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Abstract

In-field agronomic regulation measures for farmland are simple to operate, low-cost, and suitable for
large-scale promotion, making them an important way to safely use farmland with mild to moderate
cadmium (Cd) pollution. To explore the effects of film mulching (FM), foliar fertilizer (YMF), and their
combination on soil pH, available Cd in soil, crop yield, and grain Cd accumulation in acidic Cd-contam-
inated farmland, this experiment set up four treatments: control (CK), film mulching (FM), foliar ferti-
lizer (YMF), and film mulching combined with foliar fertilizer (FM + YMF) in a field trial. The results
showed that FM treatment could significantly increase soil pH, while other measures had little effect
on soil physicochemical properties. Compared with CK, all agronomic regulation treatments signifi-
cantly reduced the content of available Cd in soil, with the YMF treatment showing the largest decrease.
There is no significant differences in crop yield among treatments, which means that agronomic
measures have no risk of reducing crop yield. Single film mulching and foliar fertilizer treatments sig-
nificantly reduced the accumulation of Cd in grains, while compound treatment was most effective to
control the accumulation of Cd in grain. Film Mulching can improve soil acidification and reduce soil Cd
availability, foliar fertilizer can inhibit Cd transfer to grains, and the combination of film mulching and
foliar fertilizer can synergistically control Cd accumulation in crops, making it a preferred agronomic
management approach for safely producing crops on Cd-contaminated farmland.
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1. 5|8

THERAES RGN ELARE 7y, CdITBIETEME. EMTIEREA, W3 - RIEM RGN &
WEEIZR B, KM ERA LSRN TS SRR SRR E, RREAKHESEG
QEEINE RICER1] [2]. ER BB, KR8 E, TR e B TR E R, 1%
i Cd 2 DI B (AT S B A7 AE, Cd BARBH A u ), e Ry et o5 B, REOK S5 MR
Cd bR R IR Y, B 20 X0 B B 22 4 5 AR P MU AT RRER M (3] 0 T K TIARE A PR Cd
HOARH, KR, MESLREBEEARTFAETREER. WHMIEK. 2FRAGR. Sits12
SEMISERENG VLKA R s AR A . AR Z s AR A 22 M I i e s KR e 3, 32
B AT A P SR R, O TS B IR B A FE I R AR RS AT TR A B SR
PrdhsE., BT G IR O Izl e, FEGER IRAT PRSI A SO RS HIRTEE T HIBUR ™ Cd R,
HGWRIERIME. AMRAR . 5 TR 2SS, AT I8 HIR ST 5 (4] (5].

MR o T A K T R T RO B BT B B RE 6 PELRE R /K R, 4% 3K 2y
WL EHRIR L, U8 L EE A SR SR AL AL A IS i e R (6], #Emgkzh 4 Cd A
FIMRAF IS Z M LR AL, % Cd AR . (B H BTk TR RS Cd i Rah s 15 & FH a3t
BEIA GRS, BRI FE A B ME AR SE SEIUAR S i Cd 3k AR T P O] T R R AR, FEEY)
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M )R, BRI R Cd BT

2 BUM S HIE 70 58 A MU I 7 7 B It T PR B — R B Cd AR, [ G PI A T K 5 e FH AR B 7247
BORMESY . MR o5 T DA I AR MR BORIRAL A A IR, i - T X AR ik N < R e i A
AR, PIEAVE UG LS, B8 EAPE b MG s o ORI, 2 ABEC it - T Fr) 2 5 15 i e
BERAEW 1 +1>2 BRCR, A2 RS SRR AT STk, ARt E . wijt
WAL 7 ARG Bt T AR AR B, R SR B [RIAR 2 Mt xt S ERAL R BRORUK AR A KR, 5 5 I
iy A R i S S T X Cd {5 AR B R IRCR, Tt a st sk Z2H 677 %, NRER
TIRPE R IE Cd 15 Qe 2 e B e PR AR AU E R S5

2. RIS
2.1. ISR S A

A FAETLIE A B R TR T A KRS, 2 X AL T8l g, 8 TR ERS
fi, EHEONEEVIALLIE. 2 B O Ak Py s R K HR LSRR S R R 5o, AR (i X 3 3547
16 Cd y5 44 it 36 X 13 pH 2 4.99, & Cd & 0.71 mgkg, A Cd & 0.12 mgkg, Cd &&E
FEH (IR AR IS YRS A AR ) (GB 15618—2018) ' A i KU i e 2, J T g 784 ) g
T Cd V5 gk H .

