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Abstract: Objective To comprehensively evaluate the different passivation materials on growth and cadmium uptake and
accumulation of Ophiopogon japonicus cultivated in cadmium contaminated soil of. Methods Using one-year-old O. japonicus as
experimental material, the effects of five different passivation materials (white marble Ar, straw biochar Br, fly ash Fh, bacterial
residue Me, diatomite Dm) on the growth, physiological and biochemical indexes and cadmium absorption and accumulation of O.
Jjaponicus were studied by soil pot experiment. Results The biomass, chlorophyll, soluble sugar and soluble protein of O. japonicus
could be significantly increased in soils contaminated with two kinds of Cd under different passivation materials. Among them, Ar
and Me were the most improved. In addition, the activities of antioxidant enzyme system of O. japonicus were significantly
decreased, and the content of MDA had no noteworthy change. Different passivation materials remarkably increased the content of
flavonoids in the underground part of O. japonicus, among which Ar and Fh treatments increased the most. The contents of heavy
metal Cd in all parts of O. japonicus were decreased by different passivation materials, and the contents of Cd in aboveground and
underground parts of O. japonicus were significantly lower than those of the control, and the effects of Ar, Br and Fh treatments

were better than those of the control. Conclusion Studies have shown that by combining and comparing treatments of different
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passivating materials, in terms of the biomass of O. japonicus treated with Me, the biomass improvement effect of Me was better than

that of Ar and Br. Aiming at the effect of reducing Cd absorption and accumulation of O. japonicus and improving the effective

component flavone of O. japonicus, it can be concluded that Ar and Fh have better effects in treating Cd polluted soil and improving

the quality of O. japonicus.

Key words: soil; passivation remediation; cadmium pollution; Ophiopogon japonicus (L.f) Ker-Gawl; comprehensive evaluation
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Table 1 Basic properties of tested soil

EYFEE pH  AWUgkg")  CEC/(emolkg") EF/(mgkg™)

B#(mgkg™)

Bf(mgke") 4 Cdmgkg") A Cd(mgkg ")

RIRE  5.94 19.9 12.6 232 10.4 14.8 1.19 0.389
R 561 19.2 12.1 217 9.8 15.1 207 0.693
2 FHACMRERMR
Table 2 Basic properties of tested material
MR HURE b pH C% N% P% K% Cd/(mg kg™ Fi4%/mm
WHEE (AD VY122 854 — — — — 0.07 0.15
AR (Br) V9 )11 45 BH 920 52.18 087 024 241 0.28 0.15
MBI (Fh) 91| s 1086 — — — — 0.17 0.15
Wi (Me) V9 )11 45 BH 734 3659 149 1.02 0.94 0.31 2.00
T+ (Dm) VU )I1K 5 6.62 — — — — 0.18 0.15
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34T S8 0 M, 2 ELIRCR Tl /N B 3 2 vk
(LSD), KEIZFRWiTHI1ERKH Excel 2019+ GraphPad
Prism 5 #1 Origin2018.
3 ER55H
3.1 AR RN EZEEFEERF M

2 A AR LT DL B I WA R Bl AL
R, MR 3 ofrarsn, SxPHEARLL, 2 FORFEHR
& Cd 15 Qe R S PRI B R B S, 27

®3 HUMKRARE Cd SREENTREZLTEMEN

Table 3 Effects of passivation materials on biomass of O. japonicus in soils with different Cd contamination contents

+- 1 Qb3 PR Ei/cm RK/em W EEOT R E/g WIS THEg
IR Cd i5 et 1% Ck, 29.22+1.18b 15.91+1.20b 15.39+1.00¢ 31.63+1.30b
Ar, 31.23+1.04ab 18.34+1.21a 19.9641.87ab 37.09+1.00a
Br, 30.73 £2.39ab 18.88+1.81a 19.1441.02b 38.68+1.33a
Fh, 31.57+1.01ab 18.40+0.74a 19.50+2.40ab 37.88+2.31a
Me, 31.93+1.00a 19.62+1.32a 22.14+1.97a 39.59+0.53a
Dm, 30.25+0.96ab 17.914+0.01ab 17.25+1.20bc 33.24+1.76b
EIRE Cd 5 gt 1% Ck, 28.14+2.66b 15.72+1.74b 14.41+2.65¢ 27.53+1.18b
Ar, 30.54+2.03ab 17.3242.11ab 19.3341.87ab 38.05+1.19a
Br, 30.24+1.02ab 17.7241.80ab 18.78 +-0.80ab 35.05+3.05a
Fh, 31.85+3.65ab 17.12+1.12ab 19.09+2.05ab 35.70+£3.25a
Me, 32.22+2.80a 19.224+2.22a 21.10%+1.00a 36.59+3.06a
Dm, 30.35+1.81ab 18.124+0.99ab 17.54+2.30bc 29.91+1.00b

