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Se 1 : 1 HNO;3 ) (HCI-HNO; )
Se Se
1 HJ680-2103!"% HCI-
1.1 HNO; (0.149 mm)
(43°26'~53°33' N 0.1 ~0.5 g( 0.000 1 g)
121°11'~135°05' E) 473  km? 6 ml HCl 2 ml
4.9% 3 833 HNO;
11.78  km’ 9% 1
( XT-9916 /
2621.4h ) Se -
370 ~ 670 mm AFS-230E
( GSS-10)
(particle size
distribution PSD)  Malvern 2000 [
(soil organic carbon SOC) HT1300
1.2 [12] (Analytikjena)
2013 7 5 multi N/C 2100 /
pH CO, pH (electric
20 cm conductivity EC)
( aFe aMn aCu aZn ) DTPA-
2 kg CaCl,-TEA
2m ( aS ) Ca(H,P0O,),"H,0-CHj;
10em  COOH BaCl, (3]
<10 cm 2 kg 1
1.4
Microsoft Office Excel
1.3 2013  SPSS 19.0
Se 191 Se Se
Se (0.25 mol/L
KCl ) (0.7 mol/L pH 5.0 KH,PO,4 )
(2.5 mol/L HCI ) (5% K,S,05 + Origin 8.0
#z1 HiIXEMMELFEER
Table 1  Physico-chemical properties of tested soils
SoC aFe aMn aCu aZn aS pH EC CEC Clay Sand
(g/kg) (mg/kg)  (mg/kg)  (mgkg)  (mgkg)  (mg/kg) (S/m)  (cmol/kg)  (g/kg)  (g/kg)
19.93 45.94 50.61 2.31 2.18 8.19 6.60 133.08 24.12 1922 163.6
15.20 44.57 39.93 1.61 1.17 9.95 6.46 59.65 18.07 179.2 88.0
11.03 64.35 51.36 1.52 1.97 23.28 7.88 213.00 20.39 121.6 328.4
33.98 99.48 52.43 0.65 2.02 22.77 5.94 131.17 20.25 146.3 272.1
28.05 23.88 38.91 0.87 1.30 7.90 7.28 92.60 31.21 136.3 235.7
33.98 61.04 43.80 1.44 2.92 23.08 6.26 104.40 33.69 187.7  242.0
11.82 16.34 10.03 0.58 0.73 39.37 8.82 173.05 16.16 94.2 393.9
7.45 13.11 2.70 0.01 0.74 22.77 8.68 175.90 10.80 84.4 493.5
SOC aFe aMn aCu aZn aS EC CEC
Clay Sand
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5 0.450 mg/kg) Se (0.450 ~ 2.000 mg/kg) Se
(2.000 ~ 3.000 mg/kg) Se  (>3.000 mg/kg)
2.1 Se
2 Se
Tan ¥ Se Se
Se (<0.125 mg/kg) Se Se
(0.125 ~ 0.175 mg/kg) Se  (0.175 ~ Se
Fz2 HIATIESEESSeR=E
Table 2 Contents of various Se fractions in tested soils
Se (png/kg) Se
SOL-Se EX-Se FMO-Se OM-Se RES-Se (hg/ke) (%)
3.63 £ 0.67 5.47 £2.86 34.62 +4.39 76.10£9.76  96.48 +25.31 216.31 94.05
380£3.96  14.21+1.03 59.91+1.32 74174075  91.75+16.69 243 85 116.12
9.74 +3.03 6.79 % 1.01 14.90 + 1.05 622142935 4409+ 1.01 137.74 100.94
8.62+168  1226+335 26.40 + 1.47 11415+ 1.03 8429352 245.72 98.29
1.43 +1.56 1.67 % 1.98 2.90 +4.63 753142403 111224823 192.53 102.52
2.17+2.55 278 +0.55 39.51+0.43 64.90 £10.54  122.73 +52.09 232.09 99.25
3.37+3.63 3.38+4.16 13.58 +7.62 20.76 + 4.37 57.82 % 6.99 98.91 89.91
1.74 + 0.04 1.95+0.93 33.48+ 11.66 28.14+7.71 3324+ 1.19 98.55 100.97
Se + SOL-Se Se EX-Se Se FMO-Se Se OM-Se
Se RES-Se Se
Se Bz FRIES 3 fiHLE [T
( 19.77 pg/kg) ( 100
1.21 ng/ke) 16
Se Se S 5
0.70% ~ 7.18% Se Se 2 60
(28.50 pg/kg) (1.31 pg/kg) E
22 Se 0.75% ~ %
9.37% Se Se & 20
0.80% ~ 33.97%
Se 8.16% 0
~50.50%  26.32% ~ 70.90% 63% & é’g*yy é?%fx“fﬁyy %ﬁi@yy @‘@yy <+\\\’yy »*f"yy
Se Se 34.17% ~70.90% 31% -
Se Se. 40.16%~30.50% 1 RS Se SR EA I
Se Se 33.97% Fig. 1 Percentage of various Se fraction in tested soils
1)) Se pH
2.2
2.2.1 ( 3 Se Se
Se Se
Se Se Se pH
Se Se
Se Se
Se
Se Se Se
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Table 3  Correlation coefficients between various Se fractions and soil properties
