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Effects of passivators on the growth and cadmium accumulation of intercropped maize and Sedum plumbizinc-
icola

CHEN Guo-hao, ZU Yan—qun’, ZHAN Fang—dong, LI Bo, LI Yuan

(College of Resources and Environment, Yunnan Agricultural University, Kunming 650201, China)

Abstract : Pot experiments were conducted to study the effects of the application of six compounded passivating agents[LS (lime+sepiolite ),
LP (lime + calcium magnesium phosphate fertilizer), LH (lime+humic acid), SP (sepiolite+calcium magnesium phosphate fertilizer), SH
(sepiolite+humic acid), PH (calcium magnesium phosophate fertilizer+humic acid)] on the growth and Cd accumulation of intercropped
maize and Sedum plumbizincicolain Cd—contaminated soil. The biomass of intercropped maize was significantly higher (by 12.2%~52.4%),
the Cd content of intercropped maize was significantly lower(by 10.0%~38.9% ), and the Cd transport coefficient of intercropped maize was
significantly lower than that with monocultured maize. The hiomass of intercropped S. plumbizincicola was significantly higher (by 20.3%~
73.4%) than that of monocultured S. plumbizincicola. Under the two planting systems, the biomass of maize treated with LS was the highest
and the Cd content of maize shoots was the lowest; these met the criteria of national food hygiene standards. In the intercropping system
with LS and LH treatments, the biomass and Cd accumulation of S. plumbizincicola were the highest. The model of LS treatment + intercrop-
ping of maize and S. plumbizincicola in heavily Cd—polluted soil could be used for agricultural production and soil remediation.

Keywords : cadmium, passivator; maize; Sedum plumbizincicola; intercropping system

WiEEH:2018-11-19  FAAH:2019-05-13

YEE B WRIEAE (1993—), U3, DUNEE N Bl 58 A, N L5 B R ST . E-mail : 347623451 @qq.com

HEEEE AHEE  E-mail:649332092@qq.com

EEWE : [1{505 PPt E &R i H (YNBY2016-002) 5 25 B4 AL BF 451 H (2018BBO17) 5 2 B 44 4% HI G233 4 7 BT AT BA (20 17HCO15)

Project supported : The Soil Pollution Comprehensive Treatment Major Projects of Ministry of Environmental Protection (YNBY2016-002) ; The Yunnan
Science and Technology Project(2018BB017) ; The Innovation Team for Farmland Non—pollution Production of Yunnan Province(2017HCO015)



2104

URIEIRCX ity 53855 9H

BEAE 175 IR A R TR AR T, ol A= 7 i s
RN i AR 2 RALIE R 2, &
4 175 Y i 2o % Rl A E A PRER 38 N g, T
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Table 1 pH and Cd contents of test soil and passivating agent

B3 2
Passivator/soil pH Cd full amount/mg-kg™'
T4 5.94 4.18
jE310Re) 9.42 —
ZEY 'S 12.2 0.21
B AL 4.86 2.26
B EEREAL 9.89 —

Fofr A T e 590 19 ot P 2 DL 3% 2.

R B 7 A AR ROk By 4k 3 (CKT L LST
LP1.LHI1,SP1.SH1 ,PHI),7 4> £ K548 5 K aME
f4b ¥ (CK2 LS2 P2 LH2 ,SP2 SH2 .PH2) , 1 /™
YERE 5t R AL BE(CK3) , 36 15 A B, A4S 4b B 3
WHE K, Tt 45 DA, TULIRFE (75 emX35 mx20
em) HHEFT .

PRI 30 kg 2k 2 mm i 19 XU 38 K iz Ay i £k
A, TR A 5], AL 2 A R T IIRA . 2017
5 H 1 HAER AP R R (R R T 10%
1Y Ha0, 1 B 10 min) Ff Wi £ oK A RIS R T 5
2017451 15 H , KL & 10~15 cm, LR F
Bk KA AT, KN — () K (B A B A RS AR
24K AR B9 R AR 1 AR, BRIF 30 em) , RIBHTHE RN K
B— A = K4 (AR FF 46 8 bR 5e K
B ATEERIRREE AR M 15 cm s (MR AOFT46 4 MRS 5 K
AR SR S FORMERATIE 15 em) . B HHEK 1
W, TR = B KB . 20174F 8 H 13 HIGK .
1.3 HmArihiE  MERIRS FiE

