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W OE e E R E L EE SRR R e A, DR . BE K. ESEEREIN . REEME
REAEAT R, R A AR LT T AR R S R IREXT Cd. Pb B AT R AN EROR, DR
B ERARARDBLA 2. S5 53R, 4 Fhbd Rl B . 9 9 VRt b R S4 RE A W) R 4 = 1338 pHL, A3 A AIR
TIHEFHRBEIWA Cd. PbHE 583%—9.71%. 6.27% —14.48%, 4 KA A Cd, Pb & &
54.45%—72.73%. 4.36%—43.00%. 5 %I MM b, FE3E A | TR AL B I EOR MR K 6.47% —
20.28%, TEHEN 0.37—1.01 f%; LW m-FEEERIT . A Y-V ORI AL FREE IS 35 4 o5 - 4% pH, 4)
SRR T IER RS Cd & ' 18.53%. 19.83%, [EALA RS Pb & & 17.53%. 20.61%, FE(LE KM A
MDA % i 44.95%. 58.43%, FEAIK E KAL#E SOD i 4 77.28%. 80.56%, CAT ifi ¥ 41.57%. 43.28%,
POD i 1 56.84%. 58.23%. A=W i -A5EEWENE | A5 Wik - A IRt b BEASCR B f, RBAS A AU Bli b + 1
Cd. Pb, HRHFFERAERK, ARMEM EKKEZ Cd. Pb Bl s m E kY4545

X Hifk, EEIR, AARES, MDA, PLALEEEE.

Effects of different passivation materials and combinations on the
remediation of Cd and Pb polluted soil and the growth of Maize

MA Bing' SHAO Shiwei' SUN Yaping® WANG Lanxian® ZHANG Lei' ™

(1. School of Environment and Science, Qingdao Agriculture University, Qingdao, 266109, China;
2. Qingdao Agricultural Technology Extension Center, Qingdao, 266071, China)

Abstract In order to effectively passivate and remediate heavy metal pollution in farmland soil and
promote crop growth, biochar, hydrated lime, calcium magnesium phosphate fertilizer and pig
manure were used as passivation materials. A pot experiment was carried out to study the
remediation effect of single application and mixed application of materials on Cd and Pb
contaminated soil and the growth status of maize at seedling stage. The results indicated that both
single and mixed application of passivation materials increased the soil pH in varying degrees, and
effectively reduced acid extraction state of Cd and Pb by 5.83%—9.71%, 6.27%—14.48%, and
increased residual state of Cd and Pb by 54.45% —72.73%, 4.36% —43.00%, respectively.
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Compared with the control treatment, the plant height of maize at seedling stage increased by
6.47% —20.28% and the dry weight increased by 0.37 —1.01 times. The mixed application of
biochar-calcium magnesium phosphate fertilizer and biochar-hydrated lime could significantly
increase soil pH, reduce the available Cd by 18.53% and 19.83%, the available Pb content by
17.53% and 20.61%, MDA in maize leaves by 44.95%, 58.43%, the activity of SOD by
77.28%, 80.56%, the activity of CAT by 41.57%, 43.28%, and the activity of POD by 56.84%,
58.23%, respectively. The mixed application of biochar-calcium magnesium phosphate fertilizer and
biochar-hydrated lime has the best treatment effect, which can effectively passivate soil Cd and
Pb, promote maize growth, and effectively alleviate the oxide damage of maize caused by Cd and
Pb stress.

Keywords passivation, heavy metals, effective state, MDA, antioxidant enzyme activity.