pH EC CEC
SOL-Se —0.148 0.763%* 0.136 —0.025 —0.060 —0.099 —0.063 —0.081 —-0.113 0.141 —0.003
EX-Se -0.184 0.678** 0.295 0.013 —-0.006 —0.082 —0.104 —0.086 —0.068 0.266 -0.137
FMO-Se —0.258 0.338 —0.056 0.596** 0.118 -0.124 —-0.220 —-0.152 —-0.020 0.407 —0.461*
OM-Se 0.178 0.744%* 0.160 0.066 —0.036 -0.318 —0.457* —-0.300 0.271 0.544* —0.306
RES-Se 0.071 0.300 0.465%* 0.268 0.500%* —0.383 —0.425 —0.419 0.425 0.576**  —0.587**
Se 0.019 0.713%* 0.283 0.322 0.205 —0.371 —0.491 —0.385 0.301 0.672*%*  —0.542*
** P<0.01 * P<0.05
2.2.2
Se Se Se
4 R* 0728 e
223 5 0.5215
Se (0.969 6) Se
(-0.207) Se Se
-0.321 1 Se
Se Se [15] Se
(0.456 9)
F4 LIESe SHIEEUMREIFSHT
Table 4 Regression analysis between Se contents and soil properties
RZ
SOL-Se Y1 =2.969 + 0.096 aFe — 0.05 aMn — 0.061SOC 0.728 0.018%*
EX-Se ¥Y2=3.316+0.125 aFe — 0.151 SOC 0.550 0.163
FMO-Se Y3 =27.488 +20.739aCu + 0.297aFe — 0.387aMn — 0.135EC + 0.44aS — 0.685CEC 0.791 0.022*
OM-Se Y4 =-7.642 + 0.780aFe + 4.814Clay — 19.941aZn 0.845 0.603
RES-Se Y5 =93.478 — 1.149 Sand + 10.620 aZn 0.428 0.000%**
Se Y6=0.133 +0.002 aFe + 0.005Clay — 0.001 aMn — 0.002 Sand 0.806 0.000%*
** P<0.01 * P<0.05
F5 TIEMHRMKES Se REXHBRERE
Table 5 Path analysis coefficients between soil properties and SOL-Se content
e
aFe aMn SOC
aFe 0.969 6 - -0.172 0 —-0.0350 -0.207 0 0.5215
aMn -0.3211 0.5193 - —-0.062 4 0.456 9
SOC -0.213 1 0.1591 —-0.094 0 - 0.065 1
e=1-R?
6 Se Se
Se (0.728 2) Se Se Wang [
(~0.049 8) Se (
Se (-0.303 6) ) Se
(0.119 5) Na- Mg-
Se Se
Se R*  0.550 Se (
e 0.670 8
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Fo TEMURWZIRS Se REFMMBRERY
Table 6 Path analysis coefficients between soil properties and EX-Se content
e
aFe SOC
aFe 0.728 2 - —0.049 8 —0.049 8 0.670 8
SOC -0.303 6 0.1195 - 0.1195
7 Se —0.124 ( 4)
Se Se
(~1.708 1) Se
Se (0.8072  0.5225)
(1.555 9) Se  (-02317 -0.1876)
(1.358 1) Se (-0.436 4
Se ~0.243 5) (0380 7 0.223 9)
(~1.482 3) Se
Se
F7 TEHRXMNEEES Se SEXMHBRRE
Table 7 Path analysis coefficients between soil properties and FMO-Se content
aCu aFe aMn EC aS CEC €
aCu 0.8272 - 0.053 5 —0.107 8 —0.230 4 0.109 9 —0.056 9 -0.2317 0.4572
aFe 0.5255 0.084 3 - -0.233 7 0.3654 -0.3513 -0.0523 -0.187 6
aMn —0.436 4 0.204 3 0.2815 - 0.486 1 —0.486 7 -0.104 5 0.3807
EC -1.708 1 0.1116 -0.112 4 0.124 2 - 1.3328 0.099 7 1.5559
aS 1.358 1 0.066 9 -0.1359 0.156 4 -1.676 3 - 0.106 6 -1.4823
CEC —0.243 5 0.193 4 0.1129 —0.1872 0.699 1 —0.594 3 — 0.2239
8 Se 9 (~0.454 9
0.7285 0.5240 0.331 3) (-0.122 7 0.168 5)
Se Se Se
Se (-0.492 2) ( 2 1) Se
(0.455 7) Se
Se
#8 TIEMREMBHS Se RERMMBRERAK
Table 8 Path analysis coefficients between soil properties and OM-Se content
aFe Clay aZn
aFe 0.728 5 - 0.168 9 —0.1533 0.0156 0.3937
Clay 0.524 0 0.2349 - -0.214 9 0.0200
aZn —0.492 2 0.226 9 0.228 8 - 0.4557
x99 LTIEMRIKZES Se BEXMABERY
Table 9 Path analysis coefficients between soil properties and RES-Se content
e
Sand aZn
Sand —-0.454 9 - -0.1227 -0.1227 0.756 3
aZn 03313 0.168 5 - 0.168 5
