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1 #REFZE

1.1 Ak

P A TS AR X EE R R R Cd
YA, RHKHEA —&ERT), 2R X
1K HEBC R R A K W2, SECGR A E L TRY
Ji s SEAE A I g, R - AR AL
PR A pH 8.33, 44 0.29 g/kg, 4 48.76 g/kg,

W 0.27 o/kg, AR 14.37 mg/kg, AL 19.81
glkg. T HEP CAd N 1.37 me/kg, ML T /b
4 A PR 4 Cd B (0.36 mg/kg, GB/T
41685—2022) J& T ARHEE Cd {55, WREAFTER
FHA 7= AN B 0 %2 4 b o 1) 1875 e LR
JE] B AT DURBUR SR . feE i e 2 i 4
FHHE R T /N2 SR kK B 45, it
T FH BRI B (P) FAREEIE (MnZn), +3E5E
AT AEY R (B) AL (Be), £1H
PR SEA T

£1 RBAHEMER K

HEA R MARHEATE R
A=W SRFEFEA YA, A 0.075 mm 8T F N 98%, H UL il 65%, BRALIREES 500°C, pH Jy 9.1, W HABIH 4
IRARAT PR
it £ FEWSH Si0,66.7% . AL0,28.3% I K,0 10.49%, Hi% N 0.044 mm, pH K 8.8, W4 H AT A FRAF
il FERSN R BEIR AN, AR A Y AT R — R
RO FEMSIH Mn+Zn (= 10.0 %), W )R 26 Zghe A SRR B A

1.2 R

IS T 2022 1 2023 4R LEWF 5 X 2 B Cd 5
YA WHFAT, 38 2k i T it A (] P T BEL B 551 [) B
A it A [) At AL R HE A T/ E2 Cd SRR 4y
AR RIS o I T BEL R 750t FE 15 00 L% 2, 6
2 et £ R0 R 10 A RN A g B 2 e o LB 7R
BEROIE A R — A, S E oMb Dt
210 A A AL A OIE ( Be+MnZn ) 5 it FH i
+ AR SN (Be+P ) 5 it A W A
T AR FE IR (B+MnZn ) 5 @it FH A= 9 25 R 1
iz 4 (B+P); OHZIE - (Be); @M
Yok (B); DMABIHER 29 (P); @ WL
e (MnZn); @ CK 4bFf, R FHFEHLIX 4%,
T AN FE 3 NS, 27 AKX, BN
24 m’, K EARAEHZ I+ (0.75 kg/m®) FA Y5

(0.75 kg/m*) PARRERALT T 3 H vha) 344) thdfiiit T
e e, N TR A 1 RS AT RE R,
LR 450 kg/hm?®, B0 — AR IR B R —
i 375 kg/hm® FIEAAE (17-23-5) 225 kg/hm®, 53
BIAE/INZE 1) 43 BE RN 22 R R R 165 K 1% R 1 16:00
Je T4 2w 55 25 Wit v PH R R, A E
W, KIS S RS
1.3 FERAREE 5 IE

FEAETR 2 ARG A R E K BHEZ 15
FEfh (n=135), FFIE A o A+
e cd Wi, /NI, TERAS /N XBENLZ
Bk 30 em, $E 10 em, I 50 em B/NEZAEREZEH 3 Ab,
SREREMR/NERE (n=81) AMRRLAE (n=81), /NF
FEF KB AR LS £, P BFKIE NS
bk, RO, 250 0FL Fige. APk, ST

*R2 MEMERFERBERR

M i st 44 b vz W (g/L) JEAH T
SrEE LK CK 0 F/NX 4 LKA T
W p 0.25
frgadW MnZn 4
2T EISTaT VIR CK 0 H/NX 8 LA LA TSt
W p 0.5
fn%adW MnZn 8
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fift, MEEER, PSR T 105 CAT 30 min J57E 70
CHETZEE, WTE, FEMFRUEE 0. 149 mm ififF
W, AP, 2. 2. SRR R
(EHEAR ) 1 RO EIE  ERER Cd
AR R FH KRR - B S S s
TR Cd & iR ] HNO,-HCIO, (3 : 1, fKFLL)
TR PBIPGER  RHES B R TR
1% (ICP = MS7500c, Agilent, USA ) #EFTIIE .
L4 BAsgeitatr
iz FH Excel 2016 47 504 1) 48 34 K F 1 il 4E
JH SPSS 27.0 X Bl 4740 43 Ry 22 38, JF
K JH Origin 2021 HEAT1ER
a4 (TF ) Mg FRE (BCF) HEAR:
TF=C/C, (1)
BCF=C,/C., (2)

K, €. CornER/NE AR AL E Cd ik
B, mgkg, Ho i T EEESE (a0 2k,
JARR) ;s €y 93 Cd i, mg/kg.

