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Fig. 1 Location of study area and distribution of crops sampling location

0.003 , H54#EE 3. 88% , 4l i <y 100% , 75 & KL
TLEOR o ARAEWIRER TR AR TR 2E N 4. 35% NG5
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2 #giRkS5ihe
2.1 WEEIX L3 2 HUERTE 24 AIE
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Y{E 7. 53, T A 418 8. 07 1 0. 93 1, 2
ST 7,677 90,98 7%, HP R TE 4 H
12.55% , i &5 - #4941 0. 33mg/kg; ik + 48 5 1o
14.29% Al & 5 F-YME 0. 315mg/ kg ; it +458 5 L
73.16% ,fifi & &S 35915 0. 288mg/ kg, TEAS A 1 1
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Table 1  Geochemical characteristic values of selenium in different acid and alkaline soils
. FE AU g4 TiEe s ol (R ” - . [CLES VT AR AT
+HEFR B me o BRAM WAL PR
() (%) (mg/kg) (%) i 5 FE AR IE (mg/kg)
iR (pH <6.5) 727 12.55 0.33 0.332 208 28.61 =0.35
Fi(pH 6.5 ~7.5) 828 14.29 0.315 0.429 362 43.72 =0.32
Wt (pH >7.5) 4239 73.16 0.288 0.478 1780 41.99 =0.30
£[X 5794 100 0.297 0.454 2350 40.56 -

FAEL A TN A A A AR AT 3 R AE 0. 06 ~
0. Img/kg Z [], BRAAE AT RS0, HoAR IR THCE AR
Yy 21/ R AR ORGP 88 B TE 0..04 ~ 0.06
mg/kg Z [, J& TAIXT E AN EY) 2058 B R
VOB T G HE 4 4 b AP X REAE 0. 01 ~ 0. 04
meg/ kg Z 8], S AL AR ) 5 A ARk BRAR SR
A KR AT AL AL S 2R Pl 5 B <0. 01mg/kg, 2
TOAAN W) o AL B4 1 K L08R

2 WP AR 1149 B H 2 Lol 5 R s AR AIE

S A Tt A AES 1) 25. 33 £ .8. 58 £i5.5. 82 £i%.2. 0
% 1.96 A5, S 7 Al 15 0 e O AR A 0 it om0 I S il
FrR T o I PH T A e G A %) 4 1 40 w25 A
KENVNHES g - ¥E 5 > GG > IHSRAT > 464 > 015
>ZRR>/NE SBE SHT >A/NE >HE > FK
> L > BE > Kai > VAL > T > 188k > Bt >
B> SEAL S BRI it in ik A 1 AR A P 5 e AR )
INHES R - 5 F > ok > 408 > A > A > B >

Table 2 Selenium content and enrichment characteristics of different crops and root soils in Luoyang City

RAEY) FE R MR A it HE R Al 5 i LA B LA rH BCF BCF 5 [
Fh () F-H{H (mg/kg) JaH (mg/kg) FHIME (mg/kg) JEH (mg/kg) (%) (%)
Egs) 20 0.38 0.15 ~0.59 0.13 0.03 ~0.58 32.39 16.61 ~98.81
2352 4 0.32 0.26 ~0.37 0.12 0.08 ~0.16 36.86 25.75 ~45.47

THSEHF 15 0.31 0.23 ~0.50 0.11 0.04 ~0.67 35.44 10.44 ~204.06
s 49 0.344 0.11 ~0.70 0.10 0.017 ~0.99 29.75 8.42 ~73.47
152 1 0.29 - 0.085 - 29.24 -

