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Effects of nano-iron combined with graphene oxide on the ecophysiology of

Festuca arundinacea grown in municipal solid waste compost

LU Guohua, ZHAO Shulan, DUO Li’an”
Tianjin Key Laboratory of Animal and Plant Resistance, College of Life Sciences, Tianjin Normal University, Tianjin 300387, China

Abstract; Through indoor pot experiments, the effects of graphene oxide (GO) and nanoscale zero—valent iron (nZVI) on
the growth and physiological characteristics of Festuca arundinacea were investigated by adding 1% GO and different ratios
of nZVI (1, 3, and 5%) to municipal solid waste (MSW) compost. The results showed that adding GO alone and GO and
nZVI together promoted the germination of F. arundinacea seeds, and the germination rate and germination index were
highest with the GO+5% nZVI treatment. Except for 1% nZVI, all other treatments with amendments significantly increased
the shoot biomass and chlorophyll content of F. arundinacea, both attaining their highest values with the GO+5% nZVI
treatments, which were 25% and 31% higher, respectively, than the control. The activity of superoxide dismutase (SOD)
and peroxidase (POD) in F. arundinacea increased with the 3 and 5% nZVI treatments, as well as with increasing nZVI-
addition ratios. Compared to the control, GO and nZVI treatments significantly decreased the activity of catalase ( CAT) and
the content of malondialdehyde ( MDA ), which reached their lowest values with GO +5% nZVI and GO +3% nZVI
treatments, decreasing by 52 and 48% , respectively. Heavy metal concentrations in plant shoots decreased with increasing

nZVI-addition ratios, and the effect was significant with GO+nZVI treatments. The results indicate that both nZVI and GO
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can immobilize heavy metals in MSW compost, decrease heavy metal absorption in plants, and promote the growth of

turfgrass.

Key Words: Fesiuca arundinacea; municipal solid waste compost; nanoscale zero-valent iron; graphene oxide; heavy

metal passivation

i 25 T T A 050 A R A 6 /K A B e 3ol A 6 i3l A P A e 5 H R Bk 3) 2015 4R, AR TR &
Wer=Am N 1980 AFAYEER 0.5 keg/ AHEME] 2015 42019 1.2 ke/ N80T 22 30 AEHG K T —4%, anfa] &b H e sk
K 14 A T s 3 B N IR R DR (R AR ) R — 1 A T I S Ak ) R S R I 35 i A R R AR B
SO, BEHERR S K A AL A K TR BB IR, AT AR i ST | ol SRR A R £
PR A SR EE PR R SR, B T IR E R AT R R S O AR P 4 R S R, KW & %
e 4 JE S R T IR R O A, fE R I R T 3 e AR A 1R

T3 —J7 T, A T T PR R R TR ARG Al RN A S R LSRN B 5, R PR Ry el AR ag AL 1Y
— W R AWML EEAMEN . AT, T SRR 0 22 Fh o s B Ak A e b B R R gl R
P b B XA g A 7 — s A ) DL BB 3 6, J LR AE = i |, A i 2 A M R e ety o |, DR
TRl Rz A AAFAE 5 T AR T HEVR VR W IR AR P AR 258 R o 7 e e e s o 5 e AT AEOR [ N MR
T AR 72900 3R IL AT I 2 A = R I T — RVBIBFTY , AT AN ] - 38R 5 Jooxoh o f 1
ARFIFZI 7T AR 22 S 08T LA 38 i 5 A - Ay oz 5 3% 35 T, 45 el = 35 o 0 7 A M 62 K S 480
177 HOBET 9%, 2 WY LAA: 16 17 S HE JIE Ay 0 49 TG 5 He PR BEAT & R B S AR R PERB R . B AR TR B R HE AT
AR A o R 7 i A (HBE 5 b () 4 ) R A5 B AR A i e, AT A7 76 15 Yl L 7K 5 M AR 4 A 4 A XL
W, PRI, 5 Aot o B B A5 I vl B 4 i ] RO, 4 I o o B A R 2R 9 107 P O 0B S I e 3 R0

