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Abstract: [Objective] Most of the food crops are low in zinc and it is difficult for humans to obtain sufficient zinc
through the normal diet. Land quality geochemical survey, as Nature-based solutions, is the best scheme to find the
suitable region for cultivating zinc-rich crops.[Methods] This study takes agricultural land in Wei Ning Plain of
Ningxia as the research region, geochemical data of surface soils, wheat seeds and rhizosphere soils of agricultural

lands were obtained through land quality geochemical survey, the geochemical characteristics of zinc in surface
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soil and wheat seed were studied, and the influencing factors of zinc enrichment in wheat seed were explored. The
interval value of zinc content in zinc-rich wheat was calculated based on the nutritional structure of healthy diet in
China and the reference intake of dietary nutrients in residents.[Results] In the research region, the range of zinc
content in surface soils was 25.1 mg kg™ to 102.0 mg &g, and the background value of surface soil was 61.4
mg «g*. The range of zinc content in wheat seeds was 13.34 mg &g* to 37.78 mg kg, the average content was
24.72 mg kg?, and the average bio-enrichment coefficient was 0.41. The range of zinc content in Zn-enriched
wheat was 26.5 to 50.0 mg kg™, and the proportion of zinc enriched wheat seeds in the research region was 36.7%.
Based on the neural network model, we predicted that the region of agricultural lands, which were suitable for
cultivating zinc enriched wheat in Wei Ning Plain, was 242.86km?2.[Conclusions] The spatial distribution of zinc
in the surface soil of the research region was relatively uniform and was mainly controlled by soil parent materials.
The zinc enrichment ability of wheat seeds was medium. The zinc enrichment ability of wheat seeds is
significantly correlated with Zn, Fe,05, K,0O, SiO,/Al,O5 in rhizosphere soils. Neural network model can construct
a reliable prediction model, which can be used as a method to explore suitable cultivating regions for beneficial
micronutrient enrichment crops through geochemical survey data.

Key words: agricultural land; Soil; Zn; prediction model; geochemical survey engineering; Weining plain; Ningxia
Highlights: Based on the healthy nutrition structure of Chinese diet and the reference intake of dietary nutrients,
the interval value of zinc content in zinc enrichment wheat seeds was calculated. A prediction model of zinc
content in wheat seeds was established through neural network model.
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BE(Zn) & NIRGI ML P 25 R 2 TR G 3R, S 2000 22 R0 P 2 1o P Y80 PR ()
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etal., 2017 ; Theoharris Frangos et al., 2020 ; Leda Mezzaroba et al., 2019), H#F5t% ], I
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FUF e, AEPPHES s 2 00 T 3R ) AR B 7 R S W Tt e SRR 4 DU T IR
REERSERANE, BT NMEEERITT A SR TR RET A, dR AL
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Fig.2 Geomorphological map of the study area
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T AR LI Zn MR FRAE SRR, BT “ L3E-NET RS Zn TRADEE
FFIE, 2021 4F 10~11 A AE TP JRICRAERZ L0 i 2830 o A FH HuURE it 35 2 9 -1
J7 A B A, B RURIEEZ) 500 m, How B HORE 8 BN ARET T A B 2 4R, BRI EEZ) 700 m.
FEAFREM I E 5 AT RE S R SR A T, & FRERIRLEE 20 mo SRFE T BONAES B A R,
FERIBS R T 15 RABHIFRAL T 20 om V[ A L%, Bt i g, dufk AR A
RS, NEHE TR TRE FRNGE AL, B OB T80 T
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FEOMIR S SRR 4 FREL 800g e NIEVERER, IR0 S AR
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1% P9RAE 2009 ZAH, JEH 5 AN RE s E SRR A A LA RES . TESRE/INERF SRR R
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ERREATN
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TE S50 3 56 AR AT SR T, SR DU G334 53 i 5 43 B —38 0 FH - F pH 40497
S — o SR AT EER BN LA BE, 1 100 HF (FL4% 0.15 mm) A FIeER M. BEf4Y
PR AT (2 B AR X ERE2E A YE (1:2500000) (DZ/T 0258-2014), FF &4 #7I0
HEFA 775 KRR 1o 7E 0TI Rk, 45 500 #HRE SR 12 A L [E % —
TR EY T (GBWO7407. GBWO07447, GBW07449, GBW07451, GBW07452 . GBWO07453,
GBW07455. GBW07431~GBWO07435) il 73 #r il il i mfi B2, 7E 5 HAMRE G [R5 70 M o6 A T
XFREVIT AT 12 RGP BTASSs:, 23 T SEAEAS bR ) 57 7T 3P B S5 AR AR 2 8 PR 0T B
% KEHEPEHIR 4 DA LR F . . KSR SR AT IR,
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BRI 5E B S AR AEAE TR AR FRAE IR 22 o RS TE WAL 24 b 5T 230k 0 58 ik, i
TR A T RS 220 P 2 R St 20 A R i, s v A0 0 0 (1 45 e e % 485072 R /N T 8055
0.12, HEFIEEH8FRILF] 98%; W AGAEAT I B TH AR W RN T 85 T 25% B e R —