2 ERESH

2.1 A[FEAEEXTR N A K

B+P 1 B+MnZn 40 B A 5 2 CK i 1 0 16.9%
H120.6% (P<0.05, 33), TEAFGALELH B+MnZn 40
Y CK Z%H K. Be. Be+P. Bet+tMnZn. B. B+P fil
B+MnZn AbBRREREC CK AT B B4 0 25 25 5
i B 6 5 - Rl AR AL B CK = i 348 BT,
B B B+P AL BRSNS 3E (P<0.05), % CK 3
T 232%, B+MnZn AbFEES CK HAN T 20.6%, BA—At
PP EEAHRE TS R B AR XA

&3 AEENEFNEEKEFN

Ak B Cem) HREL (4%) 7ot (kg/hm®)
CK 57.4£2.0c 24 +3a 4840.70 + 238.10b
P 58.7+ 1.7be 24 +2a 4953.17 £ 172.95ab
MnZn 60.4 + 3.3abc 24 +2a 5066.07 + 72.73ab
Be 61.7 +2.7abc 26 +2a 5234.47 + 557.27ab
Be+P 63.6 = 1.5abc 26 +2a 5358.17 + 240.51ab
Be+MnZn 65.3 = 0.3abc 27 £ 0a 5490.23 + 331.38ab
B 66.0 = 3.0abc 27 +2a 5651.90 + 406.46ab
B+P 67.1 £5.0ab 28+ la 5961.87 + 104.29a
B+MnZn 69.2+ 1.4a 30+2a 5735.93 +270.75ab
H: FFERE A R/NG FREROR AR 225 B 2% (P<0.05), T,
22 LIRS R it R Ly

5 CKAHE, 58t &l 4k 75 Be #1 B 43 51l
+ 4 Cd W AR 8.8% 1 13.2% (& 1), Baph g
T R BE R ) R, R Cd AR CK A B3
54k, Be+P il Be+MnZn 156 4 b H 4 CK AITEA A 1)
AL B R E A, [H Be+P S5XFN Y Be AbFHEZE S
AN Ko B+P Fl B+MnZn 4b B Cd 75 5 55 CK ¥ &A%
14.0%, SCREAE.
2.3 AN[EIALBEXT R /INZZ S R 2

M &4 7] H, &R Cd 7 & 7F B+MnZn fil B+P
MEEATT T B AL CK 2 7 o 3, 1
FEAR T 44.10%, it FH At AL 35 B AN Be 43 1) 2 3%
WX T 27.1% H118.8%, Be+P Fl Be+MnZn B 4 4b
PHAE CK AEALh A i i Ab P g B R . 25 Cd S ikAE
B+MnZn 1 B+P i I T i 35 PR AR HLAE CK 25 53 45

o ":/,:

+I3ECdEE (mgkg)

oer)”

03L 17

o

0.0 /l /] /4// r 1 o v 7. v A
R N\ﬂ)‘ e ge*? o )(N\i\v\ B ° @ )(N\i\(l)“
vt

Bl AELETLHERESE
TE: A EAR/ NG PRI B 22 R B3 (P<0.05),
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2, WK T 50.5%, B FBe AbBREL CK 43 5]
FEAR T 46.2% F129.2%. Rk HiBH R 148 CK 7R
AE 3B FRMLZE Cd & &, P I MnZn 20 FE%AR CK HIF%
X7 16.3%., Be+P Fl Be+MnZn 15440 F#E CK FlEA
g I T A B BRI A Cd B i 7E B+MnZn
AIEEA T T I 3 A L CK 2 7 5 3, B¢
KT 51.8%, Hphi B Fl Be A BREL CK 43 MR T
42.9% F132.9%, PRk T BER 77 CK RE &35 K%
KM B Cd &4, P Al MnZn ZbFE%E CK 43S BRAK T
20.1% F125.0%. Be+P 5 Be+MnZn &b B4 CK HI B
M AL R E R, Bi5T Cd 2 AE B+MnZn Y
PR N4 CK 250 B, FEIKT 48.1%, Hu

