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Abstract: This paper is the result of the soil geochemical survey engineering.

[Objective] Zinc (Zn) is an essential trace element for human body. Using regional geochemical survey data to accurately predict
the Zn content in crops and carry out development planning for Zn—rich agricultural products is still a problem. [Methods] In this
paper, we chose Linshui County of Sichuan Province as the study area. Basing on the investigation results obtained from the
geochemical survey of land quality, content and spatial distribution characteristics of Zn in the soil and crop were studied and the
factors affecting Zn element uptake by maize and rice grain were analyzed.[Results] The Zn content of topsoil in the study area
ranged from 25.00— 142.00mg/kg with a mean value of 81.93 mg/kg. The higher content of Zn in soil were mainly distributed in
exposure of carbonate rocks and Emei Shan basalt in Huaying mountain. The average content of Zn in maize and rice were 17.18 mg/
kg and 11.20 mg/kg, respectively. The Zn enrichment rates were 44.0% and 8.2%, respectively. The prediction of the planting areas
of Zn rich maize and Zn rich rice in Linshui County reached 235.34 km® and 30.99 km’ respectively by using back—propagation
neural network models. [Conclusions] The main factors affecting the Zn accumulation of maize and rice in the study area were
Fe.0;, Mn, pH, SiO. / AL,O;, Cao, organic matter and nutrient element P in soil. The back—propagation neural network models could
better simulate the relationship between Zn in crop grains and physicochemical properties of soil, which could be used for region

specific calculation of crop Zn content.

Key words: zinc; soil; maize and rice; distribution characteristics; influencing factors; prediction; soil geochemical survey
engineering

Highlights: Zn content in maize and rice grains is not only affected by soil Zn but major elements in soil; A map of predictive maize
and rice Zn is proposed by neural network models.
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Fig.1 The location and sampling map of the study area
1— Upper Shaximiao Formation; 2— Lower Shaximiao Formation; 3— Upper Xintiangou Formation; 4— Xintiangou Formation; 5— Ziliujing

Formation; 6— Zhenzhuchong Formation; 7— Xujiahe Formation; 8— Leikoupo Formation; 9— Jialingjiang Formation; 10— Feixianguan Formation,

11— Changxing Formation; 12— Longtan Formation; 13— Emeishan basalt Formation; 14— Lower Permian; 15— Huanglong Formation; 16— Longmaxi

Formation; 17— Sampling sites of maize; 18— Sampling sites of rice; 19— Sampling sites of topsoil

o F ARG IR A AT 7 B IR B AR ol o AR IR
RO E T R A R IR 1. BT
I AEAAT A 124 [ 5K — AR iy o ) A i
SR SRR OCR , AR B R E (S
BT B 2 ()0 2822 (AT CO) 42 23 M ) HERf 5
PRAEPIRE S A BT A 4 AR i) 5T, 15300
P55 ) SO (L A A 0 3R 22 RE%6 R B 5 73
AR R, 33000 (L8] B9 AF XA o ffs 25 RSD %
B 5 AT AR o U MM IR IO R Al
AR RS AR R R AR IR B s T (e

JF M BRI PR BEYE ) (DZ/T0295-2016) (£ H
bR DX e Bk 24 PR A FE3E ) (DZ/T0253-2014 ) K

4 ZERY5iHE

41 HREXTEZnFEDHREREZMEZE

P IR A Zn B 5 V(B0 3 AR IEZE , X B
FEIXFRJE 13 Zn & S W EHA T AR SR 5 1551
6916 11:38)2 H1EkE . F5E X H P R (Zn) e R & ik
it W3R 2, KB 1 HE Zn F G H Dl 25.00~
142.00 mg/kg, H i {6 K 84.10 mgkg, 5 HE 22

http://geochina.cgs.gov.cn FE LT, 2022, 49(1)



328 i H

b J 2022 4

*1

RO A ERER R R HR

Table 1 Analysis methods and detect limits for samples

R A PaR IWARES W5 762 R bR PSRN (54 1 S NV TR P ok aa] 3
Si0,/(mg/kg) 0.1 0.1
ALOY/% 0.05 0.05
X B2 6k 2 (XRF) P/(mg/kg) 10 10
Zn/(mg/kg) 4 4
+5 Fe.0:/% 0.05 0.05
Ho SRR & 45 B MR IR O R (ICP-AES) Mn/(mg/kg) 10 10
PR 75 55 28 T4 T 1 12 (ICP-MS) Ca0/% 0.05 0.05
AL R 25 5 (VOL) HHUFE(OM)/% 0.1 0.02
BT B R (ISED pH 0.1 0.1
RAEY) FE R 75 25 B8 T4 T 12 (ICP-MS) Zn/(mg/kg) 1 0.05

