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i OE: HEARIHAE X AR RGO, EERERTT NI, TR T R)E SR B
SRR &4, RERPEHOKRE . K T Al RS i, 45K, BFSE X Al & AR s, (R
0.303 mg/kg, AR ERISEN 0.018 mg/kg, AR MR & HO) MR 398 2l RAa S5l & 48 EAT 1 8 A2 TR0 AR A
EE X EES AR X B PEILRARROk M S | BR S M2 S MK E £); 3 PSSR MEY & 5k 3 E O /K F6(0.028 mg/kg)>
K 5.(0.014 mg/kg)>T>K(0.007 mg/kg); HSHEMNTRI, HIEMEE A R ER R E N LA IR . 2% HETFfum fR &
B, A LTS AT KRR TR R R, ASBIFST S RIR T X R A A R T X SR B VR R R B A A
S,

KEA: R Bt 6 HIRAEMRS; WEYRTE

PESES: X825 MHEFRERG: A

Characteristics and Influencing Factors of Se Content of Soil and Crop in Se-rich Areas of

Isohumosols (Mollisols) in Northeast China: A Case Study of Hailun

MA Jingxuan'??, CUI Xiaodan'** LIANG Qiang'?, HU Wenyou'?, HUANG Biao'?

(1 Key Laboratory of Soil and Sustainable Agriculture, Chinese Academy of Sciences, Nanjing 211135, China; 2 Sino-Danish
College, University of Chinese Academy of Sciences, Beijing 100190, China; 3 University of Chinese Academy of Sciences,
Beijing 100049, China; 4 Technology Innovation Center for Ecological Monitoring & Restoration Project on Land (Arable),
Ministry of Natural Resources, Geological Survey of Jiangsu Province, Nanjing 210018, China)

Abstract: In order to investigate the selenium (Se) content of soil-crop system and its influencing factors in a typical Se-enriched
Isohumsols area of northeast China, Hailun City was taken as the study area, the physicochemical properties, total Se and
available Se contents in surface soils (0 — 20 cm), and Se contents in edible portions of crops (rice, soybean and maize) were
analyzed. Results showed that soil total Se content was relatively high, with an average value of 0.303 mg/kg, yet Se activation
rate (proportion of available Se to total Se) was low with an average value of 0.018 mg/kg for available Se. Both total and
available Se contents in soil had obvious spatial distribution characteristics, and the high value areas were mainly distributed in
the northwestern and central regions (Yonghe, Aimin, Xiangrong and Changfa towns). For the 3 main crops, Se content from high
to low was rice (0.028 mg/kg) > soybean (0.014 mg/kg) > maize (0.007 mg/kg). Correlation analysis showed that the main
influencing factors of soil Se content were soil organic matter, total nitrogen, CEC and clay contents, and high organic matter
content inhibited soil Se uptake by rice and maize. This study provides data support from planting area to crop type selection for
the development and utilization of Se-enriched soil in the study area.

Key words: Hailun City; Isohumosols; Selenium; Soil-crop system; Se bioavailability
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R AR TG B IR B IR TR, A A A] LA
PEm NIRRT, qERr iR B RE, IR B0
AR A B RVER, ARG = il S 800 s |
BB L LIS S5 005 o R ] - 49 ELAT Al AR 1 i
1% A ARSI S A RE A, BTG 5 Y Rl 0.047 ~
0.993 mg/kg, HMEH N 0.290 mg/kg, 72% ML XAFAE
S R AR B Hodr, AR AGT D - A -4 7
A 0.184 mg/kgt®, SBIpT A + HEM 15 &
0.147 mg/kg?!, HET 42 [E 347K Bl s = i
AR B A5 AR A & A, Xl T IR
RIBGAM S EHECTKTHEEREEERESY
AR P H AR R Ak W <+
BAEY- IR BB, lEER T, L
BT AN BE 2B AE YR, /NS S RE RV ES B4
WA AP A A7 050G, AT A5G 5 1 A2 B 2 PP R R
Wi, BRIUL, FESEAT HSEREY) P S ST, N
5 6 A R A T - A AT R Y R