WO S 7 FOK MR B o FEAT S KA AR B |
T4, BRI 25 334, 43 B kK
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ETYRR . ANHNR DR TR GRS, o
0.25 mm i J5 2648 85 Fl o B IS Al P A B - 4

200 g, AT 148 IS 1L 1 mm JEJEGH R4S 45

FLY) Cd 5 5 B9 E K J HNOs=HC 10, 7H 1k, It
Ty HFE B T (Thermo Scientific ICE 3000, [ )
ME 5 LA Cd & i CaCLAR IR, J5t 1 i 73
Y& T (Thermo Scientific ICE 3000, 3 [E ) Il % .

FE% Cd . Pb RAENE FH & 45 2 50 (Enrichment co-
efficient, EC) . F5# K T (Transfer factor, TF ) 4= ¥y 5%
IR ( Biological transfer factor, BTF )R,

EERB(EC) =M YN E 48 5 & (mg-kg ™)/
TP ES RS (mg-kg ) ;

HBHEF (TR =ty 3 E SR &= (mg-
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kg )X HRERAEYI L ()],
1.4 #iEALE

Bl R Excel 2018 £ 4 HL43 7 s SPSS 16.0 %k
PRI R BRG], i B XU 3R 7 22 030, 9 )
IR AR 2 1 22 S vk (LSD) AT 22 57 3 2 PR 20 (P<
0.05)
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2.1 EHREKER

FORHAERER TR, 5 CK1AH G, LS AR PR Kbk
R N (P<0.05) , H & # % T LH1 . LP1,PHI .
SP1AbFE(P<0.05) (] 1) s [AWERLTS , AN [A] 4b 2]
Kbk G B 25 (P>0.05) (F 1) B LS 1 SH #ifk
FIALBRAN Al 7] b B I oKk it e T
YEEHK(P<0.05) (K1),

5 AR SO AR EE T VR P 5 K bkl |
A=y 2 R (P<0.05) (1 2) , A 1y 5 16 i it 8
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Table 2 Physicochemical properties and application rate of compound passivating agent

# 4k Passivator &P . pH {E . AL } Cd it } . Hﬁﬁﬁﬁ ]
Total P content/g-kg pH value Organic matter/g-kg Cd content/g-kg Application rate/g-kg
AR (LS) — 9.67 — 0.02 11.55
AT (LP) 26.28 11.26 — 0.13 1.75
52 (LH) — 5.53 809.09 2.08 11.55
T (SP) 9.42 8.45 — — 11.20
IR (SH) — 7.14 445.00 1.13 21.00
AR (PH) 9.42 5.18 834.38 2.12 11.20
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The different letters in the figure indicate that the difference is significant
at the 5% level when tested by the LSD method. The same below
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Figure 1 Plant height of maize

Py 4R 25> I >R ] — Al Ak A b R bR EOKZE
A ) 2 O T > AR, BRI LST AL H Ak
T ARAR ZEFN I A2 W) K, 56 RRAH BE 43l 3 n
T 62.0% .54.1% 1 81.0% ; [A] /F i 1LS2 1 LP2 4b Bl H.
PRFEKRM ZERIM A AE i e K. CK2 0B F ORI A4
Pri e CK1 i 2485 (P<0.05) o
22 EYRELENCGIBERESEE

BAAE F ORI, 25 A ) b 38 R OK AR B 1 58 Cd
AR T CK AT 2 FE AR (P<0.05) , LS1 AR B £
KARPR 158 CA AR T SR AK. CK24 CK1 FoKAHR
Fr -3 Cd A 280 i 1 PRI (P<0.05) s LS2 Ab 3
KAHLBR 13 Cd A3 80 % 10 0.093 mg - kg™ (IR T
Tl Bt AR AR B AR TR EE AR b B TRV I F KRR PR £
5 CAARES S A HAAERT R 3 AR (P<0.05) (K13) .
[ VEBAE 5R AR PR T CAARGS SR B s T
HAVERT (P<0.05) , 38 I 2 R 13.0%~25.7% ; SP2 Ab B
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Figure 2 Biomass of S. plumbizincicola shoots

