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Fig. 1 Location of the study area and distribution map of crop sample collection
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Table 1  Analytical quality of molybdenum in soils and crops
B Rk BERAG R SIHTRG Y R A HEREE ( AlgC) RSD it
(mg/kg) (mg/kg) (AlgC) BRE(%) (%) BRE(%)
+35 0.3 0.3 0.005 100 5.45 100
A FE - 0.002 0.04 100 6.02 100
2 R RDCEIME S Frai Rt L
Table 2 Comparison of external analytical results of molybdenum in crops
s JEIERE T SMS R i AR W2 o JE AR R i SMS AR i AR W2
T () (me/ k) (%) i (me/ke) (me/ k) (%)
1 1.58 1.77 11.34 20 1.08 1.17 8.00
2 0.14 0.13 7.41 21 0.08 0.08 0.00
3 1 1.07 6.76 22 6.62 6.23 6.07
4 0.91 1.09 18.00 23 1.4 1.63 15.18
5 0.89 0.92 3.31 24 1.02 0.87 15.87
6 0.71 0.84 16.77 25 0.89 0.73 19.75
7 1.43 1.45 1.39 26 0.85 0.74 13.84
8 0.42 0.34 21.05 27 0.89 0.88 1.13
9 0.12 0.13 8.00 28 1.65 1.66 0.60
10 1.17 1.34 13.55 29 1.36 1.33 2.23
11 1.55 1.28 19.08 30 11.4 11 3.57
12 1.56 1.45 7.31 31 20.2 20.4 0.99
13 1.04 0.87 17.80 32 1.3 1.05 21.28
14 7.29 9.07 21.76 33 0.4 0.34 16.22
15 8.87 11.2 23.22 34 0.08 0.08 0.00
16 1.39 1.28 8.24 35 0.08 0.08 0.00
17 1.02 1.19 15.38 36 1.37 1.2 13.23
18 1.81 2.17 18.09 37 1.72 1.53 11.69
19 18.84 22.5 17.71 38 0.85 0.72 16.56
263 WX R DT R A AR
Table 3 Geochemical characteristic values of molybdenum in soils of the study area
S B0 RSB DPIRX M WP 3E R L FEEE PR EETSE, R RS
(fF) I fH R R IERIEN] GRS HEEEY WA LR [ e R
+ A S (mg/kg) 5794 1.29 0.43 ~23.2 0.55 0.67 2.35 1.93
WA A& (mg/ke) 716 1.55 0.55~67.7 0.55 0.67 2.82 2.31
AU EE(%) 5794 1.89 0.17 ~17.43 1.55 1.84 1.22 1.03
+ 45 pH 5794 7.53 4.59 ~8.56 8.07 7.67 0.93 0.98
WA+ pH 716 7.65 4.59 ~8.56 8.07 7.67 0.95 0.997
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WF5E X A & P R T R R R
EAY 2. 35 £, B E 5 se i 1.93 5, 0B 2
BARRHE . BFE X AR R - AH & IR R
A T IET R 2. 82 £, 2 [ R R E 2. 31
i, FI0A 2 AR AE o WA DX P R ] b i
FE E D R X, e X 2 KR e oy A
F RN i e A e
2.2 WFE X ST HUT IR IR PR AIE

X 1 5 07 A ML 2 & T 441
Y, i = TR EE I, PR XA PR & R R IR
Ko BFFEIX 125 7 HIELIEME(pH 7.5 ~8.5)
I, i L 68. 16% , Hyk Atk (pH 5.0 ~6.5) fiirp
PE(pH 6.5 ~7.5) , H HA 51K 17.12% 14.33%
SEERPE (pH < 5.0) (51 0. 39% , 3% 4 i 6k 1k
(pH>8.5) T3, KRAEYR R 1 pH H LI (pH
6.5~7.5) K3, 5 73.04% , Hk Rmsdk (pH 7.5
~8.5) 5k 18.3% , 5w Ak (pH >8.5) 15 i b
2.37% M (pH 5.0 ~6.5) 48 11, 6.28% , A
SRERME 4, K, 5 pH (E 2 A IR AR 1
FFIE

A4 WP AS R f149 B - BH S s SRR AIE

2.3 WFRE AR HICE 5 A ERAIE
2.3.1 ARIRAIEY S REFHE

MR X A Tl ¢ A B FOAR &+ b 40 & & 4 it
(F4) , REY A S SN EZAREY, 4
T >9mg/kg, ZIR . EMA BT NETHSTEY
{EYEHE N 1. 03 ~2. 437 mg/ kg, H i 5 £ H 281K,
FEAFHE G 2T, E KR Z . FRFN
SRFEH & 5 {8 23 51 0. 603 mg/ kg F10. 446mg/ kg,
T HAE S (S =T 0.1 ~0.3mg/kg) (KT
INFE o R R VL1 RS S B SR B A B i Y E
H0. 118 ~0. 266mg/kg, 25 Fl K H 5 43 5% 1 $H % =
BI/NT0. 05mg/ kg, Horb s AR A 2 Ak , FL4H 5 &= /D
F0.01mg/ kg, BAR FARAEDEH & RERFIE S : UK
A > 2R 5 M > A1 /N > Tk R >
BIBL KR L1 BKEE > ARAC A R SRR AL
PEBK. CISREAE R S R EIRIEY S i
7 ~2548% , bn R S ARAE W AH & 210 34 ~ 122 f%,
KT Y 263 ~ 1728 £, k0 RE FA .
VLN N Y ST YT T & AW NS AN IR -
M BUNT 5 1, NGE T4 TSR RS  (EAE S 9 4
B TR, AT MR I S K