R2 FRERETEZn TEESESKIT (mg/ke)
Table 2 Zn concentration of topsoil sampling in the study
area (mg/kg)
FESE BRORME M A P drdeZE 2E DI i
6916 142.00 25.00 84.10 8193 16.84 71 90 92

16.84mg/kg, V- 1 {E 81.93kg/mg, &5 T 4 [ + 4% Zn
(RS- X5, (RS T PE R i DR )1 4 2 41 Zn °F
P (BEE M4 ,2020) . B2 F5E X K2+ Zn ot
K ERfb 22 X F s X s e (] 1) ml L, 34
Hh Zn 23 (8] 5347 32 B BE U P R RS A% SR il )
i R HET R S A AA AR, H 4 Zn o E R E
X F2 B A A AR L TR A6 25 Ak JE 1L A
X, A KT B Y - 34k R T R Zn i 5 i
(RRFAIE , TR h 2 16 IRV R ANV M e R
Sy KA Zn SR T R R AE B AR (R RS, 19985 Bk
KAF,2010; FBHEAE, 2019; B XK 5, 2020 B 4
4,2020) , HAT AV b BT = 75 SRR . BRAEZE L
ZAN G IX A X 3R 2 1 Zn S AR, O
HOEE =& RZUF M IS Jer A ks R
Wb e, 22 e e R SRR A 2 B K A b e 45
HEE B L PO RS R AR g 0 R A L P
GHLIX . R)Z 1 Zn F it @ AL SR AR -
A PG ) A

¢ 18 DZ/T0295¢ - 1[5 it H R AL 27 PEAN RIS )
25 Y 3 Zn SE B BRI, BFST X 3T 53 T
R Zn F i Rk FFEE K, 2 X UU—%(FE )M
THECRFEE) £ E(GE3), T BN 804.48
km® F1 773.78 km’, (i A 5% X 1= b TiT AR 42.14% Fil
40.53%, ) AR EARZE L R IR A X, —

E(PAE) (DUAE (B ) M AR (B Z) AL AL
AN N 17.33%, S h oA 7E B A 1, =5 1) B 50K
T b )23 H R s ] — 2
4.2 AETEER Zn FEHFE

WFSE XA 6] 382580 7n S S5 3 0L 4,
M A DL, A K A Zn S H A R R, ik F
88.13 mg/kg, IMi 45 {4, 1 (82.16 mg/kg) . ¥ 1 (80.44
mg/kg) JKFE 1 (81.13 mg/kg) Zn &% = 22 AN K, B
RTFAKE BT AR RO RERE: 7, 78
A S B AR A E R, Znn R F i
i T AL - 8, At I KR
W pib el BT Y T R R R DS e
A NACTE B, B0 B o338 e, B B T Zn & 5
T, -3k R T A BE R Zn (& B AOAFAE
A3 KB EXFEIRRELTPZINEEEETERY

WFFEIX FRHFE IKFEFFSE Zn TCR & i 5 w5
RILFRS, FEORKFIE Zn & i 5 KAE 4 31.63 mg/kg,
fe/IME M 10.29 mg/kg, V345 & 17.18 mg/kg; /K
K52 Zn & & B K1E N 16.25 mg/kg, & /ME N
5.93 mg/kg, 1 11.20 mg/kg, 1T HETE A
HMIETCE Zo RAEVI I HH SEARHERIA , PR AR SCAR 9
T E B2 (B A REE L 2018) DL ARl 38 & A
PR £ B LT it v AR R 1 (NY 861-2004)
P KL Zn & £ 17.00~50.00mg/kg K RS2 Zn
£ 14.60~50.00mg/kg 1 0 & Zn Eok KRS %
8, P98 X B ARATFSE Zn TR & 4N 44.0%; /KR
KPS Zn B RN 8.3%.

WX EREKFER R £ Zn S LS, £k
R % + Zn 18 F 36.90~183.80 mg/kg, V- {H 91.70
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Fig.2 Geochemical map of Zn in topsoil of the study area

®3 MRRRELIE Zo KU FER R E S HER LS
Table 3 Geochemical grades of topsoil Zn and their
distribution area ratios in the study area

—&% &% =4 e g

Zn FrifE/(mg/kg) >84  71~84 62~71 50~62 <50
[ /km’ 804.48 773.78 190.06 112.94 27.97

b /% 42.14 4053 995 592 1.46

mg/kg; KFFHL R £ Zn 7 515 [ 34.20~234.90 mg/
kg, FHI{H 89.92 mg/kg, BAAK VL, KRR 1 Zn

RS T KRR R L, HASIE R

4.4 RAIEYIRYL Zn A0 E =
TCREYEERBUEIREEERNN GRS

ZICR IS (DL 3 )& 51 F (e (B Ak

85,2013) , & — " Jo i 4980 (7 ki, 2003) . E

A RBOHOR, HXE 3 h T R 00 = 4R R ) i
5 (A B4R 2014) o THE AR
BCF=Citpwirs/ Cinz+ (1)

