97) (14.95) (15.20) (37.47) (35.47) (11.55) (11.44)
WA 0.08+0.00 0.07+0.00 0.18+0.02 0.17+0.01 0.07+0.00 0.10+£0.00 0.26x0.02 0.23+0.02 0.08+0.00 0.07+0.00
Pustulation period (11.27) (10.72) (26.40) (26.46) (10.97) (16.10) (39.24) (35.50) (12.12) (11.22)
J R 0.02+0.00 0.07+0.00 0.05+0.00 0.20+0.02 0.02+0.00 0.12+0.01 0.07+0.00 0.26+0.03 0.02+0.00 0.08+0.00
Mature period (11.04) (9.60) (27.83) (26.83) (11.59) (16.62) (36.17) (35.60) (13.37) (11.33)

TE P Fo Fose oo Al Fr 535 37R 80%09 21 25 817K \2%HAc 0.6 mol - L™ HCL FIER FA 255 36 5 NA/R T 40 FL (%) s BRI A0 v 4, HoAls

A KAV AR PRV EE R 100 mg-kg

Note: Fy., Fyy . Fiir. . Fiia and Fi represented the fractions extracted by 80% ethanol, distilled water,2%HAc,and 0.6 mol - ™' HCI and residual form respec—

tively. Parenthesis indicates percentage. Addition to the seedling without V , the concentration of V was 100 mg-kg .

BB KAt Cd AR RO 3> 50> 25 -, X
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