Table 4 Molybdenum contents and enrichment characteristics of different crops and root soils in Luoyang City

RAEY | PR | RALESE RATESEEE | REDHSE RIEVHEESELE HEWEERE EVEERE
S () (mg/kg) (mg/kg) (mg/kg) (mg/kg) BIE (%) Y (%)
£ 35) 4 1.38 0.89 ~2.5 14.68 9.66 ~18.84 1326.75 386. 48 ~2038. 69
FIN) 1 0.8l - 14.14 - 1754.4 -
L8] 4 0.75 0.57 ~1.00 9.22 7.21 ~11.01 1261.11 987.92 ~ 1644. 48
W 20 1.09 0.72~3.12 10.97 0.32 ~22.00 1097. 89 80.58 ~2291.67
AYNC) 1 1.90 - - 505.25 -
pidan 49 1.71 0.61 ~5.04 9.71 0.44 ~29.34 675.91 54.75 ~1630. 11
S 2 0.73 0.70 ~0.75 2.06 1.80 ~2.31 284.69 240.59 ~328.78
R 35 1.78 0.68 ~4.40 2.437 0.31 ~6.93 158.39 29.19 ~379.21
BT 34 1.45 0.79 ~3.53 0.32~2.63 98.45 25.11 ~235.00
NS 174 1.37 0.57 ~11.2 1.03 0.12~3.08 92.56 7.97 ~254.91
EX S 175 2.08 0.68 ~67.7 0.603 0.05 ~3.86 44.04 5.47 ~127.68
R 15 1.19 0.64 ~3.10 0. 446 0.38 ~0.649 45.24 14.66 ~79. 14
BRI 2 1.00 0.92 ~1.08 0.266 0.238 ~0.293 26.48 25.82 ~27.14
s 16 1.23 0.85~1.82 0.202 0.056 ~0.52 15.67 5.14 ~28.57
AR 125 1.52 0.67 ~13.4 0.178 0.033 ~0.735 13.91 1.43 ~34.70
Bk 1 0.84 - 0.118 - 14.02 -
M4 17 1.00 0.64 ~1.74 0.042 0.016 ~0. 109 4.30 1.71 ~7.44
ez 3 0.94 0.84 ~1.02 0.036 0.032 ~0.039 3.83 3.16 ~4.72
A 3 0.88 0.84 ~0.90 0.024 0.013 ~0.043 2.77 1.45~5.13
PR 13 0.70 0.57 ~0.79 0.012 0.005 ~0.022 1.74 0.68 ~3.14
B 20 0.75 0.55~1.16 0.011 0.004 ~0.021 1.43 0.49 ~3.02
bk 2 0.76 0.75~0.77 0.0085 0.006 ~0.011 1.12 0.8~1.44
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TR EE TR SR U T R I EE T, 2 IR
BEHERAL 2T HHOC R AT M s s R —
BCF T8 AKX N

er =KL E;;:ﬁ;f;g x100%

— e, BCF > 5% A& Rk, ARGt
SRR IS S E R Y BTG BCF >1000% ,
LI/ AEA 1 BCF > 500% , G5 FIAE A 2 5 1Y 8
BEREY. S Z R BCF {H 430k
284.69% 1 158.39% , 722 7 /N3 4 1 BCF (i 4>
G A 98.45% F1 92. 56% , # S & FHARAEW . TSR
FF K B KR BKE (41 T 4H Y BCF AT
10% ~50% ,J& TR HAVEY) . AR5% At % o
BB Bk R BCF /N T 5% , )8 T3 AR AR
Y, BRAR SIS h 2R AR AR KR

LAED X AR 2R 505 R T IE 5 O34 (E
M F K /NG R AR AL BT D
ZZ PIAELIX., i SERAE Y AR X A T 5 BH D3l R AT
ST X A V- YA A& KR SRR DX AT
I8 X B A R T UL A AR R
FkEE BLEL MR RT B G PR X, Horp

5 IRPITHUR LA S pH SR IEHE B0 &

AR R BKSE HLE B R AL B SRR A
DX I N 35 3 i IR TS X 2 {E, (H T
HA ] ST B (EU R Pl 4 S 2 £, X Se R AR )
HhELE R AR BCF R, HAt AR /E Y BCK
(AR SRS AR SV AR A2 i, WA
VEPIFR & Ry (A BL G RS S A & R
58 e T PO AR 2R B R AR, DR B AR 4R
AR R A A A SRR AR B
L, B 2014 AR AR A A [ A VR 4 41 4R
BUAETT J& 1k 5, HfE I A S 26 B R A D
9. Bmg/kge BEFEXAFARIEYMRA L, ToKA 4
PN L F A 2 RIS RO T, 13
mg/kgo BR/NE B & AR R OR(E AL, TR ML
B R B ORAH, Ul A A R R AR A
2.4 WFRXRALHE R pH (9K EWHE
R H

X AA i o B R AT AR AR AR S A
Yrrp gl E i R AR L pH S ARAEY) A & R AT
KAEIIHT SRR A e LA T R, H BRARTER
T & AN R . ook G JRE AR
A LA RN TS 1 AURIES S
2.4.1 RALHSESREYHEEIER

M S s Al & (il T ELE L /N R B
P A T PR BT LR IIARAR ) , 4 R0 4<

Table 5 Relatoinship between molybdenum contents and pH of root soil and molybdenum contents of crops in Luoyang City