RE PRI A% FRIAF] 96%.

TE S0 5 F 2K Pl N AT SR R LB OKIETS J5, BT 45CHAhEtT. Al
TR HLIBE FER e, 23R40k B2 Jo /N2 b BL R ORATAE SR B8 B AR AR 9 Rl e o /N2 R
a3 BTN AN 4 AR R BREY BT, A RIS 0B, THARC BRI B I E 1B S AR HE)
JRAEFEE I B 22 (AlgC) KifE  THERR L . R R E R ks, HAE
N SAAEAN [F] IR [RD0) B AR it BE AT 100% F09 B8 52 70 A1, T B8 9 20 20 B 435 R DR 0 s o4 s 22
(RSD%).

TSR BN ZEN SERE R ) TR S T T VR R Y R HERA L L R T AR R AR AR A F

AT (2 HARX S ERAL A HYE (1:250000) ) (DZ/T 0258-2014) R,
F 1 RS E R IR AR H R

Table 1 Analysis items and its testing method and detection limits of samples

P JEH B VAR [WrRES SRR PR TR % T (%)
AI203 (%) 0.05 0.01 3.82
Ca0 (%) 0.02 0.02 3.97
Fe203 (%) XRF 0.02 0.01 355
s K20 (%) 0.03 0.01 317
Si02 (%) 0.05 <0.01 2.86
AHR (%) VOL 0.034 <0.01 6.19
zn (%) ICP-MS 1 <0.01 3.29
pH ISE 01 0.01 351
NFERFS Zn (mg kg> ICP-MS 1 0.01 1053
3.3 B ETT %

FET VBA, $ZBBEARFIIMEM. 9 3 bR 22 30T 7 5 B IE AR B, R R
KR RIS AP RAG 57, (2Lt b7 ARt S 50800 R SPSS
BAPBATHEAR G T T 5u R B AR T FE T MATLAB B, K N Eahr s LR &
LRERIERIGREAR, Fi DL SHON R T, I /N ZERF S & 1 [ T AR Y
FIH ArcGIS10.7 Bt 2] L3 Bt 2R A 27 ] 5 5 B /D 22 Pt e X R 2 1A
4 HR 55T
4.1 38 Zn Mk Z2IRAE

59 6 S 0 R PR A BB 2820 1, Siit Zn MuERfLAES ML, SEREW: BFAX
2% pH Y5 7.72~9.64, 135 Zn 4 BEH 25.1~102.0 mg kg™, T 5HEH 61.4 mg kg™,
S T T B M B E 59 mg kg™ (BR/NRSE, 2021), EART A E TR 67 mg kgt (£
HEE, 20200, Sk EEERE T, R RO 0.23, RBREEEISATES S . KT



X 4% Zn thER S (B 3) 53 (B 2) g7 E A, 38 Zn (19745 (8] 53 A Ak
FEEZ AR RS, A X AR TR R, AR X A AR L F R A AR
G, REMSEITTRELIE Zn SEE: BT E 35.6~105.0 mg kg™ CFHME 69.8
mg kg™ HEAFRL G 33.0~74.3 mg kgt CEHME 51.1 mg kgt). ¥bih 26.6~83.4 mg kgt
CPFE91H 49.8 mg kg™ K11 LR 25.1~70.3 mg kg™ CF34{E 44.9 mg kg™, FHIMES 7IH
WX T 5 1.14. 0.83. 0.81. 0.73 f%. WAMHA G, Wi, LKk, BT 27
SIRIIA S, XX ITEE & Zn MR A B VB IR AL IR i 88, O BB T Mg R Tt
X, RARIPER RS, Zn R%S 508 BB BACHF IR IX . T H., #FFEIX SiO/AlOs H
RN : EBPPIR (5.00. B G (6.5), kil FEf% (7.3). SiOL/AlOs fiEfl
SRR SR LAk R, 1 SIO, S, LR E, MLTSa
BUR A D, X Zn IR RSN MR, 35 ALOs & Eblims, 10 g i ik & 40 R
s WRPHH A B SR ARG ) A LT RS 8 % (Makab et al., 2009, #7355, 2021). . AR
P SAE R ARG TTRRX, A TR X BE AR 53R 45 Zn YA se, i HL 3ok - A BB

