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Bone Char Restoration of Biological Activities in Soil and Plant Under Combined Heavy Metal Pollution

GUO Rong-rong, YUAN Xu-yin", CHEN Hong-yan, LI Tian—yuan, ZHAO Xue-qiang

(College of Environment, Hohai University, Nanjing 210098, China )

Abstract: Bone char has shown to reduce the availability of heavy metals in soils, thus improving biological activities. Here a pot experiment

was designed to explore the effects of bone char applications on biological activities in soil and plant under Pb and Cd combined pollution.

Soil microbial biomass carbon, soil enzymes (urease, dehydrogenase, and acid phosphatase ), plant enzymes ( peroxidase, catalase, malondi—
aldehyde ) of Brassica Campestris and plant dry biomass were measured at different times. The results showed that additions of bone char in-
creased soil microbial biomass by 33%~46% as compared to the control. The enhancing effects of bone char on soil urease and dehydroge—
nase became smaller as incubation time increased. Dry biomass of Brassica campestris in bone char treatments was as 2.05~4.56 times

much as that in the control. Plant catalase activity and malondialdehyde contents increased significantly in later incubation period. These re—
sults indicate that bone char could restore biological activities of polluted soil and increase the production of crops, with a better effective—
ness in short term. Soil urease and dehydrogenase and plant malondialdehyde could be better indicators of restoration of combined —heavy

metal polluted soil by bone char.

Keywords: combined Pb and Cd pollution; bone char; biological activity; plant enzymes; soil enzymes
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Table 1 Changes of microbial biomass carbon before and after soil

restoration by bone char(mg-kg™)

X AR BRI R AREREA RUEYEYRR
CK 118.75+4.57a CK 118.75+4.57a
PCl 115.22+4.34ab BC1 153.453.1d
PC2 108.53x1.71be BC2 150.32:0.78d
PC3 103.24+4.01c BC3 147.21£4.00c
PC4 94.79+3.97d BC4 138.04+8.84b

T OFEE AR IR 22 =4, [F]— A A R OR AN Rl AL R 22 5%
B2(P<0.05), T,
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g 2 s, 55 15 d B PCA IREHEMERAR, 525
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Table 5 Changes of dry biomass of Brassica Campestris before and
after soil restoration with bone char(g+plant™)

Xt 2 WUEMEY BRIBRA BUEYEY ALK
CK 0.33£0.08a CK 0.33£0.08a
PC1 0.17£0.045b BC1 0.56+0.095¢
PC2 0.19+0.045b BC2 0.39+0.046b
PC3 0.13+0.036h BC3 0.44+0.087h
PC4 0.09+0.035b BC4 0.41x0.164b

&2 AREACE T IRESE EFE AR B B A ZH (mgNH-N-kg'-h™")

Table 2 Soil urease activity under different treatments over different incubation times(mgNH;—N-kg™+h™)

sy T 1 DN 5 I 1) 5 54k . TN E I 1) B B

15d 30d 45d 15d 30d 45d
CK 81.08+2.76a 80.21+2.76a 79.43+2.76a CK 81.08+2.76a 80.21+2.76a 79.43+2.76a
PC1 75.79+4.78ab 61.49+3.65b 43.26+7.03b BC1 121.57+13.49b 77.45+5.52ab 65.61+0.32b
pC2 75.19+8.33ab 59.08+1.81hb 47.10£6.07b BC2 104.55+19.73ab 68.11+1.81c 50.26x1.43¢
PC3 71.12+3.84ab 55.46+6.26bc 47.55+4.79b BC3 99.28+5.48ab 69.92+1.56bc 52.06+4.79¢
pPC4 69.47+6.68b 49.14+4.52¢ 52.74+1.92b BC4 98.08+11.90ab 65.40+6.82¢ 56.81+0.60c

% 3 AREAGE T B MR AR A B A 8 TR ZEN (mgP-kg'-d™)
Table 3 Soil acid phosphatase activity under different treatments over different incubation times(mgP+-kg™-d™)