UCARESR, X MR AR S P T £
AT AP & 6 AR A A o d b . e
B PR AT - SR R RS B R, R AR S
A ML R R - e ) FE R R R REEAED
ERIRITE MR R, HHAHPR . k&S
pH X+ Sl & e B 5K Sy AP B T %
TR IA N | AR Z il B B N BB ST S He AR 1Y)
Tt & 2, VB9 B Sl i i S R 25 R T EUEY
& EERWEERER,

AR L R F IR R+ X 2 —, Rtk b I
U IR EHE AN 10.00%°, BFR R, RILF
J 2 e SRR P R AT - S AR L Sy
25.05% F1 22.63% , T & Al - 5w g L T
1.00%), ARAPRBE SR A e L9 . K59 4 A 4
P AR A R, BRI A WAk il
g, WS T 0.325 mg/ke™ . BIHIARALHLIX +
A A B) S BT, A B AR MR PR A A
X, PRANTT iz b XA 1 SRR -5 R i 3 AT

VAR T 57 T AR O i A 3l i vy, U
7 R 2 At 23 & RS+ DU AR R AT 2035 4
st HPRNE” 810, IR AR R EM ™, =
B E R RAAS” . DAHCA RIS IX, DL
YEY) R GENE RS 4, 38 2 I 5 I 5 X e fh
PR, +3E pH. AMLES) . & & 556w,
ol s B oy AR R, LT ARAF ST X - 49 1Y) 7 i 5 00
i, e PRSI & I 0 DX 5 I e A5 X
FEEYORE . Bk KRR & &, it + 1%

16970 o= 2T = ST (R Tl el LI IOR S ST 7
RIE LSRN &5 B2 R 2R, O e ] S 2R
A0 DX SRR e IR PR R S

1 MRS

1.1 HREEER

e TN TRV T, SeTidba, s
46°58'N ~47°52' N, 126°14'E ~ 127°45' E(&l 1), J&
TR KRB, AERRY 25 C, 4F[MK
N 500 ~ 600 mm, AFFE X HAR A BCT S AR At v
INDLBEUG HTE | S /N LT ] A T T v 3 114 o
Wy, Mo AR A PR R, DML RS |
TR T B AT e B R R 3 e iR 471 m,
ARG 147 m, FHEHRZ 200 m, Xy E
ZomBt . FE Lt B KA EE
TR, L RE R 4 667 km?, i, Hfdbim
U2y 2954 km?, (5 ETE R 63.30%; EEAIEYA
KA. Bk, KG4%, BREREEARGRIEEL,
12 HmRESLE

ARWFFRAER b A3 R T 255 4 HIEFEAL (0 ~
20 cm), FESABELE A SRS | N S S REALE 3
T i o T BERR RS A0 T R HERAE ASUAL, B ]
FE 4 km, XF B A 5 B A v 4 i XA T
AT R, FO T AR R a5 0 A b X A T BE LA
Ro H AR T ARl 1 B I, R X 5
VERIEAR T AL X, IR TVEY SR R 0 okt
IURE o AR R - SRR s B A R FH L PO AS 125, B
s E A 8 km,

FFERTIE SR F S A B E B, IE VRS F2 4540
JEITRAE 4 ~ 5 hboy S 2 1, RBRABTE T
AP, WAREGE, 451 ~2 kg 2e4%, KRS
WK B W0, R ERR O AT,
HRORAFREN o AN, SREE T 64 XFVEI(EK | KFE
RD)VERR RS, 3 FEYIRE S FRRLER 5 22
TIGWFEE A A, SEAFAE % B R O aash, & iRt
FEREI, AR R AR S AL B 7 VA R 2 2 LA RE A o RS
A LI 1,

