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8 E.: #2004 AEFN 2018 AEFFIRY 1 25 7% HAR KU R A7 R A 550 LA B, 2022 41 FF R 13 BA T A T 3848
RS EAR , RGBS/ HT T i PAT A B A BRI 2 RAT | S0 S BRI 23 0 AR AR AR, A E SRR 2R A0S S A~y
TN 3840 3t 25 AR AR I R AT T 404, DT SRARF-H4 3G 3 . BRIt T3 rh % o R Z A 2 M EAT T 4R
7N, BT AR 53 & 500 1.09 mg/kg, = T4 R4 E H R T(E, B ERE, BRI ERE . IR RE,
IT 20 a3k, [A)— S & A f o KRIE K R 1.467 mg/(kgra), T RIRARHAE R 0.083 mg/(kgra), F-IIHEH 0.040 mg/(kg-a), HEH i
o SRS AR G MIEA R . AZES IR, PR ORI, RS A OB, RO X AR
SRR ISP, RMME; HEE; Ell
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Molybdenum Content in Farmland Soil of Luoyang City and Its Spatiotemporal Changes in

Past 20 Years

SONG Yanbin, HOU Jinkai, WANG Xikuan, HUANG Lan, LIU Junfang

(Henan First Geology and Mineral Survey Institute Co., Ltd./Henan Engineering Research Center of Ecological Environment and
Exploration Geochemistry, Luoyang, Henan 471023, China)

Abstract: Based on the data from 1:250 000 multi-purpose regional geochemical survey in 2004 and 2018 and from the survey of
soil carbon sink change in farmland in Luoyang City in 2022, this paper systematically analyzed farmland molybdenum (Mo)
geochemical characteristics, spatiotemporal distribution, variation and its driving factors, explored the mutual influences among
various soil elements by using two indicators of average annual increase rate and amplitude. The results showed that, the average
Mo content was 1.09 mg/kg, which was higher than the average values of soil Mo in Henan Province and China, showing the
enrichment characteristic. Mo content was high in the south but low in the north. In recent 20 years, the maximum annual increase
and loss rates of Mo content at the same sampling site reached 1.467 mg/(kg-a) and 0.083 mg/(kg-a), respectively, the average
annual growth rate was 0.040 mg/(kg-a), which was accelerated significantly. The spatiotemporal variation of Mo content was
significantly influenced by geographical factors and human activities, the closer the distance from Mo mining area, the greater
soil Mo content and its growth rate. Mo content was decreased year by year in agricultural planting areas.

Key words: Luoyang; Farmland soil; Molybdenum (Mo) content; Spatiotemporal variation
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Fig. 1 Sampling sites and soil types

2004 AEFFJRAY 12 25 1% HbR XM ER k21
A TAEA TS AT AL &R 7 AR —7 , Fe k)2
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AT RE A % BE T A - St AR AL LA 5T, i BE A T
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SEPRA A AR R 754 ARG S R

IURE, #2801 2 25 5 22 AR XU BR Ak 27 ] 2 R 22
R, LA T S /km® (% BE A BRE AT, A 4k (ORE SR AL
G R A AT AR AT, SRS HTRE A 181
2004 4F 1 : 25 J7Z HbR XIS BR ik 27 08 7 ok
W (POL)IN E FHOC R &5 2018 4F 1 : 25 T £ H
T DX I Mt IR A 2 A T 2022 4F30] 45 9 B T A FH
BRI AR AL LI 5 R F B B 55 8 IR Tk
(ICP-MS)M & FHICE & i o R IrEAR, H%
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BRSBTS RO R (R 1), AT B T
B IAR ST TR 25 AN 26 S PR A A bk 34
1.3 HiELE

HF 2004 4F | 2018 4F1Y 1 = 25 J7 % HARIX S Bk
{2 A BE A T4, 2022 SRR A ST
K H SPSS Statistics 25 #ATEIRS I M, R
GeolPAS V4.0 Fl MapGIS 6.7 HE17 IR {421 .

