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EMAE RN &=, KSR MOKTE . KB, FR)TEHESME &, 458KV, FRX IR S KPR, HER
0.303 mg/kg, A% EIS{E R 0.018 mgikg, ATE LA (A R 5 L), 398 40l AIG R0 o AT HA B R 0 28 [R1 40 A RPAE
X FES AR X TGOk M S  BR S | MR S MK E £); 3 FHIREARAEWM & it h = FMIR 7K #5(0.028 mg/kg)>
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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®?3, CUI Xiaodan34, 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 (YYonghe, 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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2 AR B IR R0 R A i A] LA
P NG S, dERp A BR ) RE, SR BIRL
A RSS2 B VR, AR B = il 2 S B0
BRI AL U S8 o TR ) A 19 ELA R A
1% A AN S R A5, BN 5 Y Ll 0.047 ~
0.993 mg/kg, HIE A 0.290 mg/kg, 72% FKHEIXFELE
& AR A S, o, ARGV D - P34
N 0.184 mg/kg?, AP T4 4 HERG S 2 A
0.147 mg/kg®, YT 4= EF-HKF o BRemm s =
PR A R AR il & bt 3 AIL, Xl T R E =
REBAMFRETEETHEEREEERRESS
AR H R AUEA RN, AR EZEA £
Be-1E- K7 BB AG . WHEEN T, P
YT AN BE 4= R AW, ZNER 3 BERAE W L
WA FR S A7 2500 , - 4984 A5 5 i 57 3 2 R R 2 52
Wl PRI, FESEAT - SEREY) Tl & s i BEgE e,
% 8 SR A SN - PRI AT S5 R

ULAESR, X L HERRRAE S [ g %
A AR & i . WA A A5t I g 3 /b . ER
R A PR RN LS R b g S 98 R B, R Rk S5
AL ) - AT B R R B KRG
ERITAE MR R, HIEAGIR ., RS
pH X - R & A S oSy S I R T
TERITFFE AN | MR 2 P il 2 B R R S 4tk EAE I Y
fifi & 2, VY A B il iz i 5 s e 22 R R BUEY
o S EER K,

ZRAE L ORI + X 2 —, KA T
FOE TR E B AR A 10.00%I01, BF5E B, AILF
g w7 T b € QT e AT s n s i )
25.05% F 22.63% , 1 & fifi 4+ 5 A g e/ T
1.00%2, AIRAR FREE 5 1S A 5 LR« RE T o A1 3
JUU UEAER AR AL, BRI A WA E N L
e, WS R T 0.325 molkg®l, 1A A X+
PG B 2 B) S MR A K, A7 W B PR MR P - R
X, TR0 2 XA 5 B A 5 5 R AT

VAR TS T AR BT T 1 38y 1 rputs iR
7 R 2 Rt 2 & e 5+ DU ToAFE AR i 2035 4F
TEHPRNE” R, BRE AL REM S, &
Frim g E R AR, DA SR X, DL -
YEY) R GENE RS 4, 32 0 5 F 5 X e fh
(R, £33 pH. AHLES) . i & =565,
gz AR, DLT SR X R Y i S 4
A1, B PRSI 2 0 G A g %) X5 ) S A 9 X
FEAEWORE . BoK . KRE)RM &, it 149

9T s Tl RS (R YT en e CININE P S i T
PRI L R R 5 e R 2R, Dy [ T L PR
A0 DX SR G 5 e BRI P A S

1 #R57EE

1.1 HRXHR

TR TR e, e, Hhis
4658 N ~ 4752'N, 126914'E ~ 12745 E(&l 1), J&
TR KBEPEE R IX, AEHIER L 25 °C, 4K
#4500 ~ 600 mm. A5 X M AR FA T B AR b g
INDLZVE VT, /NS A ICTE S b Y 3 i
Moy, HbE AR A P EE R R R, DAL RS L
DT B b A R SRR T SRR TR 471 m,
HARHER Ny 147 m, PR 2 200 mbl, XN 3
OB T BEEEE KRB MAR %
FHER b TR 4 667 km?, Horb, B
TRYy 2954 km?, 5 SEFRAY 63.30%; FEREYA
KRG, Bk, RO, BREEZNRHREME
1.2 H#mEESLIE

