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Effects of Microorganism on Physiological Activity of Solanum nigrum and Absorption of Heavy Metals
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Abstract Effects of Paecilomyces lilacinus and Hypocrea virens screened from soil in a landfill on physiological activity of Solanum nigrum
and absorption of heavy metals were studied by pot experiment in greenhouse. The results showed that the strains could promote the growth of
Solanum nigrum, and thus increase its absorption ability for Cd and Pb. Paecilomyces lilacinus could improve antioxidant capacity of Solanum
nigrum, and promoted the migration of Cd from soil to the stem and leaf of Solanum nigrum when soil was only polluted by Cd. While
Hypocrea virens could decrease antioxidant capacity of Solanum nigrum, and not promote the migration of Pb when soil was only polluted by
Pb. The mixed solution of the two fungus could increase the absorption of heavy metals by Solanum nigrum when soil was polluted by Cd and
Pb. The enrichment factor of Cd could reach to 4.25, while that of Pb could only reach to 0.19.
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Figure 2 Base sequences of the two fungus
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Table 1 Main physicochemical property and the contents of heavy metal in the soil used in pot experiment
pH /g kg /g kg /gkg'  Cdimg-kg’  Cumg-kg'  Znimg-kg'  Pbimg-kg'  As/mg-kg
8.18 16.17 1.14 1.36 0.18 22.9 38.1 15.1 7.4
2
Table 2 Effect of the inoculated fungus on growth of Solanum nigrum
/ /gt DW Igt DW /gt DW /gt DW
mg kg
0 0.64 0.53 1.34 1.13 0.51 0.55 2.48 2.20
Pb200 0.49 0.54 1.09 1.06 0.56 0.99 2.13 2.58
Pb600 0.58 0.61 0.79 1.09 0.64 1.10 2.01 2.80
Cds 0.56 0.66 1.39 1.38 0.68 0.65 2.63 2.69
Cd20 0.48 0.55 1.32 1.27 0.60 0.79 2.39 2.60
Pb50 + Cd5 0.58 0.51 1.14 1.04 0.59 0.55 231 2.10
Pb200 + Cd10 0.47 0.68 1.20 1.54 0.61 0.75 2.27 2.96
Pb600 + Cd20 0.74 0.62 1.33 1.52 1.21 1.20 3.28 3.34
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Figure 3 Absorbed amounts of heavy metal by root under different treatments
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Figure 4 Absorbed amounts of heavy metal by stem under different treatments
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Figure 5 Absorbed amounts of heavy metal by leaf under different treatments
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Figure 6 Total absorbed amounts of heavy metal by Selanum nigrum under different treatments
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Table 4 Enrichment factors of heavy metal under
459 different treatments
8.8%. Cd / td Fb
mg-kg
) €do 224 3.13
35.5%. Pb.Cd Ccds 230 2,60
Cd20 2.19 2.61
N Pb Pb.Cd Pho 0.11 0.14
Pb600+Cd20 Ph200 0.19 0.18
64.8% 20.6%. Ph600 0.18 0.14
Pb50 + CdS 3.70 4.25 0.06 0.10
2 Pb200 + Cd10 241 3.49 0.06 0.07
° Pb600 + Cd20 3.34 3.61 0.06 0.09
3 o
Cd Pb.Cd Cd Cd
3 Cd Cd
Pb Pb
° Pb Ph - Pb.Cd
Pb Cd.Pb
> > Cd > > o
Cd Pb, Pb
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Table 3 Translocation factors of heavy metal under
different treatments L
/ cd Ph (3l
mg-kg™ . el
Cdo 0.95 0.80 POD
Cd5 3.00 3.72 SOD
Cd20 5.03 6.13
PbO 1.30 2.59 - MDA
Ph200 1.87 0.96 °
Pbh600 0.42 0.53
PhSO + CdS 445 3.36 0.61 0.94 i
Pb200 + Cd10 4.95 5.04 1.09 0.55 5 o
Ph600 + Cd20 5.00 5.38 2.17 0.88 5 cd
5
Table 5 Indexes of physiological activity of Solanum nigrum under different treatments
/ /mg-g”! SOD/U-mg™" protein FW POD/U-mg™ protein FW MDA/nmol *mg™" protein FW
mg- kg™
0 3.06 3.11 825.28 938.71 301.67 383.80 14.12 14.40
Cd20 2.36 3.39 553.61 715.84 285.33 301.32 25.56 13.58
Ph600 2.59 2.67 683.23 658.09 369.20 344.28 21.90 25.73
Pb600 + Cd20 2.80 3.54 812.01 761.17 323.26 274.32 16.82 20.71




30 1

35

SOD.POD
MDA
Pb SOD.POD
MDA
o Pb.Cd
SOD MDA Pb

POD .