RAEY) TR MR LA E 2 KA G S ©
b () KA SRR R L3 pH KR
EEP/S 175 y =0.0556x +0. 4865 0.497 y =0. 00473 0.148
INFE 174 y =0.36391Inx +0. 9813 0.144 y =0.0022x> %! 0.244
AR 125 y =0.0432x +0. 1122 0.352 y=2x10 2" 0.263
A 49 y=1.7779x +6.6766 0.105 y =8 x 1073576 0.359
E3 35 y=1.6711x"4% 0.143 y =0.0074¢" 7427 0.524
HF 34 y =0.985x0-5568 0.197 y =0.0971x"2% 0.035
s 20 y=9.1861x"%7 0.015 y=7.7935x —48.724 0.307
£ 20 y =0.01x%37 0.0097 y=2x10 775534 0.175
R4 17 y=0.0277x +0.0139 0.192 y=3x10 7557776 0.162
T 16 y =0.5755x% — 1.2488x +0. 8086 0.6 y =1.4467x% —23.533x +95.841 0.129
HiES 5 15 y =0.0413x +0.397 0.183 y = —0.25392% +3.6565% - 12. 669 0.26
IR 13 y=0.2011874,1661 0.216 y=7x10 -9,6.9153 0.194
35 4 y=21.991¢0-316% 0.632 y =0.0737¢%67%6* 0.63
B 4 y=42.718x* —63.417x +31.7315 0.713 y =3.4449x - 15.452 0.947
ey 3 y=-0.038x +0.0713 0.992 y =0. 0004712 0.936
iy 3 y= —0.5374x +0.4954 0.992 y= -0.0061x +0.0712 0.0054
oA 2 y =1.0545x —0. 3045 1 y= -5.9755x +13.756 1
B 2 y= -0.6847x +1.6077 1 y=-7.0917x +14.422 1
PR 2 y=—0.7638x +1.5338 1 y= —7.4088x + 4.824 1
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FESBUE D B ZAF AR AR IR BRBLTCAH S PR A1
EIAHFRRIE . XK R A K 3 B B8R
1% HEWDE PRI R T 244K, —EWIE IRk
Hrfp A, F S A 1 o B R BRI 4 v B
2 3% i HE R IR
2.4.2 WAL pHESREVHSRICR
R AR L pH S5 RAEWIIM LK R, 40K
ZHANEY) PR S 13 pH (HRIEMHK(KRS), 5
B B AE R, Hod R > 0.3 BLAR IE A
KWRIEY BT AR G 2 ]
RATF0.1 ~0.3 B 55 IEA &K AEY 202 /N
& R AL ARA ok IR IX BT A
W8 A T ARAEY TR AR . 3k LK
RPN FEEC ATEL R SRR R N B TOAE e (R
FZ 0 R A o hSEAT 2 7E pH HE
PESRAF T 40 B d e, 7 55 B PE 45 55 Bl 3R 58 T 4
B AR, K anfE - R 55 P (7. 8 < pH
<8.12) &M T, 5 pH RGO 7E 4 2tk
(pH>8.12) &+ F, 515 pH RIEM X, & F F
S pH BA MM, S B A S
pH SRR G IC, 1 FHES HA 2 4 Uit
2.5 WFRXAREDDEE R S AR XA
SRR E BN FEREY, S5 E R
BUAF, MEEHHHTE, EH L ERX N
10. 6mg/keg' ™ @A K 1. 49me/ kg™ | VTP kK
4. 66mg/kg, TLVGHT &4 0. 85mg/kg, R b 1l X K
11. ng/kg[m TP N 3. 16mg/kg[35] o WS4
A6 G B A, B e Tl M X R

6 WIS R SR & L E L

AR TAE 5 AW FE R — 20, 202 I e
FVEY (B SHE AR R G A Y (R 6) , BF S IX
MATHGTERMK, UG HWE HERR LT =
FURREER 0.21.,0.77 1. 22 1  {HARAEYHH & 72
fRAEHLIX 19 3. 98 7. 36 .8.99 fi5, HLE E &
FEATFFE X 1) BCF {2 48 2 11 18. 83.9.52.7. 36
0, S AR b X SR AR M R ) R, S AR A
e WP X UL fEAE AR R £ pH (EF- {5
BIRT.72.7.66.7. 40, 2, fE A XAR R+
pH ] 3.71 ~7.35 , 5F-3{E K 5. 641 R, it
BT T R PR T AR B 25 2 WU

INFEAE R R EAEY) , 7E45 1 X R 55 &
WA, 5B PE 42 HB X 0. 754mg/kg ™ 1L %R
HLIX 0. 64mg/kg ™ T FIK 0. 824mg/kg T 7515
i 0.367mg/kg ILAERIK 1. 921mg/ kg™ TS HE
0.62mg/kg' ™’ ¥k 0. 52mg/kg™ # kb, WFE X /)
S R T I AR BRI SN, 2y T H A IX

FK A AR, W X 0. 462
mg/kg, PG R 0. 12me/kg, REEFHE Y #0.37
mg/ kg, AR TAMITLX . 64 BOH0 & i, (e ™
4y 1.08mg/kg, ) 7§y 1. 02mg/ kg, AL FAMF5T
X, & FHM&E, £+ TEX" 4 o. 361
mg/ kg, L T AL IX .