R RVEHE G A RNG R R AL (8] 22 57 B3 (P<<0.05), ARIKEFREFIRACHE 27 REE (P<0.01), TH

Different lowercase letters in the same column of the table indicate significant difference between treatments at 0.05 level, different capital letters indicate

significant difference between treatments at 0.01 level, same as below
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EMFEREIE T, Me AHEKELXEYENE T
H RPN EL

g R ERN AR EmEY P 8, Cdis e
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Jois 2 B Cd s R At g R B S BN
FrE T (P<0.01), 2 7H5T IR R 14.96%~
34.69%H1 14.63%~35.60%.

RIRIE Cd Vg t3E b, 4 5 Mdlifeib b S,
FAMGER a MESHEE ST (P<0.05), 7
AN 42.11%- 33.89%- 41.00%- 51.17%- 23.08%.
2t Ar. Br. Me fl Fh ZbB S 4M4RER b FiES
SRR L 22 5 B3 (P<<0.05), 23 FIHENN 26.33%.
16.98%. 17.70%. 28.83%. 5.82%.

IR Cd Vs t3E b, 25 Mhiifb AR b
Ja, FAMGER a BERE S TR (P<0.05), 7
38N 48.68%+45.38%-40.01%- 51.86%A1 23.12%.
28 Ar.Br fll Me S0 3G )22 448 b S 2 S50 R
ML ZEREE (P<005), A0 18.39%.
15.34%. 10.88%-. 18.85%. 5.89%, W% 4.
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Table 4 Effects of passivation materials on chlorophyll content of O. japonicus in soils contaminated with different Cd levels

g Ab3E 42 a/(mg g ) 442 bi(mg-g ) WA R/ (mgg ) MEEI/TEED

Gk fE Cdis gt Cky 1.204+0.14d 1.0740.07¢ 2.2740.14e 1.13£0.13b
Ary 1.71£0.10ab 1.35+0.10a 3.05+0.10b 1.27+0.02ab
Br, 1.6140.15bc 1.2540.04ab 2.85+0.03¢ 1.29+0.12ab
Fh, 1.69+0.02ab 1.2540.04ab 2.9540.08bc 1.35+0.05a
Me, 1.8140.10a 1.3740.10a 3.19+0.05a 1.33+0.11a
Dmy 1.48+0.12¢ 1.13+0.10bc 2.61+0.02d 1.31+0.12a

FVREE Cd 548 Ck, 1.044+0.03¢ 1.01+0.01b 2.0540.04d 1.03+0.03b
Ar, 1.54+0.04a 1.19+0.10a 2.74%0.04a 1.30+0.15a
Br, 1.5140.03a 1.160.01a 2.67+0.04ab 1.30£0.02a
Fh, 1.45+0.10a 1.1240.10ab 2.5740.10b 1.30£0.06a
Me, 1.58+0.10a 1.2040.10a 2.7740.10a 1.32+0.11a
Dm, 1.28+0.04b 1.07+0.01ab 2.35+0.05¢ 1.20+0.03a

3.2 TEHUMRIXTZELMEHEEE

£ Cd AR, HEA) Ak i Sy PR A R 20T
TR, Ho2ah I HL 4 i P fi S8 AL g (4 SOD.
POD Fl CAT) RGuiH G .

