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Effects of Different Amendments on Corn Growth and Accumulation of Heavy Metals
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(1.Research Center for Eco—Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China; 2.Environmental and Resource
Institute, Gansu Agricultural University, Lanzhou 730070, China)

Abstract: Effects of different amendments on corn growth and accumulation of heavy metals were carried on by using pot experiment in
greenhouse. The results showed that most of amendment treatments could increase the total fresh weight of corn and fresh weight of shoots.
Addition of different amendments could significantly decrease the available content of Cd, Pb, Cu and Zn in soil. Compared to the control
treatment, addition of different amendments led to a decrease of available Cd content in soil by 4.8%~16.5%, available Pb by 10.6%~15.5%,
available Cu by 4.5%~26.7%, and available Zn by 2.8%~7.6%. Additions of natural bone char, bone char+ red mud and Al,(SO,); modified
bone char were the most available treatments to decrease the available content of heavy metals in soil. At the same time, concentrations of Cd,
Pb, Cu and Zn in shoots and roots of corn decreased by adding most amendments. Compared to the control treatment, all of the amendment
treatments decreased the concentration of Cd in corn leaf by 27.5%~62.2%, and the concentration of Pb in corn stem decreased by 46.7%,
55.6%, 59.0% and 74.0% respectively, by adding bone char+red mud, sepiolite, zeolite and natural bone char in contaminated soil. Effects of
amendments on the transport of heavy metals by corn were also studied.
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Table 1 Physi—chemical properties of additives
e R pH’

Na/g-kg' Cd/mg-kg' Pb/mg-kg' Zn/mg-kg

e 8.52 8.32 0.79 7.47 211.69
e 11.04 4428 — 100.02 72.68
A 8.61 1.60 — 10.48 322.76
A 8.64 0.55 0.98 — 23.20
etk R 5.30 2.89 — — 143.61

#pH SR LK A 1:2.5 PEFFIE ; “—" R IR TAR I T R

1.2 iR5&i& 3T

W8 AT By e RIS A 3 . RS el R 71
(CK) 5% gy (HP) 5% A1 (FS) 5% 8 & (GT)
2.5% 8 RK+2.5% M1 (GT+HP) . 2.5% & & +2.5%
WA (GT+FS) 2.5% 8 5 +2.5% 757 Je (GT+CN) Fl 5%
AL(SO,)s B EE 7 (CT-G ) AL B 4 W 4
B+ 1.5 kg, B HINEA 0.645 ¢ JRZEFN 0.645 ¢
Fik — U E R SRR A P A TR 2 KA — A
Jo B KRG B T s b A 3 bR, R —
JAJG B AR B 1 MR KT . R 2 d Pk —IR,
fiff - 38 5 K B AR REAE H R K B0 T5% 254 o 5
B FE ST JE FE (4 v] P IR (18~30 °C) R
(50%~95% RH) Fl1 Y HE (260~350 wmol *m2+s™) A A
TAMEE I B — RS I A R & iR
BEFEIAE HE R B Fe AR — 3
1.3 HmEESHH

FORAEK 45 d IR, REIRE S 2 B oK
Pe AT JEHRE, 105 CF A 30 min, 885 7E 70°CF
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Figure 1 Effect of different amendments on pH values in soil
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Table 2 Effect of different amendments on the height and dry biomass of corn

Kb 3 K /em H/mg Z/mg H/mg b | /mg L /mg
CK 99.75+5.19a 0.72+0.05a 1.79+0.47¢ 2.99+0.13¢ 3.55+0.14d 5.29+0.15b
HP 104.00+4.83a 0.85+0.07a 1.86+0.48¢ 3.18+1.00¢ 5.04+1.48bc 5.89+0.71ab
FS 102.2+5.25a 0.81+0.19a 1.87+0.81c 2.70+1.58d 4.57+2.74¢ 5.38+1.55h
GT 101.6x1.52a 0.78+0.18a 2.02+0.73bc 3.05+1.09¢ 5.06+1.82he 6.20+1.34ab

