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Effects of different amendments on growth and Pb, Cd, As, Zn uptake by Zea mays

DU Cai-yan'?, MU Lin’, WANG Hong-hua®, YAN Ting-ting®, CHENG Zai—quan®, ZENG Min*, DUAN Zong—yan", LEI Mei*", LUO Hong-
mei*

(1.Institute of agricultural Environment & Resources , Yunnan Academy of Agricultural Sciences, Kunming 650205, China; 2.Plant Protec—
tion College, Yunnan Agricultural University, Kunming 650201, China; 3.Agricultural environmental protection monitoring station of Yunnan
Province, Kunming 650201, China; 4.Biotechnology & Genetic Resources Institute,Yunnan Academy of Agriculture Sciences,Kunming
650223,China; 5.Institute of Geographic Science and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China )
Abstract : Field experiments were conducted to investigate the effects of diatomite, biochar, zeolite and lime and their additive proportion on
maize growth and lead (Pb), cadmium (Cd ), arsenic (As) and zinc(Zn) uptake by maize kernels and the available Pb, Cd, As and Zn in
soil. The results showed that except lime,three amendments could improve maize growth and increase plant height, leaf area as well as
biomass. The yield of maize was also significantly increased. All four amendments could increase soil pH values and reduce the concentra—
tion of available Pb, Cd, As and Zn in soil. Compared to the control treatment, applying different amendments led to a decrease of available

Pb content in soil by 6.82%~20.46%, available Cd by 12.76%~28.28%, available As by 26.89%~48.74%, and available Zn by 13.88%~

28.95%. Additions of BZD (biochar+zeolite +diatomite ) was the most available treatments to decrease the available content of heavy met—
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als in soil, and BLD (biochar+lime+diatomite ) was ranked to be the second. At the same time, All four amendments could all reduce Pb, Cd,

As and Zn uptake by maize kernels. Compared to the control treatment, the application of BDZ reduced the concentration of Pb, Cd ,As and
Zn in maize kernels by 47.71%, 95.00%, 90.90% and 31.41% respectively. Our results in this study demonstrated that applying BDZ addi-

tive proportion amendments was the best functional amendments for the remediation of heavy metal contaminated soil of Cd—As—Zn.

Keywords: amendments; heavy metals; availability; Zea mays

Bt 1Al R PR % R R ek T Ak R R B
4 R 5 e B RN 5 55 BRI BT I A 32 2 )
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PRV AL BTG Y -3 5, e B0 - g v R B 1Y)
Cd 1 Cu BH B T [& ; PN F2 S5 OIF 58 R B Vg 90 4 BB
MERE Cd IS YL LT pH, HEEA S Cd & b
YA it PR e T AT, e R A i i 2 P AIK L
Pb Cd.Zn YA ZLME; Luke SEPWWIEFEUESE , 15 54 1
e 22 Wy e A PR RO PG 204 EL A AR As
TR, WS As BT EURT 3 pg-kg,
BEE BB N e/ X TFE B R A15 0+
8, SR FH 22 bl R e it © AT — BB F 55510, RS LA
i Z g i ) R A K A Y
IR A+ e 4 A i AR WA R (0 R B
Pb .Cd.Cu.Zn JLANEE 4 J8 BB —T5 e sl R A5 e,
M %t F Pb.Cd.Zn As 4 Fh 5 4 J& [F] i 4l b 18 &2 (1)
B w2

AP =FANHE B X E A5 5 HHE R
WFFEXT G, TR AR RRE , LA PR 9% P FH 4835
B R S50, e B H RTTE A BB R AR i k2
KM AW KESE A A KA A AL i
o FH B 5% HOX) 8 4 Jl 2 AT Y R 3 Bl AR AL
3, DU s et A it FH A SO TRt AR 390 i
A Al P B A s R A 10 b 0 38 RE A R RAAER
T 4 JE AR A AR AR AT A R AR
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L1 kA