B 35 0.32 0.22~0.42 0.081 0.01 ~0.20 26.08 3.87 ~79.72
INGE 174 0.42 0.074 ~0.96 0.08 0.009 ~0.52 18.38 2.62~99.72
B 4 0.19 0.13 ~0.29 0.071 0.05~0.12 36.18 26.73 ~43.45
BF 34 0.31 0.16 ~0.48 0. 060 0.024 ~0.12 19.46 7.67 ~44.45
TN 1 0.34 - 0.053 - 15.54 -
o 17 0.24 0.11 ~0.31 0.042 0.002 ~0.011 4.3 1.02 ~8.81
Fok 175 0.40 0.15~1.28 0.040 0.003 ~0.74 7.55 0.66 ~73.80
A 125 0.40 0.126 ~1.59 0.022 0.006 ~0.22 2.80 1.37 ~67.78
EEYS) 1 0.56 - 0.016 - 2.89 -
N 16 0.20 0.13~0.24 0.013 0.003 ~0.028 6.46 1.41 ~12.56
WAL 0.14 0.12~0.16 0.012 0.0001 ~0.032 9.42 0.07 ~26.33
S 0.16 0.15~0.17 0.010 0.009 ~0.011 5.90 5.13 ~6.67
PEBK 0.26 0.24 ~0.27 0.0083 0.008 ~0.0086 3.32 3.03 ~3.61
BRAL 0.25 0.25~0.26 0.0085 0.006 ~0.011 3.28 2.14 ~4.40
AL 17 0.21 0.13 ~0.33 0.003 0.0003 ~0.007 1.58 0.11 ~4.47
i 17 0.17 0.081 ~0. 84 0.0028 0.0001 ~0. 0051 2.27 0.04 ~4.52
g 1 0.24 - 0.002 - 0.81 -
A4 ¥ 40 0.31 0.12 ~0.40 1.52 0.075 ~4.92 507.83 22.35 ~1503.36
Al HE 6 >k 2 0.50 0.32~0.67 0.34 0.0078 ~0. 68 51.52 2.40 ~100. 64
A A 21 2 6 0.24 0.14 ~0.30 0.13 0.07 ~0.23 54.09 28.88 ~87.75
bl lu¥ayi 3 0.15 0.11 ~0.19 0.067 0.054 ~0.077 47.20 36.48 ~37.22
T A 3 45 3 0.48 0.47 ~0.51 0.013 0.010 ~0.016 2.66 2.07 ~3.38
i o 3 0.064 0.05 ~0.076 0.006 0.0036 ~0.0073 9.59 5.57 ~14.51
il A 3 R 4 0.076 0.064 ~0.089 0.0055 0.0006 ~0.010 7.24 0.92 ~13.21
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S o SR A A e v 1T A U e X
TR i > 0. 4 mg/ kg (AR AVEPIAN £ i AR F /)
A IKAE (0. 432 mg/kg) > EAK (0. 278mg/kg) > 58
M (0. 119mg/kg) > % b (0. 107mg/kg) > g FE
(0.094mg/kg) > 32 (0.069mg/kg) > + 5 (0.016
mg/kg) , H A ORA B A W AR X

Y54 [ Al w5 XA 1R W A X e
(£ 3)  WFFEIX A3 & P I E AR AR, 25 Fhfe
VEPIRRI &5, /INAE LK LR 99 2 f b X
TRT RV = — ] B D SERF K5 LA T B
P =R —Ta R X, 26k ZRRMIE TR O, B2 50
PRl 0TI G R EL A e e L, SRR T
I AT BRI = Ja—a) R, o SR e T de s,
AT FACF R S 0P AU ARE T X

PAAEWFSCIER T LT T A MBI 4 5 s 1 4
pH (B3] 5% MV AR ) %) B 4 T R MAC ) e 2 11 - 49
P, B = J5i—Ia B IX pH {H o 7. 23 ~
9.28, Hi it 80% 4% pH (-~ 7.5 ~8.5, )& T
Vi HRBRE T Ak IX pH (N 6. 39, J& T35
FRTE I R A N R AR Y Y +
P e FURFF A DR R AE S A () e Y = S — ) R
M DX A A il s T AR5 X, B WS R A
WA K 1) SR R R AR A 2 T WA . (R
Ve 1 3 B SR E A o I R AR ST IX
RAEW S B o AR A X, U B S i
SEARAEY T & R PeE | pH 252 A A Y
FHRMNEERNEK,
2.2.2 RIEYHICR EERTITEN