4RI YR A Y B I 0 )12 BB IR B R —U 2 (2014 4 [E5 YA AR ) oK,
T [ 4 HE AT e SARHLE, DL 48 WA R I TE AL Y W R b S B AR bR ST Y 82.8%, TE
b 358 RS0 b A B AREE R 19.4%, 15 94N Ol i i ™, T E 259 Cd., Pb 450 Fifi 35 5 4 JB 7F
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MBS RERRL . S5 RE, SRR 207 & B S . AR ) FUA HL-TCHLE A M RS
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() FEBLHLA. RS W R B, AR Wk S5 R IR A AT R, P A WA RS & & W AR, 4B
W) 5 5 I I 1 58 A WA SR RO T s Db B A AR S A 9T SR, W AR L A9 REFEIE AR A
AL T Pb. Cd Al Cu A IE P, AHXT T B — A RLAb 35, V36 47 5 X 2 RIS A I 98 T TR 5 A $HE SR 3 11
B A () A 4 8 05 5 SR EZ UR A I F Y S, 7E Cd. Pb. Zn. Cu V54 -4, Jifi FHAGEEBEIE | 3 2%
A YA EC AL R VA P 4 R B A TS YLl e A T B A B, b e i 2 E 4R E AT
Y + HE R ORI Rl BRIGUY MY 26 B, BRI A+ SRR A2 e A X Cd V5 Y 3k
AR AR 3 B — Bl AR e fE, R R Cd i 43 318 0.183 mg-kg ™! F1 0.085 mg-kg ™!, BEX] 143 51l B
fIKT 93.64% F1 91.77%:; 5K HT A (55 6 1, A7 K . A= W0 B it R RC Bt 247 B4 1% 1 488 Cd A 3L &
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53508
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1 MRS ( Materials and methods)
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b KA AL FRE , B8 CdCL, . Pb(NO5), ¥k, fd 3 Cd, Pb ¥ A F)] 3.5 mg-kg ', 750 mg-kg !, A FF+
HE M [R5k B AE 60% e 5597 30 d, 2 XU BERE . 3 20 H 0 b 38 S AR A7 48 .

R 1 A AL B
Table 1 Basic physical and chemical properties of tested soil

- B 2 8B (mg-ke™) ALY AHLEY £Cd/ 4:Pb/
.i M pH (mg-kg™) Available P (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
Soil background Available N Available K oM Total Cd Total Pb
value 742 13.52 0.37 141.21 31.71 0.24 4.46

1.1.2 AR
ARWFIE T AR . B EEREAE . B IR Y T B 1, RN MR P IR T, ST B R
BEAR LG . AR A AN 2 2 PR, AR5 LA KRS FE R IR KL, 78 450 °C R #4# 2 h DLSE R
WYy 45, B AL & > 20%; 200 K555 95% + 3%; S5 EERE AN AG A0 P,0s > 12.0%. I VE ) ik 1]
PRK 372, W FAL AR AR £ FFIT LA BR A H.
F 2 HERUMRL LA R

Table 2 Basic properties of tested materials

PR} 4:Cd/(mg-kg™) 4:Pb/(mg-kg™)
Test material pH Total Cd Total Pb
Wik 10.12 0.01 9.25
FEEBENE 7.81 0.07 10.2
AATIR 12.93 0.08 20.14
1 7.28 0.52 35.24

12 %

TS B4 2 kg(BARLZL, h=10 cm, d=15 cm), W) 7% Bt AL B (B) BE4E 0.1 kg, 5555 M AE P
T b BE (C) FF 4 0.15 kg, 27 K BAG AL 3 (L) 4545 0.075 kg, J& 2S00 AL 38 (P) 4545 0.5 kg; £% b P15
TR G P TR Ak R A ) A i B TR Bt AR B (BC), Ak W% - KR AL B (BL), A= 4 ¢ -5 4 i R
IR AL 3 (BP), A K -E5BEBE AL IR AL 3 (LC), A JK-FE I IR AL B (LP), 6 28 -85 6 ol 1L Vi i Ak 2
(PC), TR it it JFI 2 BRIV g B Ak G — 2, ELAR AL BRI R 3 R AR . e N TR N gR A7 85 3%, B
TR 22—30 C, FKRARFRE 60%, =M-WI)5 45 1111, 15535 35 d R Yok,
1.3 Wik

T AL A5 AR B HT 962—2018, R A HL A 74 %F + 58 pH 4700 2 (7K L 1:2.5); M4 NY/T
1848—2010, R HIHK G 1= £ - L (0 7 % - HESR AR . A RUBEHE 1700 5 5 AR 4 6 - BP0 3R Ak 23 T ),
A3 R R 0 . A TR B A5 A I I I - R R AL

A Y E SR S B3 /B CdL Pb F iR IR U AR VA EAT I A, AR B GB/T 23739—
2009 & DTPA 12 4 B 358 v 59l 28 Py W ORI T 807 A= 75 35 2000 9 A 20 Cd. Pb; 133 Cd. Pb {7
TE 25349 5% FH R AR AR vE ) 5 R 2 1 Y BCR i 2232 41 006 4 g R BOR 55 BR$ S | AT 4k | T il
A BRIEA, B L M IORN 45 HUR A ) SR 5 45 B A 1% 4 (Optima 8000 %Y, PE 32 ) i 47
e, I L AR HEY) B (GBWO7401a) X - 338 5 4 Ja A6 I B0 47 A 1, U Cd.L Pb [EISC3 43 0
98.2%. 99.2%; AP bs W) it (GBW 10049 ) X 4 4 T 4 Jai 4G U B E A7 A% o, 3K C€d.L Pb [mliie 3 4y
1°h 98.5%. 98.8%.