CAA RS R E T LH2 \LP2 SH2 b FH (K 4) .
2.3 W Cd RFFE

PANE R R, FORAR TR Cd 5 44 F v IR 2
(32 4);LP1 LS1 A1 PH1 AL BE £ K25 Cd % At iR
i AR (P<0.05) , 43 5l B AR T 29.3% . 47.6% F
41.5% ; B K Cd 5 359 Fo G R g 3 PR AI . oK A4
i, 152\ LP2 (SP2 il PH2 Ab P K AR ER 457 Fb X} i I 3%
T R (P<0.05) ; LP2 . LS2 . PH2 il SP2 &b ¥ % K 2% Cd
O O BRI SRR AR, 20 0 AR T 25.8%.53.2% .
59.7% K1 30.6% ; &K M- Cd % 2 Ho X% IR & 3 [ AIG
(P<0.05). [Fl—HEEAEFIAEHT , FORARFER ZEMIM-Cd &
Y REME > Bk, EVERMED SR B384 Cd &
TSR 22 57 (P>0.05) (B 5) s [ /ERT, Bagk ek
W5 R Cd R R AR B 2 T (PR 5 R R i
FLAFHI AR Cd R BRi e R, 32 = IR 13.19%0~66.6%
(P<0.05),LS2 FIl LH2 4 Fi Cd BEFH R i 2 5 1 HoAfth i
b Ab B (P<0.05) (K1 6) . SP1ALFEF K Cd BFH A
AR T CK1 A3 (P<0.05) , Ho 2k 1 55 25 v T

R3IEKEWE (g -plant”' DW)
Table 3 Biomass of maize(g+plant™ DW)

fbrm FAE % K Monocultured maize b 6]/ 2K Intercropping maize
Treatments 4 Root 2% Stem I Leaf Treatments 2 Root 24 Stem i} Leaf

CK1 8.18+0.47h 54.60+0.98d 28.88+0.73f CK2 6.27+0.50b 82.72+3.23¢ 49.26+2.12d
LH1 14.59+0.21a 56.52+1.32cd 31.7121.04e LH2 6.89+0.77h 91.05+2.23b 54.44+131b
LP1 14.55+0.46a 73.12+0.28b 37.110.72d LP2 9.28+0.61a 101.37+1.91a 72.860.91a
LS1 13.25+0.39a 84.13+0.50a 52.26+1.09a LS2 9.13+0.31a 99.77+1.46a 70.73+0.93a
PH1 13.31+0.96a 61.99+7.47cd 48.65+0.73b PH2 7.2020.33b 89.49+7.23bc 51.89+1.93c
SH1 9.57+0.59b 66.4120.74hc 46.39+1.79¢ SH2 6.8+0.457h 81.59+2.60c 48.83+0.50d
SP1 8.24x1.52b 53.60+4.59d 27.8620.98f Sp2 6.500.36h 82.78+2.29¢ 47.45+0.69d

1 e RIS AN ) B 3R LSD 3RS 5% /K- Fig2E vk . FIA.

Note: The different letters in the same column in the table indicate that the difference is significant at the 5% level when tested by the LSD method. The

same below.
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Figure 3 Cd available content in maize rhizosphere soils
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Figure 4 Cd available content in S. plumbizincicola
rhizosphere soils
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Figure 5 Cd contents in S. plumbizincicola shoots
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Figure 6 Cd accumulation rates of S. plumbizincicola shoots
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Figure 7 Cd accumulation rates of maize
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Ab, Hopth [ VR Ab BE FORAR 25 R E A Cd = R
F AR (P<0.05) H LS2 A BR T K 28 B P Al Cd 75 di
fik. CK2AbFEF K4 #5 B Cd & A HL CK1 B 3 1%
IR (P<0.05) . 2 R, 4l Ak 700 b Bl R OK 119
Cd & 5 Z 03 B KT X B (P<0.05) 5 [7] — &l Ak 71
SEFETR, FoK Cd & 2 R ECAAE > E, FOK2E it
Cd FEMMET | mg ke, 5 (B DA AR ME) (GB
13078—2017) .,

