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XL, B, B %

(1 BIpITAE HARRIE A LS, PA/REE  150036; 2 BApITA B+ ok R IEMFR TS S000E, WARE 1500365 3 [ SRVTIEFRIG /RIER +
i BR G B ANBL B FT 3, BAJRIE 150086)

O DI EMAR RO XTI TS & - = 58 MER LIRS, IS S 0 ki 1 BT R
B oM BORAFTEASAE, B8 T A M & . 255K IR X R)Z HHERCR AR, SF 8 R 0.343 mg/ke,
FTEEPEIE, 24 15% HPF G a0 a il AR I AR & MBI SR O B Al . A B . AKIES . i
TRERZE OGS . BRIEA . RS G WANGEEE, B PRI R /KBS B F3CHASIL Y 2.5%, TR gkEas &
. SBRA WL G SHITRE A L 58.4%; AR S HRAE 0.007 ~ 0.02 mg/kg, FRHILIERTE 2.06% ~ 6.19%, 7K FH oG skl & Faig
e TR, IR S R - SR BUE M C R AR, PHCAS SE AL AU R A RREIEAE, 5
B AUREE. SR, pH SFRAFRESA, RS ENRRA . WoTE S EA R TR T R

KA MR WCE; BRIk WIEER; ARk

FESZES: P595; S153 XHERFRERD: A

Content, Form and Availability Influencing Factors of Selenium in Typical Black Seoil in

Suihua City

LIU Lifen"**, LUAN Xinting', YANG Xing'?

(1 Natural Resources Survey Institute of Heilongjiang Province, Harbin 150036, China; 2 Key Laboratory of Black Soil and
Water Resources Research of Heilongjiang Province, Harbin 150036, China; 3 Observation and Research Station of Earth
Critical Zone in Black Soil, Ministry of Natural Resources, Harbin 150086, China)

Abstract: Taking the cultivated soil layer in the Wuying Township-Sanhe Town area of Suihua City, a typical core distribution
area of black soil in China, as the research object, this study investigated the content, distribution and occurrence forms of
selenium in the soil by using geostatistical analysis and other methods, and explored the influencing factors of soil selenium
availability. The results showed that the distribution of selenium in the surface soil of the study area was relatively uniform, with
an average content of 0.343 mg/kg, which was higher than the national average. About 15% of the plots met the standard of green
selenium-rich land. The contents of various forms of selenium in the soil from low to high were ion-exchangeable,
iron-manganese bound, water-soluble, carbonate-bound, residual, humic acid-bound and strongly organic-bound. The
water-soluble and ion-exchangeable selenium, which are easily absorbed and utilized by plants, accounted for only 2.5%, while
the iron-manganese bound, strongly organic-bound and residual selenium, which are difficult to utilize, accounted for 58.4%. The
available selenium content in the soil was 0.007-0.02 mg/kg, and the selenium activation rate was 2.06%—6.19%. The available
selenium contents and selenium activation rates in paddy fields were higher than those in dry fields. The occurrence forms of
selenium in the soil and soil physical and chemical properties affected the availability of selenium. The available selenium in the
soil was positively correlated with the total selenium, nitrogen, sulfur and organic matter to varying degrees, and negatively
correlated with manganese, magnesium oxide, silicon dioxide and pH to varying degrees, indicating that high organic matter and
nitrogen and sulfur contents in the soil were conducive to the activation and release of selenium in the soil.

Key words: Typical black soil; Se; Global chemistry; Occurrence form; Availability

OXE4TH: BIpiTa [ RRAIES T H (LH2022D029) 1 2 Iy 7T 4 #U A B R 7 00 H (A [ + 98 #6[2016]737 5) ¥ H .
EF A RSLI5(1984—), 2, BIWTEA AN, TR+, M TR, EENFEATERILY: | HBERA A A U AH OE TAE . E-mail:
107294895@qq.com

http://soils.issas.ac.cn



5 2 39

XUSEIFAE ATy S R Al 5 o | AP 28 B AT Rt i A 3 407

T ER (Se) T 1817 4AF F IRME &I, 1973 AFHEF:
DALV IS g MRS T R IC R, B AT
it A )2 D RE VR IR, - 400 5 0 R A 9E H
HAERAL il 2 B it Y — R B
HIRERSIRAR A B EE , Al & i S R 1
sz LRI & KO, SEMEEFCREY],
R sl AT T BES | PR ITAEFST
T, EHEPROTER & R SR R Z 2R E
Mo, BAFSR e il DX AR 35 it . TRAA TS SO R ERE,
Xo (2 A b IR 2 R A 2 E e ST,