R A= B AL FE b e S8 SR FH 4 5 5 28 22 {L (SPAD-502Plus, KONICA MINOLTA 3 [ ) F 4% Xt
FE P S 25 B S R AT I A 5 AR AR 0B P R A A B2 S IR FE ), SR I OBUAL 4343 06 6 B 1 D e TR i
(MDA) & £, SR FHIR W DU s v 7 8 481k 0 2 AL it (SOD ) T 1, SR FH A A AR My L 270 2 3k 46 FL 1y
(POD) i M5 #R 4% Cakmak 5522 () J5 10 2 Al ) i 1 3o S8 A U (CAT) 1 P Al 4 A BB AL R R 28 1
WSO T R BB A R A 70
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1.4 B0 dE Ak B

S K4 >R I Excel 2019 1 SPSS 26.0 #4722 5 . 3% P43 M7, fdi ] Duncan 3% 17 2 & L4, 76
P<0.05 XM T INEE R FEEE R, £ P<0.01 504 F KA EN B 3% 22 5. R Origin 2021 #£47
2.

2 R 54508 (Results and discussion)

2.1 AFEEEALARINT Cd. Pb 75 % 8 3L PR T Y 5 0
H 2 3 T A1, 5 CK XT Lo b, 259 e Bt | T il Ak B35 R 0 A 308 T 338 71.62%—150.85% 1Y
BB, 98.91%—224.00% 1A HLET, H LAAE Py ok 5t 45 T ROR B W I 5 BT A A 3B R i A 2l v
2 21.93%—411.94% (A 508, iAW ik . AW k- K . B A B S O e 22, (U4 T
63.28%. 65.42%. 21.93%; J&2S HJit | TRt b 3L 1) B 08 A7 AU AR T 1 22.74%—62.08% A HRAE AL, HoA
Ab BT - SR O B B LTI A R
£ 3 RIEALFEXS 1 pH . FE4 52

Table 3 Effects of different treatments on soil pH. nutrients

ISl ﬁ%@ﬁ{ A W@‘é{ ﬂ_izﬁz%ﬂil/ Fﬁm?ﬁ/
Treatments pH (mg-kg™") (mg'kg™) (mg-kg™) (gke™)
Available N Available P Available K OM
XHHCK 7.53+0.24 ¢ 14.03£0.51 E 5.61£0.16 67.40+2.45 F 31.33£3.12
FEERENL B C 7.73+0.21 ab 14.94+0.48 DE 27.16+0.25 B 66.33£5.12 F 26.3242.14E
AW B 7.84£0.18 ab 14.54+0.21 DE 9.16+0.25 H 169.07+3.12 A 101.514£3.65 A
BARITEL 7.90+0.11 a 14.84+0.31 DE 6.84£0.21 1 53.87+4.45 G 29.03+5.44 E
IEFE AP 7.68+0.14 ab 22.74+0.65 A 22.68+0.34 D 125.13+8.23 CD 42.79+2.43 D
AWk - ICIREBC 7.85£0.16 ab 14.74%0.45 DE 21.08+0.22 E 138.67+6.65 B 62.23+3.25C
Y- IR EBL 7.88+0.13 ab 15.33+£0.24 D 9.28+0.15 H 115.67+5.32 D 63.64+4.12 BC
H Wik -FE 2SR tBP 7.86+0.23 ab 19.07£0.35 B 17.64+0.24 G 133.13+10.25 BC 70.95+2.54 B
AR IR LC 7.88+0.15 ab 14.94+0.26 DE 23.324018 C 74.73+421 F 31.73+1.84 E
A IRFEFERMLP 7.87£0.11 ab 17.65+0.18 C 18.24+0.13 F 64.27+5.12 F 41.79+2.12D
T IRMEPC 7.60+0.24 b 17.2240.13 C 28.7240.33 A 87.80+7.14 E 41.0843.14D