iR A NE T A S MR E S E SR EBNEAR T E, W 2N HTESE Y 5N EB
BT ARG (nZVT) BATRIAR /N | R R SHE L R B 5 3 D i 2 e, LAk P LA A B
HEEIRAEST PN A BTG e + 3 5 R K YA Rk A SR (GO) HLAT AR X K Y b 2 i
U R EF B S S REHA, nT LA @ 2Bk i 4 i B, i T HER A ) Bk 24 4 1, 22—
e R BRI T B 4 R W R RE O i, B Bl A S R AR R AR T Sy, (U 13 AR 3 R
RS IS MIE ) 5 RV R BB 25 WAL 04 1 5 AR A T G R AR 4 A K B i v oA DL SCHiR R

PRI, AS IR e 6 A T S HE R A Ay o = S0 B SR o, 3 0 2 N Ak 00, o R BE BE I i i GO FR
[6] A5 nZ VT XoF 1o 2 38 A ORI AR BRARPE B B2, S nZVI B GO 222G 280 10 P T M P 58 o o 45 1 i Ak 4
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1.1 ik

A T B HERE SR R /e B R MEACAL ) I Aot HE AR A T FA B 2 B H b B SRLEE AR 6 K
AHNBIE ), TS 3 2 mm i, HEARERARAME B R . pH 7.62, A AL % & 221.25 ¢/kg, 224 13.48 g/
kg, A 5% 0.078 g/kg, C/N 2 8.37 A FI & /K& 0.76 mL/g; E4J& (Cd Cr.Cu Pb . Zn) & &35 J& 1.97,
67.00.239 172 496 mg/kg, =-FF ( Festuca arundinacea) Fi—-W4 K F R EE FEAL T 1,

B Z B8 A SBIE (GO) I A 75 Bk £ A B IR FPHE A BR A A JE B R 3.4—8 nm, {7 )2 HLAZ R 10—50
pm, JZECR 5—10 )2, LR AR 100—300 m®/g, DK F T35 SR TR A RA A A R R
50 nm,
1.2 Rt

HOHERE 100 g, 3 —7E LB A BT EHE A1 5, 43 B AR 6.3 em (5 6.8 em MYSERHE T VR Ry @ F 28
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BB, KGN R . OB 1% nZVI(NL) ; QU 3% nZVI(N3) ; QWM 5% nZVI(NS) ; U 1%
GO(G) ;@M 1% GO+1% nZVI(GN1) ; @¥NN 1% GO+3% nZVI(GN3) ; DTN 1% GO+5% nZVI(GN5) ,
DAASTR Il Ak B 2EHERE %t B (CK) , BN Ab 3 4 IREE S, B 300 R K INE— KPR (4 5 E 0 Fh 135
FERCTSE T 1 Bra R0 A BeK (o 5 7Kt DR 45 78 S5 K 45 7K 2 14 60% ., AF 4 355 3% 40 1) 1 AR 35 3L B
13~25C , AXHBE N 15% ~31% , 6 IR B AN AR,
1.3 f8tsillE
1.3.1 B P & AHSCHE bl

B 4 RIFIREI A, B RICSEI R MR8, Bk 10 d BF, e & 208 R R FHREL, K2
R Gr( %)= (KM TE BTN T x 1005 K ZFH (%) = (WA 4 d W R FEU SR 7580 x100; &
ZEIEEL GI= 2 (Gu/Dt) , =X Gt NTE ¢ H A& ZERP 15, Dt AR R (14 & 2E KA
1.3.2 Hb BAYENE

FEREFIES 50 d BPYSRAE Y0 384, 76 108°C F AT 20 min,80°C &4 MMt T EfH H 5 i,
1.3.3  BSRERESEANE

FREUBEE B 0.5 ¢, B AL 1—2 mm #8550 T 20 mL IR SBE( 11, v/v) B 24 h =21 7D
W, BRI 1 mL, IR 4 mL #6885 7 A FL AR b DA 6 B8, RS A8 0] L A3 66 BE T F 43 il I
663 .645 nm AbfY OD B, i1 543K a 4K b AL SE &5,
1.3.4  GRAPEREG M N RS S