FHE A T N PR A NN
S RTE 0. Img/kg AW, W BLAUIREHE Y. W5
XA R R P HS E P E (R 4) B 4%
0.178mg/ke , Hifl 0. 266mg/ ke, Fk %% 0. 118mg/kg, K
#10.202mg/ ke , A1 2. 06mg/ kg, ) K F0. Img/ke, &
ERZBAE 10% ~30% 2 [8], 5w SHAFHE , Bl BFST X
ikt EH. RA AR SRR B A PSR
FHERIENT 0. 04me/ kg 2 IRAARAEY)

ZHTESMIFSE R, B A SRR A A
1. 48me/kg, 5.2 3. 42mg/ke, 4T 5. 3. 61
mg/ kg, /INFZ FI/NFZ 77 il 0. Tmg/kg, B5 38 (T )
0.05mg/kg, 7K 5 (T3 ) 0. 05mg/kg, #[E" 2% Ff

Table 6  Comparison of molybdenum contents in crops and root soils in the study area and Fujian Province

RUFFEAANEY)  EEARIEY . ARERA L EEMRR L . ) B . i
ERI(E7] e BRI o I~ v % B g g
. A B L e I L L
FUES by Py BCF BCF by
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
BT 14.14 3.55 3.98 0.81 3.83 0.21 1745.68 92.69 18.83
# 10.97 1.49 7.36 1.09 1.41 0.77 1006. 42 105.67 9.52
i 9.71 1.08 8.99 1.71 1.4 1.22 567.84 77.14 7.36
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RAEY R SH &R . 2K 0. 0158 mg/kg, 4 55.0. 267
mg/kg, 4T 5 0. 1637mg/kg, 3% H: 0. 0003mg/kg,
#10.0016mg/kg, /N3 0. 0133mg/kg, 14 0. 2065
mg/ kg, A ULEREARAEY bR £ S & ] AR T A B

AT 1R A b AR YA R L 2 R
WY, AR X R R AR & SRR DR B SR SR AE)
A R IX
2.6 WFREDXARME S w2

TR TR, 8880 & A G L,
AR SRS T A R RAMEIERE Y 5+
5 pH HM X R BRI A BH S EBEE pH 3 KM
S ERE A RO SR FERR T
SE U AN A Y B AR B A A AR AR
T KRS R A XSRS
WF7E X -t v PR AR T AR VR D 4 7 i B
o T A b DX A RRAE AR A, U BB 58 X A RS
B o [ A F 281 B 4 v IR I R 4 2 A
FUDLI) FORAR R TS = s 40l oy 67. Tmg/kg
15,5 mg/kg, F KM & & EWF 5 X S5, 4390l
JE3.86mg/ kgl 2. 46mg/ ke , i3 A 33440 i v o
JERVEYI S BN 3ERE . AT R R 280k
EYIP S S pH (R EACCR, IR X E T
BB Sk T A X 38 A AR A B IR
V& FARAE Y MR 19 45 ) 3R %

R TR IX R AR A e R AR
B RRAE AT X EL ARl € i T R Ak 2 T
PrFE) (DZ/T 0295—2016 ) Hfr 4 3 5 5 5% 73 45 21
BRI R o br e K 4H 7 1 =0. 85mg/kg 15k & 4H
T3 B <0. 85my/ kg VE AR FH I, ST 4%
FRARVEY B AR AE . KR SRR (SRS R
BB B AR R L& =0. 85mg/kg, A A
o Bk 2 /G ILEMR AR AR <0.85
mg/ kg, HARIEYH G R IR 7, 4RZECRIEY
Ao RS LR TS L E, A AR 2
THREIEEHTEMNS T E 1, ERRH R
Y R ZHCRIEY P S R LgErh S B,
AR R R SER TS R S RIS Y
SR IC, BLTCAR OCE | ixX U/ FIF 5% X 1 38 4H
SRIER A 7 I A R A 1 R
YEJE, T BT A T g A R B IR R
9. 13mg/ kg5 J& A IR AFTE AR O R, T Z AT M
I

7 WFFEXAIF LS E RS AR 14 H &
Table 7 Molybdenum contents in the study area corresponding

to the different soils and crops

A E R iR
gl | WEL RIEY o WEL KD
ok AR HIEE AR (MR MR SR

() P3| P | () PE FE

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

Eok 145 2.34 0.64 30 0.79 0.42

INFE 126 1.6 1.12 48 0.76 0.79
% 105 1.66 0.19 20 0.79 0.13
e 42 1.87 10.59 7 0.75 4.47
PR 29 1.98 2.68 6 0.79 1.24
"F 32 1.49 1.36 2 0.803 0.327
T 16 1.17 12.07 4 0.76 6.54
R 9 1.27 0.049 8 0.7 0.034
THEEAT 9 1.49 0.45 6 0.75 0.44
Y= 1 0.998 11.01 3 0.67 8.63
#d 4 0.96 0.0089 16 0.7 0.011
11 2 0.993 0.034 1 0.84 0.039

3 BRI

I BATH AT % 5 3 ) T H A6 R A 21 BF 5 X
il 1 [ st ARk € o L BR R 2 RN RS )
(DZ/T 0295—2016 ) H 4 Hb i 2 I /0 S5 EH TT R X
SRR, DUAH S 1 =0. 85me/ ke 1E N & 4H 3R,
£ 770km” 25 1 AN P GE M AH 4 419. 22km?
(628830 ) , M RBF 9% X AT TF & B FHA ™ St i) 75
F1o FEA TG W TAEH, 875 LA 5 1 A7 IR A

(1) PR A% Pk BRI X 2 A4 ™ i
AT LA I A B X 0 ) - S A v X AT A
WFIE I A RENETE B A 4R & #H K SR, DA 8 1 72 43 ]
FH A SR IRAT S PRI R 2540, T A AR A SR Y 7
LA

(2) AWRAEWFFE X A & BR, {ELAE 1% BH T 47 B X
DA AN 5 DL A R S 0 S R AT R, T 2
Je WIHE— 25 0F 58 43 BT 3 e A VE ) Hh S B 0 A R
fiE, Ay & AR =L TT & PR R# S 1