iy T BELRR )4 CK BE B & TR Cd 5 &, P
Fl MnZn ZEFEE CK 73 HIFEAR T 14.8% F1 18.5%. ¥F
Ki Cd 75 8 E B+MnZn (1) 156 4 it FH R 48 CK 22 5 4
W, BEAR T 53.9%, P Il MnZn AbFE LK Be Ab
PRI AT R ARATRE Cd S A H S, (HJE Cd &
IS AR E R E M (< 0.1 mgkg ). AlifLF]
5yt BEL R A AL BB 5 3 A BRI RN, Herp
Be+P Fll Be+MnZn #b P45 Be £0FE 4> BIFEAR T 16.5%
F124.3%, B+P 1 B+MnZn At HH % B At B 43 9] %
1% 22.5% F1139.2%. 1 LA b 20 Ml 1, Cd & 8 78
B+MnZn il B+P b BN ¥ HE i ZREANE /N AR 2
Brhod &,

(T

R4 FE/EXMEFNERBARSE (mg/kg)

b kP e i E R
CK 0.13 £ 0.00a 0.27 +0.02a 0.58 +0.02a 0.78+0.01a 1.70 + 0.06a
P 0.13+0.01a 0.23 £0.01b 0.46 £ 0.01b 0.65+0.01b 1.59 + 0.06a
MnZn 0.12 £0.0lab 0.22 £0.01be 0.43 £ 0.02be 0.65+0.01b 1.58 +0.08a
Be 0.12 £ 0.01abc 0.19 £ 0.00cd 0.39 £ 0.02cd 0.55+0.02¢ 1.38 £ 0.04b
Be+P 0.10 £ 0.00cd 0.18 £0.01cd 0.39 £ 0.02cd 0.55+0.02¢ 1.22 +0.02¢
Be+MnZn 0.09 + 0.00cde 0.15+0.01de 0.36 £ 0.02de 0.46 +0.02d 1.21 +0.02¢
B 0.10 £ 0.00bed 0.15£0.01de 0.33 +0.02e 0.42 £ 0.01de 1.24 + 0.06¢
B+P 0.08 + 0.01ef 0.15+£0.01de 0.33+0.0le 0.39 +0.02e 0.95 £ 0.02d
B+MnZn 0.06 = 0.01f 0.14+0.0le 0.29 +0.01f 0.39+0.01e 0.95 +0.02d

2.4 OR[E AL BRAE R /INEE Cd 5 iz FlE 5 1 5
BN s R (R 5) R, R -5,
E L BN 1 N L S T S e i
9034 ~ 046, 066 ~ 085, 043 ~ 050, 045 ~ 0.68,
Be+MnZn F1 B+P 4b B I 25 B Ik T CA#E F /N4 h

HH 25 — I [ F7E — AP RL A 538 R B 7E B+P A4b B
H, 25 A - KR Y B i R B 0.85 PRI
%053, FFRIK380%, X Ui B Be+MnZn 1 B+P
BeA AL B, W T Cd A ZE - e - b
KRR, I T Cd 1287/ N KPR ) R 4R

x5 AELENENEREIEFZEHIRM

b W18 BB o eim By e USEES | o LESTE S s
CK 0.49 + 0.04bc 0.47 +0.05a 0.74 + 0.03ab 046 +0.01a
P 0.55 £ 0.02abc 0.50 +0.03a 0.71 £ 0.02ab 0.41 £ 0.02abc
MnZn 0.56 + 0.06abc 0.50 +0.02a 0.66 + 0.04b 0.41 + 0.02abe
Be 0.62 + 0.04ab 0.48 £0.01a 0.70 £ 0.01b 0.40 £0.01c
Be+P 0.54 + 0.02abc 0.47 +0.03a 0.70 = 0.05ab 0.45 +0.03ab
Be+MnZn 0.57 £ 0.04abc 0.43 +0.02a 0.79 + 0.08ab 0.38 £0.0led
B 0.68 + 0.06a 0.46 + 0.04a 0.78 + 0.02ab 0.34 £ 0.02d
B+P 0.53 + 0.08bc 0.46 + 0.04a 0.85 + 0.06a 0.41 £0.01be
B+MnZn 0.45 +0.02¢ 0.50 + 0.05a 0.72 = 0.04ab 0.41 £ 0.01be
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BN R RE (R 6) R, MR 2,
MBS, APRLE SRR BOERE 7 081 ~ 125,
033 ~ 057, 024 ~ 042, 0.12 ~ 020, 0.05 ~ 0.10,
FALPSIREREMRAR . 25, i, BSEMIFAAL Cd & 4