B S b, RIRE Cd 54t L, AN
B AL M R Ab S 22 A MR I 2 SOD i A
413.33~552.84 U/g, % MbF 15050 Ik B R 0 25 2
5 (P<0.01). ARSI EHEELfE 22 & 4T 55
POD iitE 4 3 680.00~4 523.33 U/g, [ Fh fil Dm
Ab 3 R BREON A BB 2 2 R Ah, HAR 3 Mk
T 359 5 0of RIS B A 2 3 22 R OKCF (P<<0.01). i
AN [E AR A RL Ab 3 S (1) 22 4 Hb R 40 CAT W& 1k
N 5 348.85~7 737.72 nmol/(min-mL), [ Dm At
HEREON A B W25 22 R b, HAR 4 AN BERT
R M 2 2 25 7K (P<<0.01). ERE Cd 15
Je -4 b, AFBIL ARG B S 22 &R 4 SOD
TN 451.40~577.96 Ulg, 5 AbBELAIRK 2 K T %

O (P<0.01). ANFFEAHRIAEEE G 22 44 T 34
POD 1A 3 386.67~4 170.00 U/g, -AbFRIH, 5.2
RTXHE (P<0.01). ANFFLARIGER 522 4R
#B7y CAT WM 6 126.61~8 259.92 nmol/(min-mL),
FAEFI LT (P<0.0D).

W R EE R R (R 6), IRIKE Cdis
et I b, Ar ERACR SR, Me £ Br Ab3 2RI
K, HOLTH AR @k Cdis gt I, Me
AP B, Ar A Br AbBERCR IR, HAR T
AR

16 Cd FEERUIEME T, Y4081 RS
HHAAAE I, 729 MDA &880, 405
JERE SN, B S ATEl, SXHHAEL, 25 Fh
BEALARHLFE S, 2 Fl Cd V5 G 3B 122 & 4 B3y
MDA & &4 78.85~91.25 nmol/g Fl 78.56~91.42
nmol/g, A AIFIFEEEHLFEAR, 2 AEO HRBEAR T
10.31%~22.40%F1 4.75%~18.15%.
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Table 5 Effects of passivation materials on antioxidant enzyme activity of O. japonicus
e it Ab T SOD/(U-g™h POD/(U-g ") CAT/(nmol-min""mL™")  MDA/(nmol-g™")
{RIREE Cd V543 Ck,  552.84+11.56aA 4523.33+£165.63aA 7 737.72+114.99aA 101.74+11.26aA
Ar, 430.85+13.58deCD 3 910.00%221.13bcdB 5 348.851+218.59dC 79.46+ 8.81bB
Br, 452.61+31.80cdCD 3 706.67+140.48cdB 5 970.984193.79¢C 79.814+ 9.91bB
Fh, 464.45+26.01cBC 4 070.00+12530bAB 5 848.80+138.12¢C 91.25+ 6.69abAB
Me,  413.33%11.53¢D 3 680.00£262.30dB 6 715.36-436.48bB 88.49+ 8.24abAB
Dm, 502.35+12.34bB 4030.00+ 98.49bcAB 7 171.071298.97bAB  78.95+ 527bB
PR Cdi5ge I Ck,  577.96%+ 9.78aA 4170.00% 90.00aA 8259.92+207.98aA 9598+ 4.11aA
Ar,  464.01E£14.14deC 3 696.67+132.04bB 6 193.32£300.00cC 78.56%+ 5.09cB
Br, 486.531+18.61cdBC 3 540.002:220.00bcB 6 126.61+688.89¢C 87.12+ 5.86abcAB
Fh,  514.94%11.70bcB 3 750.002195.19bB 6504.27+305.48cBC  87.55+ 5.2labcAB
Me,  451.40+21.08¢C 3 386.67+122.20cB 6793.24+176.38bcBC 9142+ 7.50abAB
Dm, 527.85+12.83bB 3 713.33+280.95bB 7504.39+742.30bAB  83.68+ 4.87bcAB
=6 MENBARGIEMRBERE S
Table 6 Analysis of membership function of activity of antioxidant enzyme system
e wfE
TR i SOD POD CAT TE
KK JE Cd V5 et 3% Ck, 1.000 1.000 1.000 1.000
Ar, 0.126 0.273 0.000 0.133
Br, 0.282 0.032 0.260 0.191
Fh, 0.366 0.462 0.209 0.346
Me, 0.000 0.000 0.572 0.191
Dm, 0.638 0.415 0.763 0.605
EWE Cd 5yt IE Ck, 1.000 1.000 1.000 1.000
Ar, 0.100 0.396 0.031 0.176
Br, 0.278 0.196 0.000 0.158
Fh, 0.502 0.464 0.177 0.381
Me, 0.000 0.000 0312 0.104
Dm, 0.604 0.417 0.646 0.556