BT AT R IR E FE MR F A% X,
[ A R SRR AR P R, BReE R R
U H 1 2R - M B R — R A S A 2 O R A S ]
F) i N 1 R R A 2 R A T AEAEA
R PE S e Al X R BT R ARl TR = S A
X, B, A5 Db iidb R AL s =5
By R A O RS S, X XN IR TR &
it RORAETE S RE AT AT RS, DA s B
A R, BT SR R R,
BB A b T R AR AR 2R, k55 & R R %
K.

1 #REFE

1.1 HARXER

A EAAE VAR R RIR | Bl B 2 £
HE, X FM R TR A Bt R
FH L PR, AR S R SRR a
(58 R, T A TR E AR I X PO i S
A ORI 4 R E R A S R
e A 2R A | R A R R L AR A X
FFL AT FARBOT B AR AL b B b X T A
WF5E AL T AU AR X AL 18 & — =B — M5
[P A PR VA R VS 1 ) R g 8 B e w790 3 o
) 80 km®, XNEEIIRVIBMZL T, Tk
RS R+, B JREELZLE 30~80cm, LR+
J A, G ERPELBRA, BRI R b L2
WD SR g+ . W E . XHHEFH,
T A, R R R 3, K, Rk
A, EEMAIR, KE. KR, R e
B IGINSEVEY o P AT R Y b T R Ak 2E
B TAERCR BN, PR IX R3S R, & B, A
TCE KAV FEE, B 4. SRS
REommst, RO R R, SRl kR
SAPAS KA E

1.2 Hm%

TERFSE XN S ST BRAE R (B 1) RAER)Z 115
BESh, BN 44 km’, SREERTREFF IR | I, A
B BrRMESEREACERE B, FECRAEM IR,
e BBk L HER A YIARR . SRS, TN
KIZHERAEYT, FE—MIYTBE I N 51R4E 0 ~ 20 cm
T, FIRDRERIC SRS B, RIS Y, D
LR A AL | R AR AE R . [ — Mk
20 ~ 50 m JLFEIREE 3 ~ 5 ASFHRARATALA 1 4
i, EBRKEZRYIE, LADUSMERRBURT 1000 g £
R A T AS OK F B0 B R AR B R 2045 H
B4%), BERAERIT Y AN, ARUFRERE T 50 4
R LR, FER ARIEMR RN, BN
30 m BN 2 S BERR AT, [FIRE LY 431 B
KT 1000 g Ff A4S,

FESCRAETEG , BT H AR X T,
Bsh Lo, FRl TR DA TR 6, i 10
H (2 mm)fLAAT G FREL 200 g 6 A2 fz i dsftl | %
P i 53 J 235 A6 I ATLAA) 52 B AT 3

N Z L_ounmE R
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Fig.l Study area and sampling sites
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£ N SN N <N~ A 7S~ N S SN 1 Al ArHT R EEA R FUOE6IEE(AFS) . X

Bl B, AR @Bk, Rk, BB i
B OEALEN . AACHET . APLER . pH RN
Oy R HERE AL DL SR AR AN T IR A, Ul
LA ZEA 7K O SR OGRS UK I 2500, LA AR iR 0
$ SO i RS 1~ 52 4 A, LA TR A Vs T i B
SRR IR £h 45 A A5, LA BRTR BA VA A £ HUR) 42
SRR B PR AN A5 A0, LR TR M AR A 2 BB 2 B
B AL A 5 A0, DUAF R A S A =0 12 U
SR AT LA 5 A5, DL SRR A S IO 4 ik i

SRS I (XRF) . HLUBHE A 55 3 F IR Sk
(ICP-MS). ZiHk(VOL) K B 71k % i1t 5 (ISE)..
FAGARMT L L 12 AT I A2 K — 2+ 3 b
BRIE2AARED R R FRE S, A G A R | HEf
JE RORG 3% B4R 2 ( 22 B AR XS b3k Ak 27 8 2 J
(1 250 000) ) " A B R AL 22 A LIS ) 1)
AR TR o RE M AR P AR EAT D o A 4
WA B, S AT B B FE A B o AR AR R Y 43
B s B BR AR 1 B .