AR FCIEBOKFG SRy “Chemiete i, L AR A PR A A, RIS X BT 7 AT LK
FUBLAE F KRG St Al WHTRIAE “Mims s ” , F BRI NIRTEIR . W MR TR . RE IO E
B R it P T A 7 R A5 Pt T S = b A B

2.2. AL

2.2.1. RE/PMXAEE

AR R BENL X AL ARG 5, SEIE 4 AACEE, FRAEFEXT R 3 MR N X . BN AR A
25m>(S5mx5m), /NXZIMEHEEHZE, —2Z2&F 24 17K, —A17F 3 MoKRE, 47/HKIAIEE 0.2m, PHEZE
12001 mo BB /K RSN /N X HEAT BHRG, 8 G K 2 FFR D KA SR W56 X I E g g5 — kRS
KA, HORE N XK B B OR R — 3. &I 20 1 R b 77 spE WAL 1

Table 1. Experimental treatment design
= 1. XAt

Kb 4R FHE i Kb 1 Wk
CK . . .
FM 7 AR BAkar I mTEHiE, ZE%E 0.6m
YMF 1% Jt P T TR 500 mL/Ff
S N FERAT B 1 m S
FM + YMF BRRICHER AL . e I 500 mL/f

2.2.2. AEERE
(1) FHALFE T 2 TR /NX S I} 1) FH 28 5 b ARl s, T T FIESE E 24 TR P V55 5 A T T 8

1

https://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/trhj/201807/t20180703_446029.shtml
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(2) RPEHE: Z/DXHERDEERFG . FRHBRYERFHOKR; 7 BERR L BOKER: 171870
BEAER ), HEAT RN AR ER ;SR BOU R A AL B e 7T K

2.23. HARE

(1) IR CRAE: 23 3T /KSR R Al K A B R 4 3R A . IR0 R A S T T s HURRIE, KA
DREEFEHIAE 0~20 om, K FAS KA s 10 LY SHR A N — I FE i o LR SRS B Il Rk B AR RT
S A SR A TRAR S5 2% S5 s AT S PR A B o g Ab B 0 - S AR i I DU 0 AT RS, TR e 0%
fabrillE(H3E pH. 28 Cd A Cd & 5).

(2) THYIFESLREE: KRERAE , 158 AR/ XOF F T BB V2 B AT AR R M I KRB Ak A
PRAR RF R BB VE 0%, FHLIRMR. 25, MR REHT 28 B 812 . G B FeAb B, 13 BFFRIRE 5
HFJE48: cd & B,

2.3. MEFHZE

3% pH - SR CIE pH (HAIINE B ALV (HT 962-2018) 27 #i5E J5 i HEAT I 5 (/K LR 1:2.5);
T4 Cd FE: B EEMEMEEGRIEER . =R SRR AT R, R R IR e B
(AAS)TERGIIE ;. 88 34 Cd 1k S WAESIERIR S, FIEA AAS TR KFEFFRL Cd 2 & il ™
278 B il e A B AR UE 7 iR AT R s 7K e B 2 AN AN X R K AR ARSI Ji5 PR EE BT A

2.4. HEALTE

{# FH Excel 2019 #4748 +H52, {11 Origin 2024 ¥ AF4: &, # /1 IBM SPSS Statistics 27 % ¥
HHAT BRI R 7 2 531 (p < 0.05).

3. BR5118
3.1. FRIRZEIEHEIEx TIRBA M R

3.1.1. 3% pH

ANFIALEE L35 pH W& | froR, AERSEALERAE 8 pH BEIRFE T 0.35 AL, 5t T AR A0 7 G
Jita T A 35 pH JEHA SR . I pH R IR Cd AR EER R, L3 pH T E A R T
ik Cd B F i g AR, FRRARES Cd B &E(7].

