| T T —6—

#5444 + o R Vol. 54, No. 4
2017 4F 7 /1 ACTA PEDOLOGICA SINICA July, 2017

DOI: 10.11766/trxh201610060383

fili C(IV) Fak 32 T #R 2% 8Kk B X 7K 75 40 w5 R A A0
bk L

m#E Aaf’ K4

(VHF REF RIS 2B, HIK  400716)

B OE O RAKERIA LIS (Se, IV) BUALBETR, M4k M5 K R 40 vl ORI s 5 oK
(Hg) M52 KK RELNET B T Se0MSe0.5 (mg L) RiFRME T FR2 08, T AR R B AU F ™ W TR
(0. 25, 50H1100 mg L'BIFe0, Fe25, Fe50. Fel00) ik R FIE A RIS AR, BEG & T
0.3 mg LA HeCLIG FR M A 4k LE15 9772 ho S5 FRWT, MBS K FE 4l i A K 00 W 5 i, {HL G v
DISEIN A YR BRIR SN — R IR =4 — 3% R R AN (DCB) RBUR ( RIARFBRIE ) rf & Bk e )
(57.3% ~96.2% ) TBEm T/KBYEH EFB (1.1% ~ 17.5% ) FHI (2.7% ~25.9% ) , KFELEH
KR R EDCBIRPUR P . Rl R R A (B, AR R Ok 7 2 B E BRI, 7EFeS50
FIFe 10040 B b, il i JI0 A S 250600 T L B S AAR SR A R B i, W FRAR T R ELREL, Se (IV)

Ak BEAE W 2 B v R B R ok i . 28 BPNA, Se (

IV ) Tl Ak BRI 28 R 15 42 B BEL 5 7K A 407 v 38 oK 11

MR AR i M 3R A ok K R R e, DA T A B PR B A e s i 7 5 VR T o AR BI04 i ok

15 DR K o i AR UE AR B 22 4 HoA — S I BB 0 o

K HEiR B KRB s Al oK
FEASES S143.7*" X kRIS A

Aoe— MR R A A, T E S B YRR EA
MR NEE, HIERE T EAR AN . AW ER
TR AR R Bl [ PR ) AR e s hlis ey o
TR SR V5 YR BB oy, R OR RO
fH40.04 mg kg™, @ PR EHERR AR EGED
R o TR R T Y e A S T X
KA H AR IK790 mg kg™ S MY R R T
F]78 mg kg™, J7LLIHb X 10% 44 FH A 25 2l it
3.0 mg kg ™', J& T LR B A A 4 TR e
NEGT MR E TR . R R, 5K
FEEREBUER, W Tl SRR SR 2 &9,
T B Y 2 SR T M W bR s L A R B
PR KR B oR A BRI a8, 38 R R AR Ko
TR T A B H IR Hg (GSH) LMl & R K He

(Met) MEFMEE GH, BEMFLAG T R 7 Kafib b
Wiz o

T I 2 — AN HK AR R RGP AR S R 5
R S gk | AR B AL BRI g Fe FMn™ 7
IR 7 A K S i v o R R A S, K b
P8 By 480 R I R 2 6 R, A AR 2R IR I 3
FEAL, RIAHASMM B ERIET, HFERRE
b Tt A4k A 0 58 1) G TR 1 R A AR B b B e ™
AL I LE K REAR 2 R Sk Ak s S (AR Bk
BE) o BRBEE PR, X rh e Sy TR S T
WHAEEEM, —ERE FIE XS T HE
TFRIREA ), oA i e 5T K 7 - I R ORE B4 43
TE L A5, DA T 522 060 JEG A 4 398 v f 8% S P R 0 5%
P DO KR HR 2 Bk IR LA B SR, A o R A

* ERHRBIFEIETHE (31372141, 31672238 ) ¥ Hh Supported by the National Natural Science Foundation of China ( Nos.

31372141 and 31672238 )

T WIRAEE Corresponding author, E-mail: zxbissas@swu.edu.cn
YEF A Bl (1992—) |, B, JLIRMEEA, BiH0rsed:, FENFRYNE M . E-mail: gax3737@163.com
Wk 0. 2016-10-06; Yo RMEER H 8. 2017-01-11; PR3 HR E ] (www.cnkinet) : 2017-02-13

http: //pedologica. issas. ac. en

W +Hiindd 989 ES

(T

2017-7-20 8:56:13 ’7



W +Hiindd 990

| T T

990 + e

——

S ¢

54 %

JK R A PN Y R SR B a2 oK A A OK R
2R

TEAR S, N AT i it S 6 7R 4 4 e
IR RERFRLT B 5 4 B TE K R 4 T AR R kA
DR A TE AT, KRR R E 2R B2
(O 0 B S P R RS, SRR B 2ot
IKARE AN e sz AT T 52, F AT R W AR . A
B 98 R I Fe” 175 5 109 7 308 MUK REAR R R E, 5241
WEFEAn (V) T BT AR RS 7K e 4l i i i
FRAz SR BYFENA , AW IE R] R TR AR K R R W i
1o R EYIEE R TS Y P —RE I BL R