ARWFFEAER b A3 R AE T 255 4> L IEREAL (0 ~
20 cm), FESATIRGE A FERE AR L s s S REYLA, 3
T3 1% o T B RS 125 AT T L HERAE AL, R R
B4 km, X el A g R 55 e e b X A
AT A, AT R R B 5 ) 0 b X R A T B AL A
R TR AR IS SO IR, PR X
YRR T RO X, IS TVEY S R B okt
HURE . AR S VEYRE S A A BER R A% 32, B
MEEE N 8 km.

SRFERFIE SR F2 A S 2 B A B, I VA 2
JASRAE 4 ~ 5 kb ,SA 2 1, KB EE
AP, BSREAE, H5rEL L~ 2 kg 4%, 35
B X B o0, TR BRI R CAmART,
HIROAERFIN Ak, REET 64 XHEY)(FK . 7KFE
KG)RARZR RS, 3 FIEDIARE S AT RIS 43 22
TG R A, BEAFAE BB IR S IdAs T, F iR A
FEREI , AR ZR A AL BT 35 (R 3R 2 3R . FE R
AL 1.

1.3 #Fmam5iiK

P2 1R SN W HR bR RS LA AL AR
pH. AHLET. A . 0. 28 . A%, HEEE .
PHES A . 40l AR50 . RS TEYRES 1)
SrHTEbR A R . A% pH SR ALEIE , AL
JoT R A 8 B A% T B S A k- I, LA
21 BRSO, BE A I 2, 4 SRR FH 6 TR 1 -
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Fig. 1 Study area and sampling sites
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AR E . FREL 0.5 g 1 100 H i i) 1 4%
FEfH T 50 mL BEAReh, JimA 10 mL ¥ AEER A 2 mL ik
AR, 7E 95 ~ 100 °C " Jin#k 30 min, FEfiIA 15 mL
ihiR, H 50 mL FEER, ReEHEFIO00E
T E .

A O I BEALEER 98 > 1 HERE A
W HATRGN S 2, $EHUGRN 0.1 mol/L ) KeHPOW/
KHoPO4(pH=7, [ L 1 : 5)AW, ff FIAs R - A
THAE . TR S X B O A0 HE AT 43 Bl s (1

PEYII & A SE . FREL 0.5 g BEML TR,
A 1 mL UK AT 3 mL 21K, T 150 °C findk
it AHIERIA 10 mL W ERIR, FRELih 5 ~
10 min; RHEHEEFKWHBEZ 25 mL, RIEMA
1 mL 0.03 mol/L MR FULFIA W ; 5 Jm 260t
JEE T S G ) v 3k AR R T GBW 10048 Fl GBW
10185 HEAT s FE I, 7 i A A X IR 25 7E 91.77% ~
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o 1 s 2 Sh e iy s
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1.5 BEKHESIT
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7 HAR AL ;32 ] ArcGIS 10.2 #2123 18] 0 AR 1K

2 FHR5ITIE

21 TEBAURAMESE
R 55 [ - 39 [ 1 43 25 5 0 ST iF 9 IX. 4 3
70325, KRIBFGEIX 3 ot oy, ook s+ 5
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W5 X AR I PE T g i 25 R Nk 1 PR .
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Fz1 HREXFREO~20 cm)TIEBUWMEREMES A ST

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

Eizg ) e/ ME PN ¥I{E hE R 758 S5 F (%)
ZHi (9/kg) 84.2 611.6 251.9 248.6 6.59 26.15
Hki(g/kg) 2175 815.8 552.4 541.7 9.35 16.93
Wi (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