(3) X A% YR R 5 550 5 /0 B AR VE W 3K AT 1 45
W, E RS, A G TAEM S ke i, 58 B AR
W TAERER

(4) i S T b W% R FH LI Ty vk, ke
SEAIFFE DX LA B 3 BHTT S 45 DX 720 ' 4H 3 X 4
PEIRPEN BT, L A L o R IR DA R Ry e, oE
— P9 & B A DL AR T R R L A
Bilht IR D) AR FBHE S 55, G AR
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PRI FLPE S D0 , X A0 b BT U n] A TR AT
PEHAIRIZR 2803 X, B AR it R AL R

4 S5

AL = 5 07 b 5T i R AL PR 7 v TEE
FEDCRIER BRI Y 22 Fh AR KIAR &R 00 b
SRR TR AR 5 FEARAEY) A B AR OEC
FR UK A pH BN &SR ARAEY) b H & iR
O3AT TR AH A S AR R R RIE T RAE R A
WIS, UNCRIEY P S EEmA R, Pk
B, WIS DX g b B B R AR B R T SRR, 2R
LA A H A W R RAEY Z 0 AT N &
K ISR W AR RAE s R qjj(ﬁr\él%)%
TR HREY A PR AR TRMERIEY . 4
RABITARAE Y P80 & B 5 b A L L3 pH
HREIEAHRK R AWK T H, BRI
BRCPERAE S AR b g 2 v T v A X
JETF R & FHAO A F B X

5 Z50k
(1] WML TR 5 AR ] B TR e 27
2001,28(3) ;353 -355.
Hu X H. Essential trace element molybdenum of human
body and human health [ J ].
Medicine 2001 ,28(3) ;353 -355.
[2]  Vishwanath M S. Molybdenum : An essential trace element
1993, 8 (6):

Modern Preventive

[ J]. Nutrition in Clinical Practice,
277 -281.

(3] #A%E, i, fpkak, 55 1Y D) RE b AE 3l
P A T L ] 0 R R 2 2 4 (R “E R
2004 ,24(2) .40 -42.
Yang Z J, Long T, Ran L. W, et al. Molybdenum’ s
biological function and roles in animal production[ J].
Journal of Henan University of Science and Technology
( Agricultural Science) ,2004 ,24(2) .40 —42.

(4] WA, W0 o A S T 19 R
[J]. A= 355,2000,16(2) 60 -61.
Zeng 7. H,Zeng X P. Cancer and soil Mo in China[ J].
Rural Eco — Environment,2000,16(2) :60 - 61.

[S] 24, EOUHE, BUiltes, 5. MU TR S B SR
FELI]. R CR ST, 1996,13(3) 11 -2.
Wu L, Cao G H, Yan S M, et al. Investigation on the
relationship between trace element Mo and gastric cancer
[J]. Studies of Trace Elements and Health, 1996, 13
(3):1-2.

— 828 —

(6]

(7]

(8]

(9]

(10]

[11]

(12]

[13]

[14]

[15]

BEVK, ST, A0 I AR Y 2E VR B B2 6 A AR )
ML T]. 7 IR 2 & Bl 22 4 4k, 2009, 21 (1)
73 -74.

Han B, Zhang J H. The biological function of
molybdenum and the effect of molybdenum deficiency on
the organism[ J ]. Journal of Heze Medical College 2009,
21(1) .73 -74.

FAR, BRI BH X A Ak E’JEEIEAI e FAL]
WEFELT ] T P IR U 2% B % 4z, 2010, 27 (5)
10 - 12.

Wei Y H, Huang Q C. Physiological effects and
mechanism of molybdenum on human health[ J]. Journal
of Guangxi Normal University for Nationalites,2010,27
(5):10-12.

TN, #4E. A YiE T
5L.,2000(8) ;446 —448.

ENEEPNN - AR o s

Wang L, Guo F. Biological trace element molybdenum
and human health [ J]. Chemistry World, 2000 (8 ) :
446 —4438.

X BH R AR A R s e [ ] v 1 B, 2001, 25
(5) .43 —-45.

Liu M. The effect of Mo on human health [ J].
Molybdenum Industry,2001,25(5) .43 —45.
Janssen K A, Vitosh M L. Effect of lime, sulfur, and

China

molybdenum on N, fixation and yield of dark red kidney
beans[ J ]. Agronomy Journal 1974 ,66(6) ;736 - 740.
Hashimoto K, Yamasaki S. Effects of molybdenum application
on the yield, nitrogen nutrition and nodule development
of soybeans[ J]. Soil Science and Plant Nutrition, 1976,
22(4) :435 -443.

Yang M, Shi L, Xu F,et al. Effects of B, Mo, Zn, and
their interactions on seed yield of rapeseed ( Brassica
napus L. ) [J]. Pedosphere,2009,19(1) :53 —59.
Kandil H, Gad N, Abdelhamid M T. Effects of different
rates of phosphorus and molybdenum application on two
varieties common bean of ( Phaseolus vulgaris L. ) [J].
Journal of Agricultural and Food Chemistry,2013,3(3) :
8 -16.

Ahmad J, Anwar S,Shad A A et al. Yield and nutritional
status of mungbean as influenced by molybdenum and
phosphorus [ J ]. Pakistan Journal
Research,2021,34(1) ;144 — 153.
o7 B, EIE AR Bt ke X R
BeARA IR HBE R OB [T ] AR PRI AR 47,2002 ,21
(6):559 -561.