1 PRSIk

1.1 ok FE R AL 28

I TE P R 2= S IR & N AT BT B K A
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i B9 K RGP0 FH30% 9 H,0, 32 L4 7 10 min,
FE KRG T HRA IR, 7E28C
ANTRFRMPRFREY LS A5, TEU3HEER =
KW kS35 3710 d, 8 TEMK LRI RE
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(Se0) AT (Se0.5, 0.5 mg L™ ( A4t ) )
P, SRR B4 ( Na,SeOy) HENIAMN,
TR LB IR A AL BE2 A o KRG R 3% I 6]
0.1 mol L' MJHCIZKNaOHIF & pH 5.5, FE3K
P — U T . KRG IR 55 . 28°C/14h) FEAN
20°C/10h R IE , FHXTRE R50% ~ 70%, SGHEGREE
300 ptmol m?2s',
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HESH0.3 mg L HeCLAY FER 22 B F: T v 4k 2k 85
F£72 he BRI EL
1.3 BEBRSM-IrEBR=W-EZTHRERM (DCB)
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1 (NaHCO,) }0.5 gf&B B (Na,S,0,) A
W, FIRTEIEL h, MERALIITFEAER
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FERR PR S i I E S IR Ay 2 U i D vk
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R AR P/ R IR SR S SR T AR R 4 L
R R HISPSS 13. 04K AT ST 0 M s R KR4S
WAL T E B R O 238 CANOVA) 5 AN[RlAk
PR B 0] >R e/ b 35 22 5k (LSD) a4 L Wk 3%
% (p<0.05)
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Table 1 Biomass of rice seedlings grown in Hoagland solution relative to concentration of Se and Fe

T Ak 137 K Fefit i /K- M BT E R
Se supplied (mg L") Fe supplied (mg L") Shoot dry weight (g plant™) Root dry weight (g plant™)
0 0 0.32 £0.03 0.10 £ 0.01
25 0.31£0.02 0.09 = 0.01
50 0.33 £0.05 0.09 = 0.01
100 0.30 £ 0.02 0.08 = 0.01
0.5 0 0.43 £0.03 0.13 £0.01
25 0.43 £0.04 0.11+0.01
50 0.40 £ 0.02 0.15 £ 0.06
100 0.44 +0.04 0.16 = 0.01
255 1 S B Duncan test
Se p<0.001 »<0.001
Fe 0.7 ns 3.1ns
Se x Fe 1.2 ns 0.8 ns
W PHME < a2 (n=3) , p<0.00158750.001 22 7 EAKT, nsTRREZRARE . T Note: Mean = SD (n=3) ,
P <0.001 means significant difference at < 0.001 level, “ns” means no significant difference

R2 TREIKESeFFelt M HEFRTRIEHEM LA, RIDCBRREUATFed 812 ¢k LL Al

Table 2 Content and proportion of Fe in dithionite-citrate-bicarbonate ( DCB ) extracts of iron plaque on the root surface, roots and

shoots of rice seedlings grown in nutrient solution, relative to concentration of Se and Fe

i i Hb 1Ak R [IRIE S
g R 7K Feftth 7K
HPkRLA ePRNLACE Shoot-Fe Root-Fe DCB-Fe
Se supplied Fe supplied
o -1 % f Content T i Content &t Content L3l
(mg L) (mg L") . It il Ratio : H i Ratio .
(mgkg™) (mgkg™) (gke™) Ratio
0 0 244.4b 17.5% 352.3¢ 25.2% 0.8+0.1a 57.3%
25 452.5ab 12.0% 758.2ab 20.2% 25.5+£2.2b 67.8%
50 497.3a 12.3% 824.4ab 20.3% 27.3+1.4b 67.4%
100 460.8ab 8.6% 1067.2a 19.9% 38.4 + 1.6¢ 71.5%
0.5 0 205.5b 16.8% 317.1d 25.9% 0.7+0.1a 57.3%
25 383.1ab 12.0% 689.6h 21.7% 21.1 £3.7b 66.3%
50 395.2a 11.7% 830.3h 24.7% 21.4+1.2b 63.6%
100 446.6a 9.9% 1048.4a 23.4% 30.0 £ 0.3¢ 66.7%
25 E Ve
Duncan test
Se p<0.05 ns p<0.05
Fe ns »<0.001 »<0.001
Se x Fe ns ns »<0.001

