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of typical Se-enriched agricultural base

LIANG Ruoyu'*  HE Jiao>  SHI Yajuan"™* CHEN Juan'?®  LYU Yonglong' SUN Hongjie*
(1. State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of
Sciences, Beijing, 100085, China; 2. University of Chinese Academy of Sciences, Beijing, 100049, China;

3. College of Resources and Environmental Sciences,China Agricultural University Beijing, 100083, China;

4. Boshan Agricultural Comprehensive Development Office, Zibo City,Zibo, 255200, China)

Abstract; Se-enriched agricultural base in Boshan,Zibo city was selected as the study area, where
soil samples were collected. The content of total selenium, available selenium, physicochemical
properties of the soil and heavy metals were determined. Moreover, soil profile distribution and spatial
difference of total selenium and available selenium were analyzed. The results showed that the
content of total selenium in surface soils (0—10 cm) ranged from 0.080 to 1.290 mg-keg™" ,with a
mean of 0.360 mg-kg ', which was higher than the national level (0.290 mg-kg™'). The average
content of available selenium in soil was 0.033 mg-kg™', accounting for 10. 16% of the total
selenium. Profile distribution of total selenium showed characteristics of surface accumulation. Profile

distribution of available selenium showed characteristics of surface accumulation , uniform distribution
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and bottom accumulation. The content of selenium in soil parent material played an important role in
accumulating selenium in soil. Available selenium was significantly correlated with soil organic
carbon and total nitrogen. Selenium had a significant correlation with cadmium in the study area and
there might exist accociation effects between selenium and heavy metals. The classification standard
of available selenium content still needs to be discussed. The available selenium evaluation system
needs to be built for the development of Se-enriched agriculture. Overall , total selenium and available
selenium should be considered together.

Keywords: selenium resources, available selenium, soil-profile distribution, Se-enriched

agriculture, Zibo Shandong.
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T A T LA e AR 2R Wi - S rh AN [ TR B8 14 2% 7 35 37 0 Joi. TR 18, bl e 9 s S A 28 v ) v A
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F A 2540 53045 AN o) AR B S ZE R 5 7 0 Rl A SIS /008 6 ) 2 e A 1%
SRAE R RAEETHRE b, SR R B 8L | 5K 8 A5 5 YA R BRI A RS B 4] o (ORI 2 5S4t
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1 #ES 7 ( Materials and. methods)

1.1 W5 XA

BRI ZR 28 ¥ B v T L DX ORI o X, 49 BT A 682 km?® 4K 300—1000 m Z i), HuJE £ A1l
o BRI 12.8 °C , AR 694.1 mm, A 2=, Z4E e 7—9 A3
FE X 3 B WK RS TRN 22 39T, W 2K R BUZE ML X R b, S AU KA 10, V& 2229 200 m. b4,
K 2R 30 T BELATFIAE Ff3eT ] 22 G03n] AR BT T /NS WK &R A4 Mg T 8K &I KO
B TR 294 20 5 |, FEAEYIA R BRIk SARAE BT AHLE R
1.2 R B R 5 AR

SET AR AR e L DX B A AR | A A 3 TR, AR R i 2 A
HARIRE S RS AT AT 1 7R A R B 1 389 T 5007 - BRAT ( BS6 1 BS10) /DMl (BS11 A1 BS87) |
JEAT (BS28 1 BS88) I il [X 35 ( BS51 A1 BS63) , 4 Jy Al FH Hhy , 783k DX A Tl X A5 A7 18 A0 AR 4
HHE [ R B A IR RURAE I PRAE O, 72 R A FE S8R 0—10(FR)Z 1) 10—30 (kiF)Z) \30—50 (E
JZ) F1 50—80 em (FEF)E ) & 4 MREE  REM A TR 2 2 ke iz FH GPS XFRE S TAE I 2 17, R
SRR S TG, RBRTT I 2%, AP 5 2 100 H 0 , 6 7E S50 % B B AL AR A7