Li F T, Lu Q, Wang S G. et al. Concentration of

of Agricultural

molybdenum and zinc in soil of upland of loess and

response of crops[ J]. Agro — Environmental Protection,



55 6 3]

B AF - TR I PH T A A v AR o0 A L S R i D SR A

5540 &

(17]

[18]

[19]

(20]

(21]

[22]

(23]

2002,21(6) :559 -561.

R, kAW b TR AR A A K R
2R [J]. 2ROl ,2003,31(1) 152 - 153.
Dong Y M, Zhang J M. Effects of application of boron and
molybdenum on growth and yield of broad bean [J].
Journal of Anhui Agricultural Sciences,2003,31 (1)
152 —153.

JEIRB, B SRR AL, A5 AT HLAE B b il BH RIS X 7B
Ay i A SR [ ] 3 R Al R 2274k, 2003,
37(4) 335 -338.

Zhou S M, Fan H, Guo J H, et al. Effects of organic
manure and microelement fertilizer on the output and
quality of peanut [ J]. Journal of Henan Agricultural
University ,2003,37(4) :335 - 338.
FEREB, BB Ml 714, S5 it T AE 0 1B A 2R Kk
AR )] MY E IR 5 LR 4, 2002, 8
(2):229 -233.

Du Y Q, Liao X R,He J H,et al. Effects of boron and
molybdenum on growth and yield of peanut[ J]. Plant
Nutrition and Fertilizer Science,2002,8(2) ;229 —233.
W XM, AR, 55 B0 AR E SR R EL A AR
R[], 34,2008 ,45(1) 1180 - 183.

Cai M Z,Liu P,Xu G D, et al. Effect of molybdenum and
manganese application on metabolism of carbon and
nitrogen in soybean[ J]. Acta Pedologica Sinica,2008,
45(1).180 —183.

SRE, B, R 45 000 B 0 B BH 7 35 08 M 7 i
Fb e B R [ ], 87 AR B 5, 2009 (5)
879 - 881.

Zhang J, Tang Y C, Chen ] X. Effects of magnesium,
boron, zinc and molybdenum nutrition on quality and
yield of tomato in greenhouse [ J]. Journal of Zhejiang
Agricultural Sciences,2009(5) :879 — 881.

S AR, BB L SR E TR XM RS = A
AR RZ I [T ] 40N, 2015,31(9) 6 - 8.

Wu T, Yang L, Jiang Z B. Effect of trace elements of
molybdenum, zinc and boron on yield and quality of
soybean [ J]. South China Agriculture, 2015, 31(9) ;.
6 -8.

29, TR 2R A . T O R IR RS ME T
RS AR SRR S R [T ] AR 2741, 2017,
31(8):1618 - 1625.

Li S,Zhang H,Li Q Q, et al. Spatial variability of soil
available microelement contents and their influencing
factors in tobacco growing area in Guangyuan City[ J ].
Journal of Nuclear Agricultural Sciences,2017,31(8) :
1618 —1625.

PRFE, 5 T5 8, VR BR 55. B X s R0 L A

(24]

[25]

[26]

(27]

[28]

[29]

Fr ST R S R SR T ] R s
AEXE,2017(6) 144 - 50.
Mu T,Lu X P,Xu Z C, et al. The relationship between
the contents of available boron and available molybdenum
in soil with the contents of boron and molybdenum of
tobacco leaf in Luoping[ J]. Soil and Fertilizer Sciences
in China,2017(6) .44 - 50.
AR RETIE, BRSO X 4
TR TC R A3 6] A R S PRV R [ ] o el A wE
2#,2018,39(3) .39 - 47.
Peng Y Y,Yu X L,Li Q Q,et al. Spatial distribution and
influencing factors of soil available microelements in high
altitude tobacco planting areas in southwest Sichuan[ J].
Chinese Tobacco Science,2018,39(3) ;39 —47.
X535, BOfOrE  s2 880, 45 W TEARL N L R B TR
FHOROC LA BT ] WA R, 2019 (4)
41 —44 47.
Liu Y J,Duan S H, Peng S G, et al. Trace elements
deficiency assessment and management suggestion of
tobacco planting soil in Changde[ J]. Hunan Agricultural
Sciences,2019(4) :41 —44 47.
PR LR, 575, A 3 RSO X g -
5 MR BR B R DO SO AR I B i e [T ] o
+IESAERL,2019(2) 1145 - 151.
ILi L M, Wen X Y, Lu X P, et al. The status of
molybdenum in flue — cured tobacco and soil and its
effects on tobacco quality in Qujing tobacco growing area
[J]. Soil and Fertilizer Sciences in China, 2019 (2) :
145 - 151.
ST, X 4 R AR B A R VR X A S i 4H 57 4
ME AL GAEPA KRR [T]. AR,
2020,41(3):9 - 15.
Hu R W,Liu Y J,Tang C G, et al. Vertical distribution of
boron and molybdenum in soil and their relationship with
organic matter in paddy — tobacco growing areas|[] ].
Chinese Tobacco Science,2020,41(3) .9 -15.
XU, IR LI, 4. HUBRE G 55 B TR T Ik
FARTEITR I S B B RE R[] 2507
i,2021,40(3) :327 - 339.
Liu W,Hu J D, Yang H X, et al. Research progress on
elemental speciation analysis by inductively coupled
plasma — mass spectrometry hyphenated techniques[ ] ].
Rock and Mineral Analysis,2021,40(3) :327 —-339.
FEAEM. TR I T P A 2R R, 4 ) I (il Rl 5
TAEINT. A EG A7 ,2020 12 -7(1).
Qi Y B. Resolutely implement the spirit of the fifth
plenary session,to promote healthy geological work[ NJ.
China Mining News,2020 - 12 -7(1).

