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Fig. 1 Soil sampling points in Jianshi County of Enshi
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Table I Related properties of the tested soils

FESh FOURAR kAR B R
G (g/kg) (g/kg) (g/kg) (g/kg)
Sample pH Content of Content Content of ~ Content of
No. organic matter  of total Fe total Al total Min
1 5.32 44.66 35.99 57.50 1.23
2 6.78 79.66 37.38 53.26 0.87
3 5.21 36.33 26.33 42.98 0.79
4 5.72 25.56 34.15 58.86 1.08
5 7.46 21.43 31.05 53.44 1.05
6 6.32 28.34 40.02 63.17 1.72
7 6.53 54.51 40.55 69.27 0.78
8 5.71 30.25 23.52 50.86 0.19
9 6.04 32.02 23.15 40.25 0.57
10 5.78 15.82 30.75 53.02 0.74
11 7.72 34.33 27.11 48.07 0.76
12 6.52 26.63 28.68 56.28 0.22
13 6.65 27.19 28.38 47.37 1.08
14 7.84 43.31 28.00 49.43 1.08
15 6.84 38.7 32.17 48.70 0.68
16 5.84 16.34 27.64 49.49 0.98
17 6.15 32.35 24.05 39.21 0.82
18 6.16 18.96 33.50 64.58 0.63
19 6.32 29.32 29.13 44.55 1.15
20 6.18 32.42 36.95 58.21 1.58
21 6.54 26.79 38.81 60.46 0.97
22 6.91 28.40 31.60 55.22 0.91
23 6.96 64.15 36.33 53.93 0.98
24 5.36 22.39 30.85 50.78 1.04
25 6.06 16.55 31.99 52.23 0.83
26 5.11 15.54 20.18 38.18 0.36
27 5.65 28.05 26.76 46.28 0.82
28 5.93 39.28 31.90 53.19 1.61
29 6.28 20.99 28.26 47.47 1.29
30 7.78 36.84 36.68 64.75 0.67
31 5.50 26.89 29.79 46.77 0.90
32 6.23 35.40 33.12 59.83 0.42
33 5.23 33.40 24.88 41.06 0.72
34 5.4 20.08 35.08 64.24 0.62
35 5.03 29.77 25.92 46.74 0.72
36 7.16 36.73 32.20 55.50 0.30
37 6.67 24.99 27.39 46.98 0.95
38 7.43 67.35 33.04 56.93 0.65
39 4.9 14.30 23.60 37.62 0.37
40 6.17 33.58 31.08 55.57 0.49

oy BB FRAT AN U L 60 CHET ZH i &, 4%
Je P I £L A2 0.15 mm i , il A0
1.3 TEMEYTES=NE

FIARE S HNO, - HCIO,(4:1, V/ V) Il # , 1
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T AL T P IR B R R AE 180 °C. 1M & B WAL TG =
IEE U, B AR ES A 6 mol/L i HCL, B
R VEWL R SE IR U BN S B S
FEIFRLUE o A I 2R FH TS S  (HG -
AFS - 8220) AXASK IR 4 0.01 pg/Lo 48Ry
MR T FHHNO, - HCIO,(3:2, V/ V)t HNO, -
HCIO,(4:1, V/ V) ZAb , HAb I o 25 B [ AE 4l 55
I 5E o R LLZINZE AT R0 HERE F (GBW-10011,
GSB-2) #l = HE A5 4 i (GBW-07404, GSS-4)1E
Ry T A L A D 3 43 ) O 96.820 1.7

97.3%+1.6%.
1.4 TIEFWANE

Ay R B4l K L0.25 mol/L KCIE R .0.2 mol/L
K,SO, ¥ % . 0.5 mol/L NaHCO, ¥ % . 0.1 mol/L
KH,PO, % .DTPA % .0.05 mol/L EDTA I
0.1 mol/L HCI ¥ % F1 0.4 mol/L HNO. ¥ Wi 1 A 42
1 D o vl e S S QR Tl - o i /- QIR
s 1T 19200 e fiff P R i K BB 9 R Y
J5 1 55 3% B3R H 3k v s KV ARG Y vk — 3
U, DAK s A0 e 0 e 25 SRR (3R 2) .
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Table 2 Test conditions of different extraction methods for soil available Se extraction

WG| Extractants #eJ% /(mol/L.) Concentration

W Lb(m: V) Soil: Solution RHUT¥E Extraction methods

#B4l7K Ultrapure water

KCl 0.25
K,SO), 0.2
NaHCO, 0.5
NaHCO, 05
KH,PO, 0.1
DTPA /
EDTA 0.05
HCI 0.1
HNO;y 0.4

1:10 25 °C,200 r/min{Rk% 2 h
1:10 25 °C,200 r/min#&% 2 h
1:10 25 °C,200 r/min#&i% 2 h