5 R BTN RRAEARAEY) TR B & R AFE,

463 I A X AN A fE4 il 5 dokk e

BRI BCF = CRAEY il & /A 4 il 5 )
x100% o AN ARAE PG ) BCF {8539 h :20%
~50% AR BT A2, 10% ~20% JE 54 ,5% ~10%
SR E AR 1% ~5% EIEH R, <1% 2 A5 LM
RAEY) . G5 RS GWSER BT UL 2R AR
SRR & RN 5T /NEE AN AR
RAEY); VP EL  FOK KR G AL & SRR AEY) ;
BRAE PERE BB L0 BN E AR A TR
N LAY

Hurh E R AR SR A K5 & ilAr
W WAL BT T CE DS VLV P S T T
T4 BT B AR SARE . T R A I AR ST AR
A I AR SRR U, A BT Rl Bl o
) CE B A K A bR )
(T/LRSIA001—2019) H il 15 £ ey 4 HoAh 48 T X R
WERLRY , B XTANEAT . AR SO BB P2 VTP
AR E AR P SRR SRS TR G P T
e~ (% 4) .

MFE 4 WU, T IAEY I R BOR T 30%
B S AR B B WAR I, BF 9% X8 5 & & A
T RS E A e R B KT 20% 1 F- 1Y
B R A 1y B A AR v, B 9 KO8 A T &
SHF AEA IR SRR, N A Y T
B AR E AT R SN . AT SRR T
TLVEAE & AR , = B PG 48 R E DT 8 A s e, 2
WA . FOR S RECH 7.55% il X
o T KT B AR, KT A AR AR R T
55 & SR ARAEY) , B H T & B K

B SRR R BT AT S A

Table 3 Comparison of selenium content of different crops in Luoyang City and other areas

AR DTG 5 ik A DA 5

AN DX ik S Al 3 DR 5

e SHUH || FESRD 5% ik
e (mg/kg) (mg/kg) AR (me/ke) (me/ke)
0. 34 (Ji#R) (8] i 0.11 0. 153 ([pg) [12]
- 0.267 (BRP4) [12] N 0.013 0.059 (B7y ) [12]
+ 3 0.297 0.35(ifFIT) [25] X 0.01 0.018 ( BE7H) (12
0.32(Z4k) [26] pidas 0.101 0.243 (1) [25]
0.075 (J&#K) (8] 2R 0.081 0.194 (#F11) [25]
N 0.08 0. 159 (Birg) [12] TR 0.13 0.132(ifg11) [25]
0.073 (k) [27] . 0.0 0.01 (& L) [28]
/N BCF 18.38% 19.51% (Ji#B) [8] L ) 0.009 (iR L) [28]
0.028 (J#5) [8] N 0.01 Bpa) [12]
0.064 (k7Y ) [12] HRIR 0.008 0.057 (1) [25]
S S 0.04 ~
0.028(21k) [26] . o R .
0.036 (i#1t) [27] Ao : HLLCI#AAE) [27]
Tk BCF 7.55% 0.28% (JR#B) [8] BT 0.06  0.084(yIEg gt ILpE (1LFR) [29]
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Table 4  Comparison of selenium content of different crops in Luoyang City with selenium enrichment standard of other provinces