GT+HP 102.0+£591a 0.89+0.21a 2.23+1.04b 3.53+1.39b 5.76+2.42h 6.65+1.32ab
GT+FS 103.1+5.92a 0.71+0.22a 2.08+0.21bc 3.09+1.18¢ 5.70+0.75h 6.51+0.51ab
GT+CN 103.0+3.65a 0.55+0.07b 1.33+0.38d 2.50+0.56d 3.83+0.59d 4.38+0.33b
GT-G 104.1+2.78a 0.90+0.04a 3.20+0.33a 4.38+0.47a 7.66+0.73a 8.56+0.38a

TE: PEARERZE (n=4), [7]—FA R T BE R 44 A B 7] 22 53 .35 (P<0.05), Rl
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Table 3 Effect of different amendments on the available concentration of heavy metal in soil(mg-kg™)

Qb3 Cd Pb Cu Zn
CK 48.11+0.48a 438.74+37.65a 103.96+0.38a 694.96+9.63a
HP 44.75+0.59b 434.20+8.90a 99.25+2.12b 671.31+12.48b
FS 45.78+0.59b 436.57+10.48a 98.81+2.22b 675.84+10.22ab
GT 40.19+0.77d 380.19+4.78d 76.25+2.03¢ 642.00+6.46¢
GT+HP 41.72£0.59cd 403.38+14.18b 88.37+4.13¢ 654.03+22.88bc
GT+FS 42.26+0.65¢ 409.64+5.99b 89.83+1.15¢ 664.79+6.63bc
GT+CN 41.64+0.96cd 370.83+6.78d 86.84x1.18cd 643.51+6.08¢
GT-G 42.04+191c 392.04+13.58cd 84.24+0.20d 654.60+19.74be
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Table 4 Effect of different amendments on uptake and accumulation of Cd from corn plant

Cd & fit/mg- kg Cd§EiE 5

o i % — it % i

CK 128.52+4.52a 23.66+1.27a 53.22+1.17a 0.18+0.01a 0.41+0.01a

HP 104.31£19.59ab 16.56+1.8ab 38.60+3.16b 0.16+0.02a 0.37+0.30b

FS 123.78+16.01a 18.18+1.88a 30.02+1.44cd 0.15+0.02ab 0.24+0.01c

GT 66.20+19.12bc 10.39+0.96h 23.68+1.31d 0.16£0.01a 0.36+0.02b
GT+HP 103.58+17.48ab 11.85+1.21b 26.30+3.61cd 0.11£0.01b 0.25+0.03¢
GT+FS 84.58+34.25b 14.97+1.21b 33.15+2.63bc 0.18+0.01a 0.39+0.03a
GT+CN 46.99+5.05¢ 9.13+0.51b 20.13+1.13d 0.16+0.01a 0.35+0.02b
GT-G 126.65+12.03a 14.56+0.80b 35.38+1.55bc 0.11+0.00b 0.28+0.01¢

TR o GT+CN A3 25 FRAIR R K ZE R Cd
S RFE R T 2 B3A 80 Cd S &gk, i85 5
44 pH (AARL S R Z B2 m (] 1), pH>7.5 B -4
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%R s ZE(P<0.05)
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CN Ab 330 EOKAR R Pb & & 4 il 32 % 75.5% il
67.69%., +3EGIN GT+CN HP FS F1 GT i 2 %A%
FAKZEF Y Ph &t (P<0.05), 5% REAR HE , 2 SRR A%
46.7% .55.6% .59.0%F1 74.0% ., % FE An Pb & &>
Vi, BR T GT+CN Fll GT-G A, HoAth i KL 5] b B A RAALG
T EKM ) Ph B A CK AR I T 43.3%~
65.2%. %% 3 1, GT+CN AbFEXT Ph A3 3008 & A A
ORI, (EJR AL B RORAR Z5 AN R Ph
R, PTREE R AR T SC e i LR G
FHoRIGY I, FRX Ph RIS A BT
+-Hed Ph A RS S, BT - pH . Pb 5
HA TR T2 R BHER . AEYIXT Ph (%% iz 5 T 55
KR VR R,