1:5 25°C,200 r/min#&¥% 2 h

1:10 25°C,200 r/min§Z3% 2 h
1:10 25°C,200 r/min &% 2 h
1:10 25°C,200 r/min % 1 h
1:10 25°C,200 r/min#&#% 2 h
1:10 25 °C,200 r/min{Rki% 1.5 h
1:10 25 °C,200 r/min{Ri% 1.5 h

H:: DTPA R HEF 1 0.005 mol/L i —. 24 =i . & .0.01 mol/L iy CaCl, #10.1 mol/L () = ZEEE 4 .. Note: DTPA was composed

0f 0.005 mol/L DTPA, 0.01 mol/L CaCl,, and 0.1 mol/L. TEA.
1.5 TEMESHNE

- SR 25 00 5 SR i AL 0 1 Gt i 42 4
PEPU L PRI 2.00 g i FLA% 0.149 mm 57 i SRR & i
A 50 mL R B0 . BARBEEIRINT : (1)K
A1 (soluble Se, SOL-Se) , 7& & .08 H A 20 mL
EB T K RIFTE 25 ‘CF LA 200 r/min P& 7% 1 ho #F
RAEY T 4 000 r/min .0 10 min, 2R )5 i 0.45 pm JE
JEE, W B DB W T LA 23 M K S A8 1Y) % . SR LA
PO TR 5 e TR R 250 L BB A L (2) & die
A1l (exchangeable Se, EXC-Se) , 7£ 2E 58 (1) B9 5%
# H i A 20 mL 0.1 mol/L ) KH,PO,-K,HPO,
(pH7.0) ¥ W , S8 J5 16 25 “C'F 200 r/min $&3% 2 h.
(3) 8k 4k E AL W 45 & &1l (Fe-Mn oxide-bound Se,
FMO-Se) , 7£ 4 B8 (2) 1 5% i H in A 20 mL 3 mol/L
HCLA W , 75 90 “C/K ¥ T A1 8Pk 3% 50 min. (4) A Hl
4k 4 7 (organic matter-bound Se, OM-Se) , 7& 4 ¥
(3) Ay ERH# H A 20 mL 0.1 mol/L 4 K,S,04 ¥ K
TE 90 “C/K B Tl B IR 1% 2 ho (5) 5% 1 257t (residual Se,
RES-Se) , ¥ fie 2 (1) = HE 5% i & 1 HE56 b T 01 0F
J it LA 0.149 mm 485 11 o B i 5006 A4 I 5 5 1231w

- SR E T
1.6 BUERSH

IR B % ] SPSS 20.0(IBM Corp, USA) i
AT ab 3, >R H Origin 2018(OriginLab Corp, USA) #il
PowerPoint 2016 #17 EI R GIVE . Frol & R 345
S BIME , R H Pearson A J¢ M 43 AT 247 A [RDE 285
S A7 50T 5 RE A A 2 YOG R o

2 FERE5HH

2.1 TEWMES

- S TG 5 RN I A G R (R 2) R, it
iR A A R Y I 7E 0.12~3.94 mg/kg, F I E N
0.80 mg/kg, 5520 (1 L HEAE o il & f R A 1 A
HebrE (0.4 mg/kg) , 35% Ay 4 SR &5 5 1k B H il K
F(0.175~0.4 mg/kg) . HEIKE A 0] 28 #8537
9 0.12~46.0(¥11f 6.49) .0.58~197.35 pg/kg (¥1{A
h 37.63 pg/kg) s BRER EAL M G G BB R
B v 250 i3 591 0.01~0.34 (¥3{E 4 0.08 ) ,0.05~
0.88 (¥ K 0.24) . 0.04~2.72 mg/kg ( ¥ K
0.43 mg/kg) .
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mol/L. NaHCO,(1:10,m: V) .0.1 mol/LL KH,PO, #1
0.4 mol/L B HNO, 75 ¥ 1) £ Ui AH X 358 g , 4 B
I3 9 h 0~253.57 pg/kg (H1H K 68.41 pg/kg, $2 B
Fo ) 2 8.59% ) . 1.69~419.82 ng/kg (11 Ky 110.42
pg/kg, RIS 13.8776) .0.38~221.30 pg/kg (¥
{E 4 51.20 pg/kg, FEHCLL 1R 6.43%6) .0.64~451.33
ng/kg (¥I{H H 44.56 pg/kg, BB 4 5.60%) .
0.25 mol/L KCI.0.2 mol/L K,SO, #10.1 mol/L. HCI
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T Mean+SD
X Mean
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Content of Se extracted by various extrantant

AT i R 2 MR L ST 5 B/ (mg/kg)