TR I M A T TH T XS A AR R TS Gk R 48
YEA4R H(103°9'29"E,23°32" 12N, -4k & B 1122 m),
H AR IAL MR . AP 37.68 g-kg™ ,pH {H
6.29, Gif# &L 150.15 mg kg™, A5 %W 77.96 mg kg™, 3
RUA 206.14 mg-ke!, 2R 2.17 g-ke, £ 1.94 g-kg?,
44 11.20 g-kg™, i Cd 0.49 mg-kg™, & Pb 157.50
mg kg™, &L As 92.50 mg kg™, B Zn 340.47 mg-kg™', MR
I ) R (3R R AR vE) (GB 15618—1995) , B 5
X3k 4 58 4 )| Cd As Zn 54070 H GB 15618
—1995 (K F5EAE b 11 - 3 RBE i i bR ofe | Al oR FH K
FHAE ) — bRt 1.03.3.08.1.70 £, 145 Pb RHbxR,
AR RN, AR S EE 4@ Pb & fli bR

R LILTIR 6 SN HHRFR SR CHALER AT

RIS WL Ak . RESE L . A KK
(20 Fih A0 o A= e Tl e T e — R B e A B
o] BESE I B = I e BE R A R A R
R A ISR PR E], WA B = m B /N 3
TR & T3 B SRR RE 200 HE, 28R,
SEARMHEAEPERT W 1. kS Lol A~
SR,
1.2 X Iwigit

RIS B 7 AMEBEE, 300 At R Bl AL
(CK); A9 (3% Sl ) 5 LI R Lk, B) s ke 1
(3%,D) ;AT 83 (3%, Z) s 41 KK (3%, L) s Wy e+ 11
WM +AE S A (1:1:1, BLD ) 5 A= 9 e + W Ay + ik i

1 AU B SR

Table 1 Physical and chemical properties of additives

Ak

. T4 )& %1 The content of heavy metals/mg-kg™

Amendments P cd Pb As 7n
f KA Lime 1250 0.77 59.75 2.16 20.66
fE# + Diatomite 8.61 0.00 0.28 2.40 6.79
WA Zeolite  7.36 0.14 38.31 4.56 50.45
H: )% Biochar 8.08 0.28 1.86 4.10 7.88
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PRI 7 R VA 0 | [T b DU o] 14 8 2 47 R OKAE
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ZH P BlAL R T HE 10101 A8 Ho A9 2 2 R
REHE], T 2015 4 5 H 50401 Tk 56/ X 1 1
F, R FTERF I A AL A R BH A 13 (VR B 0~20
em), TR

F20154F 5 7 9 HEHSHK,5 )1 28 HEW,
2015 49 J1 13 H—yEoR . &R i &2
AR (15-15-15, B T4y =45% ) LR, i T & 600
kg -hm2; $ 9B G R 2 it H & 300 kg-hm2, H[E]
R PR K R AR T o
1.3 HRRESHHT

45 AERREE SR T 2015 4F 9 A A (Eok
BRI ) SR A MEAE” T BURE 15 43 BN 45 /NI iHEA TR
i AR AR | BIAE AR B/ R 5 8K oK TR KR
TR A B, R B X AV R4 3R
FRAERRSE T B ARIK/INODPREAR R Ve L, SR 5 R 2808
IR . BRI R . 250 KPR, 78
105 CA# 30 min, 70 CHET-ZAEH, 435 0E T4
JriE . FORFPRIHETRE SR TR 40 H A5 . T4
i A, 433l 20 H .60 H 100 H i 4 H o

T A BT TR AR R A vk - I
M E s 3 pH EH R 1:22.5 0K, BT
(Starter-3C, BEEHMUARA PR A RDME . THEE SR
AR R 0.1 mol - L7 EhFRIRENM, TR FFAIAE
f M Cd \Pb.Zn As 2 05 B 35 R T K 925 TH Ff
(GB/T 5009—2010)., +3EHE T Cd.Pb.Zn 7%
5%l ICP-AES(ICP 6300, Thermo ) 5E , F K ¥fi
FESS W Cd P Zn & 5 R B A B8 00 R 7 1 0 43
FeHJE T (ICE-3500, Thermo )i & , 4= 3 F1 K Ffkr

o As SRR &L & R - RO OOk S
(¥, AFS—2202E )il 4E .