3.3 AR#FHUMENZEZSERHYRAZM
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AN e TR T s oy e A R =g & e S iRt ki )
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FHEG, ZEANEEEAYEEE R (P<0.01), 4
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Fig. 1 Effects of different passivation materials on soluble proteinose of ophiopogon japonicus
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Fig.2 Effects of different passivation materials on soluble sugar of O. japonicus
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SSHRE, %4 Ar. Br. Fh. Me #1 Dm 5 F4lifb it
BHEERE, 224 Hh R 0 & 2 03 T 0 R
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! N N\
L
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31.44%. 36.54%. Me. Dm AbFE 5 2 &30 T #7
A BT E LT Ar. Br 1 Fh (P<<0.01).
MK EE Cd 15 Qe L1 HT >k E, 4 Ar. Br. Fh,
Me F1 Dm 5 Fhélifb 4 RHE B G, 22 4 H R 35
SEMREEE TR (P<0.01), 25EH
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Fig.3 Effects of different passivation materials on flavonoids content of O. japonicus

3.5 AR EITEZ S Cd RIS

A AM FES Cd SEME, MR 7 8l
M, SXEEAALL, 4 Ar. Br. Fh. Me Al Dm 5 f
AL AR AL G, 224 E R4 Cd BRERAE 0.19~
0.34 mg/kg 1 0.31~0.66 mg/kg, HIM 5 Z K T X} &
(P<0.01), Z3 %00 BERAK 28.44% ~ 58.72% FH
14.06%~59.03%; AN [FI A4} Ak B 27 4 b 38 3
Cd EFHEAE 0.20~0.46 mg/kg A1 0.25~0.63 mg/kg,
P BT AR (P<<0.01), 43550 1R A%
16.43%~63.42%7H1 14.54%~65.99%.

ML Cd 154+ 381K, 4 Ar. Br. Fh,

Me Fl Dm 5 FPElifb ARG, 2244 B30 Cd & &
BT IR AIBEAR T 58.72%- 49.36%- 42.20%- 37.23%-
28.44%; FAHT S Cd S BEENE S HIFEKT
63.42%- 57.58%. 5421%. 32.43%. 16.43%; ik
ZIAN Ar>Br>Fh>Me>Dm.
MR E Cd i5 4 T3k E, 4 Ar. Br.

Fh. Me fl Dm 5 itk PR b EE 5, 272 44 B34y
Cd HEWEZERT X (P<0.01), 25K T
59.03%. 50.22%. 43.40%. 21.48%. 14.06%; =
WIE Cd {5482 5 Maiiba R b EL S, 4
TS Cd EREZ LTI (P<0.01), 4
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Table 7 Cd content capacity of crops in different cadmium-contaminated soils
LA b5 By b5 Cd A Bmeke ) HUF S Cd RIS B(meke )

IRIKE Cd V5 Y T35 Ck, 0.47+0.03aA 0.5510.03aA
Ar, 0.19£0.02dC 0.20£0.02¢E
Br, 0.24+0.03cdBC 0.24+0.03dDE
Fh, 0.27%+0.05bcBC 0.25+0.03dD
Me, 0.30£0.06bcB 0.37£0.03¢cC
Dm,; 0.34£0.03bB 0.46+0.04bB

VR Cd 75 e 135 Ck, 0.77+0.07aA 0.74+0.03aA
Ar, 0.31£0.03fD 0.25£0.04¢E
Br, 0.38+0.04eCD 0.301+0.04dDE
Fh, 0.431+0.03dC 0.324+0.03dD
Me, 0.60+£0.07cB 0.53£0.02¢C
Dm, 0.66+0.03bB 0.63+0.02bB

AEMK T 65.99%+ 59.98%. 57.00%. 27.91% Al
14.54%; ¥AKFLM N Ar>Br>Fh>Me>Dm.
4 e
4.1 AEFHUMBIITEZLNE KL EEN

Nash VB LB, EHEEBYHAT, RS
AR A LRI AIRAZ . 4T K 2 A b
AL 25 B S RIS FE AR o SRR A Ak
1T EER Mg, KOl w8 B LR F|
CO, [ A A K. KE®.