B AR o5 T A FH R FE AR IR EOIR O, REA8 52 A WL AR AR AR R IR [8] [9],
HET 51 S IR R T AL o TR AE S 2 T A 3 2y, A BT TR IR R T, X S5 A A
F—H[10]. A, FM+YMF 3% pH AR W35 Th iy, X 0] RE S 1 JE mE it iy > 1) 2D & A M) 5t A E )
HE B A K WA LR S5 R 1 7 0T 358 pH B3R T 800

3.1.2. TIMEYS CAE

B 2 AP, FEAR . B I T AR 2 I A AL B A R T RIS R S od R, 5 CK AHEL,
FM Kb 385 202 Cd S BB ZE IR T 27.57%, YMF A FE{f -+ 306 %006 Cd S B B FH KT 71.42%,
FM + YMF b #EAf -3 A Cd R EEFH R T 29.64%.

TENESET 3 pH,  RERSME HE T IEAC RN CA> BB, AT Cd YL RITERG, AT BRI 3 A 2L
A Cd &= —J7TH, WIAEMEE IR N T Re 2 B3 AR PR s S0 — 7, T AR RS i
Ihth b - MR KRS F R AR R E VAR R o FIUA S RE 7T, NI SCBARBR A S, 4% Cd B2k

2https://www.mee.gov.cn/ywgz/fgbz/bz/bzwb/jcffbz/201808/t20180815_451430.shtml
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Figure 1. Soil pH at maturity
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Figure 2. Content of available Cd in soil

B2 HIRAWESCIEE

T
FM+YMF

[12] [13]. {HASERE, FM + YMF B3GR Cd S EIERIET YMF, PRhEE R 3G 5Gs
Cd ZMARRIE R AAEH .. FERRRE, XAl a8 T/ I e/ 25 8 S PRI AA A — g iIHl 7. BIE
AL RN AR IR B AR A, T i T A S M AR s [X 3k, AR R R R AR R A LR 43 W AR T AR AR X

WAL Cd, A HEIE LK pH T SR i Cd [ 2 R .
3.2. FRIRZIEITFEHERTKFEE KRR
3.2.1. IKFEFB

AWM, MR G IR R . SOl RIREVRIR . 4RI IR A A, REEKTER AL E
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SRR A[14][15]; FIRHMHIZRE . wEem R FE 6], RHWOCE IR R 5z, R&SLIUKREHE. )
fetErt AR T AN R TR . B E LR, AT RIEYIEF[16]. & 3 JBIR T % B H KRG~
HIENL, B AR Z IR R T KRB, HERARIER RER AR, XaTRES S E R
A IKFE AR DL TR PR S5 D[ 17] [18].

3.2.2. JKFEFFRL Cd B E
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Figure 3. Rice yields in different treatment groups
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Figure 4. Cd content in rice grains
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YMF AbFRHKFEF R Cd & BB ZE IR T 36.94%F1 43.18%; FM + YMF AbFRALKAFFFRL Cd & &8 535 %
KT 74.15%, SF7KFE Cd WIS 0 ) 280 SR A -

TR s R A, PR HIEE NG Cd, AT AESKIBRAAR R Cd WU, 3R i B K RS AT R
Cd & e = RN R RIEIER, ) Cd MK FEFFRLIIFEZ . P it 4% B AR A7 AE L
M, YR U R T AR AR ER R, AT DA B ST ¢ R IR + AR PR TGS X I,
KIREREARKFAL Cd R ABFALE R, B— MR Z R LSS s A 7= i e 4%, HETTEN
AT R .

4. &5ig

(1) AT TR, BT 13 pH {H; AFEAR 2RISR A S0 R L
A Cd i, Wit T AR PR AR B o 3

(2) ABEFEH, SR Z VAR I AAEAE D= AR, BEWS4EFE R HIEH A= The, B&RE Cdi5
LA H 1) 8 A

(3) BA—TEME. BN T RS T PR AR RSATRL Cd A&, R UM s 78 R Bt - T AT AR
Cd RRUHE R A, PR ARV R % Cd 208 .

(4) FEEME T o K EEAEE . MR R Cd W, T AR S S R AR B Cd #5328, 9 ISHE TR
PEPRAE H AN o 7 Cd V5 YA FHSE bR A A v, SR 78 I G T R ) LA 5 B X, BRI R - fR Bk
PR R A
ELmEB

J&E T TR 1R H (202412-48928) .
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