- S R I E  FR 0.5 g 1 100 H i A9 A, SR HNO,-H, O, & &, T A 10 mL AR (2K
&) F1 2 mL 33 A0 A (PRl ) RO T ST i, D 9 S o . - S S o SR FH 28 1 X R
AT G SPRREEA T T W 25 PO BRSO Rl R Al T 2R, SO0 R FH 1R G0 o o v O AR 1L ) 1 458
FA T BR HE W) B GSS-3 (Se 0.090 + 0.020 mg-kg™'), 3 4 A5 - AE 520 & 43 % 4 0.090.,0.093
0.095 mg-kg™" , #I{EH M 0.093 mg-kg™" , I-F HHE 7] 5.
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Fig.1 Soil sampling locations in Boshan

+- 3 4 A A D E R HNO,-HF-H, O, I i IA & 8K 0.1 g8 100 H i 19 -4, A 5 mL fi§ 2
(PLghtl) 2 mL ZURAR (PR al) 12 mL i AL S (gl ) | >R (el T e ASCIH A, 1ICP - MIS 1l 5 + 3¢
HE SRR VB A8 (Cr Cd . Zn Co Sn) Y& &

R TN - RIS A R, 2R AL SR A AL, ER IR IR Lk RER , S FH ORI AR
DUSE 3 3 pH (I >R A pH (B B AR 200 % 5 L3R HLER (TOC) W , SR FH IH1 VA o 4 26 4% i 40 45
% BHEERR (TC) AU (TN) RTTERE AT CIRE . UL E#R F 25 X RE BR85S A T AR 52 2R 47 5
TR R T A
1.3 Hdsaba

EAFEA /N 50, BT LARH Shapiro-Wilk o Bl H (14 8- 5008 ARt A4 7 15 2553 A0 ks e il e 2 4H
KHPEIRALF A IES 0, Gt AR B 5 FF A IE 5340 ; TOC A LR ) TN (AVED |« TC (ER) |
T4 A SRR S AR IES MR T SPSS19.0 G834k 1k , iz ] Spearman AH 2041 %t 48 i A %50t
TS A IR R 4 R A AR MEEIE T AreGIS 10.2 F1 Microsoft Excel 2013 5¢ /.

2 753 51348 (Results and discussion)

2.1 FRJE 5O 5 R

FZHHE(0—10 em) H R & 55 FN 0.080—1.290 mg-kg ™', ¥ A 0.360 mg-kg™", .45 5 i
W FE 25 A — 3 E T A E TR AT HIME (0.290 mg-kg™) 1 - HE R B P A FOE A
MG P9 T, ST 5 B AN R RIS AR 4 S e - JTG ¢ U8 1) A 0 A 5 BRI P = S v o 0T ) 5 i 22/
A X A A 25 e 0. 3R 2 A AL 5 BV FA 0.020—0.065 mg kg™ HI{E K 0.033 mg kg™,
AT 15 AL R R 10.16% . T2 KA 257 v [ 7 #6009 b TRt 0 52 2 2 TG AL R R 0%—15% , TR
Ly 200 A5 B G 5 B 7 DX P 7 2 R T S 40 S BB R SR 45 A A5 2 T BT 169% , 5T IX. 3l A RICRAR
TP B X