— 829 —



HoO

et

{56 2021
56 http; // www. ykes. ac. cn F
[30] 25k, M3, XIDUR, 5. 28R 54 ar g ik Chen X Y. Analysis of 33 elements in wheat from

(31]

(32]

[33]

[34]

[35]

[36]

[37]

[38]

rh E A e A g [T, b2 ET 2%, 2021, 28 (3)
412 -423.

Wang X Q,Liu Q Q,Liu H L, et al. Key elements and
human health: Is China’ s arable land selenium -
deficient? [ J]. Earth Science Frontiers,2021,28(3):
412 -423.

B, A 807, R, SF T E R S 4
(ML b5t o R, 20201217

Hou Q Y, Yang Z F,Yu T, et al. Soil geochemical dataset
of China [ M ]. Beijing: Geological Publishing House,
2020:17.

BRJA M, XU, 28 K 2, 45 VLR R DXOK RS 5 /22
FFSErp U R AW R AR R B (BCE) B HESE[T].
HbJ5T,2013,40(1) ;331 —340.

Liao Q L,Liu C,Cai Y M, et al. A preliminary study of
element bioconcentration factors within milled rice and
wheatmeal in some typical areas of Jiangsu Province[ J ].
Geology in China,2013,40(1) ;331 - 340.

B AN FEEN T E AR R ABEEL D . AR M -
BN ,2014 .32 - 33,

Jia T. Study on molybdenum enrichment regularity in soil
by different crops [ D ]. Fuzhou: Fujian Agriculture and
Forestry Universtity,2014 .32 —33.

SZINAL, oK R R, BIEE. SR R S S AT RIS L]
iRk ,2002,23(8) ;210 - 211.

Peng S S,Zhang L. L., Huang T. Analysis of molybdenum
in soybean products [ J ]. Food Science,2002,23(8) :
210 -211.

EIRAL, 5K T4, B K A5 TP AR R
VPR VBR VBB RS R AR A LT ] A
KF#4R,1992,11(4) .53 -58.

Wang Z Q,Zhang Y H,Chen E Q, et al. Investigations on
the contents of Cu,Zn,Fe,Mn, Co,Mo of feedstuffs and
forages in Guangxi[ J]. Journal of Guangxi Agricultural
University,1992,11(4) .53 - 58.

2R T 5 HE I 3 X R AR e SO B B Y e R
L] Ll BB 47,1994 ,13(5) .68 - 69.

Li F T. Relationship between molybdenum application to
crops and human health in Yanan area [ J]. Agro -
Environmental Protection, 1994 ,13(5) :68 —69.
FIRM. A N PR TE R R SR LT ] LR
ANy K47 ,1989(3) 27 -32.

Wang Z L. A study on the absorption of micronutrients by
winter wheat [ J ]. Journal of Shandong Agricultural
University, 1989 (3) .27 - 32.

BRAe A A7 /A 33 Fhon R[] AR OT R
BE~%,2011,18(3 -4) :36 - 37.

— 830 —

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

different areas[ J|. World Elemental Medicine,2011,18
(3-4):36-37.
BN, A SC U JE R Mo X LR GRAE K IR
M AFFEL T ] KA AR ,2011,18 (1) :106 - 108.
Cao S P,Lu Y W. Effect of Mo on the growth of Baodi
garlic[ J]. Tianjin Agricultural Sciences,2011,18(1):
106 - 108.
AL 23 Fofvef [ AL [ /N B /N2 TR R A P LR
JERMHT[I]. AR ITT R B, 1999,6 (4)
54 -58.
Wang S. Analysis on 9 trace elements in 23 kinds of
wheat and wheat flour from China and France [ ] ].
Guangdong Trace Elements Science, 1999, 6 (4 ).
54 -58.
F2. AP R TR i S T (M.
JEmT i A, 1998 :156,360 - 378.
Wang K. Trace element analysis and data handbook in
the life science[ M ]. Beijing; Chinese Metrology Press,
1998 :156,360 - 378.
Hiroyuki H, Akane A, Chic I, et al. Determination of mo
— lybdenum in foods and human milk ,and an estimate of
average molybdenum intake in the Japanese population
[J]. Journal of Nutritional Science and Vitaminology,
2004,50(6) :404 —409.
Choi M,Kang M, Kim M. The analysis of copper, sele —
nium, and molybdenum contents in frequently consumed
foods and an estimation of their daily intake in Korean
adults[ J]. Biological Trace Element Research,2009 ,128
(2):104 - 117.
WRRR, SRHERS , AR A A A UL 2k el S
FORBUIAA S04 [ ] MY E IR S IL R 4R, 2011,
17(6) :1372 - 1378.
Ye X,Guo Y L, Wang G,et al. Investigation and analysis
of soil molybdenum in the Tieguanyin tea plantations of
Fujian Province [ J ]. Plant Nutrition and Fertilizer
Science ,2011,17(6) ;1372 - 1378.
W58, EAHE, 22 H 25, 5. N ARPU AR HHOCR L
HER AL 2 fe AR ()] 5 3 5, 2010, 29 (2)
256 -261.
Shi X, Wang D Y, Li Y F, et al. Soil geochemical
characteristics of elements Mn, Mo in western Jilin
Province[ J]. Global Geology,2010,29(2) :256 —261.
B RS S RIS P AT R KR LT
TR L5 ,2000,19(3) 1149 - 150.
Zeng 7 H. Relationship between agroecology and
molybdenum in soil environment [ J ]. Hunan Geology,

2000,19(3) ;149 - 150.