I T AEURTAR 15« KSR s, ) AR g A oK
I R R 5, T AR =2 (R 5E%0.75 ) o

PRI E ORI, BECEAT AR 1 47
Tk, RATA) R 2 0 R H 4 Bk 8 SRR ERCT 7 B FR
(3 rieT i N CEL A A CI M e S ey L IS g =R S ]
1t KR PR K (35 14% 5 K EEHTE0 )I 3  5i
Prym i, B BRI 0 i, 47 77 i (kg -hm )=
R H (kg )x B ESEA HREL
1.4 EiEALTE

% FH Microsoft Excel 2010 F1 SPSS 17.0 411 #c{4:
PEAT B AL B, I 3 2 M 227 (Duncan 35 ) 4 7
2253 i YRGB (P<0.05)

2 HBRE5HMH

2.1 ST EARERKFA=EH N

Jit FHAS [V Ak 55 e FLZH A S 7EAS [RIRR BE b 5% e
TR (K 2), SRR, AP (B) JEdE (D)
S A4 PR S HOR R A0 FOK PR . TR AR
Yy BRI R IA R, BR T A KA AL
AR, it AR B ) SO A Y ST R AR A
74 a5 T U RE S8 NI L1 567 S 7 =/ 1 1T w1 Y2 7
A W AR BT i it FH BZD (AR e+
K+ EEE ) Ab I FORMR S R AR R AR
B Ay i FRERL BT A3 R o B, A il G
6.30% .11.45% . 11.23% .14.50% F1 16.27%,

i o s || E=Z N i £ (K A | DS @ AT RS S R Spe:
TR = 5 (B A R AL BRAN ), FOK - i 4 o e (3
FIALFE A BZD 35 BEAL BRI T T 26.77% . AJAliak
AL, FOK 7 I K/ NF R - BZD>B>BLD>D>
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Table 2 Effects of different amendments on maize yield and its components at harvesting stage

5 RS i A Biomass(Dry weight)/g- # FRE R it g
Treatment Plant height/cm Leaf area/m’ Hi -3 Shoot HEB Root Grain quality/g-F4i~! Yield/kg-hm™
CK 285.17+5.01d 825.15+0.83¢ 160.26+2.66¢ 21.69+0.95d 131.58d+2.06 526.54+1.00d
B 291.00+1.00be 887.87+4.24¢ 180.37+2.72a 24.24+1.19bc 163.51£1.17b 653.35+0.91ab
283.17+1.53d 827.10+8.62¢ 168.23+327b 23.58+0.47bc 151.30+0.37¢ 603.85+0.97¢
7 287.33£1.53cd 827.10+8.62¢ 167.73+3.87b 23.12+0.26bc 131.61+0.82d 527.65+1.13d
278.33+2.02e 820.31+6.22¢ 149.91+6.06d 17.62+1.17¢ 128.59+0.6%¢ 509.51+0.82d
BLD 292.67+2.52b 896.00+1.74b 180.85+1.29a 25.30+0.92b 164.19+0.29b 621.08+1.51be
BZD 301.00+3.12a 921.84+2.32a 186.57+2.82a 27.00+0.89a 166.54+0.99a 667.52+0.96a

T FIEEARER (n=3 ) 5 [7]— FAN A 5 B R #5 A L2 7] 22 53 {2 25 (P<0.05, Duncan %) . Tl
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AL 0L i FAAS [R) Bl Ak 700 B L2 (B T R Ak
RO ), BB F KA, RIS X FOK AT 2 i 3 ™
YEM .

22 #UFIx L pH EHNEEEFRSSEN T

B 1 FOKIOR I, AN [ fifk R b 21 4= 4% pH {A
M)Ak, ATLUE i AR, S HER pH (E 10 2
This , 22 51935 8 2 K- (P<0.05) , {H R [ 4l £k 71 1]
ERAREE(P>0.05), SXFIEA L, B it A e 4
(D) AW (B) kA1 8 (Z) F0A7 Ky (L) A3, 4
e pH {H4 9 TH 1.62.1.54 .1.64 .1.72 Hi43i ; BLD Al
BZD 2 FZH A 135 pH B 535 75 1.68.1.66 i,
ARl AR X 148 pH {452 ) 22 57 7] i 5 a4k 7
A B B RPNt PR A AN A