PRI BEEPE R I 2  BUBTEEEORE 0.5 ¢, IN AT FURFER 1 , INA pH 7.8 BIBEFRZZ vhi 5 mL, A JRb,
FEVKIA P HFES B s RN 5 mL BERRZE Ml e s , 2 4551 15 mL Y B0 . #E 4°C,8000 r/min I 5.0 30
min , F ISV TR BRSO E . POD T ME AN A R A A OIAE LS CAT M 52 SR 2R 41 ol
%10 POD FI CAT BYIEMERANT (U) 22 R - A o fif ST b AR 4 43 5 OD,,0 A 0D, 3800 0.1 A i Ry — 1~ i
TR, SOD I I i SR FH G AL A 35 DU 20k W5 (NBT) S Ak i et 7| LA o i 41 i) NBT S fbik J5
50% S — > PR B

P B (MDA ) & a5l e Rk B AR e 2 PR A Ak . BTt 0.5 ¢, BYE%, A 2 mL 109% =54 L2 (TCA)
A ST A 8 mL TCA Fu/r WS, 513K L)L 4000xg B0 10 min, B2 mL EVEW, A 2 mL
0.6% TBA , A1, iV Lngs 28, & T A &0 15 min, RER HE .0 4 IR 4 mL L8 FRICE
PR . BT, FHE2 40 66 i (SHIMADZU UV-1700) 152 532 1450 nm ALY OD B, 3175 MDA ¥
B P e vt B BT 2H 2 MDA 55,
1.3.5 E&EJESEMNE

VERR AR I 20 3BT 0.1 o, IIARH R AR K (5:1) , 7E 120—140°C il i, i € J5 F 1% HNO,
IRE S 2 25 mL, FEFIRIBOGIE A & AP K N H 42J8 (Cu . Cd \Pb Zn Cr) ¥,
1.4 HdEabi

K HI SPSS 22.0 A% B A8 s 247 B R R Oy 22530, IR Turkey 5, 7E P=0.05 /K780 25 7
FYERT R A Origin 8.0 1E

2 EREH

2.1 GEARTAIRS S BT K S

Rl 4 dJ5, SRR T ITIREE & 10 d RAEI B A AR E . 1SR 1 B, SR dS N nZ VI X 5 320 Bl 11
RICREFLW . BI GO J5, K ZF R RSN R AR5 W& 8w, BB nZVI A0 L B 388 in i 3
KRG R AR EINTE GO+5% nZVI A BRI ey BO0 IR0 5 1T 109% A1 108% , % 2F#1E 1% GO
AbFR PR BB R B IR R T 92%
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Table 1 Effect of passivators on seed germination of Festuca arundinacea

b Vs s REFHREL
Treatments Germination rate/% Germination potential/% Germination index
CK 38.00+1.15¢ 13.42+4.70b 13.28+0.91b
N1 36.50+1.81c 9.83+1.74b 12.55+0.79b
N3 37.42+2.05¢ 11.83+1.43b 13.25+1.03b
N5 39.50+0.95¢ 13.67+1.26b 13.75+0.40b

G 73.83+£1.29b 25.83+1.04a 26.43+0.43a
GN1 72.08+1.38b 22.58+2.20a 25.30+0.80a
GN3 74.58+1.30b 23.75+1.09a 25.83+0.58a
GN5 79.25+2.19a 24.75+3.52a 27.57«1.11a

CK . X H# | control ;N1 ; 1% A5k ,1% nanoscale iron; N3 ;3% %K%k, 3% nanoscale iron; N5 ;5% 4/ Kk ,5% nanoscale iron; G ;1% E AL A1 B s
1% graphene oxide ; GN1:1% BALA B+ 1% Kk ,1% graphene oxide+1% nanoscale iron; GN3 ;1% A B+ 3% g Kk , 1% graphene oxide+
3% nanoscale iron; GN5 ; 1% 8 b A1 8806 1 S% A K8k 1% graphene oxide+5% nanoscale iron ; A [l FhFomnE R B E (P<0.05,n=4)