NI BRI S:3L Ph M E KA 2 1] X Aty
Beis 2R AE 0.04~0.17 1 0.06~0.19 Z i), 5 CK
REFRAH L, HP FS GT H1 GT+CN A 5 3 Hi[5AIK Pb M
KM R ) ZE R HE IS 2B (P<0.05) , 11 BT A Bl R A%
Tk FR Sk 25 M REATG Ph DA FOKAR R 1) i 18 224K
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Table 5 Effect of different amendments on uptake and accumulation of Pb for corn plant

Pb ¥ im/mg kg Pb #4535 250
e i - — I - it
CK 54.31+0.48b 9.13+2.94a 10.48+0.16a 0.17+0.05a 0.19+0.00a
HP 52.61£11.71b 4.05+0.89b 5.58+1.07b 0.08+0.02b 0.11+0.02b
FS 95.29+15.40a 3.74+0.97ab 5.69+0.26b 0.04+0.01b 0.06:0.00b
GT 62.41+4.48b 2.37+0.74b 5.34+2.23b 0.04+0.01b 0.09+0.04b
GT+HP 55.07+11.32b 9.15+2.47a 5.93+2.61b 0.16+0.04a 0.11+0.05b
GT+FS 52.45+8.10b 7.68+0.60ab 3.65+1.10b 0.15+0.01a 0.07+0.02b
GT+CN 91.07+12.20a 4.87+1.94b 10.33+2.35a 0.05+0.03b 0.11+0.04b
GT-G 54.99+9.04b 7.91+2.89ab 7.32+1.64ab 0.14+0.05a 0.13+0.03b
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Table 6 Effect of different amendments on uptake and accumulation of Cu for corn plant

Cu Fit/mg-kg! Cu 612 44
o i . g it = it
CK 136.62+9.74a 8.80+1.78a 12.39+1.99a 0.06+0.01b 0.09+0.01b
HP 118.89+3.41ab 8.06+2.15a 11.50+0.21a 0.07+0.02a 0.10+0.00b
FS 114.07+5.81ab 5.58+1.59b 11.41+0.21a 0.05+0.01b 0.10£0.00b
GT 83.61+21.47b 7.35+0.26ab 11.53+0.48a 0.09+0.00a 0.14£0.01a
GT+HP 115.92+13.44ab 5.51+0.81b 10.70£0.46a 0.05+0.01b 0.09+0.00b
GT+FS 88.71+£7.31b 7.04+0.52ab 12.03+0.41a 0.08+0.01a 0.14+0.00a
GT+CN 94.51+8.71b 7.32+0.98ab 11.02+0.33a 0.08+0.01a 0.12+0.00a
GT-G 132.20+5.77a 7.16+1.08ab 10.95+0.28a 0.05+0.01b 0.08+0.00b
R 7T ARBRFIERBBFIRR Zn BN
Table 7 Effect of different amendments on uptake and accumulation of Zn for corn plant
Zn 7 mg-kg! In $E 28
o i - o I - I
CK 372.88+60.91a 648.41+103.9a 118.09+32.91a 1.74+0.28a 0.32+0.09a
HP 282.42+20.06b 523.44+82.36a 89.90+8.15a 1.85+0.29a 0.32+0.03a
FS 412.12+28.10a 437.76+102.5a 64.94+3.96b 1.06+0.25d 0.16+0.01b
GT 280.86+10.32b 493.36+69.67a 83.61+12.36a 1.76+0.25a 0.30+0.04a
GT+HP 348.77+48.91a 458.42+66.81a 79.58+11.65b 1.31£0.19¢ 0.23+0.03ab
GT+FS 288.00+31.09b 527.30+36.08a 106.92+5.00a 1.83+0.13a 0.37+0.02a
GT+CN 325.38+23.87a 538.85+45.66a 85.02+4.56a 1.66+0.14b 0.26+0.01ab
GT-G 380.37+£25.31a 614.19+48.27a 113.24+2.07a 1.61+0.07b 0.30+0.00a
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