B, WA RN % Zn (IR, 1984).
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42NEMBRI"RG Zn BERIE

KA NN S HAR R e iy B AT AE S ph B TR S RUBRE G 4, A
Zn ZENEK 2. 4iREH, MAXKERL Zn SEFFESHTXE SERA 5, MR
Zn FE U RART X R 38 Zn S AR ah WA R AN ZERE S R O BAR R )
I8 Zn SRR E w T AR & .

AV ER R (BCP) ZEDERTPIHITTRNSEEE AN MR A Lz R & EMEnt
1, FTRAERA RS e R AR RE )0, (EBOARER I RE o ikeR (S2H 3%, 2020).
WHFE X /N2 FFse BCF By 0.25~0.53, ~FYI{E N 0.41, PSR Turh /N2 HF SL -1 1
BCF MIZEHAK, FUNEFFSo L Zn IWEER IS (IVERS%, 2020, #—5
IHTNERFSE Zn 5 AL Zn 2 AIAHSCHE (B 4), ZH AR R ML K R, RH

INFNFIL Zn FEEORIFET H 3.
®2 FARNENERAMAL 20 4R

Table 2 Zn content of wheat seeds and their rhizosphere soils

PR FERE Z5) HRE FHIME B 22 R EFH (%)
i INEERFSE (Mg *gY) 13.34~37.78 27.15 6.04 22.26
£ Y]
38 (1 Z--(mg kg 43.38~92.43 67.80 10.74 15.84
LT fRAL(mg +07)
EHERI (BCP) 0.28~0.51 0.40 0.06 15.56
INENFSZ(mg kgD 16.77~26.25 21.41 2.81 13.11
R G 22 (1) jRRA(mg kg?) 36.34~56.31 49.76 5.15 1034
wHEZRY (BCH 0.34~0.53 0.43 0.05 12.08
/NFEKFZ(mg !kg'l) 13.34~37.78 24.72 5.68 22.98
BFFLIX 60 (1) 4R & 4-(mg kgh) 36.34~92.43 60.17 1255 20.86
wHERY (BCH 0.28~0.53 0.41 0.06 14.63
40.0
— y = 0.356x + 3.260 *®
jc‘» 35.0 R=0.622 b 4 ¢
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it
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Fig.4 Scatter plots of Zn content in wheat seed1 and rhizosphere soil



AWFFERY], IR BALPE T th 2 o BP0 IR s R A RE . T IR
B R R BRI AR . A HUR I S E R SR Je R AW RIS P 4
FEAN RO XA EIR M - SR Gl B 70 2 (14 B AT AT S AN [R] (0 2808 VR K55 5 20205 1 =158
2020) o IRTAREENT INZERE SR 3R Zn e oA T BRI A A e SR AG PR T, A
FHSPSSHAT M /INZEHFSEZn S AR AR L BALSRAR AR G ME . ZRINR3PR . /NERFSiZn
8 5SI0/ALO R B35 UG, SRR LpH IS 7kl ¢, SRR LCa0. A HLR R IEAK,
I H 5Fe05v KON EZE IEAHRK . SIO/ALOZERAIL, UK TR & BeRs I Znifokh 074,
AR IR S I Zn,  BEE RS L0 SR B R, A H 35 5w B zn, A
TANERIRNCE S HHEAHUR S B m, MERESIRINMETTER, MHA RSP ESE, W
HAER 3t e T EIA Y, SHMETRERESYIR, rHREZniED A
PE (2555, 202005 pHAETH iy Al 3 B 38 i b 2V 58U 1 A 22 A B S 1 (0 18 BRI O
BEHEREG IR . AENDUTE (BRIEESE, 2020), FERzZnfa2ktt, Mkl hz2xizn

