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(1 ZrRIRZE YR G, BB 650201; 2 =R KA S IREE240E, BB 650201; 3 mmgfll K2¥:m s HIER AL 55 4
BE TR, R 650201)

W OE: BT o dEh A RO, RET 640 Do m AR SRR X M A AR (R A REE S e R
WA, SRR D= Fg A S s R 2R I8 7 0.05 ~ 7.12 mglkg, FH)&h 0.51 mg/kg, iAZ| &K ; QAR LFF
R I 3T o 2 SRR, A AR Z A S L B W R S i m, P 0.77 molkg; O HESS RN ) £
W, AR SR 1.24 mo/kg, W T IHAL R AR CE) RS R RN 0.21 mglkg; MWATBUX AN TEAR
W4 5 T TR T 3 P8 B e B G e LA T 5 ORSC T R, M A i 5 3 pH 2 B AH DGR A TR B K
T A3 & 5 e AT S B 2 A IE A EE (r = 0.110, P < 0.001), EHIA HLIT S MR - S8R i &

KR BRI ;AWM EIRR R

FESES: S159 XHEFREG: A

Spatial Distribution of Se Content and Its Influencing Factors in Cultivated Topsoil in Yunnan
ZHANG Li'3, ZHANG Naiming®®", ZHANG Yujuan'?, DENG Hong®?, YANG Haoyu®?

(1 Plant Protection Institute, Yunnan Agricultural University, Kunming 650201, China; 2 College of Resource and Environment,
Yunnan Agricultural University, Kunming 650201, China; 3 Yunnan Soil Fertility and Pollution Remediation Engineering
Laboratory, Yunnan Agricultural University, Kunming 650201, China)

Abstract: In order to clarify the selenjum content of cultivated soil in Yunnan Province, 640 topsoil samples of farmlands in
Yunnan were collected, and then its spatial distribution and influencing factors were studied. The results showed that the total Se
content ranged from 0.05 to 7.12 mg/kg, with an average content of 0.51 mg/kg, reaching Se-rich level. Soil Se contents were
different between different parent materials, which was highest in soils derived from basalt of basic crystalline salt type, with an
average of 0.77 mg/kg. Soil type had a significant effect on Se content, Se content was significantly higher in brown soil, with an
average of 1.24 mg/kg, while was the lowest in lime soil (0.21 mg/kg). Average Se content was higher in Qujing and Zhaotong
than in other areas. Correlation analysis showed that Se content was not significantly correlated with soil pH, but significantly
positively correlated with soil organic matter (r = 0.110, P<0.001), indicating that organic matter affects soil Se content.

Key words: Cultivated soil; Selenium; Spatial distribution; Influencing factors
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Fig. 1 Distribution of soil sampling sites
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Table 1 Grading standard of topsoil Se content

TR it {E (mg/kg) i 507
= <0.125 i J52 )37 A 2
UL 0.125 ~0.175 PR LEAN S
& 0.175 ~ 0.40 Rl

= 0.40 ~ 3.00 L]
fup| >3.00 il o 8

RUGEEFEE, &fRiE, i 0.149 mm fLEE, IR
AJEAERINE AR RIS . ARRIER S I 2 g F
100 ml =AM, AR - = AR IR & Rl B
AT R TO, dRELi b2 B PG BT R, 1)
AN 10 ml 101 ER RV TRCE Tk KA A
10 min, BUF&HIE A 50 ml P E R 22,
FE5), AH R T2 (B : XGY-1011A)HEA Tl 5E o
5 pH RO RN E ;. A HLBCR A ALE [
RRFGE .
1.5 Sitah

BT BdER G4 F SPASS 19.0 11 Microsoft
Excel 2007 FERCHEIRPEGEIT T . B R 7 250007 e
LSD ZH #1251 ArcGIS 10.0 Hi e i34 151 .

2 GRS

21 ZEEHMTEMRSSISTESEES S
211 Ak A B o A A EERAE S
R (E 2), = HBFH e oo R & By
0.05 ~ 7.12 mg/kg, “FH{H 0.51 mg/kg. 53 HA
HIX 2 - ARl A B A L, IS DX 39 4 il 5
AR T A PR A ) R T R e B
FPG A7 X B, T R T P X . 53
] 330 5 B e A (AR E, W58 X+
SN O B S R AR E A ALY 1.76 £ 1.28
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SERT UL, ABIF S DX Bl R T R AR 25 R 258
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FE T BRI R A AR h AR B, BT R TR R )= 13
TR REUNT 0, R PR & TIES
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Table 2  Statistics of topsoil Se content

RAENLE FEAREL  BoMii(mokg)  Fokfti(mgkg)  PEIfE(mglkg)  bREZE(moikg) e (W W
%%J%'(O ~20cm) 640 0.05 7.12 0.51 0.56 0.32 5.47 46.88
212 ZEEHHbIEASEWS R L RER WA, HEAUCE S RAT 0.175 ma/kg 1HE MR

