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Speciation and Phyto—availability of Vanadium in Vegetable Rhizosphere

HOU Ming'?, HUANG Yi-feng', HE Jian-liang', WEI Yue-cui'

(1.College of Chemistry and Biological Engineering Guilin University of Technology, Guilin 541004, China; 2.Guangxi Key Laboratory of
Environmental Engineering, Protection and Assessment Guilin University of Technology, Guilin 541004,China )

Abstract: The tessier sequential extraction technique was adopted to study the speciation and phyto—availability of vanadium in vegetable
rhizosphere and non-rhizosphere by a pot experiment. Results showed that vanadium speciation in vegetable rhizosphere and non-rhizo—
sphere was mainly residual and Fe—Mn oxide—bound species, and content of every vanadium species varied with its speciation. With increas—
ing of the additive vanadium in soil from 25 mg-kg™ to 200 mg-kg™, content of different vanadium species in rhizosphere also increased: ex—
changeable species increased by 9.89%, carbonate—bound species by 9.38%, and Fe—Mn oxide—bound species by 9.99%, whereas residual
species decreased by 33.6%. Higher content of the additive vanadium in soil resulted in increasing of transfer competence of vanadium and
absorption of vanadium by vegetable. When content of additive vanadium reached 200 mg -kg™, biomass of vegetable was decreased by
41.6% ,while content of additive vanadium was higher than 100 mg -kg™, vanadium in vegetable more than 85% was accumulated in veg—
etable root. Vanadium content in root, stem and leaf of vegetable was affected obviously by content of the carbonate—bound vanadium species
in rhizosphere, with the correlation coefficient 0.992 6, 0.992 7 respectively. There was obviously a negative correlation between fresh mass of
vegetable and content of the carbonate—bound vanadium species in rhizosphere, with a correlation coefficient —=0.995 4.
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Table 1 Physical and chemical properties of the soil

w(CEHLER)  CEC/ w(N)/ w(P)  w(K)  w(V)/
gke?  cmol-kg! + grkg?  grkg? grkg? mgrkg
5.74 11.24 7.43 1.08 0.93 16.4 94.97

pH

1.2 T %
1.2.1 iy

TIELNA, BREATPMIEIR, A Fi 2 mmii
BT v L4806 NOJRE CO(NH,),)0.2 g, P,05(KH,PO,)
0.2 g, K,0(K;80,)0.1 g FEIRAL , LUB AL AmA £
RA FA A IERE G T 3 kg, Hrf 0.20 kg +
R AMPRAST, PR AR AR A AT R AR 0 2
Ho IR BE N 5 AL, 23BN A [] AL (L

NH,VO; & i A ):0.25.50,100,200 mg -kg™,5 Ff
WEPRE 8 ANEA BRAE 15 d J5, 2 nilHE Rl B /A
XL, I G RO AL 5 PR, B A K )R] FH 2R A8 K
D MK 50 d Rk
1.2.2 #f 5 R A FIH 2%

B SRAT RS AR BB 7 I HURE o A AR |
ZEM SRR, BEERIIRE, ACBEAR 95 CRTE 15
min, 60 CHET5 , =37 BB AEALR 655 0.90 mm
i, e AREMAS, BT TR IR

O3 R AEAR A4S N S ARAS AN AR AR B £ 4
FARAR PR TR, TR 2 KT, BB BB
i 0.152 mm 5 B 53H71 H ) A1 0.080 mm §ifi (Il 52 £
S D IR R AR A H
1.3 A%

1.3.1 HEEHUEE Tk

WERFRIGE I 3R, 1% B8 Tessier! ™4 223 HL
DR (3R 2) A THE L,

F—HRPGEE , FEERBA 25 mL s
o AR AGE 5 HNO, 5 EDTA 33, R A
B JE IR R I A2 (TAS-900 BU4356 56 1,
At m A AR A BR AR o R TP 71l 28
s A B, 430 o i [ b v il (NGS -
01,NGS-02) ¥,

1.3.2 58 AEYrh SR A ik

1 e H HE+HC10,+HNO; 351, 7 Be Uil
TH A s B A il HNOs+HL0, Y B X i i TH Ak
WA S R IR IO EE 2 (TAS—900 Y Jr -1 i
BB EETE ) B A

2 HR5iTie

2.1 ARMPLEXTRFRFAIER BR T RPN

K HESLPE O , WA AR AR bR SRR B £
BErhYUES SRR 3,

F2E 3 AT, FLERR PR FIAEAR Br 3 rh 28
DA TEOREARR] . Y R AN, - Y
LEZ DTS SIS, SR 86% L) | AT
LS RAML, 8 1%, HIEFRPREINE <50
mg kg™ B, BIEHPUB R AR < 5k SR
AW G ESAPESIKIREL 45 & A>T g4y ;1
MU LR =100 mg kg™ B, 7R A >8 45 AL 45
B ST ASIASIRIR ARG B AS A LA, A0, +3
FLEYSZ I TG R R B e R H BTG Y, HLBR T LA
FOE M FR I ASAFAESN, T BB 435 B T 4k
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Table 2 Tessier sequential extraction procedures