e F—F PSR R 22 5350.05 .35 K F- Note: Different letters in the same column means significant difference at 0.05

level
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Fig I  Content of mercury in shoots (A) , roots ( B) and dithionite-citrate-bicarbonate ( DCB) (C) extracts of rice seedlings grown

in nutrient solution relative to concentration of Se and Fe
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Fig 2 Effect of Se and Fe treatments on distribution ratio of mercury in rice seedlings relative to concentration of Se and Fe
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Fig 3 Distribution ratio of Hg in different parts of rice seedlings grown in nutrient solution relative to concentration of Se and Fe
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Fig 4 Relationship between Hg concentration and Fe concentration in the iron plaque on the root surface of rice seedlings grown in

nutrient solution relative to concentration of Se and Fe
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Effect of Iron Plaque on Root on Uptake and Translocation of Mercury in Rice
Seedlings Treated with Selenium ( [V )

GAO Axiang ZHOU Xinbin' ZHANG Chengming
( College of Resources and Environment, Southwest University, Chongqing 400716, China )

Abstract  [Objective] Iron plaque on root adsorbs heavy metal elements in the soil, thus reducing the
content of heavy metals in the environment the plant grows in, while selenium is antagonistic to heavy metal
elements in plant roots, thus inhibiting the transfer of Cd, As, Mn and some other heavy metals in the roots
of rice seedlings as was found in the researches. In the presence of a proper amount of iron plaque, selenium
reacts with Cd, As, Mn, and so on to form insoluble compounds that accumulate in the iron plaque, thus
reducing toxicity of these heavy metals to the plants. In this study, a hydroponic experiment was conducted
to explore effects of the iron plaque on the surface of the roots of rice seedlings on ahsorption and transport
of mercury by the plants treated with selenium. [Method] Having been disinfected and washed clean, rice
seeds were sown in Hoagland culture medium for germination. Out of the seedlings, 24 consistent in growth
were selected and transplanted into two groups of vessels with Hogland culture medium, one treated without
selenium ( Se0 ) and the other with selenium ( Se0.5, 0.5 mg L' in the form of Na,SeO;) , for cultivation for
2 weeks. Then the rice plants were moved into Fe®* ( FeSO, ) solutions ( pH=5.5 ), 0, 25, 50 and 100 mg L™
in concentration, or Treatment FeO, Fe25, Fe50 and Fel00, separately, for 24 h, to let iron plaque form
on root surface. And then the rice plants were then transferred into HgCl, solution, 0.3 mg L' in concentration
for 72 h of cultivation. Each treatment had three replicates. [Result] No significant effect of the iron plaque
was found on growth of the rice seedlings, but selenium was to be able to increase the plants in biomass.
With rising Fe concentration in the solution, iron contents in the shoots and roots of the plants and in the
dithionite-citrate-hicarbonate ( DCB ) solution all increased. The iron content in the DCB solution ( extraction

of root surface iron plaque ) reached 57.3% ~ 96.2%, significantly higher than that ( 1.1% ~ 17.5% ) in the
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shoot and (2.7% ~25.9% ) in the root of the rice seedlings, Most of the iron in the seedling plants were
accumulated in the iron plaque or DCB extract. With the rising amount of iron plaque on the root surface, the
content of mercury in the roots and shoots of the plants decreased significantly. The addition of selenium did
not affect much the content of mercury in the shoots and roots of the plants in Treatments FeO and Fe25, but
it did reduce the content of mercury significantly in Treatments Fe50 and Fel00. With the formation of iron
plaque on the root surface, the content of mercury in the shoots and roots reduced because the iron plaque
adsorbed much mercury and the addition of Se ( IV ) enabled the iron plaque to adsorb more mercury, thus
increasing the proportion of mercury in the iron plaque and consequently reducing that in the shoots of the
plans. Quite obviously, Se significantly enhances Hg fixation capacity of the iron plaque on the root surface
of rice seedlings. [Conclusion] Under hydroponic conditions, iron deposits on the root surface to form iron
plaque, which inhibits Hg adsorption by rice roots and upward transfer of Hg in the plant. With the forming
of more iron plaque, Hg fixation capacity of the coating increases significantly, too, thus markedly reducing
Hg accumulation in the rice seedling. Se ( IV ) can alleviate the effect of mercury stress on rice, inhibit
Hg transfer from roots to shoots and reduce Hg accumulation in the shoots, thus playing a role in protecting
rice from mercury toxication. This study has certain practical significance in improving the quality of rice in
mercury contaminated area and ensuring food safety.

Key words Iron plaque; Rice seedlings; Se; Hg
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