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Abstract: This paper is the result of agricultural geological survey engineering.

[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 Weining 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 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/kg, and the background value of surface soil was 61.4 mg/kg. The range of zinc
content in wheat seeds was 13.34 mg/kg to 37.78 mg/kg, the average content was mg/kg, and the averagebio—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 242.86 km®. [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,0,, K,O,
Si0,/AL,0; 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: Zn—rich wheat; agricultural land; soil; Zn; prediction model; agricultural geological 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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Fig.2 Geomorphological map of the study area
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Table 1 Analysis items and its testing method and detection
limits of samples

FEMEA SCRBUERR STk S W7 i R A A%

ALO/% 0.05 0.01 3.82
CaO/% 0.02 0.02 397

Fe,04/%  XRF 0.02 0.01 3.55

S K,0/% 0.03 001  3.17
Si0,/% 0.05 <0.01  2.86

HHUF/%  VOL 0.034 <0.01  6.19

n/%  ICP-MS 1 <0.01  3.29

pH ISE 0.1 0.01 351

/NERFSE Zn/(mg/kg) ICP-MS 1 0.0l  10.53
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Fig.3 Geochemical map of Zn in surface soils of the study area
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Table 2 Zn content of wheat seeds and their rhizosphere soils
T & 4377 [X 35k FEAL 25 R FHME PRt 2 AR5 R %
- fJ\i*ﬁ‘i/(mg/kg) 13.34~37.78 27.15 6.04 22.26
» EP?J%%R% = 38 (fF) &R /(mg/kg) 43.38~92.43 67.80 10.74 15.84
& 4 2 HU(BCF) 0.28~0.51 0.40 0.06 15.56
IINFEFRFSE/ (mg/kg) 16.77~26.25 21.41 2.81 13.11
HERMIR G H 22 () &+ /(mg/kg) 36.34~56.31 49.76 5.15 10.34
& £ R E(BCF) 0.34~0.53 0.43 0.05 12.08
INEERF I (mg/kg) 13.34~37.78 24.72 5.68 22.98
T FE X 60 () & +/(mg/kg) 36.34~92.43 60.17 12.55 20.86
& 4 2 H(BCF) 0.28~0.53 0.41 0.06 14.63
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Fig.4 Scatter plots of Zn content in wheat seed and rhizosphere
soil
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578.3-2017) 45 i () LA N A H Zn 4 72 48 A 2
RNI( 12.5 mg/d) MM it 545 o BAR T8 53 #2 4n
T 4PN, TS, A PIE AT SR IE 1
Hildh . ShrEE . 8RR KEEYH Zn &
R Y S0 GBXER B AR, 2008; 25 T RIS R4,
20115 5K A5, 2020) , KECEIEAE X LY
Zn O i(H . SR, PR SHN A Y (15
SYPEE S B KRB H Zo bR E R 7.19
mg/d, R, I RNI(12.5 mg/d) sl 25 HoA £ 9 09 4
H Zn {5 i, MR8 A KRN 5 H Zn (L) 5
(V). &Ja, HEPREEMRMEH Zn fth & (Y)
58K H MRS H B, B REA 2R
Zn FEM FBRME (), ML AN 21.24 mg/kg. H
T KRR S A H v B R A, AR AR i T Ab 2
R RIS | 2 K SRR I Zn R, — I L
T EBRAGER K o AT T Y 15%~25% (S 5y
FUSA BN, 2012; £ 845, 2014) o 4% P40 55 ) )
R 80% iR, B WA R AN Zn TR T
FRAELN %A 26.5 mg/kg, IXFEA REPRIEAR 5 AT
KEY) Zn T EARWSIARE Zn brtfE. W5 IX & HF
INZERE R R 22 1, B AR FRIA R 36.7%.