B4R TR PR FE R ]
] s 1 mol- 1" MgCl, (pH 7.0) (25+1)ClHE HZHRY 1 h
AR ERZE A4S 1 mol*L" NaAc(pH 5.0, HAc #5) (25+1)ClHE HZHES 5 h
PR EMYE S TS 0.04 mol L™ NH,OH-HCI[w(HAc)25% | (96+3)CHaER WiZHk% 6 h
B B (1) 0.02 mol - L HNOf+w(H202)3O%(2)w(H202) 30%; (} )(85;423‘)0@25'1 %ﬁ&ﬂ%%}\h(‘z)ms‘i}ky’o@g
(3)3.2 mol - L' NH,Ac[w(HNO;)20% | Wr£dizi% 3 h(3)(25+1)°ClHE ZEL:4R7% 30 min
BRIt A HF+HCIO+HNO; TR T At

R 3 BRMRSERRLIEAHS S B (mg-kg™')

Table 3 Vanadium speciation in rhizosphere and non-rhizosphere potted plant soils(mg-kg™)

A A IR LS G

Tt Ee

AL E A

o o FRit A , o
IR PRI T i e () R oY) SRR w(V) SR eV ke O
ARARPR 0 0.290 0.29 0.090 0.09 6.871 7.04 2314 237 88.01 90.2 97.58

25 0.827 0.66 0.937 0.75 23.11 18.6 5.200 4.18 94.31 75.8 124.4
50 1.704 1.14 3.715 2.49 39.74 26.6 8.349 5.59 95.63 64.1 149.1
100 9318 473 6.490 3.30 59.53 303 11.85 6.03 109.4 55.7 196.7
200 31.35 10.5 28.06 9.40 100.0 33.6 27.87 9.34 110.8 373 298.3
Lislia 0 1.286 131 1.052 1.07 8.479 8.64 2.570 2,61 84.74 86.4 98.14
25 5.193 421 3.855 3.12 26.26 21.3 5.256 4.26 82.67 67.1 1232
50 9.258 6.22 6.859 4.61 40.98 27.6 7512 5.05 84.11 56.6 148.7
100 16.03 8.10 13.26 6.70 60.54 30.6 13.48 6.82 94.51 47.8 197.8
200 42.17 14.1 37.41 12.5 93.72 313 2571 8.59 100.4 335 299.4
ISR AL S BB S AL AR S &, (1R ARk OISR 7/RERy g

A S SR I R B R . BEE
HHELAS IR G, ARBR S AEAR B 1 ] A5
B RIRER A AR E A EE &8 G B
BRI, H iR PR 58 S L0 R B
R A WLES G AP E R OR K, iR S 4L
R E G A Y LR I A 25 mg kg™
HENE) 200 mg kg™ B, MRBRS AEAR R 48 A2 0 4s
LI E A 2 9N 4.21% Fll 0.66% 34 2 14.1% F
10.5% , fFRER 45 G S LA E 20 R 20 B 3.12% 1
0.75%M % 12.5%F1 9.4% , 2R5h BAL M 45 & BP0 E
YA 21.3%F1 18.6%44 & 31.3%F1 33.6% ,{H.
B AP E R4 BN 67.1% F1 75.8% [ AL &
33.5%H1 37.3% HARRER H I ALY 50K 3
T 9.89% , kg £h 45 A AP T 9.38% , ki 4
LS GBI T 9.99% , 5%t S E /83T %
T 33.6%iX SLZE LRI Bl A PLES I 34 m , 15
HELIIEZS A2 T r AR 2 1) sC e 25 Rkt S L
SR, R S A SRR
1k, o AR PR 3R AR A (., AR B SR AR B i T

AR R 1 A, A LA i A [R] AR B - 15
H A A TR BRER 25 A LAY A 43 R 3, Bt Ak
YIEE G S A MLEE G SHLUN E R AR K FRE S
BB 0 R 3 R, WS LA & 100 mg- kg™
B, AEARPR P Ac i IR RS &3 B AL
SEAES AYEE A S HBE S S B E R 5
1 4.73% 3.30% .30.3% .6.03%F 55.7% , K7 B AR R
TP AIE ST R0k 8.10% .6.70% .30.6% .
6.82% M1 47.8% ., HHHRPR +- b A3c 05 B

BRI T 3.37% , BRERELS & SN T

3.40% , JAh BN G S FA L S EPEHAR,
M SR 75 TR T 10.9%, XL LL],
4SRRGSR , 1R sk AR T B ) S A
FIBRTR R 25 5 A5 BESPUEAL , (B B0 A= W 36 1
5, WP AA R K
2.2 Br3exs T B A R ERIE