F 0, B+MnZn Kb H 3k B A, RERE £ R
[% Be+P. B+P Fll B+MnZn 20 BEAL,  Ho A &b 38 34k
T 1, FOIARIEA R E FEGE S, B+MnZn,
Be+MnZn il B+P Ab3H Nk RL 5 42 R AR IR e K o

®o6 AELEMBFNEREERYHZM

4k 2 [CE =3 /o [CE =S /o WAL WERK, WA,
CK 0.10+0.01a 0.20 + 0.02a 042+0.0la 0.57+0.01a 1.25 +0.04a

P 0.09 + 0.01ab 0.17+0.01b 0.34+0.01b 0.48 +0.01b 1.18 £ 0.05ab

MnZn 0.09 £ 0.01abc 0.16 + 0.01b 0.32 + 0.02be 0.49 £0.01b 1.18 + 0.06ab

Be 0.09 £ 0.01lab 0.15 £ 0.01be 0.31 £0.02be 0.44 +0.02¢ 1.11 £ 0.04be
Be+P 0.08 £ 0.01bed 0.14 £ 0.01bed 0.31 £ 0.02bc 0.45+0.01c 0.98 +0.02d

Be+MnZn 0.07 £0.01ced 0.13£0.0lcd 0.30 £ 0.02be 0.38 £ 0.02d 1.00 £ 0.01ed

B 0.09 £ 0.01abe 0.13£0.0lcd 0.28 £0.01cd 0.36 £0.01d 1.05 + 0.04ed
B+P 0.07 £0.01de 0.13£0.0lcd 0.28 £0.01cd 0.33 +0.02e 0.81 +0.0le
B+MnZn 0.05+0.0le 0.12£0.01d 0.24 £0.01d 0.33+0.0le 0.81 +0.02e

3 Wi HAYARE > FEABRIE R, S 2R %

3.1 i BEL R AR B 5 Y 2z B

Cd &/ ERMAELTILER, & Cd ERIE
Y BRAH TR EKIHEERE L4, Wi
L 3 AR 308 e s i A [ v i I PR AR A VR v Cd 7
oo FEARWFIEH, MBS, BNE R
B Cd Fr 8 CK FRAKT 10.1%, [RIFFE/INE =5
HAINT 20.6%. M G 7 e /N I T it P 4
PERUIE)S , HobPRirp Cd iYW B B FRAR, S5
IR L R—5, XEHE N Mo, Zn 5 Cd @i M [F
{14 W WA T DA - S AAE P AR B I 1) b 1 3R 2
HATSHUER, e /NEXT Cd ol -,

FEARMFFE T, BUtEREIR 25 Cd fER/INE
KR & 5 CK IR AK T 6.1%, BHJFH, Cd
e E RG, PAERIFIRAER L AR
H A — B v T (AR R 2H U 4 B 1 1l i 1) 0 T A1
Gy MG P A —E AR T IR R
GraEhg AT BESZ BN B 207, FE KRS TR W N
VR B2 1 P Y 2 (/K R HoRPRL Cd 5 i S [R) e
TR
32 IR R Cd 15 Y2 B SUR

TR AR R AR TS e R R
it 2, W R IR A R R
S IR BEBORIFLBREE . R A, Zkm
BRE SE R, n ok Ar e I 4 I AR RRIR

i /N KPR rp Cd B o g SRR AR 23.3% . X5
75 o P S AL, AR SR T /N3
XF Cd AR, B/ NEASES Cd B, JF BRI
NBFFERW, AWy e AEh o8 S35 52 rp o] DL Ff
&), AR BRI PR TR S5 F FAR OGRS PR, A
T AR LB ER Ay F i 4 R & 7, [mE, B
B ZALE5H R N S R T R A A AR s
A, P e Eelm. e >, W
I, YA+ E A R R B Cd JUR.
it oA ) e AR SN | W ek S
T, BRSO M E L3 cd 0, it
+, HFE/NERRR Cd B B 13.5%, T
Gt N W A IR b A R P M B AR
S0 e SR, R A v A 1
HER I REXT Cd S AT TR
3.3 RIS I TIBLRRE AT Cd 15 Y22 H 1Y)
BRI
H T B — i Ak AR R BH B L AR TE A6 A2 2
Hb A4 Cd 1A RUEIfL S /N2 e ke, R R
XU A= 0 Ab 550 A e 1 BB B At LRk
B3, Fs ZECEAEYI L IR OC R S A
Yy TR G R sz t, W AR IR R
W T 4 BT B LR s saE P FEARRRS
H1, Be+MnZn I B+P XA A0 PR Z 03] T Cd fAE
Y25 - [ F e - KPR A RS, D T Cd 7E
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BANZFRI I E . X SRR B R S
INFE R Cd HZEM — Rk 5 1 2R B 0t IR 2
E—3 7w RBON e TR M 3 Cd
Wi AR BAE RN RE S L TEABRSE T, 5 CK
FHEG, A0 3B 0 REAIR T /N A2 L 2% 4L
Cd BHERE, HPEA AR p—h 8 (B4
HACER) FMEEAR 7B/ NEA AL Cd S £ R
S]] SR R s o N = R Sy G
FANEXT Cd W, etk Cd V53 R it A= 9
RN TE it Zn . Se JCZE 414 AT LR EK K2 FIR
FLE Cd B RS,