L H, BCF, (bioconcentration factor) f& G 2% i 1Y

R4 ARRAFLELBBELIERTHSE

Table 4 Average contents of physicochemical properties of different soil types in the study area

TR pH  Zn/(mgkg)  SiO/ALO,  Fe:0:/%  Mn/(mgkg) P/(mgkg) CaO/% OM /%
B HE(n=1363) 5.43 80.44 4.63 5.14 513.40 512.27 1.48 2.03
FKA(m=381) 7.34 88.13 4.52 6.41 679.79 647.99 2.19 3.00
KFEE@m=1407)  5.15 81.13 445 5.10 468.06 484.86 0.74 1.78
Ha+m=3765) 529 82.16 4.40 5.16 523.58 499.65 0.84 1.64
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Table 5 Zn concentration and enrichment ratios of rice,
maize grains with their rhizosphere soil (mg/kg)

ik B KM B/ME CPIE iz EHEE
e 31.63 1029 17.18 351  44.0%
WAL 183.80 36.90 91.70  24.00
HSE 1625 593 1120 2.14
AR 23490 3420 89.92 26.50

T« B A=l Zn BEACE BREAR ) ¥ 100%

S S

- 8.3%

VB REG Corpr B EWFF S i TR i
Cous e RABELPICRMTE, MR E K Zn 4k
Yy 4 2B K R 0.52, 6 /ME 0.07, E 3 (E K
0.20; 7K % Zn A= ) & 48 R A RN 0.34, e /IME
0.04, F-HI{H 1 0.14, T K Zn W) & 5 R B HMAE
K TR A, 260 KR 358 Zn AW I LR Tk
FE(E3),

M ARAEY R Zn S T R MR R AR W &
% MRS ARVEWRIS SRR SIS S O, S £
e g T R RAFIRAE S e b v o 2% D) M
Ko HEATTLIAR I, Tk KREHET Zn G 7Y
MR A Zn 5 BEAH G PER 2%  IX R K OKAEHF
S Zn B i KOV AN TR SRS T 3 Zn B
IR T 3 Zn A=A 3G B 2 (RTFIPE58,2015)
PLR AR 2R

FI ] SPSS B A3 T HFFEIX E oK JKAE Zn &
L REE LA bR B A OC R B, 5 SR sk 6 U
Ro pH 5 E K IKFE Zn A= W) 48 R B UG O6
2 HAEMI AR, pH & mICE K HAL &Y
- 48 [ A — YA 18] () A7 JE 2 (Chang et al., 2009) ,
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Fig.3 Boxplot of Zn bioconcentration factors in maize(left)
and rice (right) grains
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BRFVE T, DT X 0 28 ) A 0 3 2 7 A 5 ] ( Zeng et
al.,2011), CaO & HIEA ML 7], 1458 CaO 1Y
BN he$E = 13 pH(Ruehlmann et al., 2021) , fi¢ #
A JE AR kIR L S Y DIE , BRI L Zn .Cd
S FE 4 A A R DI I IAE D6 e AT I
Fe Mn 7E R E AT T 5% ik it A e w4 (B
RAEAE,2006) ,Zn Cd 5 B 4w ok ABNER AL
Y it b O AR 45, 2011) , ATITRRAIE T 4>
JEICE M AEYITEYE . BEAh, Fe Mn S ALY AN
Zo W A 3 AR . EEILINAE (2011) S50 &
B, I AR 23 B P 4 Zn i
BAF, AT Zn® W BFFE iR T - 18 5 13 - 25 (2015) it
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Fig.4 Scatter plots of Zn content in maize (a) and rice(b) grains with their rhizosphere soil
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Table 6 Correlation analysis of BCF,, with soil physicochemical properties
R ZELES pH Fe,0s Mn SiO./ALO; P Ca0 oM
E2K (n=109) -0.287%* -0.785%* -0.677%* 0.620%* -0.403%** -0.371%* -0.244**
IKFE(n=109) -0.204* -0.743%* -0.460%* 0.702%* -0.543%* -0.518%* -0.445%%*

L FHFE 0.01 7K OB L i A5, #7E 0.05 7K CRUI) |t &40 5%, B pH . Si02/ALO; . BCF, b, AT KR Btk A B,

5 pH B hN , HIERAA T Zn® A BB S350, Sioy/
ALOACFER T L BB Ak w40 B, 1338 Si0, 7
=, HIE R s (B4R, 1997) B0 S
B WL LAY /0, RE Zn 1 W B R DS (2 £ 4
2009 ; I 55, 2020) . (EHAAERAE, PIE—F
BRITE, SEX KEZIn =Y EERBER TR
F AR . BB EE (1999) AR P Zn Z 1]
FEAE—E WIS HIVE R ; Singh (1976) BFSY A IR 25 vik s
P 2> I 2 PR K REFF 2 Zn 5 1 S A WA sk b
Zhang et al. (2012) , #ik 55 (2020 ) 76 58 BEAE X /)N
AP Zn B B, W AT A KT Zn B 2 BEAIR
17% ~ 56%. PRI, 7E4% T 38t AT B, 7 % e e
LHAEH (5 F%,2018) , 2 H W AR FEAE I .
4.5 RIEMZn EERZHTANEE T E Zn KIEDF