gk 2 R AT LA IR AHE S RS 1E
MM ELZERE, SENZ2DEEREECEIERT
S5 M AN E IR R . AR, Cd 2533
HYAEKZEH, 2 cd S8BT KEE,
TR IR Z2 0 - 438 o 3% 43 F K 43 B IR Wi 52 31 B S 40
i, BRI SRR AR R, dE T s B ) A
Ko fEALEMER L, HEJE Cd 5 Zn Bk, 1EfEY)
RN HUR Zn, BETTFE Zn BIHKE, XTI
AR AEIIEIER, SmatE A B AR RS, A
AR A RS Cd LI RGP TR
H LR EY) A B AR R AR, TR R =
J o,

ARSI, FERAY R IRE BTt E.
BT L JER DR 0T A A H - 3% A AT 5 3 s b i T S A
SR oE, UHEXNSEER b SRS, i
BT R CHERI A, R T RAER
AYERE, SEEESENCT EEE RS
WEgs A —5. 8RS it st kI,
BEE Cd {58 BIHRL R P B M e TSRS
AR KFEF LB T 5] B E e . sk, Me. Br
AEEH R, B HEEFIOR, BNINR g
AT R R A A K

AREFERRIL, ININECA R G 2 & T iE

B TR A S ENE M (B 1. 2), X—4R5E
AU TR AR 4 A — . 2 Bl Cd 5 eRE
JEA43E [, Ar. Br. Me. Dm 1 Fh A3 R Z 4P
WG RS TE TR AR — B, SR —
SEFEEI T, SIREZEM] BRREPETF1EY)
PRI RGIE R U R A — 3. AR
Al e RN E 48 Cd o0 22 4 (35 55 1 et indifk,
MRS RIZEmR.

£ Cd BE T, A[FE Cd 53 3% FAEY
KRB ZEANE, H A Cd o B ) E
HsE!, FEARFSATRAREE TR, 2 B Cd IS YukE
i BRSO, R RE AT
o= A AN AR AL, REUSAE — B FEE Lok
BHEGE Cd WA MIHIER, (244K K
H.o Karer 5@ RT UKL, AEERI5YH+
FEINFEAT AR, BERAEKARE e, i
PRl Jm & . ISRl H ) E A k56 A B,
A HUREFN A 2R 0] I 25 18 5 B 4 R V5 ek F LI )
IR TS, AT ERERE Y ) A E AR RAME E AR
MdRE Ak, SRRl AT OB BRE 3 cd
Rebk, #iIZ 4% Cd BIRICE 5, iR Cd Xt
FAOCERIME TR, M4 nA K.
42 AR ETEZ S Cd BRI

FAFHEUIURAL), HHh NI E R
LU B, RN AR S EE R .
AT, ANFESCARACE T, 2 Ff Cd J5 4 1138
AR Cd S EBBTREREE FEFEER D,
X R TR EHE B, 2 P ) E 4
J& Cd i MEAS B Z ], AT FEAIK 1 22456 Cd 1)
RS, AR Cd MEFAERIFLIIR s A4
Ve e, dET G IR XCR P B R A BRI .

2 PhtsE b, AR # 4 Cd BRI
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WA FEA—FL, Ar Al Br ACFHRTHIBEE RO, W&
T Fh 4bB, 5252727200 K RS 9 45 SRR A — 3L
T X 1 Cu 55 HIERT AR, e AR
BERETIE pH [HAEE R HIE cu a R,
5% AW R TN 43 BE AN B A 48 CaCl, 42 HUT)
AHE Cu SESMNEIKT 73.78% ~ 78.96% Fl
87.61%~96.97%, it | FE BRI AN Cu
E A o, AR AR R RN Cd
SRR, 7 ESE cd skt R, H
HANUR G EANBIR, AVEFEEIEY Cd Wk
PR AR (R Cd 59«3 E, A
IR BRSO T BN IR, E 2 5P hE i A
PRI ESE Cd WURIFZ MR FOR B, 2 A
FEHAEFT AW RANT A 3E Cd IR S 5
EHE R O, BEA A KL o] DU ) 22 4% Cd
W E 5, MR Cd L mEEEER, 2
T IX 3 B A . BB R R I SUE
DAL - S5 AL 1 Jo A BA AR R R A RN A 2 5,
TR BEALAA LD 2 R FLIE B A5 FH Y8 B o] o HAE BlA B
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5 #ig
2 FORTE Cd V5 e g 358, ASFBIALH R AL B
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Me AbHPETHIRE K. FAPUAIEERRIGTED
BERK, MDA S ELEEELI. AR
AE BRI B P T A A R R A b
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