HRESH

2.1 $HTETEDHEEIE

Z SRR Bk, S A RIER 2022
AEEAE A TSR AT o
2.1.1  HHICE M BRI AR 5T X L 38403
T 1.09 mg/ke, =T REAE M4 E A4
(% 2), RMrEFEHE 1.99 7%, 4+ 501
PEY 1.63 5, SRR WA 7 Atk

2

A MR AR & R, TAF) 1.60 me/kg;
WA ME |t AR S EEE T
A [N TR B i 208 LA S R R A
AT R P e 1Y) T o s O R == A
o T A E AR SR 2 & i, (0 R T AR5
R R KD, B R SORK, (UES %,

212 HEESMIFE  EXEHTEGEER R
Bk 87.24%, KW DXEH T B 43 AR B S Y RHIE
A A (E 2), BFFEIX M & iR R
R AEEMRAARE,, X 58 X RS AETR
XA G HEA MR B AR OB, & Sl
P, R HHITT R Z R AR . XN K5
X TR &t T S, (AR X R 5
i L DX o Y DX 3 2 VT W Ak 4 B AR T A T
SelH o MBS, DSl IE JE 2 AR O AR X R
5] s DU % .

Fz1 FENEBHERIFAER L
Table 1  Analysis methods of soil samples in different periods

E:i0/ ¢ SHT T FESRA R SEBRA H R AlgC A% LR

(mg/kg) (mg/kg) (%) (%)

2004 POL 0.3 0.24 100 100

2018 ICP-MS 0.3 0.1 100 100

2022 ICP-MS 0.3 0.1 100 100

W AlgC B RUER R BT A B % B K,
Fz2 AT EHERILFIFE
Table 2  Statistical geochemical characteristics of Mo
THEOH O HA% B/ME KM ¥IE bR 2% cv TEEET R AMA LY K K,
(mgkg)  (mgkg) (mgky  (mgkg figs S
(mg/kg) (mg/kg)
i 30 0.56 3.80 1.21 0.62 50.65 0.59 - 2.06 -
M+ 20 0.65 8.67 1.60 1.76 109.62 1.16 - 1.38 -
Hy+ 75 0.54 7.24 0.93 0.79 85.66 0.67 - 1.38 -
%+ 36 0.60 1.97 0.86 0.25 29.43 0.82 - 1.05 -
xRt 2 1.29 1.43 1.36 0.10 7.62 0.40 - 3.40 -
£+ 14 0.65 6.82 1.44 1.57 108.79 0.74 - 1.95 -
KFE+ 4 0.92 2.26 1.49 0.59 39.42 0.88 - 1.69 -
X 181 0.55 8.67 1.09 0.95 87.24 0.67 0.55 1.63  1.99

T K =0 DR /v [ AR (8 K=o DA kAT Pl 4 ST AL

2.2 HEERTTYFME

2.2.1 AR MK, 20108 2 H R A
2022 4 RIS I S 1.09 mg/kg,
FHE 20 a ok, XHNTEATH & ERARA, &
X - 3 B A AR T 5 0 Rk BT o (B[R] 4 e Al
AR A AR 2E AR, oo L Al mbEE
A B BERIE BRI 37.93% . 89.47% .
7.94%; T G EFE X 4 ER AR . A

WL KRB R, AR -12.26%
~1.15%. —21.94%. —5.7%.

XFEE 2010s 2 HAREA T 2022 AEERICHTSY 181
AT — A B , 4 XA FH 3 A A B o K
ik 361.05%, f/NN —63.83%, FEIARLER 17.89%.
181 A pifirf, FHE IR 73 4>, HrbIKIEE
20% LAY 22 4, BEKIREERT 20% 19 51 45 41
TR 108 4>, FLABEAIREE 20% LAY 51
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Fig. 2 Geochemical distribution of soil Mo content
#z3 EBRHTIEESE
Table 3  Soil Mo contents in different periods
e 231 2010s Z HiriH 2 2022 AEWICHETY K;
0,
AR Bl X v PERBC  BE Rk cv )
(mg/kg) (mg/kg) (%) (mg/kg) (mg/kg) (%)
W+ 215 1.55 1.58 102.04 30 1.21 0.62 50.65 -21.94
K+ 11 1.58 0.39 24.95 4 1.49 0.59 39.42 -5.7
1+ 981 1.06 0.71 66.79 75 0.93 0.79 85.66 ~12.26
%+ 295 0.87 0.3 33.92 36 0.86 0.25 29.43 -1.15
M+ 132 1.16 2.56 2215 20 1.6 1.76 109.62 37.93
A+ 80 0.76 0.68 90.29 14 1.44 1.57 108.79 89.47
WEEL 5 1.26 0.5 37.35 2 1.36 0.1 7.62 7.94
i 5 0.98 0.17 17.61 - - - - -
£X 1725 1.09 1.08 99.7 181 1.09 0.95 87.24 0
e K3=(2022 4EPIE-2010s HI1E)/2010s B %100,
A, BRI KT 20% Y 57 N3 4). BIAEKE, R R

T 20 a 2k, ¥ FHATIEERIE T8 L BT 7l 4
TR EER, mEEOT - B B DL R E B B
L AR DX PG AL E 2 K (A 3).