BN

LAk Bt 2 N T A 2 I 2% (R BF 98 S TR
HAEAEY) Al BN Tz R, LB
T RAFR BB PE (BAESE, 2011) o (EGEE2= Mt
J5 M LA Ak 3 b 2 U R 1 22 R RO o
TN T 28 W 285 ELAG e 5k 1) 2 >0 R 0 A e 1
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Z:
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tig
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ACE R ESE,2021) o A S FH R ) A54 #i 28 ) 2%
BRI ST 5T X B K KRG Zn A= 9 & 45 R B0
T, e R e M55 5 2 ) Fe,Os \Min  Si02/ALO/E N
oK Zn W) E S R BCHUN AR G [ AF & Fe,0s .
Si0./ALO; P VE A 7K F Zn A5 4 5 4 R AT A 1Y )
HAR G, XRFFE X RAE R 109 £ K (109 £ /KA
FE S, A3 B BEAILVE B2 80% K a7 I 44k , Hidy
BAEAE & , FIlFH R 15 5 neuralnet A AT #1228
W5 R S o B 24 2 T B0 B4 0 R SIS A
TN fE 7 (R 45, 2020) , B 2K Zn 5 4 R 5k
25 I 2 TR AR R AR B33 R AR 2200 R 12 AN IHELA 8K
SEIRAT , KA Zn 5 4 2R B0 22 I 24 T AS ) A B B
JERRZTCHR 6 NI LG RCR B AT . AR A
X P AT A, 25 R (] S) R, Bk Zn AW s
£ BN 5 SEIE R R 0.76 , K FE Zn B B AR
I 5 STIAE R4 0.68, H 7T Rl 421 1, 3
A AT 2 A A R RE A A g L T B oK KRB AT S Zn A=
WAV E SRR

g 1 Hb T MR Ak 2 A A R AT 1 R 2
Zn . Fe;0; Mn, SiO/ALO; P JT % & & 54 , FIH £
i R A2 PR A ST RO A B S e (1

SRR FEZnAE Y & 5 R B

K5 K (a) 5 7KHE (b)FF S S 5 F Zn & 5 2 E0H &
Fig.5 Scatter plots of measured and predicted BAF of Zn for maize(a) and rice(b)
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) F R G , 2R FHIE B AU A (8 1 281 7 &
B A B AA , K B BE 1 5 Fe,05 . Mn , SiO-/ALO; P
EAR AT EHEST B FK KA Zn & 4R 2R B0 28 I 2% 7
TBEHY 15 M AFFE X B2k KRS Zn A=) 5 46 2280, 7
S5 FEIBE R 448 Zn B, AT A I X R OK
IKAERFSE Zn 5 o ARPEHFIE X R 4t 7K 0 A7 4%
Jar FE IR T K KRR E Zn B %, KR E E Zn K A1E
YR ([ 6) o 55K A9 XN & Zn £ KR
TR A A 235.34 kn?, PUAE AR AEAHE XS4 2
Mo & Zn KRR FR AR AU R 30.99 km?, 22
YA PEARFE R MIAHFIX

5 %45
(DWFFE X 13 Zn & G HIFE 25.00~142.00

mg/kg, 211 H 81.93 mg/kg, 1 84.10 mg/kg,
1o A [ 4358 Zn 9P J41E 71 mg/kg, (AT P4 R b

X (92 mg/kg) F VU )14 (90 mg/kg) 3 )= 3 Zn F
P, X RN IR Zn &5 ARG FFEE K
-, —4F (EE ) U B R 804.48 km?, AR (F
B ) Hb AN 773,78 kn?, 43 9 G 42.14% F
40.53%.

(2) F-4h Zn 534 52 B - BE AR FIRA 3 A% SRy
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IR M FE X, 58 Zn S AR 0 A 7E
A LU PR AGR ARR Re  A  A% LL v ) A5 b X
SR R AR -RETEE M .

(3) 5% IX £ K 52 Zn % & 38 Bl 7E 10.29~
31.63 mg/kg, F-Y{E A 17.18 mg/kg, Zn & K 44%,
Zn W E B R BT E R 0.20; K REFFSE Zn 5
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Fig.6 Regional plan of Zn—rich maize and rice planting in the study area
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