T 398 pH (B2 52 ) - 398 51 4 Jm A RS AR
Py 4 e Y E R 3R AR S S T BRI 1
P RS P Cd As Zn FHEIAYFEI . NFR 3 AT LA
F L IMAARIEEA S, 5% REAE b, AN R iAk R f
A B EREL T 138 Pb .Cd As Zn AR T

13 pH {H

NGl S I GsE
ANF/NG FREFIR A TAE P<0.05 K |- 255 2
B | RELFHERETE pH BTN

Figure 1 Changes in soil pH values after application of

different amendments

i, ITRHE T K %F Ph.Cd  As Zn BRI, 1EHANR]
SRRV Z [AIAEFE I B 25 572

A FEAL S, T ARGS Pb SRS CK
A HE A AR BE A, HOANR AL BRI F AR 22 5% . A
FEARSCRE , St I RESE (D) EW ok (B) ik A1
W (Z)Fre R (L) AR PR , -3 P A 808 Pb &4y
SRR T 11.46% .13.64% .11.37%F1 6.82% ,BLD F
BZD 2 Fh el & A2 Pb S 0 AR T
13.73%1 20.46%.,

it AN ARG, LEERASE Cd FEE
CK A8 HL 344 AN AR BE RARAIG , R R 12.769%0~28.28% ,
BB EAE 2 5 o BRI , UL BZD A
X Cd BRI R U, Cd A RS & i h PR A 1
1) 28.28%(P<0.05) ; H: Sk Bttt A B AbFE L % CK
B#AIK T 25.52%, Wi 2 W] 2253 8 2 (P<0.05)

Jit AN [ B A 75 R L2 5 3 (B 2 BRI T 3 v
As BRUE A7 (P<0.05) , FEARTE R 26.89%~48.74%
BZD A% B3R AR As RSG5
X HEAR PRREAIC T 48.74% ; Hok > BLD 414 1 H it
FH B Ab3, 45 CK YRR T 39.75%

5% BEAR B, it BRI AR T R A AL
A Zn Frm(323), KRR R 13.88%~28.95% ., WAL
RF UL BZD 2GR 138 Zn ARG RO i
B, 50 REAR B Zn A5 RS S B AR T 28.95% 5
Y BLD 20440, 45 CK FRIK T 22.49%, H 5% g
AH L2555 0 3 (P<0.05) .
2.3 $EALFIXS ERAFRIRYL Pb.Cd As Zn FIFNT

AST) Bl Al 0] R L2l A 3 KR PRI Ph A5
T 4o RIS REAH EL , it PR B A0 70022 S S AR T KT
$i Pb 5 (P<0.05), [&0R N 23.85%~47.71% , Hrh,
LI BZD ZH& 5% T KPR Ph & 8 RRAR RO i, &
KAFRL Ph & w6 BERRAIR T 47.71%(P<0.05) . Hik

RI ERAEUFELIEEERENESEE

Table 3 Concentrations of available heavy metals in soils after application of combined amendments

Qb PR Treatment  Pb/mg-kg™ Cd/mg-kg™! As/mg-kg™ Zn/mg kg H CK i/
Pb Cd As Zn
CK 10.995+0.71a  0.290+0.03a 0.119+0.05a 11.818+1.80a — — — —
B 9.735+1.06bc  0.216+0.01d 0.072+0.01b  9.542+0.18cd 11.46 25.52 39.50 19.26
9.495+0.71be  0.223+0.02d  0.073+0.00bc ~ 9.478+0.99¢ 13.64 23.10 38.66 19.80
Z 9.745+1.77be  0.238+0.00c  0.079+0.00bed  10.178+1.62b 11.37 17.93 33.61 13.88
L 10.245+0.35b  0.253+0.00b 0.087+0.00b 9.310+0.72¢ 6.82 12.76 26.89 21.22
BLD 9.485+0.71c 0.231+0.03¢  0.072+£0.00cd  9.160+0.90cd 13.73 20.34 39.50 22.49
BZD 8.745+0.35¢ 0.208+0.02f 0.061+0.02d 8.397+0.36e 20.46 28.28 48.74 28.95
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S BLD 414, %5 CK ARFRREAIR T 45.87%(P<0.05) ., A
RIS AL E kAR Pb 5 7E 0.57~1.09 mg-kg™
Z I8, ¥y T E R 5T Y R E bR (GB 2762—
2012) 1434 Pb B BR 1 (0.20 mg-kg™ ), fK Tk} 12
AR E(GB 2762—2012)H 44 Pb A FR 4 (5.0 mg -
keg™)o