TE: KEFHFRIRTEP<0.0/K T B2 B3, NG FEFRIRTEP<0.05/KF L0228 5 i 3.
Note: Capital letters indicate significant difference at P < 0.01 level, and lowercase letters indicate significant difference at P < 0.05 level.
22 AREEEA RS T8 Cd, Pb B A2 L2
HI & T AT, AR CK, AEM o . A5 EERRAE | B K AW - A B AL . A= W -3 A0 IRAR BT, A 2L
PR 1 5.83%—9.71% MY S5 PRI IS Cd & 8, W L3 54.45%—72.73% kA A Cd & &,
RV R gt BRI A5 10 Cd & A, BN TR S 1 Cd S 3G, Ak BRACR B0 W 4. i 45 Ak 2t
PR A R IR R 6.27%—14.48% (Y55 RRAR HUS P & 4, I 13 4.36%—43.00% AY 5K
A Pb F it BMAOKT, Fra A B REFEXT Cd. Pb AL ~A T 25 4 52 e BH A B AR Y A BB S A 22,
AP I AT K A5 B WA B | YR It 4 Ak B B8 A AU MR 3 v CdL Pb AOIRAFTE 25, 1 55 TR 4 X
&L AN Cd, Pb B M Al AL | BRI ASFEAL, FE(R Cd. Pb 75 3 BB s k. AR BEAL AR
[A]XF 13 Cd. Pb BIALBCRAFAEN B35 22 5%, LRI AR B B RAF IO FLIE S5, T ELX e fL k25 4
S A FRAC I JB0™ AR AR R ), 1383 Bl | ETRH - AR L 1) A5 A A= AR 23, A W 0 T 4 TR R T Y
FEHL 20 K 4 A B DORE RN . RIEE S Cn-lHE FHEEHFET n KRB F o 5HEF
Z IR AHELAE T, 55 A M i 57 B R HE A %) AR AL IE i, 51+ Cd. Pb LA IE S L ARG
AP S EERRAL | P K RES 4 i LSRG | SR BUE WIS 45K, e iE— LT Cd. Pb U MRS
gy, AR TR L Cd, Po BB IEE , (E B AS BEEAL . B K AT RE 2 S B0 A B D 9
Ao, IR P B AR SR I 8 3 A ok AR R U O 8 XU, T e M R K B R AL S SRR
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4 J8 45 B T LAV A 1 1Y) 463 s - ILIEE & )l 8 - Ja A LIS, DA AR 38 v o 65 s 9 A 251k
(HHA G EA — & SN E R, (HHAE SRR, BT HA LB a7 & R B/b, X 13 pH
FRXF A=Wy ¢ . ASEEBENE . 2 KBS, Fir ATE-& B HT P T4 T, HBi b8 2 A I 1% Cd., Pb YRR
FEAGF, R BA e e s i1 7] B 2 PRAE S S5 B 4 J T 3t Al 4 S 9 e,

V77 $4BR IR BN Acid soluble AT 4804L 7 Oxidizable 7238 R B A5 Acid soluble AT 4E04L 7 Oxidizable

(a) A JH A Reducible FRIEZS Residual (b) EIAT 3% JE % Reducible FRIEZS Residual
0 ez 7 100

80 [

] 80 §
g =g
5 g
g 60 % 60
g £
o (5
o] <
a, o
= 40 =40
2 S
= 20 é 20 ; % %

0 0

CK B C L P BC BL BP LC LP PC CK B C L P BC BL BP LC LP PC
Experimental treatment Experimental treatment