1 rp 3R 5 i B AR A R A A R
B3 I o R SO B BOR A S XA [ £
G L, A5 RN 2 FR . R HERT S R AN E =
RUGAGAERN H B, b 13.44%; 3T & BA
F 0175 ~ 0.40 mg/kg J& T i & &9 el
43.59%; + HEAifi & &/ 0.40 ~ 3.00 mg/kg J& T & A
THE N N 42.03%; A HERR R B0 R S KA
0.94%, &z, WX E KT 0.175 mg/kg /5
Fbh 86.56%, HH It idd A5 X PN A b - 37 35 L
WEh G, JB TR, X fE— e R L T
25T S S AT AT ) A S8 o
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Fig. 2 Percentage of topsoil Se content in each grade
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Fig. 3 Distribution of topsoil Se content
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Table 3  Topsoil total Se contents with different parent materials

BB FE AL i (mg/kg) Bt 2 T RE
RMH fe/MA A (mglkg) (%)

A A R e A 2 23 0.76 0.08 0.34d 0.17 51.64
FEANGE I LA 63 2.74 0.21 077 a 0.60 77.74
eApiE =S 43 0.96 0.14 0.46 bed 0.18 40.01
RS S A AL K A 55 78 1.87 0.06 0.51 bed 0.40 77.74
WRIRE A 2K 249 1.62 0.08 0.41 cd 0.28 67.90
RIRERAIE . AP E 36 7.12 0.05 0.67 ab 1.21 180.63
E kg s 148 5.82 0.05 0.57 be 0.77 134.93

T R RS/ NG TR R 22 5738 P<0.05 B K, TR

2.3 TEEBRINHHH HIEW S SR
=AY LT HEIX, (0 i T AR R 24
L e s S W= (1B i wk &SSP N R DR AEAR I
FFETEHE | ARE 4 Bs 55 . RS XA ) - s AR
ARG R SRR 4. RREFESNE
B, R[] A HE 2 A (0 B b P 200 ik B T KO
(P<0.05)., ¥Egiitin: £2ETRICER S RIEAR
[Fi] 24 7R 4 48 11 OF- 2 i 359 36 B A0 3 B 1 SE (=
0.175 mg/kg), HrpBR T A K () LA+, Ha+
SRR S & F )k F) 0.40 mo/kg DA b, ik 3 B A 3
HIEY . A BF L 3 rp , DABE S0 - 35 &5 i 1 3
e, TIik 1.24 mg/kg; £1HERGF-3 & & B E m T A

JKCA) L s HAZA - 0 - 35 & i A 0.36 ~
0.46 mg/kg, 52T & |z 2R AR E .
FH 4 a0, WFE IX PO AE £ | 2T R el 5 i ) AR
SERBIIKTF 100%, J&FomAs bk HAh 2R 41
il 5 B A A8 S R AT 10% ~ 100%, )@ T AR
SRR, P LR E S AR 5 REUR K, UL
CTAREANG 5 f 52 N R T Sl s ma B A 2R - 48
2.4 AEN T T ER T E N D ST

P TR BRI A LT PG LA 4 M (18 SR ol 2T
34, WIHATIAR T HATEIT 4007 Hifth 13 4~
AT R 28 5 2240 T 2R B, 45 M Tl =2 1] 1% A -
il 1t 25 Sk B T R 25 /K- (P<0.001), FHER 5 AT L,
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A5 TH A b - ST 24 5 IR 0.09 ~ 0.72 mglkg,
R T AEREM AN, FoAh A T A2 & i iR 8 T
i3 ‘B K LA F7KSF-(=0.175 mglkg) . Hirr, g +
BT & B, b 0.72 molkg; AEREM AR, K
0.09 mg/kg, J& F &L 149 ; & iHE 1 8 B A
FEMRET 20N . BB . T, RN L i
RSN 5 A58 B b 398 B A fe B . &

BRI BT TR WU, R
FIAZR PR HH 500 55 T sk = 200, AR il
DR GTE L DI o ey - e e AR TR/ I =i
W, B TR IXAL , BFSE IX L il
Z o WK SE S5 RS 2 B A A M T - S
BTN, BRASTIIHFNARE MM LA, RS DXH A M T
b A SN B AN R R R T
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Table 4 Topsoil total Se contents in different soil types

R 9]