1.3 #HFmath5i

F 2 RS S T HE AR EL S - SR A K
pH. AHLET. 2% . 2. 280 . AR, #HE .
PHES FacHfid . 4l . AR . A VEMIRE R
SIATAE bR AN AR . I pH SR AIHAEIE , AL
J SR AN R 5 PR AR AR AT s v, LA
YR SO R A 2, 4 R FH A R
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Fig. 1 Study area and sampling sites

FRTHATENAE , AR B0 R P IR B 42 Al 5
BB R FH AR R S MR PSR B B L (B I I, TR AL
SR OB R G EETHE I, FHES T35 4
R A RS, BRI E k5% (I
Ao ) 1,

AR A E . FREL 0.5 g 1 100 FFf A 41
FEM T 50 mL BEFRH, A 10 mL #RAHER A 2 mL ¥
AR, 7E 95~ 100 'C AN 30 min, FAIA 15 mL
iR, M 50 mL AEMER, &eHREFIOOLE
THIAE

B RO I A . BEMLBEER 98 > L HERE A,
W HA R & i, 48 HUGRS) 0.1 mol/L /) K,HPOY/
KH,PO,(pH=7, [E I 1 = 5) W, 1 RS IR —s SR
A . AR AR R X R BOR A 7 A A e

VEVIRR & A . BRI 0.5 g B FRedfh,
JIA 1 mL BUEIK AN 3 mL 2B 17K, F 150 'C ik
T, AHEEIA 10 mL ¥R, e 5 ~
10 min; B HFH B FRBBEZE 25 mL, SREMA
1 mL 0.03 mol/L MR FUREIAIR ; 5 J R 20
JEE 00 S G ) e B o i R R B GBW 10048 Fll GBW
10185 AT BT FE il , iG55 5t A RTR 2E7E 91.77% ~
111.11%.

1.4 EMAE
S 2 P RIS, SR A SRR I AL R AR
HEH A R A Al T Fe e AR T

= R/N2 W (I
O o= == ¢ g

IS R (A’)_—iigéﬁﬁé\i x100
1.5 HESWESIT

% H1 Excel 2016 F1 SPSS 23.0 5 5t (1 4 a8 1k
451t . Pearson AHCAMT; iz T 22 REHE GST7.0
A AT 23 [ S5 A 43 BT I, e 4843 O B 1 A 7 33
B3 AR ;15 1] ArcGIS 10.2 #2241 23 (8] 43 A (8

2 GRS

21 TEBAMRAWESE

R 6 [ 4 498 J5 b 4328 vk % i 9 X+ Bk
T2, KBWFIE X 4 b m Ay, oo g+
e 2(50.22%), HR R# iR E 1:(22.08%), IRZ
REGE AL, SR 16.45% 1 10.39%.

F5E X AR FAL P R G 25 R a3k 1 R .
5T X e B LR A g et =, 4% pH A8k
JWHITE 5.76 ~ 7.69, H{H K 6.36, 55MRPEL1E
(5.5<pH<6.5) i b Ky 75.75%, KT 2B Ap i1 F 21
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*x1 FREEEO~20 cm)HIFR L MERRES SHIRELEIT

Table 1 Descriptive statistics of topsoil (0—20 cm) physiochemical properties and Se contents of study area