2.2 HAEFI R ESE T RS R AR

DML X 22 T A S R S AR 2 iR, B 1% oZVI X P E T E R &
SZMA BB 3% 5% nZV1 KIKA GO Ab3ES 252 3F T b AW A R 7E GO+5% nZVI 4b 3 T35
Fll K, BNt BB N 25%

AR R4 R 2 5 RHER R S 21 83w TR FLRE nZ VI 380 EL A A T v 22 SR i i 4,
M2R R S HAE GO+5% nZVI ABEIR B K, UXTIRER R T 31%, SWHERE a ALEM SR & BRI 2, #lifk
FIATR N 8RR T 4% 3 b B,

®2 HAFLENSEF M ETERHRESENHM

Table 2 Effects of passivators on shoot dry weight and chlorophyll contents of Festuca arundinacea

e e M4 2 A ht Chlorophyll contents/ ( mg/g)

Treatments Shoot dry weight/g M2 a M4k E b MR
Chlorophyll a Chlorophyll b Total chlorophyll

CK 2.75+0.08¢ 2.15+0.18g 1.47+0.02a 3.62+0.02d
N1 2.98+0.07bc 3.37£0.19¢ 1.05+0.03¢ 4.43+0.02b
N3 3.12+0.14b 3.44+0.04b 0.95+0.01d 4.40+0.05b
N5 3.21+0.10ab 3.62+0.24a 1.06+0.01¢ 4.68+0.03a

G 3.27+0.17ab 2.63+0.04e 1.19+£0.03b 3.82+0.05¢
GN1 2.95+0.02bc 2.48+0.04f 1.16+0.02b 3.64+0.03d
GN3 3.13+0.08ab 2.85+0.03d 0.94+0.02d 3.79+0.03¢
GN5 3.45+0.16a 3.61+0.05ab 1.15+0.02b 4.76+0.07a

2.3 BRI iR A S PR S T RN DY R S )

AR 2 PR TG TN R S R AR A A 1 BT R, BRI nZVT AL FE POD Tk Bl S N L
B3 TG T, 3% F1 5% nZVT Ak H43 ) 6 35 5 6 HR 429% Fi 55% ; JL[RER I GO Fl 3% 5% nZVT b
POD ik i 3 v T BE AR R EL9) nZVT ARBR A GO A BEEAR T 0 GO b (H 22 RN 3 S n 3%
5% nZV1 LA} GO+5% nZV1 A8 SOD 1 i 2 i , 7E 5% nZVI AbFRAE IR B 5 K B0k FRAR ) 149% 5 2L A
TGO F1 1% 3% nZV1 Zb3, SOD I M3 5K T BTSN 1% 3% nZVI Ab P, 22 5 5 2 i3 il £k 7 4b 34
CAT 1 M 2 & FAK, FEBE nZVI 50 EL A A 38 i T B, GO+5% nZV1 AbFRARAR, X BRFRAIR T 59% ., FRM R
TGO BYALER, CAT 3G PEF N FERFEAK T 52% ; LRI GO A1 nZVI 3 BARER il nZVI ALBE, CAT 765 Pk I 2 %
i%, #E GO+5% nZVI AbFRREARIR 2 I8 3] T 42%
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S5 BEAR G, VR INET AL R AL BE MDA 25 i 25 BRI, GO+3% nZVI A R A%, FEAK T 48% ; Bl AR i GO
RO RE BRI D 29% 5 SR BRI GO Fl 3% 5% nZVI AbFRAZ B VRN 3% 5% nZVI A0 FH MDA & & B3
FEA
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B 1 SEUFNEEFRPEEED MDA S 280
Fig.1 Effects of passivators on protective enzyme activity and MDA content of Festuca arundinacea
CK: X i, control ;N1: 1% 40K4% , 1% nanoscale iron;N3:3% 40K %k ,3% nanoscale iron; N5 ;5% 40 K4k, 5% nanoscale iron; G ; 1% %4k 41 8855 ,
1% graphene oxide; GN1: 1% %8 AL 17 B 4% + 1% 44K 2k , 1% graphene oxide+ 1% nanoscale iron; GN3: 19% 8 A6 17 B8 4% +3% 41K 2%, 1% graphene
oxide+3% nanoscale iron; GN5 ; 19% A4k A7 S8 F1 5% 4K, 1% graphene oxide+35% nanoscale iron; R4 F AN A F AR 25 5 .3 (P<0.05,n
=4)