EIN=A
H At

USRS
HEEA L

F-geem HE AL 15 i (mglkg) i 24 LR
e RAE e/ ME FHME (mglkg) (%)
(G 69 3.64 0.05 0.45 be 0.47 103.74
Z148 384 7.12 0.06 0.55b 0.64 115.52
I 102 2.77 0.08 0.46 be 0.40 87.46
HIREE) L 13 0.44 0.12 021c 0.09 43.67
IKFE+ 53 1.62 0.10 0.43 he 0.29 67.08
i 24 1.18 0.05 0.36 bc 0.31 84.94
PRz 5 3.26 0.19 1.24a 1.25 101.09
%5 TRRXGRELIERMEER TR
Table 5 Topsoil total Se contents and grades in different regions
Ml B MR mgk) P S i
ISPN |z e/ IMiE A (mg/kg)
WA T 134 7.12 0.045 0.71a 0.291 =
il PR 35 1.02 0.075 0.39 abc 0.250 BriRiTy
RGP 50 1.87 0.15 0.60 ab 0.423 =
i 85 1.62 0.17 0.41 abc 0.289 [
FE 54 1.41 0.12 0.35 abc 0.284 i
BTN 31 0.91 0.081 0.25 be 0.668 BrigiTy
ELRIENi 11 0.781 0.23 0.38 abc 0.325 BrigiTy
g 103 2.74 0.14 0.72a 0.302 =
[oRARGE 59 0.61 0.057 0.20 ¢ 0.163 i
HE MM 7 0.135 0.046 0.09 ¢ 0.135 =
AN 9 0.89 0.37 0.64a 0.391 =1
I e T 13 0.94 0.425 0.62a 0.456 =
SC 46 1.11 0.18 0.43 abc 0.363 =)
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Fig. 4 Correlation between topsoil Se content and pH value
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Fig. 5 Correlation between topsoil Se and organic matter contents

W ) ol W o [ 2 A - S A A L Bk A AR
VA SRR RS s e R e
g, W EE LR A (Se0 ) B R AETE, MR AL
itk U HAS 52 9k 4 T SR AL T | B sl b PR
3 pH M, HHEPEROCER Sk, B AT,
O A A R o e i VA BR ST BIE S T A . (H
R SCHIFE 45 S B Y 9 L B A vk g
bl pH BT E TG N T g R R,
B & B pH AT R, AR 3 pH X 5
Al 5 (S e AN RE— MR e, Bk — Pk T L
pH [ {E R % A5 -

T3 LT - SRR Y M R AL 2 AT A S
. HHEP A 80% MM S ANRSS, BE&A
MU e, A BB 5 1 56 1 AR 43 525 14 J68 i ok
415y, RIS 48 R R E A W CHLE ARSI
TE e e Tk, Ik, A ML R — R
W B S VR IR, AR B, S LR E By
fifg ot R v BE SN B 45 A R A R ok, L
JB G it ot i e A A At 7 gt 2 R TR AT Y
b, SECEIEW ST 2R LR
5+ e & B DI RS S R AR S T
ORI S S S A Y
EAE, BB A HLT & A, L e

W2 & B 0.77 mglkg, TR 2R R B Y
- G O AR ERAR

B)FRIEAG -1 ik 1 2 v T A R, B
B0 - 48 F oA e o vl L MR L RN | IR
ML MG, aEm% 5 R 42.03%, nIfE
RIS EARA 7= R 4 DX 5 A ML e )
TR 3 pH.

SE 3k

[1] Bartnicki J, Alcamo J. Calculating nitrogen deposition in
Europe[J]. Water Air and Soil Pollution, 1989, 47(1/2):
101-123.

[2] Vitousek P M, Aber J D, Howarth R W, et al. Human
alteration of the global nitrogen cycle: Sources and
consequences[J]. 1997, 7(3):
737-750.

[3] Wright R F, Rasmussen L. Introduction to the NITREX and
EXMAN projects[J]. Forest Ecology and Management,
1998, 101(1/2/3): 1-7.

[4] Galloway J N, Aber J D, Erisman J W, et al. The nitrogen
cascade[J]. BioScience, 2003, 53(4): 341-356.

[5] Berendse F, Van Breemen N, Rydin H, et al. Raised
atmospheric CO; levels and increased N deposition cause
shifts in plant species composition and production in sphagnum
bogs[J]. Global Change Biology, 2001, 7(5): 591-598.

[6] Matson P A, McDowell W H, Townsend A R, et al. The
globalization of N deposition: Ecosystem consequences in

Ecological applications,

http://soils.issas.ac.cn



584 + e %53 %
tropical environments[J]. Biogeochemistry, 1999, 46(1/2/3): [21] Faeflen J S, Li S W, Xin X P, et al. Autotrophic and
67-83. heterotrophic nitrification in a highly acidic subtropical

[71 Choudhary S, Blaud A, Osborn A M, et al. Nitrogen pine forest soil[J]. Pedosphere, 2016, 26(6): 904-910.
accumulation and partitioning in a high arctic tundra [22] Ehk, BKIGHE, 223000, 5%, A% L PE KR IX 1 R S
ecosystem from extreme atmospheric N deposition events[J]. A0 it e R BE B 1 R ) T A A [J]. A AR, 2012,
Science of the Total Environment, 2016, 554: 303-310. 32(11): 3368-3377.