.- TP 2 B ) B K e TP i T R i

15d 30d 45d 15d 30d 45d
CK 124.08+0.02a 121.18+0.02a 122.33+0.02a CK 124.08+0.02a 121.18+0.02a 122.33+0.02a
PC1 119.67+0.02b 120.22+0.01b 120.09+0.06b BC1 119.88+0.05b 120.45+0.04b 120.21+0.15b
pC2 119.69+0.10b 120.26+0.02b 120.14+0.07b BC2 119.84+0.01b 120.41+0.01b 120.13+0.08b
PC3 119.66+0.05b 120.21+0.11b 120.14+0.08b BC3 119.73+0.15b 120.42+0.10b 120.00+0.33b
pCc4 119.59+0.06b 120.17+0.02b 120.11£0.12b BC4 119.62+0.04b 120.43+0.06b 120.09+0.17b

*® 4 AELLETREEEEERRRE FHZEL(mg-g"-d™")
Table 4 Soil dehydrogenase activity under different treatments over different incubation times(mg-g™+d™")

.- TP B ] B K e TP D0 T R i

15d 30d 45d 15d 30d 45d
CK 45.10x1.45a 44.19x1.46a 43.20+2.60a CK 45.10x1.45a 44.19+1.46a 43.20+2.60a
PC1 28.49+1.02b 15.15+0.76¢ 14.98+0.31b BC1 37.49+0.62b 17.91+1.23b 18.60+4.59b
pPC2 28.63+2.23b 16.33+1.73¢ 14.32+0.63b BC2 28.78+0.65¢ 19.24+1.48b 15.94+1.25b
PC3 21.99+1.46¢ 18.84+0.45b 14.10£1.77b BC3 31.07£3.24¢ 20.12+1.15b 15.50+0.42b
pPC4 21.62+0.10¢ 16.53+1.56hc 14.69+0.94h BC4 26.94+0.52d 18.94+1.19h 15.13+£0.53b
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Figure 1 Plant peroxidase activity under different treatments over different incubation times
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Figure 2 Plant catalase activity under different treatments over different incubation times
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Figure 3 Changes of malondialdehyde contents under different treatments over different incubation times
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Table 6 Heavy metal contents in soil and plant(mg-kg™)

B Y

G
Pb Cd Pb Cd

PC1 84.25+5.98a 4.00+0.69a  5.75x1.75a  1.75+0.49a
pC2 107.50+14.26b  5.60+2.85ab  7.50+1.6la 3.25%1.97ab
PC3 242.25+25.75¢  7.03£1.96ab 18.25+2.76b  6.25+2.28¢
PC4 328.50+31.56d  13.50+1.13b  31.00+4.04c 10.75+2.52d
BC1 94.00+5.35a 4.25+1.64a  3.50+1.00a  1.50+0.37a
BC2 153.50+8.40b  6.06+0.72ab  6.30+1.64b  2.25+1.05a
BC3 330.75+25.51c  8.75£0.96b 12.75+1.35b  2.50+0.80a
BC4 456.25+38.96d  18.00+£0.75¢ 15.10+2.78¢ 5.75+1.44bc

J DRA

(DRI ESCE v L35 pH, i 13 pH
WA T i, pH A T i A5 1 S AU 2 i 97 2 1 4
Sy W Ph2AN Cd>7, Eriksson ZEAF5¢ 2B, +3% pH
Tl 2 T i 4 SR AT S AR A TR R R,
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BB 22 1 S PR L A S 5
BB 2L A S A, BI04 W
G L T TR IR B I I 2 AT ) B 3
P PRt T L LA g — T 35 2
T

® 7 E€RRES T ERMEYEEE TR

Table 7 Correlations between heavy metal contents and activities of

soil and plant enzymes

JRAG RRTERERRAG

Wi&E  POD CAT MDA

Pb  -0.72 -0.50 -0.03 -0.65 -0.36 0.92%
Cd -0.79 0.56 -0.14 -0.68 0.85 0.91*
PC  0.90* -0.84 -0.22 0.62 -0.86 -0.45
BC -0.32 -0.22 -0.80 0.72 0.05 -0.19

% IR P<0.05 22535, n=4; Pb FORH— Pb IRIMALIE, Cd &
/NH— Cd Ak B

FE G EE A I (AR ST S R B (3% 7)), U
4 JEAL PR POD B AH & B &, POD REfS 7 —
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4 JE X R R Uk TR S A R A

4 Hig
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