IR s HEAIAE IS CaF K R IRIING, Zn ] L Call K I TE 3E N4 Y CRRS: 5 2011).
3 ZNEMERRES BRI RH

Table 3 Correlation analysis of BCF with soil physicochemical properties

Si02/A1203 CaO Fe203 K20 LSRN WHRL Zn pH

/NFERFSE Zn 0.77%* 0.41* 0.73** 0.67** 0.38 0.79** -0.25

HAr, B AR AT ESERIEIIb . AL CRE (EBY. 528, B3 Kl
AT BEL R k. BEL RRL HL BRESR)\MOTERIRED)  (NY861-2004) L RIAIZn
SRR E SN EZn GBI LR (50 mg kg™ .« BE/NEZn & T R E,
AR B PP R 3 (2022) 4 HAgE R S5 LU h EE RE R E R RS
FZNEFIE S EIGER (WS/T 578.3-2017) 45 Hi [ AE N H ZnfE 3\ RN
(12.5mgld) TR . BT RERAFTR. 5, MR ARG m Y &
Hl 5 sy, 3k, KR KEEWhzZns BEHERNCE (75, 2011 5K
HE, 2020; BAEEGEAE, 2008) , RECTHEAENZLEEEYZnE @i, S5, BREISH
Fe s w0 s & i B8 KGO R H Zn it N 5 247.19mg/d . 28 5, FIRNI(12.5mg/d)
EHEEWEHZnNE, B EERRERNEHZEN Y, BUa, HEEAHRR
KRR H Zn bR 7 (YD) 57200 H 77 £ AR bR, RO B B 8 Zn & =10 T IRAE OO,
S S5 21.24mg kgt TSR RE SR MK PR B R A, FERE N T A E R v (i
BE . B EIIEMZNR R, — R BRI ER R R RS 115%—25% (AL

S, 2014; EEIIAE, 2012) o AEIEBURIARIREINB0%MESL, #iE EH A RERANZInG &




T BRAE %4926.5 mg kg™, SXAEA RELRIERE s LA AYIZn & B AL & Znbritt. B

X EEE/NERE AR 224, EAERIAFI36.7%.
F4 ERPEEESHZNNR R HAIE SR T RE

Table 4 The supply of Zicn in residents balanced dietary and the lower limit of zinc content in zinc-rich crops

MR gd?

= Zn 4 mg kgt Zn A mgd?t
i caen | AR SCHUE
7y 300-500 400 450 1.80
HIEEY) 120-200 160 25.80 413
i 300-500 400 221 0.88
KR 200-350 225 1.68 0.38
(e S 200-300 250 X Y
Bra B SN e E Y (B, SRR, B3R, KHD BH Zn iRk 7.19 (mgd™
AN H Zn HEEFE N E(RNI) 125 (mgd™
BEAEEH Zn BIGMLRE(Y) 531 (mgd™

X =5.31mgd?*/250 g d'=21.24mg kg™

4.3 /NE Zn BTN K B R REYIFRIE B X R E

N T AE W 4 BA SR AL M RO AT b FE R ), TESANFRMIURI BRI H 2532, &
REAE Ul 127 > By N 5090 41 5 it i 4 2 1] B SR AR 2, 223 I i mT AR S 53 1) T
B (VS , 2022). AEGEGETHEE T 1M DAL Bl 2 A 22 e B AR e . ARF AR LA
ST 22 U5 B AN 5 VE R Ta) R, T N AR 22 2 A 58 4 H Sh b7 2 B R I AR R L,
HAU UGB WA B A~ ST FR B BE 0, BEA RO DR = B AL P A L B S el (AR R VE
5,2021; FKEFAE, 2018) A SCIEHL S /N A KFSE Zn A SR 2R ) L3P S5 - Zn Si0,/AlL,O;.
Fe,03. KO TEN/NZEHFSE Zn S BTN 5 A &, DARFFLIX 60 /2 ff s R AR R &
FES B ALY, BENLBEIE 70% B 2 T IR EE, 5% T IEAE, 159% 0 £ 2
LA, T MATLAB2021a NNF #£8t, “KH] Levenberg-Marquardt 5% AT #1228 X 4% 1)
25, RATMBRER S EMEITN 6 MG BOREIT . NZEHSE Zn &8 TIN5 Sl e
BILE TR R A9 0.89, HITERIFRMIEL 1. MERCRKSE (B 5D, KEFFE R A
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Fig.5 Fitting effect diagram of neural network prediction model

(a: Training set fitting. b: Validation set fitting. c: Test set fitting. d: Total fitting)
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