2.4 BEALFINT RS R 4 A A R AR IR

WER 3 PR BREAIN 1% nZVI AbFRAD G4k 7035 S 2 A T & 2R 20 L3 Ca A1 Ph & i, HifS N GO
JERARINE £ T Cd Zn T, 2LEIZRAN GO F1 nZVI AR, 21 B K T 3R S R A0 nZ VI Zb 33 A
X2 RA R BRELIAN 1% 1 3% nZVI b3S A AL AR 2], Cr & B34 0 20X R, 5 5i0R
hn nzZV1 A, FERIES I GO 5 nZVI, B3 FEA% Cu.Cd . Pb Cr &,

3 it 54£iR

Pl 71 B AEAE YA KR LR B B, B AT DI AR B A K IR B AR U B, TR e b 7 & X3 bl )i P
PEMTHERE BB ip ) AR R B, HERE FR AN GO RE B E R UE R L3R T & . Khodakovskaya 251"
I A B, R A KA LAk B RE Sk 25 A 1 2 i b 1 i, IA R R AN OK AR RE A 2 325 JEE i b e, (2 kb —F X6 7K 0 1Y)
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W, DT AR 8 3 5 Y i R A A I SRR AR TS B, 5 me/ L GO Ab PR BE 25 4 I SR 1
S 2 SXBERITTE R, —RE R B A S A S8, S 7 i AR (e AR, S AR SCRIF T 48 2R — 2
£3 SEUALENEEFH LNESEE RO

Table 3 Effect of passivators on heavy metal concentrations in shoots of Festuca arundinacea/ ( mg/kg)

AbFE Treatments Cu Cd Pb Zn Cr

CK 31.25+0.55a 0.43+0.06a 79.00+0.67a 136.30+9.54a 32.75+0.86a
N1 30.95+£0.33a 0.44+0.05a 77.20+0.83a 133.15+10.10ab 30.55+1.26a
N3 29.50+0.25b 0.43+0.02a 68.65+0.39b 124.45+4.72abe 28.90+0.84a
N5 26.35+0.26d 0.41+0.02ab 64.95+0.64¢ 116.35+6.93abce 23.50+0.79b

G 28.50+0.44¢ 0.42+0.01a 45.45+0.77d 124.65+6.56bcd 23.75+0.59b
GN1 25.60+0.18d 0.37+0.01b 64.35+1.26e 111.55+2.94c¢d 21.65+0.90b
GN3 25.50+0.06d 0.29+0.02¢ 54.45+0.91f 109.40+5.11cd 17.40+0.44¢
GN5 24.25+0.13e 0.27+0.01¢c 51.40+0.63¢ 102.40+2.99d 13.55+0.66d

&% 3% SO G VR B VIA G —F 0 2R S i 0 AT DA AR A 6 A RE 555 . IR0 2%
LW, B AN nZVI S ELEIR I GO 1 3% 5% nZVI B e for g R o5 B HOCE N, %
Sxss AR R A — 8, AR o K B, 85 I Ak nT 3 R R RS 4 O A BE 5 e S
SRS R B, ORI A 3 A AR R S S 0, T nZVI B SR AR M R bk A AR B
H M A =R T AT T HE AR AT R o BT B S, R S B A VR B SR T
nZVI EAL= A AR B TR 6 25 R RN, A 5 Tk — B 058 (Bt A ]38, 10% 1) nZVI Zad 2405,
IR N 4 R A A W= A R R P AN AR AR AR Bt fi 1 90 ) AT e SR R v 0 A R A
PIEARE S Y . AR, 3% 5% nZVI KRB K BEA GO, LY BN, A HEE B  BRAKATRLfE
PEHERR A A A R AR R X S ARTFSE IS SR — 5, MR N B 4 R S Rt R B T GO AN
nZ V1 FEFRARA P %5 i A T 4 J AR T, B GO I nZ VT RE XS HE AL 5 4 s e 38 W FRHali A A ), ATt 1 4
JEXTAEY ) aE e E T AEY R R