F1 TEERINATERMEIR

Table I  Analysis methods and detection limits of soil elements
Eip N K (VAR ® '/ & v gt £ DR A Ef=2 B aFTTE KR DR A
As mg/kg AFS 0.01 DZ/T0279—2016!"" TFe,0; g/kg XRF 0.03 DZ/T0279—2016"4
cd mg/kg  ICP-MS  0.021 DZ/T0279—2016""4 MgO g/kg XRF 0.05 DZ/T0279—2016""
Cr mg/kg XRF 0.4 DZ/T0279—2016"4 CaO g/kg XRF 0.02 DZ/T0279—2016!"
Cu mg/kg XRF 0.6  DB34/T2127—2014" Na,O g/kg XRF 0.07 DZ/T0279—2016!""
Hg  mgkg AFS 0.001 DZ/T0279—2016"4 K,0 g/kg XRF 0.01 DZ/T0279—2016!"
N mg/kg VOL 20 DZ/T0279—2016"4 pH T ISE 0.1 DZ/T0279—2016!"
Mn  mgkg XRF 4.9 DZ/T0279—2016!"" SOM % VOL 0.02 DZ/T0279—2016"4
Ni mg/kg XRF 0.3  DB34/T2127—2014"" HAL Se mg/kg AFS 0.001 AHDS-ZZ-C05—2019"
P mg/kg XRF 8.5 DZ/T0279—2016""4 KA Se mg/kg AFS 0.005 DD 2005-03!'7
Pb mg/kg XRF 0.9 DZ/T0279—2016" | B FAcHi4s Se  mg/kg AFS 0.005 DD 2005-031""!
S mg/kg XRF 4 AHDS-ZZ-C05—2019" R h 45 4 4% Se mg/kg AFS 0.005 DD 2005-03""!
Se mg/kg AFS 0.01 DZ/T0279—2016"4  [E51 R4S &4 Se mg/kg AFS 0.005 DD 2005-03""!
A mg/kg XRF 1.1 DZ/T0279—2016"Y | #4545 47 Se mg/kg AFS 0.005 DD 2005-03!"!
Zn mg/kg XRF 1 DZ/T0279—2016""  [ERAHLLEAZ Se mg/kg AFS 0.005 DD 2005-03!'7
Sio, g/kg XRF 0.5 DZ/T0279—2016!"* PR Se mg/kg AFS 0.02 DD 2005-03!""

14 HELIE

FIFH Excel 2010, SPSS 19.0 %144 14 ab L 5
Giitortr. Hep, DR RZE(CV)ROEEERE B iR ;
L Person FHICHESMTIFSE TCRARPREIF G, I
MIKZREL, TE 0=0.05 /KF T XU s s LA
TS AL RAE 0 B AR 3 i e, HE
T AR RS R B . R Excel
2010. OriginPro2024. GeolPAS V4.6 Fl MapGIS67
B2,

2 GR5WH

2.1 TEMMRUESH

WHRIXNFRIZ T TR 57 0.13 ~ 0.50 mg/kg,
RN 0343 mg/kg, B RECH 0.151, TR
FEWFSE X N B HORR R RN, At B2 (] 2) A
]+ Ry NG 25 SRR, K RHER)ZE 1

T E &R0 0.347, 0.335 mg/kg, %
ANEE X, MRXNRZ HEW TR SRR
T BT AR MO R RS (0,20 mg/kg) P R4
[E(0.17 mg/kg)* 3R )2 HHOFHE, AliETTRIX,
LR M Bl 55 = 0.40 mg/kg, iAF] (RAAF L
R E S hRR ) P E G AR e, 2 S ST X
UG 15%. [FIR), XM, B, 85, . ok, 8. 8.
BE 8 W 4 BRI P T R MR 45 R, KINRZ +
Herh 8 WU 4 Jm U R O f e I TR T b - s
R B, HHEARsE L R, ARG E
FEHB I R . AT L, XN R R e EL A
AR K I FE A 2 A o

22 TEMBMERSEE

- A T F I S R A 3 rh B fhsr g A
AL PRAFAERE , WMAAER AR, HAe £
FIAYFT I ARTR P20 ARFFFENT 30 MR R LR
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BT INAITEIER, b 1~ 14 SRR A
JKHL, 15~ 30 SHERLR A 54 AFTE4E R (R 2)3R I,
TIERORFEE A SR 2 B, BIEUKIRS B
TACHRAS . BRIRER A5 A5 B AR A 4G A 5 AR