RI In EMEERYS T EBUEREXRY

Table 3 Correlation analysis of BCF with soil physicochemical properties

Si0,/ALO, Ca0 Fe,0,

K0 HHL iz F7n o

INEHRFSE Zn —0.77%* 0.41% 0.73%*

0.67** 0.38 0.79%* —0.25

T HURAL0.05K T BF; #+URA0.01K T2,
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Table 4 The supply of Zn in residents balanced dietary and
the lower limit of zinc content in zinc-rich crops

o HEFE & /(g/d) InsE InfENE
HEFEVE ASCPUA /(mg/kg)  /(mg/d)
y 300~500 400 4.50 1.80
SEEY  120~200 160 25.80 4.13
bR K 300~500 400 221 0.88
K& 200~350 225 1.68 0.38
Gk 200~300 250 X Y
FrEA R AT EEY (0. SRR B, 719
KI B HZnflb N & :
FRAENEE H ZndfE 3 S (RNT) 12.5
ERER A H Znt (R AL B B (Y) 5.31

X = (531 mg/d)/(250 g/d)= 21.24 mg/kg

4.3 INE Zn EETMNRBE R EHRIEYTHIEER
XXIE
N TR 28 BT 3 R AR Lk B A7 Ak B
RETT, FEA A 2R N H 5312, ‘B REZ IR
ol A2 > i A KR H AR 5 i RS R 2 T A DA

o T !

35 Predicted value O

YIRS A LR P
Training data fitted curvel >
Y=0.78xT+5.5 R=0.89 ’

20

15 ‘x'/' (a)

15 20 25 30 35
T
o TfE
35 Predicted value ‘ 0
MR A 2k

Testing data fitted curve;,"‘
30} ¥=0.72xT+7 R=0.80

o)
(0]
>~ 25 )
o)
20 T
o
I5¢t.7 (c)
15 20 25 30 35
T

K, S NGS5 AT AR HEA 38 Y T ASE 750 (7™ 0
85,2022) o GG EME DL AL B A4 4R 2 TT
B ARLRANE | AR AR LR S 22 W RO 2
) ), TN T A 28 46 5L 52 4 H sl 2# 2] 5]
TG HR RS, IR AR B v 4 b 2 > A
VURE ST, BB S5 R bt 27 K500 A L o i DAL 1 e A
(TREFAE, 2018; BRAETESE, 2021) . ASCIEEUS /N
FFSZ Zn AHSCHESRAY HIEBE S5 Zn. Si0,/ALO,.
Fe,0,. K,O 1Ey/INAZHF 52 Zn % & TN AL AL /Y A
An i, DABFSE X 60 4 /INAZ K 52 B LA R - il 5
PR BRI, BE ML PR 70% Y KR B S I 2 4
15% B 2 7 B0 E 5, 15% Y50 d a7 A 4,
% F MATLAB2021a NNF #i £k, 5% ] Levenberg-
Marquardt FVEIEA T2 451125, e BRI 7E
B ZM TR 6 ARG BRI . N FFSL
Zn R HN S SSE LA TR R {28 0.89, H.

o T
35 Predicted value
RG22 4
Validating data fitted curve
30 ’

Y=0.63x7+7.5 R=0.85 .-

> 25

20

15 20 25 30 35

o TH{E 0
Predicted value

——— BRI AL

Total data fitted curve ©

301 ¥Y=0.73xT+6.5 R=0.85 .-

0 02

35

0]

> 25

20

15 xj' ‘ ‘ ‘ ()
15 20 25 30 35

Pl 5 e o 28 B RS 2OR
a—NHFEE; b—EiE LS c—INRERLE; d—EUS
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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T FERPRIGEAEN 1. WNBIARERKE (B 5), Ko
FES S BBIE VR TE T LA M, I Z AR e 4
ﬁaﬁi&?ﬁiﬁuﬁﬁ%cd\%ﬂi Zn F &, (A D HUS
s BB 2, X U, SR iz & /D AE RS X
W, —E FR B AT HEA T R I S T {5 55
BRAEATS SR AT 35 KA 22 AR it o=, A S ke 2 T A 1
iﬂﬂ*ﬁﬁ”%BAﬁfﬂ’ M) PRI 2= 45 1] A7 A Jm BR P 1 S

o s VE YRS B M R ST R R A 5
éﬁﬁ?%n/\iiﬁ}iﬂc%z&, A2 FH VR A
N TR | R 78 LR H A A= R 2 1Y
TIPSR 2 A0 R R S [R] T 1 G 2 55 4%,
2012; F A48, 2015; 23855, 2020) , AN 5 F
185 S BrRE 2 570N, ATy A BTct