Eizgan He/ME wRAA ¥E e it 22 5 5 R AL (%)
Fbi(g/kg) 84.2 611.6 251.9 248.6 6.59 26.15
R (g/kg) 217.5 815.8 552.4 541.7 9.35 16.93
ki (g/kg) 7.2 593.9 195.8 197.1 8.44 43.11
pH 5.76 7.69 6.36 6.31 0.31 479
HHLF (g/kg) 23.60 100.50 52.79 51.10 10.52 19.93
2% (g/kg) 1.14 4.74 2.43 2.34 0.48 19.87
AW (g/kg) 0.50 2.63 0.94 0.91 0.23 24.12
4 (g/kg) 17.92 36.13 21.59 21.55 1.56 7.22
% (mg/kg) 8.82 188.46 38.60 32.52 24.41 63.24
R (mg/kg) 101.30 549.60 165.46 148.80 68.30 41.28
FH 5 - 22 6 £ (cmol/kg) 18.74 44.04 33.76 33.67 3.48 10.30
4:Mli(mg/kg) 0.180 0.500 0.303 0.320 0.058 19.19
A 3l (mg/kg) 0.010 0.080 0.018 0.016 0.009 47.74
Tl 75 1E % (%) 3.70 40.63 5.87 5.28 3.72 63.39

. Bk, <0.002 mm; KyL, 0.002 ~0.02 mm; #PKL, 0.02 ~2 mm.

(pPH=6.6)F1 4= [E A4 {H (pH=8)!"", WAl T8 o vT 45 2%
AR -39 pH SFEED e DU & RN 23.60 ~
100.50 g/kg, ¥IMEN 52.79 g/kg, wTaALTANLR
IR (41.36 g/kg), AR T BIEITAE FHKFE
(85.10 g/kg)'™, 5 T4 F-HI{H (24.65 g/kg) .
T R M2 BE R 2.43 g/kg F
0.94 g/kg, 4= F XN A9 4 E - HI{E(0.707 g/kg,
0.570 g/ke)'", A S EE TR ITAE L L HOFY
{E(2.05 g/kg)"™), 4B T 2 M VT A I AT IX
I SO 294 (0.48 g/kg)!'ST. - IE A N
21.59 gkg, T IR IT I BT 120,27 gk
- A O RN R (A (E 530k 38.60 mg/kg
Ml 165.46 mg/kg, KT M A XX R Y - 24 7K
(39.4 mg/kg, 224.3 mg/kg)"™, W FHABOE P-4 K
F-(24.9 mg/kg, 159.93 mg/kg)!'” ., +IHEFH B TA HefE
By 18.74 ~ 44.04 cmol/kg, Y{HH 33.76 cmol/kg.
HRAE DZ/T 0295—2016 { 4= b i & b Bk b 24P FAr
) PO mHLR S RIESER N E (40 gke),
SRIMMESH N FE 2 gkg), BUEIMHESY T
(0.8 ~ 1 ghke), EMHMESFRNKEEQO ~
25 g/kg), ARUBEBIEGEH N T E (20 ~ 40 mg/kg),
LA A (E E RN FF (150 ~ 200 mg/kg).
g5 b, WEAE X S T R, FROREE IR, A
P FEER X, RiEfRs TR TR LKE
ARSI R IS A TR B AR T 3
WFFEIX A e 40 5 522 0RY 0.180 ~ 0.500 mg/kg,
SEHIME R 0.303 mg/kg, BT EIETTA I & HF

I {A (0.147 mg/ke)™! 5 & [ 4 A & W A
(0.290 mg/kg)*! , AR R L 22 P00 3 [ o0 R AR A
LARBERRIPREGER 2), TR & A T
JEA(0.175 ~ 0.400 mg/kg)FIE Hi(0.400 ~ 3.000 mg/kg)
G, HoEe s s 6.92%, KB 3%
(<0.125 mg/kg) o X it BAMFFY X 35k £ HEAm 5 & 4 {4 Ak
TR, A G R 0 R TR

Fz2 HHRETIEWEERX S FRIRE

Table 2 Threshold values between abundance and deficiency of

soil Se
FrifEfE (mg/kg) fif 5 H A T 500
<0.125 k= il 52 1 AN 2
0.125~0.175 h Tl v e AN 2
0.175 ~ 0.400 BTy AT
0.400 ~ 3.000 = o G
=3.000 3 7 it 2

VE R BB AR A = 1 X, BF 9 X A 49 4l 75 o
IbFE A Z N, (H A A — AN RE i
B KT, HREE A R A A e A
BRI, Ry 25 4 T i PFA BIF 9 DXORRL £ 7 Ml 49 A £ g XL
oy, 5 P M () A7 2550 5 e A Ay — 25 A o 43
HEARBE 1 A8 AR, A R (7 0 25 SR gk 1
JIR AR AR R 0.010 ~ 0.080 me/kg, -4
B} 0.018 mg/kg, = THAMCF TR ra &R 1 354G 24 i
111 (0.009 mg/kg)**.