AN (A) ‘\—-'\\_ ' 4

offt—

otA¥

0 2 4 km

< L OXinE "

Y EBART 0.01 mg/ke, TEHFRSS & A FHRA L
SiAAME RS, PHEEAST 0.1 mgkg, AL
A2 5 S 85%, B s A AL & B R T T
R A RE L,

40 100
(B)
)(1\\3\20'50

30+ X,=013 {75
~ X=0343 -
S CV=0.151 S
=201 150 =
K =
# e

10k [ 125

;7‘74 T

0.18 024 030 036 042 048
Se (mg/kg)

2 MRELBEMEMIKEFZEDIBAQRSEMEREFTE®B)

Fig. 2 Geochemistry distribution of soil total Se content (A) and content frequency histogram (B)

x2 MELHBESWEHEERAL

Table 2 Average contents and proportions of various Se forms in root soils

TS X (mg/kg)  ERFEL i H (%) I 25 FHME(mg/ke) B REL i (%)
TR 0.005 1 0.254 1.8 IRV A s 0.007 0.184 8 2.5
B 0.001 9 0.161 0.7
IR A 0.007 5 0.745 2.7 TR ER & AT R 0.109 7 0.2429 39.1
JERHIR A A 7S 0.102 2 0.251 36.4 ERE e
S A 0.003 2 0.959 1.1 bELE OSSR LG, 0.164 1 0.296 8 58.4
AP 0.136 4 0.319 48.6 BRI
Bty A 0.024 5 0.520 8.7

TR AIE SN G IR 3, AR R
MARBN RN B T3S L SRR A KR,
BRIRERAS A2 | RIS | JWFHIRES G5 A LA &
Ao K AN A A 25 o LAY 2253, /K PR g
BV ZSAI i o e T R M, TR M P R RER A 5 A
B TR WHFEIXIN, 5 T As R SOR B9
IR A RIS 1 S A 5 A5k o ECAS/ DN, ] ) A
% s B BRER 45 5 AT SRS 5 A5 by VA )
B, PR PR A R R, IR, G AN
o FERE R, (A DX T A PR e s BRAR A B
SR LA G A MBI AT 24 5 ik 58.4%, tiErp

TR R RasE , T AR R
23 ITEBAYUWMESERSH

S ORI 2 - 58 v 5 T WA ) R AL £ 7 43
A, & E R B+ LA RE ) Y E B AR AR . R R
FREF A R R, WF Y X AT RO AR
0.007 ~0.02 mg/kg, “FHEN 0.014 mg/ke, AB5FRECH
0.24, Hrfr, FHbFESAARERTY SR 0.012 mg/kg,
A S RFCH 0255 /K AR i A RO ST 35 5 R
0.016 mg/kg, 285 BN 0.13, FIHWFFT XN Fib
M A IO S RO R T K L K A AR
TR
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Fig. 3 Proportions of various Se forms in 30 root soil samples
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i
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Fig. 4 Land use types (A) and distribution of soil available Se (B)

il 70 2 395 Ak 3 Ay = HEA 50T A - 198 AT 5 2 1)
FUARL o AR5 X 18 BT 5 2 o S AN K, A3 A i 35,
7K H S 3 o il o i 22 S 3, PRI, K
FH R 5 b - ST T3 22 S B G o o, K FE - 3G
TEALRAE 3.93% ~ 6.19%, FHIE N 5.00%; i FH
IR E AL FRTE 2.06% ~ 5.83%, FYIH N 3.66%,
ISR T et
24 TEWARMEEMEER

32 bR R G 8 e 5 e R I B R T
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25 R 2 LRI R 2 S A e TR 25 5, AT X 3
FRAPTCR A R = R i P78 A SO 4 e R Ak g

B 5 A RO AT AE DG AT, 118 L S RTAT R B 52 )
240 BHESAN  EEEEENE R RPUERETRIE N
L A, A A T R O,

ARUARFR LR AR R (R 3), LSRN AT
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L, A T O A S 2, PR
— AP RIROK L B T 00T, SRR, B
-5 A AT 7 /K FH 3 e S 35 TR AR DG s 70 524t 8 o
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Fig. 5 Soil total and available Se contents, and Se activating rates under different land use types

R3 WRELHLW. AIRSESHEYM. MEKREHEXME

Table 3 The correlation between total selenium, organic matter content, available selenium, and selenium activation rate in root soil

42X (n=50,77,0s=0.273) B (n=30,70,05=0.349) K (n=20,70.05=0.444)