55 6 3] B AF - TR I PH T A A v AR o0 A L S R i D SR A 5540 &

[47]) X0, R REeE, 2. P EEEFRHEN S E S0 of effective medium and micronutrient element contents
R EJ]. FREEREHR ,1990,10(2) 1132 —137. in paddy soils of China[ J]. Transactions of the Chinese
Liu Z,Zhu Q Q,Xu J X, et al. Contents and distribution Society of Agricultural Engineering, 2020, 36 (16)
of Mo in soils of China [ J ]. Acta Scientiae 62 -70.
Circumstantiae,1990,10(2) :132 - 137. [49] JEE4E. &+ M SR o R SR Tk [T ], A

(48] BRI, SPEIL, £ 2050, 5. b EAE H LA RS it -4, 2020,39(3) :319 - 336.
IR ITTE S BOAEFMET ], Rl T4k, 2020, Zhou G H. Research progress of selenium — enriched land
36(16) :62 - 70. resources and evaluation methods[ J]. Rock and Mineral
Zhang L.,Cai Z J,Wang H Y. Distribution characteristics Analysis,2020,39(3) :319 -336.

Distribution Law and Influencing Factors of Molybdenum in Soils and
Crops in Luoyang, Henan Province

XIA Yan, SONG Yan - bin, HOU Jin —kai, ZHAO Rui, WANG Xi — kuan "
(No. 1 Institute of Geological and Mineral Resources Survey, Henan Geological and Mineral Exploration and

Development Bureau, Luoyang 471023, China)

HIGHLIGHTS

(1) Mung bean, cowpea, black bean, yellow bean, red bean and peanuts are hyperaccumulators of molybdenum.
Sesame, long bean, millet, wheat, corn and rapeseed are molybdenum - rich crops. Fruits such as apples,
pears, grapes, pomegranates, cherries and Stachys floridana Schuttl. ex Benth are low — molybdenum crops.

(2) The study area is a favorable area for developing a molybdenum — rich agricultural industry.

(3) The characteristics of molybdenum content in different crops are an important basis for scientific utilization of
Mo - rich land, adjustment of agricultural planting structure and construction of a Mo — rich agricultural

industry.

The law of molybdenum enrichment in

Study on the law of | cropswas studied

crop enrichment N
Soilsample collection @
and analysis Correlation between . .

Screening molybdenum rich crops
— molybdenum > <

in soils and crops @
Crop sample collection
and analysis Correlation between pH V. Promoting the development of GeoHealth,

and molybdenum in crops \ and promoting the development of

molybdenum-rich agricultural industry

and the adjustment of agricultural planting

structure
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ABSTRACT

BACKGROUND: Molybdenum is an essential and beneficial element for humans and crops and has an anti —
cancer effect. The content of molybdenum and the pH of the soils are different in different regions, the content of
molybdenum in crops varies greatly. At the same time, different crops have a different absorption ability of
molybdenum. Studying the rules of molybdenum enrichment in different crops provides a basis for the development
of healthy geology, the development of molybdenum - rich agricultural products, the development of functional
agriculture, and the adjustment of planting structure.

OBJECTIVES: To investigate Mo content in different crops and their controlling factors.

METHODS:; This study used the detailed survey area of selenium resources in Luoyang City and other agricultural
planting areas as the research object. By collecting 22 kinds of crops and their root soils, inductively coupled
plasma — mass spectrometry (ICP — MS) was used to determine the molybdenum content in soils and crops, and the
characteristics and influencing factors of the content of molybdenum in different crops were studied.

RESULTS: The content of molybdenum in the soil of Luoyang City was relatively high, which was the
characteristic area of molybdenum — rich soil in China. Mung bean, cowpea, black bean, yellow bean, red bean
and peanuts were the main molybdenum enrichment crops, with average > 9mg/kg molybdenum content and
enrichment factor > 500% , which belonged to the molybdenum hyperaccumulator. Sesame, long bean, millet,
wheat, corns and rapeseed had high molybdenum content, which ranged from 0. 446mg/kg to 2. 437mg/kg, and
the enrichment coefficient ranged from 40% to 300% , which were molybdenum rich crops. The content of
molybdenum in chili, garlic, sweet potatoes and okra ranged from 0. Img/kg to 0. 3mg/kg, and the enrichment
factor ranged from 10% to 30% , which were high — molybdenum crops. The content of molybdenum in apple,
pear, grape, pomegranate, cherry and Stachys floridana Schuttl. ex Benth was less than 0. 05mg/kg, and the
enrichment factor was less than 5% , which was a low — molybdenum crop. The content of molybdenum in most
crops was positively correlated with that in root soils, while the content of molybdenum in apple, grape,
pomegranate, and cherry was negatively correlated within the molybdenum content in the root soils.
CONCLUSIONS: Studies have shown that molybdenum in soils is more easily absorbed by crops under an alkaline
environment. Compared with other areas in China, the crop in the area is richer in molybdenum, so it is a favorable
area for the development of a molybdenum - rich agricultural industry. According to the molybdenum content of
different crops, mung bean, cowpea, black bean, yellow bean, red bean and peanuts were selected as the
characteristic Mo — rich agricultural products in the study area; sesame, long bean, millet, wheat, corns and
rapeseed were Mo — rich agricultural products; pepper, garlic, sweet potato and okra were high Mo agricultural
products. The results provide a scientific basis for the development and adjustment of the molybdenum - rich

agricultural product planting structure in the study area.

KEY WORDS: Luoyang City; crops; molybdenum; enrichment factor; GeoHealth; inductively coupled plasma —

mass spectrometry
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