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Se [18) Se
R*=0.428 0 e 07563
Se Se
Se
Se
10 Se Se
(0.728 2) 0.672 -0.542( 4)
(-0.049 ) Se
Se
Fz10 TIEMREWE Se SEFMABERRE
Table 10 Path analysis coefficients between soil properties and total Se content
e
aFe Clay aMn Sand
aFe 0.754 0 - 0.089 1 -0.1779 0.048 0 —0.040 8 0.440 5
Clay 0.276 3 0.243 1 — -0.1129 0.2655 0.3957
aMn -0.3322 0.403 8 0.0939 - 0.1179 0.6156
Sand -0.3255 —0.111 1 -0.2254 0.120 3 - -0.216 2
Se Se 33.97%
3 Se Se
Se
Se Se
Se Se 0.1 mg/kg
Se 1935 0.70% ~ 7.18% 0.75% ~ 9.37%
Se
( — E ) 1936 Se
[19]
Se
Se
Se (0.291 4 mg/kg)
(0.462 8 mg/kg)
pH (>8.5)
Se
Se Se
Se Se
Se 63%
Se Se  34.17% ~70.9%
Se
Se
Se Se
Se 31% Se Se Se 4 Se
40.16% ~ 50.50% Se
Se Se
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Relationship Between Soil Physico-chemical Properties and
Selenium Species Based on Path Analysis

XU Qiang'?, CHI Fenggin'?", KUANG Enjun', ZHANG Jiuming', SU Qingrui',
HAN Jinze'?, WANG Wei', WEI Dan'

(1 Institute of Soil Fertilizer and Environment Resources, Heilongjiang Academy of Agriculture Sciences, Key Laboratory of Soil
Environment and Plant Nutrition of Heilongjiang Province, Harbin 150086, China; 2 College of Resources and Environment,
Northeast Agricultural University, Harbin 150086, China)

Abstract: Samples of different kinds of soils were collected from Heilongjiang Province for analysis of Selenium (Se)
species using a sequential extraction method. Se in soils may be partitioned into: 1) water soluble Se (SOL-Se), 2) exchangeable
Se and Se bound to carbonate (EX-Se), 3) Acid soluble Se (FMO-Se), 4) Se bound to organic matters (OM-Se), 5) residual Se
(RES-Se). Relationships between soil physico-chemical properties and Se species were investigated with path analysis. Results
showed that total Se content in the soils from the province was low, but varied with soil types. In terms of Se species, Se in the
soils existed mainly in the forms of OM-Se and RES-Se, which accounted for 8.16%—-50.5% and 26.32%—70.90% of total Se,
respectively. FMO-Se accounted for 0.80%—-33.97%, but SOL-Se and EX-Se only accounted for 0.70%—7.18% and 0.75%-9.37%
of total Se in the soils, respectively. The results of path analysis indicated that soil properties affected transformation direction and
contents of Se species directly or indirectly, but their influencing mechanisms were different. Soil available iron (aFe) showed
stronger positive effects on MO-Se, FMO-Se, SOL-Se and EX-Se. The contents of aFe, available Mn (aMn) and clay as well as
the interaction among them determined largely the distribution of Se species in the soils. Soil organic carbon (SOC) and pH had
indirect impacts on Se forms positively or negatively. The contents of aFe, aMn and clay also showed stronger direct impacts on
soil total Se content. The interaction between soil SOC and pH could have certain influence on soil total Se.

Key words: Soil selenium; Species; Physico-chemical properties; Path analysis; Heilongjiang Province