F I DA 05 AL 3R AR R R 3.70% ~ 40.63%, 7%
SRR, EIIE R 5.87% FCEBAN 4 1 AL 5 Al
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WAL R X RIVE B R 3.70% ~ 10.90%, %1% 1k
K5 ) PG R 2T 48 X CE M 5.52%) 124, MK
TV VG =5 3 A 50 2 5 - S I Ak R P K P
(8.95%)12, 1 T 7 B A7 W L b DX A % b P 2K
F(5.05%) 27

g, MR P e RN TR, A5
WG 5 E G, 38 AE R AL 45 4 0 W SO Y ) A A o
b
22 TELWRBWWE B S MEFLE

SR FH 2 T 22 PRBCAT B 5T - 9T 23 [B) 43 A 4 Ry )
BEALIE FIZEFIPERRIE, BIAE5HRER )R, 1S
i 23 (8] 43 A B B AU R R BRORAE 2 14 2%k R K
0.798; 3 il 25 8] 43 A5 1) S AR A8 Ay = BT 4SS A6, 40
HEB R R 0490, 254 RO Y 5% 22 43 50 R
1.666x10* Al 0.0861, 4T+ 0, F£W Fik)r
PR 5 P T BRI AT, RERSHR AT 1l S e + 8

TR 23 [ Z5 A RRE . el REURFR =S A R BT AR B
1Z(H<0.25, 0.25 ~0.75, >0.75 /3 HUREAR R |
2 B Es A e MRS A g R i e 4 R R
AR 0.514 F10.732, ¥JE Trhagas s sk, R
S B FAT S5O AT T A A AR DG, U] =8 & sz
ae: SETINE - S| DYIE NIRRT AT IS E N
Sk TG Sl A AL PR 2 A OUEE 52 398 4 il 5 A
AR 38.90 km Al 73.92 km, B —F (43 ]
H A G IR

Sk LS e - S P 23 (] 53 A0 RRAE , 761 7 25 6K
BOBAYRL A 0 S mty L, X 384 5 A B i T
3 5w BRI A , JRASAIFSE X 438 4l 5 4 A5 5 i
(ZS [E) rA E (B 2)e Bk I, 4384l & i th AR b
Z VGG 7 ) ST e R o AR DX A % (R IX
(0.360 ~ 0.400 mg/kg) FEAEVGILHZR S | K S |
Mok S B34 B EEFEY 0.320 ~ 0.360 mg/kg

®3 TREMMBYERFHFERBRBERIEEZSE

Table 3 Semi-variogram function models for soil total and available Se and corresponding parameters

Ei Lo R Yool HEH e R H AT (k) EEEY Bk 2%
4= BROR AR 0.020 6 0.042 3 0.514 38.90 0.798 1.666x10*
TRl 0.017 0 0.043 1 0.606 42.90 0.737 2.170x107*
TR T 0.021 4 0.042 9 0.501 31.87 0.787 1.879x10°*
LAY 0.027 2 0.045 5 0.403 53.83 0.536 3.820x107
AT BROR ALY 0.076 0 03318 0.771 110.33 0.457 0.089 6
iy g i 0.074 0 0.386 8 0.809 227.40 0.446 0.090 8
[yt 0.0920 0.342 8 0.732 73.92 0.490 0.086 1
AAERAL 0.077 0 0.3158 0.756 70.63 0.460 0.089 3
N N
(A) A (B) A