A LT (g/kg) 23.60 100.50 52.79 51.10 10.52 19.93
4% (g/kg) 1.14 474 243 2.34 0.48 19.87
4T (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
A3 (malkg) 8.82 188.46 38.60 32.52 24.41 63.24
B (mg/kg) 101.30 549.60 165.46 148.80 68.30 41.28
FH 5 -3 e 12t (cmol/kg) 18.74 44,04 33.76 33.67 3.48 10.30
4:1ii(mg/kg) 0.180 0.500 0.303 0.320 0.058 19.19
%4 (mg/kg) 0.010 0.080 0.018 0.016 0.009 47.74
7% 16 % (%) 3.70 40.63 5.87 5.28 3.72 63.39

. Bikr, <0.002 mm; Kpki, 0.002 ~0.02 mm; @k, 0.02~2mm,

(PH=6.6)F14x [F -1 (pH=8) 141, A T2 o V145 2%
i -4 pH FEIEDL, + 56 LT & Ry 23.60
~ 100.50 g/kg, N 52.79 g/kg, = TALHAHL
JESF- 27K (41.36 grkg)®!, AR T BRI T A XK F
(85.1 g/kg)4!, 54 [ F- 11 (24.65 g/kg)4l,

1 3 A A M BT YA 4 B 2.43 glkg Al
0.94 g/kg, 47 F X K 14 4 [ F $41H (0.707 g/kg,
0.570 g/kg)M, A& Fitm THRIBITA =S LY
{E(2.05 g/kg)1), Al & i o T MR VA48 T VAT [X 5k
+ 3 SF ¥y {H (0.48 g/kg)l® .+ 3 4 BRI HI(H A
21.59 g/kg, 1 T T IR ELRSE- 45 (20.27 glkg) 7,

- A BB RNHCE 1 4{E 53 1) 4 38.60 mglkg
1 165.46 mg/kg, LT S 4 XX R 97 5 K F
(39.4 mg/kg, 224.3 mg/kg)®, & FAMBCR RS2 K
F-(24.9 mg/kg, 159.93 mg/kg)®!, 3 BH ES T s e i
Y FEly 18.74 ~ 44.04 cmol/kg, Y1 H 33.76 cmol/kg.

HAE DZ/T 0295—2016 { - b 7 fi b3k Ak 2% PF-
FEAE ) PO, HLE & R MEEHCN F S (>40 g/kg),
SRS T T (52 glkg), DREMEER NEF
w08 ~ 1 gkg), =MHMEFRIKFERQ ~
25 g/kg), A RBEIESEH N E B (20 ~ 40 mg/kg),
AU A SF N B F R (150 ~ 200 mg/kg)

gi b, WEE X I R, PRI MR, A
U= TR X, KREFRS TR TEY K E
B ARSI O R S AT TR 1Al 1 B

AHFFEIX A HE 48 % 578 e 0.180 ~ 0.500 mglkg,
SEXIME R 0.303 mglkg, = TR IR VIAR 45 o

Y1 (0.147 mg/kg)P 5 3k F 4 HE 0 & & s H
(0.290 mg/kg)2H, HR F5 15 I, 2 (22056 3 [ o R AR A S
LA AR PR E (R 2), AER S i Ak
FJEA(0.175 ~ 0.400 mg/kg) & i (0.400~3.00 mg/kg)
o E A RE SE 6.92% , SR HY B AR Bk = Bl 4
(<0.125 mg/kg) . iX it BAAF 5% X 3 JEAT 5 2 4 A b
TR, Y045 78R ARG L TER

Fz2 HHthRETIEWERX S FIRE

Table 2 Threshold values between abundance and deficiency of soil

Se
FRifE(E (malkg) i 5 R TR
<0.125 = G S REAS JE
0.125 ~0.175 BUE 3 TP LEAN S
0.175 ~ 0.400 & R
0.400 ~ 3.000 = =2
=3.000 1 7l il rh