IEH ARSI A 35 M A S AR B BT AL B B R AL T sl S AR . e it 3745
RS SE RGN, i BT T A R KA T B R AL R B A 5 A 2R S8 i e R A R
W/ INE PSRRI E it MDA S ok SR B A K AR T 1 T LA I 0 WA 4 32 ik 3 A2 B2, SOD)
Al DA S E 2R R 1,0, , 1 H,0, 7T LABE POD Al CAT FFigRRY . ATFIE 45 SRR, T8 3% 5% nZV1
FIALEE  POD A1 SOD BYIEMETH R, MDA & &3 e, I nZVI ARBEE & T P AL RS 1 , 15 bR PR A A0 RE
s SR T I A4k, Li A Huang' ™ BOBIFSE & B0, 9K R0 K 41 (nHAP) BEIA S Cd 8 F/NESE
YA ARG TH] T AT Cd B9, BEAIG MDA 5 &, UiBl nHAP FEAIK 75 5% 889 Cd 9AEYA 20,
BB TRIMIBOBT Cd BE T, ABFIE AL FIAb B CAT I PEREAR , TTRE 2 TETE IR H, 0,30 2 th S B g 25 0 Bk
B 2 RS R, 7 3% 5% nZVT Ab B 52535 POD Al SOD i VT, MDA & R, iTREZE A
GO Fll nZVI1 gtk T HEAEHEE 4208 |, WD 1 AE 6 5 43 J& WU, 2 1 HE ) Fr 32 ke 1R 40 53

2 BTIR  MERR I i A GO Al nZVI AR HE T 85 -5 7 100 A&, HLBE nZ VI 38 0 Eb A7 %) 38 i 2 55
3% 5% nZNT SR I LA GO ML RGN, ¥4 TR E 8 M R S i LAY 3% 5% 1) nZVI
P T ESESE SOD A1 POD 4, BRI T MDA & &, /> T HE Y0 HERL 3 4 @ ag Wi, R, nZVI A1 GO 7
FibA L e % [ A v B 4 | DR EE 4 T R, XA AR K BT — e AR HEE

£ 3L HR ( References)

[ 1] E7, XIRUK, A, Eim, DEE, B, A G Bk 8O 3] LT, SEERE 548, 2017, 42(7) : 29-31.
[ 2] Wright A L, Provin T L, Hons F M, Zuberer D A, White R H. Compost impacts on dissolved organic carbon and available nitrogen and phosphorus

http ; //www.ecologica.cn



7 39

FETEAE A ARORBRIBC S A7 SR Xy I P I g =5 A B A S A ) 7

[10]

[11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]

in turfgrass soil. Waste Management, 2008, 28(6) ;: 1057-1063.

Smith S R. A critical review of the bioavailability and impacts of heavy metals in municipal solid waste composts compared to sewage sludge.
Environment International, 2009, 35(1) ; 142-156.

HHET, GORERE, WM, SRARET, PRI, U aUHL X R R A o S NI, LA, 2003, 20(6) : 68-72.

RS, WRASER, FBEfE, St AR AR NE Fr AR J0 4 B R BRI LT 9. VL3RR BLE , 2015, 43(7) @ 166-169.

W, ERr, T, Rl i o A P00 OG0 B BT RERE O ALRIFSE. Rk2#41, 2013, 22(3) : 241-249.

Tesfamariam E H, Annandale J G, Steyn ] M, Stirzaker R J. Exporting large volumes of municipal sewage sludge through turfgrass sod production.
Journal of Environmental Quality, 2009, 38(3) . 1320-1328.

AR 22 ST AR IR RN el 1 R A IR R A K SRR, RS AAIRAR, 2008, 27(6) @ 962-967.

Mallampati S R, Mitoma Y, Okuda T, Sakita S, Kakeda M. Total immobilization of soil heavy metals with nano-Fe/Ca/CaO dispersion mixtures.
Environmental Chemistry Letters, 2013, 11(2) . 119-125.