ASTRVEE AR T B AR Cd B 5200 DL 3 4.
ESXTRRAR LY, it P Bl AR 2 B BRI T EOKF PR Cd
B & B (P<0.05) , [N 66.25%~95.00%, Hir, DX
BZD G5 F KPR Cd % 1 i FRAIRACR fe b, Bk
FPRL Cd 5 SRR T 95.00% (P<0.05) ; Hk N
BLD 214, B0 it CK AR T 91.25%(P<0.05) A
WFRFAET , B E KK Cd 7% &7 0.04~0.80
mg-kg! Z[a], H B.D BZD .BLD 4 PAbFEf FKFE
Hi Cd & FE AR T & 5 s B R A5 fE (GB
2762—2012)H 4+ Cd AFR 5 (0.20 mg-kg™).

MR 4 TR S, ARG BRI T £
KAPHE As Pt ST REAH EL , Bt PR B Ak 70 X045 S5 AIR
T E KPR As B S EH(P<0.05) , [ 4160.00%~90.90%
Hrp, DL BZD BT FOKFFRE As & I RRARACR
U, FORFPREL As BBt BB T 90.90%(P<0.05 ) 5 H
U BLD 4bH %5 CK AbFRRFAIR T 83.64%(P<0.05).
WA, AR, S0 EORAFRL As 5 =AE
0.005~0.055 mg-kg™ Z [A], PR F E R & 55
PR 12 A5 1 (GB 2762—2012) 45 4 As PR 5 (0.2
mg-kg™).

Jiti FH B A TR 38 2 A T Kb PR Zn i,
F AT LUE A REAR il B Bl A0 70354 R0 R AR
T EKAPRL Zn 1 (P<0.05) , [ 4 15.48%~
31.41%, Hrp, DL BZD A4% £ KKRL Zn S &1 0%
TRACR AT, EAKFRL Zn & B REREAR T 31.41%

(P<0.05); Hyk f BLD 414, $00 BE CK AR FRFEAE T
26.10%(P<0.05) . AMWFFE 5T, A0 FE F KK KL Zn
FHAE 27.91~40.69 mg-kg™ 2Z 0], PR T EE &
5 YL W B A7 UE (GB 2762—2012) FR 48 W) Zn [ BR &
(50 mg'kg'l)o

3 itig

TEE G5 e Lo b it A Sl A0 (2 R
LUPEY/ QN E 2 8 SN L7/ /R aY v e o AN R DK (B
P AL A2 BRI 3R 20 O, 4 s R 2R
Wi L L X2 P S ISR T, B R A i R
e, R EARER A i) A i B — e R Y
G0 5 B0 SEIIFFEAESE | R IIAS [] 25 R R0 oK Y
AR R AN — R, R 220 R R Ak B 8 2 Mg g
K Bl S i AR i OROE [ SIS R
W it T4 A R B (B T I A0 A1 ) B g fle i 6 K A
R BB RS AR . AR B R
W], Cd 755 38 Bt A AM ] 1T FORAR B AIR T
FOREY AR, APTEH, B T BB, it
FEBE L Wb AR AW S A S REAT U i R AE
KRR AR KA R, B R A
Ky o e PR b WAk AR B A
T ER A AN Y, TR D A A
JE TRy, A Z AT LT, FER TR X,
0 3 W PR BN CTE S I A T ool - M
TRCPF A U B AN el L R G
TR E , AR FOR BTG, 3R R FOKR A W
PR LR DR B R BOR RO FLBRE | FE R AR, iy
A R 70 R Ay 1S i ) FEL ) 2, BE IS IR R ] 52
BAEME TS, RN ESAFE LRI I0R NP,
K .Ca Mg i yo %, i A 5 , AT B 2 iR 3

R 4 REFELFIXERFFRIRYB Pb.Cd Zn F0 As HIF500

Table 4 Effects of different amendments on concentrations of Cd, As and Pb in maize kernels