222 HERHE AR HIGETHE SAALTERF Y
JELSBT PN - S i ) T 38 SIE R ORI W SRR
BRI R LIPS AR PRI R, B
mg/(kg-a); A% W 8 7 LS — UORE B N 3 05 1Y)
AR B IR, P %/a. SRR AR

Smo=AVo/ At
e Suo MHERT B+ 5 T 3 AR fb 3308 (mg/ (kg-a)
5 %la); AV, RIZBTE TR & AR e
(mg/kg 3% %); At HILETBORFERTE] 2% (a).
5K, X 2010s 2 HARJEA I 2022 4R8I
WFFE 181 ANFl— S0 EE , IF 20 a >k, HHERAESLPR
O EKIE 1.467 mg/(kg-a), Fe/VA —0.083 mg/(kg-a),
SEEI 0.040 mg/(kgra); FH S AR AR G U KGR
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Table 4 Variation rate of soil Mo content at same site in recent 20 years

Eiztan (%) Mt
(—oo0, —20] (=20, —10] (=10, -5] (-5, 0] 0, 5] (5. 10] (10, 20] (20, )

R 57 33 12 6 11 7 4 51 181

7 (%) 31.49 18.23 6.63 3.31 6.08 3.87 221 28.18 100

3 20 FRMRAXTIREAETURESHE

Fig. 3 Distribution of variation amplitude of soil Mo content in recent 20 years

90.26%/a, /NN -3.55%/a, FHIh 5.79%/a, 181
A, HERRICHVEEKRY 73 4, 5 A5
40%, FLAERKIEE KT 20%/a B 27 4 dHOCE A
HRIONAFI/NG 108 4>, BB 60%, J/INEE
BITE 5%/a LA o AR DX A 384 5 o0 S o 34 AR
R 18 SRR P M B T AR R 9 X R 0 5 1E
B, TEORSE XL AR A W OB (BT 4. 8 5),

3 Tt

3.0 BREZREXMNITEASEREMEZTUHIEM

PR Bk A EHA TR, SEEATR
(03 A BLEE LA 2 AR A A0 A o RS IX R A1 Rl
K LR EEE A EX, XKEANWEA. +
e, KRS ER S, BT REAmEETRX, &
MR L2 ZN, Kz, TURE P H 5
AT RN, AR K KA 44.98% HYERIR B2
HARI R, 3 S0 40 7R B e 1T R gk AR 1
e BT IX RS TR UL G R AR I 5N 0.44 ~

1.295 mg/(m*a), ¥ 0.637 mg/(m*a), HrPTikE
FAR SRR 5.69 mg/kg, JEAS X MR &
 1.09 mg/kg (19 5.22 £517, 5 2 4H RS 24 R K A4
38 ) R WD 25 R A X R A A L K
R FEE R 110 S D DR 22—, LI v B 7 (X B
U, BRI o RIS X AL 3 B R ARl A
DX, R s e AH T B X M B e, KRR TR
FIE R K AT AN T AAEY T SH R 1, H A A
TEANFERE D, 3 P A ARG, I K
TR X gk

AN AL, 27 R RN . Bk
BKPERESE R R, X+ HE T R M BRI R g
AN [ PR 0 v O w3 A= e S = e o 21
it k3, AEESLIAE £ W4 2. TR R 1
SR SF AR AE R TS L 5 R AR S AR
A > f>a > >4, RS
%t AR T R THEE, t
Pt AT X R 8 LG 3 AR S R A R R 2 —

x5 L 20 FR—SMEE 2F THTIEEHE

Table 5 Average annual variation of soil Mo content at same sites in recent 20 years

LA AR 1R i (Yol a) it
(-0, —20] (=20, —10] (10, -5] -5, 0] ©, 5] (5, 10] (10, 20] (20, )

e 0 0 0 108 32 8 6 27 181

7 H (%) 0 0 0 59.67 17.68 4.42 3.31 14.92 100
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Fig. 4 Contour map of actual growth rate of soil Mo content in recent 20 years
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Fig. 5 Contour map of increase rate of variation amplitude of soil Mo content in recent 20 years
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