3 it

3.1 AEMEARXIEDEYENRKES BN
RSt K S EKEEE S TESRIG LR

B BEE T = KRR m it & T 20.3%~

73.4% , EK R R T 12.2%~52.4%. [6)4E
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Table 4 Cd contents and accumulation characteristics of maize
Cd %4 Cd content/mg- kg™ Cd ZBUFHIE Cd accumulation characteristics
A3 Treatments
H2 Root 25 Stem M Leaf EC/mS-cm™ TF BTF
CK1 2.21+0.10a 0.82+0.06a 0.93+0.01a 0.26a 0.42a 3.98d
LH1 1.77+0.10bc 0.81+0.02a 0.72+0.02d 0.21b 0.44a 2.67d
LP1 1.94+0.04h 0.58+0.05b 0.85+0.01b 0.20b 0.36b 2.63d
LS1 1.71+0.03¢ 0.43+0.05¢ 0.85+0.02b 0.16¢ 0.35b 3.56d
PH1 1.81+0.02be 0.48+0.03¢ 0.85+0.03b 0.18b 0.35b 2.95d
SH1 1.80+0.04bc 0.73+0.07a 0.84+0.04b 0.20b 0.44a 5.20¢
SP1 1.93+0.06b 0.72+0.04a 0.73+0.02d 0.20b 0.35b 3.42d
CK2 1.72+0.09¢ 0.62+0.03b 0.78+0.04¢ 0.19h 0.36h 8.04a
LH2 1.48+0.07d 0.60+0.07b 0.66+0.03e 0.16¢ 0.36b 9.03a
LP2 1.69+0.02¢ 0.46+0.03¢ 0.70+0.03d 0.16¢ 0.31c¢ 6.60h
LS2 1.44+0.09d 0.29+0.01d 0.65+0.02¢ 0.12d 0.29¢ 5.68hc
PH2 1.34+0.02d 0.25+0.05d 0.71+0.03d 0.11d 0.28¢ 5.62be
SH2 1.63+0.10¢ 0.70+0.05ab 0.73+0.01d 0.18b 0.36b 8.64a
SP2 1.35+0.17d 0.43+0.08¢ 0.65+0.04e 0.12d 0.30¢ 6.72h

BRI TSR E AR X Cd B MR, R AR
T ERZAVE P Cd & &S FORIA Rz R
FR I SFRIX — W EE 8 B UK SE BT R BN
A GRS R B S B e 1 /N RS AT R KL
APy (P<0.05) , PR 5% K/ A2 Ta) Al 52 3R] A
B S RBEE Zn CA 5 e L, IR B0 A 7 B B2 1AL
Ao JLIE R AT RELE TR S AR PRIRSE A A T ARk,
b3 pH (B - 8 v Cd B9 A AT AR TR Bl AR fie ik
AR AR P 5 ORI R R AR SR AR oKX Cd 1
W B AL AL BE R - RO SR R FOK BRI, T 3R 23
S TSR AR K 3 I B 2 AR AR AR T AL
IR IRIY, MAR > T HURR AR 2R 0 I8 1 3 2
ARG AR S CAIE &Y, I RERE AR AL
YRR B pH , AT - 338 v Cd B A= A R 32, AR
P A 38 R T AR 1Y Cd 5 % B 381 P A S5t DR AR S 40 i
T, I3 S AR P A0 i A ) s e A (R VR R
B 5% Cd MRS o T B 5 DR R S5 K R
KIAIVETE + 38 P AR ZR S HAT T, PR 55 R 54 14
CABETT, e REAL S L b 9 Cd, NTTRAAER 17
KXt Cd AW s e S I TS R I R AR A
Y5 AR E YRR, & R S A
LR SR BRI RIS FERT 5 R 20 19 Cd
FRIFRA BEZ S, ATREE AR S PR SR R
SrBYLEYR R T A T —E IR
3.2 #EFIXEMEMEMRKES BRI

I pHAE R B G JR A RS A — MR R

FY PR 2R s il 25 398 vh 5 4 ) W I — i AT RN DT U -
B b 2= AT o B RS - e ) 4 R A
HAE i ol - S E AR (pHAESE) | PR 35
HER 4 AR W R S R ) A
U T 4 S WA Y B, AT (S A ) ) A ) e 1
ety FEASRIG ST, BRI A0 BT B £OK Cd
T AR R RS B AR B BRI DG . KR
AR it A R S S fl R pH AR B T, — T
T, T 10 - 498 2 1 ] AR LA, 3G CdP i W
5 — 5 T, AT A AR R LI, A 4 ) RV R
PEC, R AR I A HLAT A 1 pH B (9.42) , B2 50
OB , S 30148 pH (E T, A AR R
X EE 4 B DR, A A AR R A A AR
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