AbFE Treatment Pb/mg-kg™ Cd/mg-kg™ As/mg kg™ Zn/mg-kg™
CK 1.09+0.04a 0.80+0.02a 0.055+0.00a 40.69+1.26a
B 0.74+0.16bc 0.12+0.00d 0.022+0.00b 30.63+0.28cd
0.74+0.16bc 0.11x0.01d 0.020+0.00bc 31.140.62¢
Z 0.75+0.16bc 0.20+0.02¢ 0.0140.00bcd 34.39+3.39b
0.83+0.03b 0.27+0.02b 0.021£0.01b 31.53+0.26¢
BLD 0.59+0.04¢ 0.07+0.02¢ 0.009+0.01cd 30.07£0.55¢d
BZD 0.57+0.01c 0.04:0.00f 0.00520.00d 27.91=1.85¢
£k TAEFRHE(GB 2762—2012) 0.2 0.2 0.2 50
ekt T AEARHE(GB 13078—2001) 5.0 0.5 2.0 A
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BTSSR RE TP, R W R L R A A
RUE R IR N 2 — o T A — iRt 4 5 K o
TR OAIT, B —E AR KPR R RAEE o
IEA, fE e AR L (Si-OH) | iy &0 AT LAY 5
oK, AL AR K Rl A — 5 114 B FEL A, ] 8 i ke 3
e TS TE LT ) 4 B B [ RE ™
G )i B T ERE R R R A 28, TR 13 rh

& )& DR PE AN AR P A Rk

T3 As FEUBEFIEASELE, kg
PB4 458 pH FHs St R As AOfR Y, £2
= As AR R, B RERE N M ES R E AT
e LIS BN Ry AR B WA i 4 Fhli4k
A, A B AU gt Ak 790 0 X BEZL AR EL , 38 Ph
Cd.Cu.Zn As EYHREE S EIA AR FIFREEREAR A
WEFE it P Ak BE - R R SE 4 R BRI A A
Al TR 1 pH B (K] D FIFRAR T As ARCE
(3R 3), AR L KRAPRE As i JRA AT RE R +
ek Cd-As—Zn B AT5 Y%+ 1, -8 rh [l B A7 AEAH
LT 975 e, ELAT AR B L Aar (415 G S fe i 25
[V FH , 68 S 25 2 R X5 YL oo R 0 [ 8 B3GR, ANFE Fe
(OH); FR1fl Zn F1 As BB I [FIE A2 G UTE™,

AN ARTGRAAAE T, 5 A B EOKKFREL Ph 5 i AE
0.57~1.09 mg-kg™ Z [0], ¥ T B Z & 5 s e 4 R
12 A5 4E (GB 2762—2012) th &2 %1 Pb 11 B & (0.20
mg-kg™). JRAFREE  HRIAR M LI N ES R E
Gl MR DR S RIS S . £ KX Pb
SRR BT 3 Ph A RGS & &, b
e e pH {E (Pb 5 HAth 5T 2 19 55 4 0% B A
F FEHIXT Ph #4328 58 1 55 K 2 B9 /R A2,

4 Zig

(DBRA KA, it FHFLAD 3 Fpe A0 550 e H 4l &
HAS [ 2 B it 0 B K A A 38 e oK bk i I T
A R T A, AR R RO R (P<0.05)

(2)Jits FAAS Tl gl fk 50 S Hegl 4 35 T v R4
pH 18 (P<0.05), AR AR L Pb.Cd . As Zn HRL
A, SXAE L, A RS R B PR
i 43 51] 35 £ 6.82% ~20.46% ,12.76% ~28.28% ,26.89% ~
48.74% ,13.88%~28.95% ; BZD Kb P& X + 1 h Pb
Cd As Zn A 850G & B8O i 8. (P<0.05) .

()it FHAS IRV E Ak ) R JL2H 55 359 (8 38 R AIG KA
KX} Pb Cd As. Zn FW L B F, Hi BZD AbBERICR
A, FORFPRL P Cd  As Zn 5506 BRI R
47.71% .95.00% .90.90%F 31.41%; FIrAg Ab T F KK
Wi Ph & A [ KB S YRR AR (0.2 mg-
kg™), [A] BRI T 1 SR AR YL ) PR A A5 1 (5.0 mg -
kg™)s
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