Hin e

LAt P (mg/kg)

0.200 ~ 0.240
[770.240 ~0.280
79 0.280 ~ 0.320
I 0.320 ~ 0.360
I 0.360 ~ 0.400

i 2a)

SRS i3 ﬁi&mﬁé (mg/kg)
i 9 g 0~0.003
e g [10.003 ~0.008
[ 0.008 ~0.014
e 0,014 ~ 0.020
N 0.020 ~ 0.028

0 125 25 50 km
1 1 1

L 1 1 1 1 ]

2 TIEEWA)SAMB)HIZE 2

Fig. 2 Spatial distributions of soil total (A) and available (B) Se contents
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() HEAE A i AR Y, R R R
2 KM S 0SS PEES RHE S ALERIK K £ R
A HHX.(0.200 ~ 0.280 mg/kg) W) 3= B /A 1L 5T
DX 74 R R AR LR

A RO B S () oA 5 A R AR
SN NI E BT it | e eh ) S I S Rt
R TS I i, 2R 0.020 ~ 0.028 mg/kg,
XIS Al A 0.360 ~ 0.400 mg/kg (1 X e H

0.5

A EER 5 B X .(0.014 ~ 0.020 mg/kg) F E M 7E%
RZ . AKMZ . m5ESEHAILE ., wiE . Kk2
AEEB . FLE T S ARIAAGE £ P

AN [R) X sk xof + 198 4 i 55 5 S5 o ek K OF R A T
Qor(E 3), kS, Kks . BZRS . M. fik
SRR R, SFEERE T 0.320 mgkg;
ARG FE S | B RS RS S B 3 8K
FEGE, FHEYET 0.018 mg/ke.

[ ] 25%~75%

(A) T LSIQRPIMITER
— gk
5 041 o BfE
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i 03+
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Fig. 3 Statistics of total (A) and available (B) Se contents in soils in different regions

PR, IR X A e 1) 3R IR S AR AR S
ERS MRS ARKES, WYIRAEHEU L SHAE
JRE MM X 5 AR T [ s ]S AR i 2
Wy, 7% R S Bl B =k B | 1) SR S
EATR EEAR A =L | R £ R & & 1 K
FEBRAR A 7l Bl iy H bR — 2
23 TELWMRENMSEYMESE

R T AR ST A B — PR R MR Y
FEM , %t - 458 v S K AT S0RH R A A B M I
PEAFAHOCE AT, 25 SR ANTE 4 PR .

pH 5 -3l &R R E R ER, SHM
Bl 5 2 8 25 IEAH G R (P<0.05) , G RN 0.16.
ATUL, pH 5 R HEARN S C R BN, I pH B3N
RETE— B R 4w RN A Rt . DUEIF SR 3R

[29]

B, pH 5386 & & 2 B e RIFAZ -, (H—
FIA N R g b Al A B EAN R AZ pH 12, T
pH 5+ AR & RS = A 2 Y IE s,
St A LTS A 5 A GG
Z(P<0.01), MXEREHN 0.44; AR & S5HVLE
SN BB IEME LR (P<0.05), HXEEREE N 0.16,
- A BT I3 5 i ) A AR 9 2 AR T O ST A R R D
R AR S5 MR A ZS 4, T X A HLT & Al
XFFEE, X EAT B A R S e R ), X A%
iy DX A SRR 5 R X A
A i 5 A AR i 5 B R A e i
SR IEAH G (P<0.01), KRB B 0.61 F1
0.27. BHES T34 i REAS 15 42 S e+ 198 17 (R AE A
RERIZZ 0 AE ST, DN I BH 2 A0 400 2k g %) 1 S 16 [
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Fig. 4 Correlation between topsoil Se and other physiochemical properties
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Fig. 5 Average Se contents in soils with different textures
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Fig. 6 Statistics of Se contents in crops
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Table 4 Correlation coefficients between soil properties with crop Se content and crop BCF
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