% 45 S MOR 5 T A b AR 9 A
AR i AL R B

SERRW, B L b LR BB, R B o
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Table 4 Biomass and vanadium uptake in the vegetables

during pot experiment

‘ ORI V A e ke
VRIN VI B SRE— N BV Y

CIK

mg ke H/gepot”! 4, i EE%% W s 5?;/% mg-kg™!
0 1704 0.0490 73.1 0.0180 269 0.025 7
25 165.1  0.464 77.8 0.132 222 0.326
50 153.5 1.53 84.1 0.288 15.9 0.892
100 132.1 3.17 88.7 0.403 11.3 245
200 99.52 7.18 89.2 0.865 10.8 5.66

T BRI LTI

BRI PRI R 25 mg kg™ B, i S fif i
i RIS IS 3.29% ; FLEEHS 2 200 mg-kg™, Wi
St T PRI T 41.6% . AL RE + BE R B S pa ik b
LR B B S = TN A PR AR | B S XL A R 22
A I LR B RGOSR I I i e R -
PG RAEY IR B SORE Y H I TS =
H 25 mg-kg™, BRSCHRALIR B Ry S 77.8% 5 LA
T =100 mg-kg™, BRIFARELUE LN B 1988.7%
ARSI H IR AN R, B SRAR RN ZE X U R
A SR ARAAR N, AT, SRR IR I i
FEAE TP AEARTS AR 22 AR SR i ok L 2R R 2R
Pl mis L, HBEE T IUS Ik B o34 o v
o AEAARTBIR S5 25 T ) ZE i 2 4 7%, 2
AR AR SRR S XA A 0 A AR
FRAERER o A R R, LS & ik 200
mg- kg™ B, BRI A ZZBING], MEREDNHAK S
1o AR, AR FAE I - A R AR A E AL
SEMET AR AR, TR T RE AN K A AR A B I
MM T 8RB IE R AR, SRS RKREAAR H
23 RETEFIRSSEYERE

AR PR - HUE S SR C &R R
I AP G B SE S DA R &
LT T AHDCA M RS 2 A 0, 45 SR Nk 5,

FH 3R 5 AT, AR PR 1 8 b A BRLBR S AR A, o
EAR S G ZEM WL 5 4 5 3 IR ARG
KR, R YIHR RN L E 2 5P AES
H o Hirp SRR 2R DL S SR L S AR
PRAUAIBRFRER A A S AR DGOSR 2, HAH &R
B M 0.992 6.0.992 7.0.993 6 (r>roe ) ; Hivk Ry Al
TS FHE R B R 0.982 3.0.988 7.0.992 2, i

x5 MELFEALSSRFERERR Z0.
B SEMEXXR
Table 5 Correlation of rhizosphere soil vanadium species and root,

stem and leaf, and biomass of vegetable

RER T VIERS  BESRES BESEM BisE A BhSemf it
RSy 09972 09952 09947 -0.997 1
A AZHRAS 09823 09887 09922 -0.9749
RIREEES A7 09926 09927 09936  -0.995 4
AR SAAAS B8 09816 09869 09752 -0.9920
EERIEETE R 09872 09846 09829 -09755
Bt s 06894 06418 06968 -0.746 9

T :n=5,705=0.878 ,100=0.959 ,

HRBR 4 BRI A A B i S SR o i 5 B A G
o R FRER S A A5 55 B SR It 1) 07 R R I %
I, A R B -0.995 47, Bk 245 5 55 S 6 e 1 11
FHOCPEAR 3, HAHDCRECH-0.746 9, X SLZE K
B, B SRAR PR LR R Eh 25 A A Inf2 it T 4
X B AR WAL, T AR A AL I AR 2R 5 OB 1) B 5 A 1
i AR AE RN B AR R th PR A K T R
HRE B Ak 2E A b o A8 4k, ol B S8t
B IR TR SR 25 5 SV AR AR TG, Y/ 1 ml 58 46
AP WAL S AT, R AR 45 B St S i
A E IS, BT AR PRAR BREh 45 A 75
Xo AL HR AR B B DT R AR o AR L IR 7 E LY
TEASTEM  AER A Ko A b A AR PRIREE () 4 B
A A 9 SO0 Rl R 255 - R TE S /0 e, 3X
IR E Y R, o LR Tt — 2
W

3 #ig

(L) HPUES IR AR ), AR PR AR AR B 4 38 b LY
TR ML, B kil S Mg AL 4 &
A (EARBR LSRR B 13 PLEAR R 25 1 5
AR, AR PR L AR A MR IR R 45 5 LS i B3
e TARMRPR . BEE HEPLAN I A3, 1B R 5%
TS SCARZS FIRRIR $h 25 5 A F AL , DU AR 3 Vg
5if 5 IR SR (AR P 3R P e B 2, R IR AR
PRSI S0 AR 0 A= A R ik, A R TR
X BB ML , AT el - SR A TP O

(2) i i) APy M e LI LR - e P
TSR A G, B LTS i 15 Ok, T A5 g
PAR:CEH NGBt 7/ Ry d i i W L el Db N e R
AR R IG5 2 AN L = 100 mg kg™, B3R
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