FE I (0—10 em) TKIEE AR A E MERR A 5 &= 4{H R 0.003,0.009,0.021 mg-kg ™. 4N
2 JUT7R 45T a0 e 2t SR 2 R P A G 5 > S 0 AT 7 > /K IR S 1 . - P KA ST
TSI 5 Bl LIS, e R R DAL R S e R 2 b Bl & 2 5 K5 S
Bl 5 AR OC R AN 0.733(P<0.01) , AR 2 7K. 3 oK S A0 5 1t T BEAZ - b il 75 o | 14
B S AN Ak 2 o 4 S ), JEL e e R A R I R 36 O e A R Y A G B AR BV K, K
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Fig.2 Proportions of three types of available selenium in surface soil§
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X S A S5 - S 8 A 9 B G 20 AT, — RE R E Ll USRI A G 3R Bl - 3 e B R AR ik
PRI AL G AL SR A5 DR i) 1 e T 25 Ky 430 3 2 (1) bmy IR, B 3 v 35 Sk B ¢
A3 T FAEARG 5 (2) b ARG, RIS TR EEAR & AR 25 5 A5 (3) AT i, 3 vh il 5 £ B AR 32 19
SEIRG AL AN 3 B Bk BSTT &b, He AR o5 S A0 5 R B R T2 L BSS 1
AR BT AL XN A7 ¢ — % 2 MR | A A TR L A 9 TG 25 8 28 v 7 A DX B 0 5 o 3 W] R
TR DI L R ST B A 0GR R R DA S B P R B ep S R
TCR MR A BE IS S5 2T 1 e i DXL 200 RS DX PN A 8 4 ) TS A A e R A AR
AR A 3 R,

Tg:n 0.600 N
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Fig.3 Vertical distribution and spatial difference of total selenium and available selenium
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L DR A A B g AR, PR e T4 BRAE, LA b e oA AR 5 s T L AL, AT RE S
AR A FH AR ZK R A A S TR] Ik - S 800G 5 e 2 3 LS I T A 8 P v T IR ) A A0 o - 43
P A 1 DL AT RE 252 3 s A 75 | S BRA M B |  SERE 5 P 5 e A L SRR MR T AR
S22 T7 TH Y.

2.3 ARG R A B A AR S 3 B

T A RO ) 5 R AT RESZ B R AR (TOC TN TC Al pH 2% - HEBE A4 I3t 19 22 10, M1 H] Spearman

FRIR M 20 B S RO B A o 2 IR A S, B 25K AR S R BOILER 1, 70 A R AN F

R L DA R -5 b SRR A BT AR SR S B

Table 1 Correlation coefficient among available selenium,soil physical and chemical properties in soils of Boshan

KA

selenium soluble states acid states Toc n : content
states
A 4T 1.000
K 0.265 1.000
T 0.354" 0.385* 1.000
B MERRAS 0.960** -0.155 0.172 1.000
pH -0.292 0.335" 0.054 -0.369 * 1.000
A PR 0.485**  0.561"* 0.398* 0.474**  0.248 1.000
MA 0.273 0.585 0.246 0.253 0.229 0.784**  1.000
S 0.235 0.633** 0.269 0.200 0.243 0.855**  0.928**  1.000
HPRL 0.357* 0.220 0.237 0.383*  =0.336" 0.377* 0.243 0.191 1.000

e v FoRBFEMAKF(P <0.01), * FomBEHAFE(P <0.05).

Note: * denotes a significant correlation( P<0.05) ; * * denotes-a extremely significant correlation ( P<0.01).

AR A LB SR o B IEAH OGP <0.01), FHOC R ECH 0.485. T3 A LB HAKLSS o, BAR
VEFI B HLER Mg AN T2, AH R R 5 WA AU B i P 2 S e A R Sl - 6 LR & Bl
ST MG R 564 e 15 I B g o bl AR 3550 A 9 e A A0S 5 R X v i PR AT B R A ML
HA— 58 WIS AAE FDR A A S TG AL ARSI, AT AT REFE S A 0 A BRARINS sl F2 vp 5 i 25 1
TESEEAL , o0 it 8 — 05078 RS KBS SIS AT 1 5 MR 2 A b i+ 1 ML 2 A0 8 S5 A G, £
AN ST S R rhaX 3 FhAA SCE L = 5 2 180 Sh SO AR T Ak S5 i R AR U AT O
DRI 7 % Jo e Al of ] L@ it /Mg M 4t 25 - e A LT A 3% et T Ak 3 b AR A 2GS, $2 i
T R TE AL R