VSV AR AR I T DA L LR B — B BRI, 4 A 4G
SR A 1.81~48.49 png/kg (¥ H12.87 pg/kg,
FEEUL B 1.62%) . 1.04~71.47 pg/kg (1 K
10.48 pg/kg, $& WL 6] h 1.32%0) . 0~40.28 pg/kg
(Y18 R 12.26 pg/kg, & B ) 2 1.54%) . 0.05
mol/L EDTA ¥ ¥ 1) 48 Bt e {1, 32 W LE 64
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A A/ (mg/kg) Total-Se
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HERIT Total Se;r 035 Pearson #26 R 4L, #+fCETE 0.01 BY/KF- ik B #2255 . TR, r values mean Pearson’s correlation coefficients,

** indicates significant difference at 0.01 level. The same as follows.
E 4 TERREREHESEYTESERHEXMED T (n=40)

Fig. 4 Correlation analyses between various soil Se fractions and Se in plants (n=40)
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F110.2 mol/L i KoSO 35 W A5 B - B8 S50 o A58
() EE 9] ] R A1 (409 Ry 1.62% F11.32%) , H 548
Pyl e 22 6] AR OC R B T LA LA IR 42 57 .
0.4 mol/L i HNO3 7 A10.05 mol/L i EDTA i
PRI - AT RO 5 A PG B ik 2 ()N AL A
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A:0.25 mol/1. KCI(1:10, soil: solution) ; B:0.2 mol/L. K,SO, (1:10, soil:solution) ; C:0.5 mol/I. NaHCO, (1:5, soil: solution) ; D:0.5
mol/L. NaHCO,(1: 10, soil: solution) ; E:0.1 mol/L. KH, PO4((1: 10, soil: solution) ; F:0.1 mol/L. HCI (1: 10, soil: solution) ; G:0.4 mol/L
HNO, (1:10,soil:solution) ; H:0.05 mol/L. EDTA(1:10,soil : solution).
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Relationships between Se extracted by various extractants and Se in plants (n=40)
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G 19 A= 08 R AR ) S 2 A

N TR) I8 5 T 1 B B - M R 25 AR
R, 3% LA B I 4 700 110 1 o AR LB UML) ) 5
DTPA 7 UJE T 0 3= $2 7], v] $2 e 4 58 vp i K
A5 IS o JO L PR 235 45 A W T, 38 B % 17 ik 38 43 5 i
eG4, BRI, DTPA 306 35 25000 1 $12 g
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SRt 3 T BE R AR U AR A R A . NaHCO,
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Bk BB BSR4 SR ES IR U TE , DA TR A R B A
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Extraction methods of selenium bioavailability in seleniferous soil

LU Chenhao"?,ZHAO Zhuging', WEI Yujie', YI Ceng', LIU Xinwei'

1.College of Resources and Environment , Huazhong Agricultural University, Wuhan 430070, China;
2. Wuhan Botanical Garden, Chinese Academy of Sciences, Wuhan 430074, China

Abstract Most agricultural products produced in naturally seleniferous areas have problems including
large variation and instability of Se content. Therefore, it is of great significance to establish a suitable extrac-
tion method for the development and utilization of seleniferous soil resources. In this article, 40 soil samples
were collected from the naturally seleniferous areas in Jianshi County, Enshi Tujia and Miao Autonomous
Prefecture, Hubei Province and used for rice pot experiment to establish a method for extracting effective se-
lenium from acidic and seleniferous soil. The sequential extraction method and 10 commonly used single step
extraction methods were used to extract and determine the forms of selenium and available selenium in soil.
The correlation between the content of effective selenium extracted by different extraction methods and the
selenium absorbed by rice plants was analyzed. The results showed that the content of water-soluble and ex-
changeable selenium in the acidic and seleniferous soil in Jianshi was relatively low, ranging from 0.12 to 46.0
ng/kg and from 0.58 to 197.35 pg/kg, respectively. Selenium mainly existed in forms of organic bound and
residual selenium that are difficult for plants to utilize. The content of selenium in iron manganese oxide
bound state, organic bound state, and residual state was 0.01-0.34 mg/kg, 0.05-0.88 mg/kg, and 0.04-2.72
mg/kg, respectively. Among dozens of single step extractants, 0.5 mol/I. NaHCO; and 0.1 mol/L. KH,PO,
solutions had higher extraction efficiency for available selenium in soil. Among different forms of selenium in
soil, the correlation between exchangeable selenium and the content of selenium in plant was the highest (=
0.80, P<<0.01), while the correlation between other forms of selenium and the content of selenium in plant
was lower than that of exchangeable selenium. Among the single step extraction methods, the content of
available selenium in soil extracted with 0.1 mol/I. KH,PO, solution and 0.5 mol/I. NaHCO;solution was
higher, but the correlation between the former and the content of selenium in plant was more significant (r=
0.83, P<C0.01). Tt is indicated that the extraction method with 0.1 mol/I. KH,PO, is the most suitable meth-
od for extracting biologically available selenium from weakly acidic and seleniferous soil if considering the ex-
traction efficiency and its correlation with the content of selenium in plant.

Keywords seleniferous soil; bioavailability ; forms of selenium; single-step extraction method ; se-

quential extraction methods
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