. Se SOM M Se SOM B Se SOM
A Rl 0.081 0.286" 0.112 0.376" 0.524" —-0.242
il 75 {5 —0.447" 0.125 —-0.425" 0.116 -0.526" -0.267

W * FORTE P<0.05 K F T BEHL,

242 HHEAHUT RSO I, BFSE X R R
BA R 25 6 A5 R AT AILES A AT 7 i 10 2 i T LA it
FEIRAS, HIX P 580l & i 54 HL5 & i 3 1A
X, MKRRECH 0.302, LA ML A T
FElERA, 50 R £ XFoE 45 A —8 0, &
DX B P 3 A B 5 A 8l e 2 S OE A
K(F 3), HiEFBE S REMIEME, PR
X - 358 5 Bl R 10 7K 0 25 TN 8 25 G 5 s 2 /N T
A R A, P RE SR — BBV TR A B I A
R, BEIN T AR S i, v AR A R DL A
A NE, HIBFERRES G AN 5 A PR
i, BRI, RS I N AT AL & e T AR TR
HEn I FH %

243 +HEFRSIUE + R T E X A K
FOCHEEL, NHARM A KT AT B KW, T
Y T3 T B EE AR bR A R ok IR T R T AL
H—E WP RSP . 13 P IR0 R 54 440
B RIS AR A DG T 45 R 3R], M E R AR R R
AR E RIS TR, AT E 54 R0
FIB R A 33 B2 W IE ARG, | S 2 it — e
JEREARC R, AALEE S T 1A 000 1 2 AH G
HAh gz fatrrh, 8 brk | HocR 54 80 2% 7
G, EREETEIL R B A, Koo R S5A%
T FIARG 6 AL R AR DM S8R 2 . PR, WiF 9 X3 +
WA, oK AR, AATCREL, AT
RO

x4 ITBRAYMIFEULRSFOTRBERREY

Table 4 Correlation coefficients between soil available Se and Se activating rate with nutrients

N P K,O S CaO MgO Mn TFe,04 SiO, Cu A\ Zn
AR Se 0.398"  -0.106  0.122  0.590"  0.088  —0.432" -0.333" 0206 -0.357" 0.065 —0.004 —0.093
Seilfb® 0376 -0.146 0219 0478  -0.098 0255 -0.062 0328 —027  —0.081 0.132 0.111

H: * FIRTE P<0.05 /KT R EML, n=50,

244 pH 14 pH 2 HIEMEEAETZ—,
X I ) SR L DTVE T L IR B A R NG A

IR SRR, 2 A S IR ) T e R R Y
AR Py, L3 pH TR
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TEAS B 25 AV AT S Mer i A 5 AN IX e
Mk, XHANZERAR, 2Z5RECN 0.064. FHXD>
Braf R, 35 pH S5 28000 5 R I LR 2 B
TG, FHXRECH -0.162, X1 AESH/ /K HAFE S,
KA TEAKINE, & pH Al TRCR TG RRIEmS, &
S AR ASOR A A AR B IR R B LA

3 #ig

1) AT LR X B P 4 3R A T 2 A AR 453
A, E¥E RN 0343 mgkg, mTAEERE LT
BIE; XINZY 15% HHmtah 2 & o+ Hbrifs, Fad
A 8 WiH 4 )R TR AN, S i B A e A
Tl b % e 4 Al 21

2) MR X HEHRIEEM &G EES BE, MK
FIEARUCH B TSI | AL A A L KBS | BRIR
HEEEA . FRIES . BEREEE . mANESEE;
5 R R A WO R 18 7K 5 25 B - 38 e A A
2.5%, TXET IR B SS A8 A LA &8
FIBR A 7 58.4%.

3) WHFEIX AR & TR 0.007 ~ 0.02 mg/kg,
SHME K 0.014 me/kg, AIEALRIE 2.06% ~ 6.19%;
AT A 3 A 5 5 A R0 5 e AT T Ak S A A 22
S, K H BT R

4) A 3 P A T 25 e - S AL SR i T
RARNME . 5 G 30 3 AR R A A B
FE AL, 398 SRR AN UL B0 -5 A 0 S AN TR R 1)
TEAASG s 5 3 0 2 A DG AR bR A R L Ak
BER T AARRE, B, SUkEN A pH SR A
[ EE SOARDG . BRIy, XIS AL
ToCR S, AT RIEM TR IR
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