KA R AU 2 3 IR (P<0.01) , MIC R E0Ch 0.585. B Hp 1k AR o8 26 1 - 3 v (1)
R B Il G A IR A C O R AR R A LR S A A R B E MG (P<0.01) , 5iF
SR VAR 4 A T A IR O IR EAR HE R A LR S A R A AR A G
FAARF KA 5 S R S AE DG, T BE T L S5 A AR AR S 25 A DA G

ARWFFT K A 5 138 pH (B 5 B F M 56 (P<0.05) , A 56 R ECH 0.335. 0F 5% IX R 43+ HERE
pH i ik 2k A4 LR AR UK 2 B R B R SRR IE X 4 DR KV A5l & i B pH A T A i
RJa THCY . R HE pH AT LA oG AR e PR AR S LA R B 22 (8] A5G Ak, — D T 2 0k 7 i g B A
figp W Bt 5 — T Aok B I - A WL R 35 A R R e I R O R AR
SRR E T LASE Wi 45 B0 A A5 B G A, b R rp e 25 R 1 G S DA A R 3k i B A7 A B 21 T
BRI RS 1T A7 A

A R | RS AT A R R i 5 R DG (P<0.05) I 2RI UE S HER AR 2
S - 9 P A A e ) R DR R O M AR R e G v o G %) R B R AR T BN S S
A LT | TR A A It 8 DDA G 50 S T A o (] ot 2 M A A i
2.4 BRI 3 b E 4 JE A e BT

R i T A5G S R O AR AR DG A R B 0.509 (3K 2) , AT RE - 8 R ) 4 A R R
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PP 5 AR Ak 5 L T AR B Bl ) 4 R 4 A B SCPE AT , B K 1) i
K R BIFIE W) L R IE 2 2 5 R B T o 7 A A B G A S 9 25 L 75 1 o
ST R R 0 b O S DR o M e TR B B B B A AR 44
2 5K SRR e — bR

R2 AMNS IR SR R B B

Table 2 Correlation coefficient among available selenium, Cr,Co,Zn,Cd and Sn in soils of Boshan

e dli] % ] B i B
Available selenium Cr Co Zn Cd Sn
A 55 1.000
#% -0.113 1.0000
& -0.124 0.264 1.000
B 0.008 0.402* 0.118 1.000
i 0.509 ** 0.082 -0.026 0.430* 1.000
B 0.235 -0.166 0.051 0.360 " 0130 1.000

.o % FR B EMAKTE(P<0. 01), * 23 B ZE KT (P<0. 05).

Note: * denotes a significant correlation( P<0.05) ; * * denotes a extremely significant correlation ( P<0.01).

3 2518 ( Conclusion)

(1) BF 5 DX 3 ol FH - 98005 % i 4 {H 2 0.360mig - kg™ B 55 T 4= [ - 8 T 2 19 F ¥ E
(0.290 mg-kg™") , WFFE X 1A 85l 25 P4 0.033-mg-kg ', HAFEIAUE N 10.16%.

(2) BRFE XA Ml P s - S B 1) T 254 B e AR, o 20T - S i 4+ e AR AR
AR ARAT LA S A AR e v T UL Al T RS2 KU R RR 2K IR AR e S A A
Bt TR AR T s TR

(3) BRFEIX Al FH 3+ AT 2800 5 R BT IL A | - SRR 55 e J 35 R 5C 5 K P 25 A - A AL
Bk e pH | AR A O S A A A R MERR A AR 5 A L A O PR X R A
RUCHT 5 8 1 B A OG , T R Sl TR o HE i AR AR A R

(4) WFFE DA S DX dmk - S8 il 35 K ) e A K (F AT 20038 IR — S 0 sl /D XK, T o
Ao P A ST O e o o o AR S R S DX e i S Sy A A Y A A
A T AR KSR L NI A A | i o PR o e e e S e N A A A
A Bl B A K
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