VERE BB AR 1L I, 5% X 1 Al i
AT AEE 2 N A0 A0 — AN B R+
TR AR KT, HRRAE N IR A 2 f R R
Sy Y o TR LR S R 01 R i = WA R iR 2:95 -0
Wr , AT FH A 3 () A S0 5 i i — 2B PR AN A o - 4
BEARE ) AR PR, A R I E 25 Rk 1
Jii7s, AR & B AR IR A 0.010 ~ 0.080 mg/kg, F-
fH>} 0.018 mg/kg, =T HAWCY IR e & 1 e A 241
F11#(0.009 mg/kg)24,,

fFF 5% XAl 15 b AR 16 A 3.70% ~ 40.63%, 7
SRR, FIME K 5.87%. KT 1 SRR Sl
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T AL 2 1 X 8] T Bl N 3.70% ~ 10.90%, %1% k%
JKAF-5 7 7 MR 2135 IX (PP 34 1A 5.52%) 281241, 1K
T VTG 2 A 2500 2 5 b - 9 3 Ak R F B K F
(8.95%) (261, 5 T 7* B A W L1 b DRI 955 b 2R F 10K
F-(5.05%)(271,

gi b, WX HHErh e BN, AR
W 5 ARG, 39 REAR AL 4 i 42 W SR T A G 4 kot
B,
2.2 TSR E N E B9 T

SR A2 7 22 vRVERCAT AR 5T - S92 (1] 40 A7 46 J=) 1Y)
BEALIE ISR PERRIE, BIA SR (R XM, HiEe
T 25 [ 4345 B e A RO BROIRBE Y 4 28 R2 A
0.798; A %Al 7 [|) 43 A1 i Fre A A g A L, 0
G &R Ry 0490, Al 55 A7 RO ) 5% 22 53 5 R
1.666>104 F1 0.0861, ¥J#aiET 0, FM Fikkre
PR S HIE [ BRI G BT, RE RS AT 1l s e - 35

TP 25 () S5 AR RPAE . By RBU R 25 ] S TR R JEE
%{H<0.25, 0.25 ~ 0.75, >0.75 Bt EAE#E | |
L B9AS (AR SRR Al A ST Y B 4 R By
S 0.514 F10.732, ¥)@ T rhaEss s ek, R
SMRIAT SO AT v A5 2 TR AE DG, BB = B Az
ot 5T o v I DYNE IR R AT AL RIS IUN
Shy T sl S AL PR 2 A OUEE S 18 4 il 5 A A
A AR5 38.90 km A 73.92 km, B 145 [A]
EF PN L2

Shy T e A G ) 23 [B) A3 AT RRAIE , A6 21 T 25 oR
BOBHU LA i B mt L, X6 18 Al 5 A 5 B dE A T
30 57 LA AR, ZRAAIF ST X 4 18 A il 5 Ak 5 £
zs AR E (B 2) Bk b, 34l & i ARk
Z VG R 7 ] ST S R A o ISR DX G 2 kX
(0.360 ~ 0.400 mg/kg) EEAEVEILHBER S | KNS |
5% 2 B oA S RS FEh 0.320 ~ 0.360 mg/kg

®3 TREMMANMOFHERFRERERSH

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

£zt R o] SH1MHE Y A3 (km) EUSEEN W=
] BRI 0.020 6 0.0423 0.514 38.90 0.798 1.66610*
e R 0.0170 0.0431 0.606 42.90 0.737 217010
[ e 0.021 4 0.0429 0.501 31.87 0.787 1.879<10*
R 0.027 2 0.0455 0.403 53.83 0.536 3.820x10*
R ] BRARAEA 0.076 0 0.3318 0.771 110.33 0.457 0.089 6
TREUEA 0.0740 0.386 8 0.809 227.40 0.446 0.090 8
[ e 0.092 0 0.3428 0.732 73.92 0.490 0.086 1
S kit 0.0770 03158 0.756 70.63 0.460 0.089 3

N
(A) A

o/ 3 Hig 2

M K
Wams
ot
g
MR T T s
L. wan/
" Sy B
po ﬁ*ﬁ‘\ 7 | St R (mg/kg)
Fili gl {‘**’.‘\ ,"
' | 0.200~0.240
p A L’.E; ‘ 0.240~0.280
A B 0.280~0.320
v B 0.320~0.360
) . () 360~0.400