[8] A7, BRI, Tothi, % AR LIRS A [23] EMT, e, HK, F BRI A HbIX 1
X RAEIURERE 0 iy o 7 BIF 58 HE e [3]. =384, 2015, WY AL 2 72 b b BB 7 i BETSCRAE [J]. 12 0%, 2016,
52(2): 262-271. 48(2): 374-380.

[9]1 Bergkvist B, Folkeson L. Soil acidification and element [24] Robison A L, Scanlon T M, Cosby B J, et al. Roles of
fluxes of a Fagus-sylvatica forest as influenced by simulated sulfate adsorption and base cation supply in controlling the
nitrogen deposition[J]. Water Air and Soil Pollution, 1992, chemical response of streams of Western Virginia to
65(1-2): 111-133. reduced acid deposition[J]. Biogeochemistry, 2013, 116(1-

[10] Skeffington R A. Accelerated nitrogen inputs - A new 3): 119-130.
problem or a new perspective[J]. Plant and Soil, 1990, [25] Guicharnaud R, Paton G I. An evaluation of acid deposition
128(1): 1711" o ‘ ‘ . on cation leaching and weathering rates of an andosol and a

[11] LA, 5’%&1}}2, SRAHLIE. tﬁﬂlﬂﬁ%ﬁiﬁ%fﬁiﬁﬂﬂﬂ&fﬁ% cambisol[J]. Journal of Geochemical Exploration, 2006,
[l %t + 3 A R sE A [J]. 424, 2016, 53(1): .

166.176. 88(1_-3): 2797283._ _ _ _
PSRRI S L), 3, 2016, 48(5): 868-872. . '

[13] SEHUE, B4, 0P 56 S A M L 1 Quallty, 1996, 25(4): 638-645.
FARYZMI[I]. d-3E247, 2009, 46(5): 795-801. [27] Tian D S, Niu S L. A global analysis of soil acidification

[14] Christ M J, Peterjohn W T, Cumming J R, et al. caused by nitrogen addition[J]. Environmental Research
Nitrification potentials and landscape, soil and vegetation Letters, 2015, 10(2)- 024019.
characteristics in two central Appalachian watersheds [28] Zhao W, Cai Z C, Xu Z H. Does ammonium-based n
differing in NO; export[J]. Forest Ecology and Management, addition influence nitrification and acidification in humid
2002, 159(3): 145-158. subtropical soils of China?[J]. Plant and Soil, 2007,

[15] Chen X Y, Mulder J. Indicators for nitrogen status and 291(1-2): 213-221.
leaching in subtropical forest ecosystems, South China[J]. [29] Zhang Y T, He X H, Liang H, et al. Long-term tobacco
Biogeochemistry, 2007, 82(2): 165-180. plantation induces soil acidification and soil base cation

[16] Qian C, Cai Z. Leaching of nitrogen from subtropical soils loss[J]. Environmental Science and Pollution Research,
as affected by nitrification potential and base cations[J]. 2016, 23(6): 5442-5450.

Plant and Soil, 2007, 300(1/2): 197—205. [30] XuR K, Coventry D R, Farhoodi A, et al. Soil acidification

[17] s, FHeR LS00 5 M), dEE: o E R R as influenced by crop rotations, stubble management, and
e AL, 2000. application of nitrogenous fertiliser, Tarlee, South Australia[J].

[18] Lado-Monserrat L, Lull C, Bautista I, et al. Soil moisture Australian Journal of Soil Research, 2002, 40(3): 483-496.
increment as a controlling variable of the "birch effect". [31] Noble A D, Gillman G P, Ruaysoongnern S. A cation exchange
Interactions with the pre-wetting soil moisture and litter index for assessing degradation of acid soil by further
addition[J]. Plant and Soil, 2014, 379(1-2): 21-34. acidification under permanent agriculture in the tropics[J].

[19] Dancer W S, Peterson L A, Chesters G. Ammonification European Journal of Soil Science, 2000, 51(2): 233-243.
and nitrification of N as influenced by soil pH and previous [32] Watanabe T, Ogawa N, Funakawa S, et al. Relationship
n treatments[J]. Soil Science Society of America Journal, between chemical and mineralogical properties and the
1973, 37(1): 67-69. rapid response to acid load of soils in humid Asia: Japan,

[20] Li L M. Nitrification[M]//Zhu Z L, Wen Q, Freney J R. Thailand and Indonesia[J]. Soil Science and Plant Nutrition,

Nitrogen in soils of China. Netherland: Springer, 1997.

2008, 54(6): 856-869.

http://soils.issas.ac.cn