PL 32+ HERE i Si0,/ALO,. Fe,0;. K,0,

Zn EE BRI, FE T ArcGIS10.7 B4, R
B S AR 3 R 5 DX T A Al FH b L BRE 2 7 25 ]
M. WE, A EIBER Si0,/ALO;. Fe, 05, K,0.
Zn WA EEHRACA/NZERFSE Zn B 5022 26
B 45 B — A R BE /N 22 S ) T 5 E{E
P AR RS R /N AT L& Zn B, R
Zn /NEFPRITE EIX (K 6) . 25 H%M, IﬂmLVﬂL
HAEE Zn /NEZRALOL Al 242.86 km?, 1%

105°§'0”E 105°211'0"E

Ay Aa T ERDE R, SEIEY 60 /N2 K SRR
i AT AR H, A 17 R E 77.3%) & 8F /N
TEAFPREE BLIX, A 5 1 (22.7%) & BN R T%
N FIX; A 33 (1L 86.8%) AR B HE/NETR AN
WEEIX, WA S (5 H 13.2%) AE & 81/ 2 A%
ARIE LXK o H bt B B UE T 0 AR 7Y g ] e i
HeA R

5 %5 ®

(D BFFE X AL 4 Zn 5 55 25.1~
102.0 mg/kg, 15 518~ 61.4 mg/kg, H A HH 60.6
mg/kg, 15 (W = T B 3 8 7Y S (59.0
mg/kg), (EAIK T4 E 75 508 (67.0 mg/kg), 28 5 R4
b 23.4, S [ A8 R 345 By A REAE 322232 i+
BEf il . WFE X R ERE T R R SRR £
K3 3 B A FH B 1 B4 B4 R 17.1 km?, 236.5
km?, S A 5 Al H U TR 1.74%. 24.11%, +
B Zn FE0y BARE B Z

(2) BT X /N RF 52 Zn S0 13.34~37.78
mg/kg, FHIE N 24.72 mg/kg, 4915 4 ZE(BCF)
T 0.25~0.53, FHMEAEY & £ R ECH 041, /N

105"314'0”E 1()5°417'0"E

I B/ N R X
Suitable areas for planting Zn—enriched wheat
|:| RN AN I FIX

Usuitable areas for planting Zn—enriched wheat

E EAENAE
Zn— enrlched wheat

Z B BN E :Z
% E Low Zn wheat S
% bEN g.:
“ % River «
. ﬂ\dﬁﬁ ﬁﬂ]%ﬁ Z
g o
[ P
7 14 km
I I |
T T T T
105°8'0"E 105°21'0"E 105°34'0"E 105°47'0"E

Bl 6 A5 X /N A Bl i X Y

Fig.6 Suitable regions of Zn—enriched wheat cultivating in the study area
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FFRAEXT 48 Zn B E SR RE I W & . MG BT R 13(1): 53.

WY, AINZERFSZ Zn EEORIET 38, 3+ 0"
Vi, FHLR . BRI E R S R m A S S
Zn &4, WA FHET/INEFF Zn &8

()BT [ R H A3 IR 2 254 L R v ]
JEREEMEITRESHRA G, AN E NS
In B EEEN 26.5~50.0 mg/kg; BFFEIX AR &
BEANZ AR ERIRE S LL B 36.7%, I HARTFELE Zn #
B/ INZERE i o

(4) VB G /NEZHFS: Zn B BEM LR
13 Zn. Si0,/AL,0;. Fe,0,. K,O & EHE1E R/
FZRPSL Zn £ B TONAS R () AR i, R ph 2 I 2%
O3 A T EA /N HFSE Zn & WA Y, 35T
Hh A B R GE 0 A Y DX R RN
Ay T AR Ry 242.86 km?, A 77.3% HIE BE/INE
TR IE B XN, 86.8% AR & BE/NE 6 T Al
BLIX, PR ] S
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