0 125 25 50 km
L 1 1 ]

1 1 1 1 L

N
® A

P i 22l

AR 4T (mg/kg)
0~0.003
1 0.003~0.008
£ 0.008~0.014
= W 0.014~0.020
. (.020~0.028

0 125 25 50 km
]

L 1 L 1 1 L 1 1

B2 TESWASHEYUMABHZIE S
Fig. 2 Spatial distributions of soil total (A) and available (B) Se contents

http://soils.issas.ac.cn



1106 +

4 5 56 &

) e A i R, REAMERR
E & | AN 1B S 1B e | 1D i e
AT 7 £ 1X.(0.200 ~ 0.280 mg/kg) M =52/ A5 L BF 5%
DX P i A AR AL R

A RER i {1 1X (0.014 ~ 0.020 mg/kg) 3= B4 A 15 %
ENEZN & | N (1B SR D1 | o O 1 | - AN 27
JEHE . FLET S ARFFRGE S PEER .

e A TA) DX 3ot - 198 4 i 5 A50RT K S iR AT

ARG S S BT S A —E R R 3), RS, KA. BRS | MRS Rk

PE, BRI f AR 2 YL g R A FgT X L
B AR & f sy, AR R A 0.020 ~ 0.028 mg/kg,

PZIX I 54l 5 0.360 ~ 0.400 mg/kg Y X Bl &

S AR, ST 0.320 molkg;
KNS | FLE S | BRSNS S 1) 57 50K
A, FI(EYE T 0.018 mg/kg.
(] 25%~75%

*

037 (a) 221 T 1.SIQRPHYTEIH
. — gk
= 041 [e] o o B
] . [ -
ff 031 |EI @ 2 % 3 & -
E L@ : $37 -
<H 02+
0.1 | | | | | | | | | | | | | | | | | | | | | | | |
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S & S 4 AN R O N i O I B R i S ke e
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I 2
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=< 0.035F T 1.510RMAYEH
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Fig. 3 Statistics of total (A) and available (B) Se contents in soils in different regions

P, WIS X 48 e ) 3l G2 R A AR FE AR &
ERS  MESARKES, MY HEU L SHA
JEE A X5 VAR T ) A 2 (RS AR R R 2 #)
1), A% R 2wl E Ol = | o 2 Ry
AR EER A =L FE | AR £ FHK & & 7Y & il K
FEBLAR A ML 7= Ml Bl g H s — 3
23 TEESWMERAENHEAIEZMEER

T G MRS A B — DR 2 X i Y
S, Xk - 48 v Gl K A S5O i R - 4 B Ak T
HEFTAROCME AT, 25 SR 4 TR

pH 5 e & T W E LR, 5A
il &1 ohy 528 TEAH 56 G & (P<0.05), MG R %M 0.16,
AT, pH 584 &m e /BN, T pH 3N
AEAE—E R R LI A 3Lk . AR R

W1, pH 5 -3 & 2 [ ¢ RIFA G —P, (H—
BN A | B e Al S AN Z pH Y, i
pH 5 38 RO 2 S RN ™ A I 2 1A 1 ) s B0,

s R st ZER NN WL AT E AN PSS
£ (P<0.01), MIEZRECH 0.44; ARl & 5HYLE
N B IEMI A6 R (P<0.05P, AHERECN 0.16.,
- A BT G ) A AR a2 A S R kRN
R L SA PSS 6, TR X -84 WL & f A
XFHEE, RAEAT B A R S R e T, XX
i DX A SR 5 A X A R o

A i A R S R B aS i
SRR 3 IEAH G (P<0.01), HHCRE A 0.61 A
0.27. PHESF3cHu it REfS B i e -39 i R AT HEAT 14
AEFIZZ e T, DR BH B 2 e o 7 s 1) - 1 il [
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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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Table 4 Correlation coefficients between soil properties with crop Se content and crop BCF
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