1 RFEIALEEX Cd. Pb B3 53 1 1 50
Fig.1 Effects of different treatments on the speciation distribution of Cd(a) and Pb(b)

23 EHBIBAS LRI A AH S

1 4 a1, 48 pH, AP & 705 5 a4 A | JkiE S Cd AR R 3% IEMI 5 (P<<0.01) | IEAH
5%, T LR wRAR A A RO L A LTS AT RS | BRIA S Cd. Pb 2 FUMC, S 5 5k S Cd. Pb 2
TR . BRI, Cd, Pb fE 58 b 5 - S8 FR AR YA S LA A L, e pH e L3 rh Cd.,
Pb AL 5 s PR A SCRE I R B, X5 IR AEAE D T RIS BB T4 R AR, 23 B FLE A
A RS AR i 5 SO AN Y —, LR AR RS B BT 5 B4 ) Jo s T A e A 25 S S ERY, X TRl —
Mo 18, R TR B AL A R AR RE S — 5 B B 4R T - 48 pH, {HUiti FH 2 J5 REAS R - BEAIL 45 (1 35 40 R T, [l — 3%
oy RN A, R R b, SEAR AR RGO L R R B pH b AR E Y . EEAY B 14 Cd. Pb Y

x4 THAAEMERTS Cd. Pb LB SRR S A

Table 4 Correlation Analysis between chemical forms of Cd. Pb and soil properties

Cd. Poib2EIEas Ttk A AR HH AL
Chemical speciation of Cd, Pb pH Available N Available P Available K oM

SRS Cd —0.871%* 0.222 0.209 0.044 -0.128

Al JEZSCd —0.820%* 0.071 0.142 0.054 -0.071

A fkAsCd 0.968** —0.168 -0.229 —0.121 0.058
FRiEACd 0.828%* -0.147 -0.135 -0.001 0.140

SRR ESPD —0.917%* 0.016 0.039 0.007 -0.107

AR JFZSPD —0.976%* 0.084 0.189 0.075 -0.202

Al ALASPD 0.957%* -0.060 -0.227 -0.039 0.170
FRIEAPD 0.971%* -0.107 —0.155 -0.006 0.128

Vs RIS S E AP (P<0.01) K-
Note: ** indicate the level of P<<0.01.

24 AJFEEAA R F KT Cd, Pb & 5 50
241 AFEEALHOEXT ARG Cd, Pb & AR LAY R

I 2 AL, AW BSEERRNE . 201K . A B BEBRNE | A5 4 ¢ -3 Ay IR Ak B Al Ak AT A
2R RS, B 16.81%—19.83% AYA A Cd. 12.93%—20.61% 4 5445 Pb. # {4k
KT, L) e A A BT, 7 A8 HE 19.83% 527 €. 20.61% 537 Pos H: 4 e 41 5
WAL AL BRACRIK 2, A AR 1 2 18.53% A7 443 Cd. 17.53% A28 Pb, TiHE S 5Lt | Rt Ak BZSCR:
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A A2, HOLURE 2 it Ab PRASOCR B 22 253 3R 3. R 4 70, B BSBRBENE . B IR B HE I R
it TFE it Ak HES BE A AN [ A R R g 8 pHL M A e BE Cd™L PRI R DT BSR4 S Cd,
Po IR S YR R A | B3k | IRE | RE | RS RERS AR R R T, S IR
HR AR R A S 1 R S TS RERS AR e IR ER L WRIRER | SR DUTE A A B, LR - e
Cd, Pb AL IRAF IS, AR R 1, AR AR A ket o,

251, @ 400 I (b)
b 3501 2 ab be

7 de ¢ %%‘7 : % 27 e de %P7 o cd o
0 Uil i
Voo vell

.
N3

DTPA-extractable Cd/(mg-kg™)
DTPA-extractable Pb/(mg-kg™")

200

10 150
100

0.5
50

0 0

CK B C L P BC BL BP LC LP PC CK B C L P BC BL BP LC LP PC
Experimental treatment Experimental treatment

B2 AEAIEXERES Cd, Pb & &
TE: N FHREFRORAE P<0.05 /K 22 R 2%
Fig.2 Effect of different treatments on the content of available Cd(a). Pb(b)

Note: Lowercase letters indicate that the difference is significant at the level of P < 0.05.