Zhou H B, Meng H B, Zhao L X, Shen Y J, Hou Y Q, Cheng H S, Song L Q. Effect of biochar and humic acid on the copper, lead, and
cadmium passivation during composting. Bioresource Technology, 2018, 258 279-286.

Li S L, Wang W, Liang F P, Zhang W X. Heavy metal removal using nanoscale zero-valent iron ( nZVI) : Theory and application. Journal of
Hazardous Materials, 2016, 322, 163-171.

Mueller N C, Braun J, Bruns J, Cernik M, Rissing P, Rickerby D, Nowack B. Application of nanoscale zero valent iron ( NZVI) for groundwater
remediation in Europe. Environmental Science and Pollution Research, 2012, 19(2) . 550-558.

el b, JUS B QORI PR TS Y IR P R S B A IR R, 2013, 32(3) : 418-425.

Peng W J, LiH Q, Liu Y Y, Song S X. A review on heavy metal ions adsorption from water by graphene oxide and its composites. Journal of
Molecular Liquids, 2017, 230. 496-504.

Omran R G. Peroxide levels and the activities of catalase, peroxidase, and indoleacetic acid oxidase during and after chilling cucumber seedlings.
Plant Physiology, 1980, 65(2) . 407-408.

Singh B K, Sharma S R, Singh B. Antioxidant enzymes in cabbage: Variability and inheritance of superoxide dismutase, peroxidase and catalase.
Scientia Horticulturae, 2010, 124(1); 9-13.

Wang Y F, Pan F B, Wang G S, Zhang G D, Wang Y L, Chen X S, Mao Z Q. Effects of biochar on photosynthesis and antioxidative system of
Malus hupehensis Rehd. seedlings under replant conditions. Scientia Horticulturae, 2014, 175 9-15.

Luo Y, Liang J, Zeng G M, Chen M, Mo D, Li G X, Zhang D F. Seed germination test for toxicity evaluation of compost: Its roles, problems and
prospects. Waste Management, 2018, 71; 109-114.

Khodakovskaya M, Dervishi E, Mahmood M, Xu Y, Li Z R, Watanabe F, Biris A S. Carbon nanotubes are able to penetrate plant seed coat and
dramatically affect seed germination and plant growth. ACS Nano, 2009, 3(10) . 3221-3227.

R, FBEE, WA, RR T, BRI, VEASBE. S AR AL B H R B SR AR R A RS . B R 4 S N A, 2015, 34
(12) . 2738-2742.

EF, AHR, B, HER, @K, ZEE, SB35, ARSI MRS E G Rtk r . il K224, 2010, 33
(3): 57-6l.

TS, A, RIME, S, AW, WARHE, fLUE, A, AR FeX KPR EOR B A K i m. £ KB, 2015, 23(4) ; 78-
83, 91-91.

Fajardo C, Gil-Diaz M, Costa G, Alonso J, Guerrero A M, Nande M, Lobo M C, Martin M. Residual impact of aged nZVI on heavy metal-polluted
soils. Science of the Total Environment, 2015, 535, 79-84.

Khan M N, Mobin M, Abbas Z K, Almutairi K A, Siddiqui Z H. Role of nanomaterials in plants under challenging environments. Plant Physiology
and Biochemistry, 2017, 110; 194-209.

BOPRAS, TR, PRTIE, ARG, skHa3e, JVE A BRAUCRAPRIHES AR KR T MR, B2, 2017, (2): 7-13.

Lin HY, Sun T, Zhou Y, Zhang X M. Anti-oxidative feedback and biomarkers in the intertidal seagrass Zostera japonica induced by exposure to
copper, lead and cadmium. Marine Pollution Bulletin, 2016, 109(1) . 325-333.

Li Z W, Huang J A. Effects of nanoparticle hydroxyapatite on growth and antioxidant system in pakchoi ( Brassica chinensis L.) from cadmium-
contaminated soil. Journal of Nanomaterials, 2014, 2014 . 470962.

Hertwig B, Streb P, Feierabend J. Light dependence of catalase synthesis and degradation in leaves and the influence of interfering stress

conditions. Plant Physiology, 1992, 100(3) . 1547-1553.

http ; //www.ecologica.cn