) . WAL E & | RIEWHE S & N . o s | L
deteny | eem || BRSSO AEBRER por | gt | e | ke e
Ui R (%) (mg/kg) (mg/kg) (mg/ke) (mg/kg)
(mg/kg) (mg/kg) &e 8 & e ke
HE 20 0.38 0.132 32.39
EES g 4 0.32 0.117 36.86 =0.02 0.07 ~0.3 0.05~0.3 0.2~2
B 4 0.19 0.07 36.18
WK | 15 0.31 0.11 35.44 0.02 ~0.30
el | ek 40 0.34 0. 101 24.89 =0.02 0.07 ~0.3 0.05 ~0.30 0.3~5
) 35 0.32 0.081 26.08 0.02 ~0.30
N2 174 0.42 0.08 18.38
BT 34 0.31 0.06 19. 46 0,04 0,30
WEE | EX 175 0.4 0.04 7.55 =0.05 0.07 ~0.3 iﬁigo.o;oﬁo; 0.2~2
WAt ExK | 2 0.498 0.343 51.52 ’ ’
WEAT | 40 0.31 1.52 507. 83
=0 16 0.2 0.0131 6.46 =0.03 =0.03 =0.03 =0.03
Sk | T 2 1 . )
Bk ;’igl( X g 22 %(2)986 35 298 >0.02 0.01~0.1 0.02~0.1 0.05~0.2
BRED . . .
pme
2L L 124 0-4 0.022 2.8 =0.02 0.05~0.1 0.02~0.1 0.05~0.2
fifELr® | 6 0.24 0.128 54.09
g | (BT | 17 0.24 0.042 4.3 =0.02 - - 0.3~5
Bk 2 0.26 0.0083 3.32
AL 3 0.143 0.012 9.4
B 17 0.15 0.0033 3.22
A 2 .21 . 1.
KR -+ 0 0 0003 58 =0.02 0.01 ~0.05 0.01~0.5 0.05~0.2
WEAA | 3 0.15 0.067 47.2
e | 3 0.48 0.0128 2.66
i A &4 3 0.064 0. 006 9.59
WEIESER | 4 0.076 0. 0055 7.24

1 OBRPYE 7R, AT S A6 55 A G Sl 5 Fe bR ifE) (DB61/T 556—2018) 5 QYT VG4 1 5 b, & W 63 Sl 25 43 Jehn i) (DB36/T
566—2017) ; E P tb 7 b ofiE, & Al 4 7= b ) ( DB50/T 705—2016 ) 5 @ 3 BH T 47 Mk b o, & 6 % 7= b B Hn T & 46 5 2 o)
(T/LRSIA001—2019) ; &K R AL AT AV AR HEC & il K 35) (NY/T 3115—2017)

KB AR, Kas AME R REKRT 5%,
T A0 LS DA A BLR B W AR . 2L RN R A
T A TP A R AR, TR
A RVE DR A bR o, AL A A TR
T 0 (LR 55 I DY A R oA , A
TIPS RE IR B B AR AE . BBk SR RIS
TEAE &0 - S ER AR vb A i A T AR O
2.2.3 AR R PRl A B
XEREERE AR 4 1F L R AT S
AW pH 5 BCF (5 42 R0 Z 8] 1 1] I A 70 73
Br AR ILFE S0 TN R/ Al 3 2 g T
LA [ pH SEARSG . FOR Al
ERRE T AN R, 5 o pH AR K
AN L A | I pH B R IEA G, H Y
pH AR S o T S50 & i, YW pH X Ko rh G
EELEIATE R A8 AR Al A R S A O,

%5 WERE XA HERAR 4 Z b E RS Il 5
Table 5 Regression equation of selenium migration in different

soil and crop systems in the study area

L s pH 40
ST I BCF B
By 4 y=0.442x -0.0151 0.909 y=10.718x-40.584  0.616
5358 4 y=0.5789x - 0. 0654 0. 695 y =11.31x -50.705 0.450
G 20 y =0. 5486x - 0. 0756 0.651 y=9.6159x -41.261 0.185
NE 174 y =0.2847x - 0. 0405 0.558 y =7.5657x - 40. 355 0.344
Tk 175 y=0.2211x -0. 0461 0.530 y=0.8204x+3.5075  0.055
Kis 16 y=0.0501x +0. 0029 0.228 y=6.8545x-49.566  0.468
i 49 y=0.163x +0.0451 0. 111 | y= -4.5654x +63.554 -0.079
7% 125 y=-0.0234x+0.0358 -0.077 y=16.03x - 109. 04 0.082
W% 17 y=0.6785x -2.4652 0.075 | y=-0.0227x +0.0113 -0.446
WK 15 y=0.0641x +0. 0893 0.026 y=35.208x-223.24  0.314
BT 34 y=-0.0042x+0.0592  -0.010 | y=-5.799x+63.439 -0.368
) 17 y =0.0002x +0. 0031 0.006 | y=-1.0955x+10.248 -0.3064
) 17 y = 0.00004x +0. 0028 0. 004 y=1.2637x-7.5582  0.522
Sk 35 y=-0.0008x+0.0812  -0.001 y=3.9044x-3.4176  0.161
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Distribution and Enrichment Characteristics of Selenium in Soil and Crops
in Luoyang City, Henan Province