242 HIFEOKFEBRARN Cd. Pb &

A & 3a) AT AT, BR G 2% Bt b B A A G Al A B R T R A AR AR . 250 Cd & B CK 777
25 F (P<0.05), A7 & /D FORAEPRARER . 25038 Cd & i 4.83%—7.14%. 1.71% —6.65%. H
P 3(b) Al AL, ik 28 o Ak 8 DA A Y LAl AR R R REARAR AR . 250150 Pb & R4 CK A e B 25 57
(P<0.05), A=W hc . FHEEREAL . A K . AW -5 BE A . A= W) e - A A BRASURB4T, A3 30008070 &
KAERRMEAL . ZEH-38 Pb & 1 36.42%—58.58%., 21.86%—47.53%. MBI, 4= Wy -Bf1 K . H= W) J¢ -
FREEBENL . E W) i Ab BRBE IS AT AU AN Cd. Pb £E ERAFARAR N 1 B 42, B0 25 PR . TR A FEASCR b
B Z55 43 S B FOR 0 FT AR A8 2548 T % pH (Y RE T 5 HAt 3 FhATEHR L8 A FR, B4
AE 125, (R AR L R T HAR 0 T KA R A K A 20 S s SHL At Ak BB g B S A5 R, FE A BE AR ok
RERRS% 12 A8 1 B JE it b, F6 28 it . TR BEAL B R FORARRIR N & 4R | 5508 T A A B AL b4 Rl Ak 2 o
%) Cd, Pb.

320t Stem and leaf 280t Stem and leaf

(@) A M35 Root ) R Root

Cd concentration/(mg-kg™")
Pb concentration/(mg-kg™!)

CK B C L P BC BL BP LC LP PC CK B C L P BC BL BP LC LP PC
Experimental treatment Experimental treatment

B3 AEAEBAARAR AR . 255 Cd (a), Pb (b) & i
NG FHRERIRTE P<<0.05 /K22 540 3
Fig.3 Effects of different treatments on Cd (a). Pb (b) contents in shoot and underground parts of plants

Note: Lowercase letters indicate that the difference is very significant at the level of P < 0.05.
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2.5 R[REVEEALA R Cd. Pb T4 5 A HERT ) 5K AR R AR BRARVE 9 5 1
251 A[FEEELATBIXT Cd. Pb JBE T B T ORAE AR KA KRR A5

& 4Ca) AT AT, T AL BT FOKRBR 4 CK 38 57 1.50%—20.28%, L LASE 38 it | TR it Ak 2 Ak 21
T EKIEE 6.47%—20.28%, 7E P<<0.05 K-V 5 HABAN AR B 35 2 RN 22 5. i Kl 4(b) 7]
T, RS B S ZE A TR 4 5 R CK(38.5Spad) B 8 22 14.09%. 11.26%, 5 HoAth b (A
A5 A ) e -5 W A AL B ) 8] ¥ 77 A B 25 5 (P<<0.05). Hi &l 4(c) AT 40, AHAE T CK, F6 26 i | 1R
Jite Ah R A F K T EE N 0.37—1.01 £, H DB 2 A 3T, B KA MRS AR & B 3 (P<<0.05).
BEAART, FEFE R . TR A BEOOT KA R A AR KR 0 1 2 i A A A B R, A R AR R AR K.
G325 S5 AR T AN ) Bl AR 3 T L A o R 5 s AN TR, it ) 38 48 o ) TR IR R 48 45 — a2 1)
B AL B AU, TR AL BIXT TR AE KA AR R 22 5, FORMMRER & L SRR
i N R T A W e A AE R M 25 S, R S B | YRt A LG TR AR AR Y AR R e TR,
X AT BB PR R A 2 A B T B A RO S RGN, T A AR R L B R R A K RS
Exais ANl

[ (a) 01 ® a
100 - a I be b b @ be
L 7 d b be b = | g4 be é7 be
e T RN
80 7 &
AN N7 c P
‘i’ / 2 30
£ 60 g
B =
£ z g 20
=~ 2
/ 6 10
20
0 0
CK B C L P BC BL BP LC LP PC CK B C L P BC BL BP LC LP PC
Experimental treatment Experimental treatment
25 [ © g%t Stem and leaf
L A #335 Root
2.0

oS = =
o W o W

Dry weight biomass/(g-pot™")

<
wn

[V =Y

- éKlls CI IL }I> BIC ﬁLBIPLIC LIPPIC
Experimental treatment
B 4 AELIXTEKRME @), HERE () LAEYE (o) BEm
T /NG FRERIR P<<0.05 7K B2 i 2
Fig.4 Effects of different treatments on plant height (a), chlorophyll (b) and biomass of Maize (c)

Note: Lowercase letters indicate that the difference is very significant at the level of P <0.05.
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Note: Lowercase letters indicate that the difference is very significant at the level of P <0.01.
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