TEARWFIE /N RERL Cd & AE B+MnZn FEX
B T8 CK 25735 3, KT 53.9%. HAx
Be+P HI Be+MnZn &b B %5 Be &b 373 BIFEAR T 16.5%
H124.3%, B+P Fl B+MnZn 2L FE%E B 40 33 51 A
22.5% F139.2%. A5HRUEHY, AR S e
PR A, A FTREIE/NE Cd &, [
£ YA U

4 gt

(1) BEAUEFEHR B+P Fll B+MnZn 40BN F/N22
ST GO A SR T

(2) TEARFALIT, sl - IEEt AL N & 4k
PREBRE RS R o fe

(3) T IgERl AR - i PEL R 77 9455 g I 3
AR/ N RPRL Cd & 5, HrP IR RIS B+P Al
B+MnZn 4b #, Cd & & H A 0.079 F10.062 mg/kg,
8 CK A BRI T 41.0% 1 53.9%,

(4) FH/INAZ T IEETARR - i 1 BELRR 7R 45
RURAR 1 518 RENE R R 5, sk TR/ L i
Ghr, Bl A NAA N B+MnZn, EATETEE Cd
15 Yemg A AT A

Sk
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Effects of foliar spraying and passivator on reducing cadmium content of wheat under alkaline farmland soil with
mildly cadmium pollution

LIU Zhen-han', LIU Mei-ying'"", ZHAO Bao-ping’, XIE Ting', YANG Ji-yuan', WANG Yong-ning’, YANG Bo', XING An'
(1. College of Grassland, Resources and Environment, Inner Mongolia Agricultural University, Inner Mongolia Key
Laboratory of Soil Quality and Nutrient Resource, Key Laboratory of Agricultural Ecological Security and Green Development
at Universities of Inner Mongolia Autonomous, Hohhot Inner Mongolia 010011; 2. College of Agriculture, Inner Mongolia
Agricultural University, Hohhot Inner Mongolia 010019; 3. Inner Mongolia Agricultural and Animal Husbandry Ecology
and Resource Protection Center, Hohhot Inner Mongolia 010000; 4. Bayannur Bureau of Agriculture and Animal
Husbandry, Bayannur Inner Mongolia 015000 )

Abstract: Cadmium ( Cd) pollution in alkaline farmland soil has caused excessive Cd levels in agricultural products such
as spring wheat, posing a threat to human health. It is urgent to ensure the safe utilization and remediation of contaminated
farmland. Taking a Cd-polluted farmland in Inner Mongolia as the research object, the effectiveness of wheat safe planting
techniques in reducing Cd levels and ensuring the quality of agricultural products were investigated, including soil application
of biochar, bentonite, and foliar spraying of sodium dihydrogen phosphate, manganese-zinc micro-fertilizers, and their
combination. The results showed that the content of Cd in wheat was decreased below the standard value of food contaminant
when combined using foliar spraying and passivator. Among them, the combined remediation of soil application of biochar
and foliar spraying of manganese-zinc micro-fertilizers reduced the grain cadmium content by 53.8%, compared to the control
group. It reduced the Cd enrichment coefficient of wheat grains and effectively decreased the Cd content in the grains. The
foliar spraying combined with the soil passivation, especially the simultaneous soil application of biochar and foliar spraying
of manganese-zinc micro-fertilizers, could more effectively block the absorption and transportation of Cd by spring wheat. As
a result, the content of Cd in the grains was reduced. Therefore, it is a technology worth promoting and applying in mildly
Cd-polluted alkaline wheat fields.

Key words: Cd pollution; spring wheat; soil passivation; foliar barrier agent
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