SONG Yanbin, WANG Xikuan™ , XIA Yan, HOU Jinkai, ZHAO Rui

(No. 1 Institute of Geological and Mineral Resources Survey, Henan Geological and Mineral Exploration and

Development Bureau, Luoyang 471023, China)

HIGHLIGHTS

(1) Beans, peanuts, rapeseed, sesame, wheat, millet and sweet potato are selenium — enriched crops in the study
area, and Stachys floridana Schuttl. ex Benth is a selenium — enriched Chinese medicinal material. Luoyang is
a favorable area for developing selenium — enriched characteristic agriculture.

(2) Soil selenium content controls selenium content in crops. When soil selenium content does not change
significantly, soil pH is the main influencing factor.

(3) While improving the level of selenium in crops by applying selenium fertilizer, it is necessary to prevent the

harm of excessive selenium by determining the level of selenium content with scientific experiments.

— 661 —



5 4 1] E N R ==+

2022
http; // www. ykes. ac. cn F

The enrichment

characteristics of selenium Selenium-enriched crops
Soil sample collection in soil and crops were were identified
and analysis N studied ) (
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was studied

Crop sample collection |/ The correlation between

i The correlation of selenium in
and analysis selenium in crops, J N . . .
. different crops with selenium and
selenium in soil and pH .
. pH value in soil is different
was studied
ABSTRACT

BACKGROUND: The analysis of selenium enrichment characteristics in various crops planted in a certain area
and investigation and evaluation of selenium content in selenium fertilizer crops can provide a basis for the
development of selenium — enriched characteristic agriculture. It is important to find out the influencing factors of
selenium content in different crops for developing selenium — enriched agricultural products.

OBJECTIVES: To understand the distribution and enrichment characteristics of Se in soil and crops in Luoyang
City.

METHODS ; The selenium resources detailed investigation project area and other agricultural planting areas in
Luoyang City, Henan Province were chosen as the research object. The selenium content of 22 kinds of crops and
their root soil were measured by ICP — MS, and the selenium enrichment characteristics of different crops were
studied.

RESULTS: The average value of soil selenium in the study area was close to the standard of selenium — enriched
soil in Henan Province. The selenium — enriched sites in acidic soil, neutral soil, alkaline soil, and overall soil
accounted for 28.61% , 43.72% , 41.99% , and 40.56% , respectively. According to the evaluation of selenium
enrichment coefficient of various crops, the study area was suitable for the development of selenium — enriched
beans, oil — bearing crops, wheat, millet, sweet potato and other characteristic crops and selenium — enriched
traditional Chinese medicine Stachys floridana Schuttl. ex Benth, but not suitable for the development of selenium —
enriched corn. The correlation of selenium content in different crops with soil selenium content and pH showed that
soil selenium content was the decisive factor of selenium content in crops, followed by soil pH.
CONCLUSIONS: In order to promote the development of selenium — enriched agricultural products in the study
area, selenium fertilizer can be applied to improve the selenium content of crops. Crops planted in low selenium
background soil, especially fruits, are suitable for applying selenium fertilizer, while millet planted in high

selenium background soil is not suitable for applying selenium fertilizer.

KEY WORDS: Luoyang; crops; selenium; enrichment factor; inductively coupled plasma — mass spectrometry
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