Cd
4.25 Cd

Pb Pb
0.19,

[19]
o

[20]

Cd
Cd Pb
Pb.Cd
Cd.Pb o

Cd.Pb
o Pb Cd
Pb
Cd

Ph.Cd  Pb.Cd
SOD SOD

SOD o

Cd.Pb

Cd
3 Pb.Cd
Cd.Pb Pb

[1] Raskin I, Kumar P B A N, Dushenkov S, et al. Bioconcentration of heavy
metals by plants[]]. Curt Opin Biotechnol, 1994 5 285-290.

2] : 1. ,
2007,27 11 4871-4876.

ZHUANG Xu-liang. New approaches for remediation of soils with mul-
tiple pollutants[J]. Acta Ecologica Sinica, 2007,27 11 4871-4876.

[3] Baker A M ], Brooks R R. Terrestrial higher plants which hyperaccu -
mulate metallic elements: A review of their distribution, ecology and
phytochemistry[J]. Biorecovery, 1989, 1 4 811-826.

(4] . . . Ul

,2005,26 3 167-171.
WEI Shu-he, ZHOU Qi-xing, WANG Xin. Cadmium—-hyperaccumulator
Solanum nigrum L. and its accumulating characteristics[J]. Chinese
Journal of Environmental Science,2005,26 3 167-171.

[5] Pandey V, Dixit V, Shyam R. Antioxidative responses in elation to
growth of mustard Brassica juncea cv. Pusa Jai Kisan plants exposed to
hexavalent chromium[J]. Chemosphere, 2005, 61 40-47.

[6] , , . U1

,1998,12 1 59-64.
XIA Li-jiang, HUA Luo, LI Xiang—dong. The mechanism of bioremedi—
ation on heavy metal pollution and its research development[J]. Acta A—
gricultural Sciences, 1998, 12 1 59-64.

[7] Siegel S M, Keller P, Siegel B Z, et al. Metal speciation, separation and
recovery| M]. Proc. Int. Symp. Chicago Kluwer Academic Publishers,
1986 77-94.

[8] Walton B T, Anderson T A. Microbial degradation of trichloroethylene in
the rhizosphere Potential application to biological remediation of waste
sites|]]. Applied and Environmental Microbiology, 1990,56 1012-1016.

[9] . M]. 2 . s
1990 154-155.

ZHANG Zhi -liang. Guidebook of phyto —physiology experiments [M].
2nd Ed. Beijing Higher Education Press, 1990 154-155.
[10] . [M]. , 2000
168-170.
70U Qi. Guidebook of phyto—physiology experiments|M]. Beijing
China Agricultural Press, 2000 168-170.
[11] , , )



36

2011 1

[J]. ,1994,30 3 207-210.

ZHAO Shi —jie, XU Chang —cheng, ZOU Qi, et al. Improvements of
method for measurement of malondialdehyde in plant tissues [J]. Plant
Physiology Communications, 1994,30 3 207-210.

[12] Mcgrath S P, Zhao F J. Phytoextraction of metals and metalloids from
contaminated soils[J]. Current Opinion in Biotechnology, 2003, 14 277-
282.

[13] , . (M]. :
2004.

ZHOU Qi-xing, SONG Yu-fang. The principle and method of soil re—
mediation|M]. Beijing Science Press, 2004.

[14] Shiitzendiibel A, Schwanz P, Teichmann T, et al. Cadmium induced
changes in antioxidative systems, hydrogen peroxide content, and dif—
ferentiation in Scots pine roots[J]. Plant Physiol, 2001, 127 887-898.

[15] . ) ,

[J]- ,2006, 15 4 818-821.
WANG Bao-yi, LI Chao—su, LIU Peng, et al. The antioxidant response
to Al-stress in buckwheat[J]. Ecology and Environment, 2006, 15 4
818-821.
[16] . . .
[J]- ,2008,16 5 1188-1191.
FENG Li—zhen, CHEN Quan—zhu, GUO Wen-shuo, et al. Relationship

between eucalyptus resistance to eucalyptus dieback and defense en—
zyme system|]]. Chinese Journal of Eco-Agriculture, 2008, 16 5
1188-1191.

.. 1l

,1997,39 6 522-526.

HUANG Yu-shan, LUO Guang—hua, GUAN Qi—wen. The free radical
peroxidation damage of plants by Cd-induced|[J]. Journal of Integrative
Plant Biology English Edition ,1997,39 6 522-526.

[18] , ) , Cr.Pb.Cd Hg.Co

1. .2008,27 3

1051-1056.
WANG Yan, DAI Bao-qing, XIN Shi-gang. Physiological responses
and absorption of heavy metals by Sedum spectabile Boreaw under the
stress of combined heavy metal pollution[]J]. Journal of Agro—Environ—
ment Science, 2008,27 3 1051-1056.

[19] Jones D L. Organic acids in the rhizosphere: A critical review [J]. Plant
Soil, 1998, 205 25-44.

[20] s s . [J]-

,2005,37 3 243-250.

DING Yong—zhen, LI Zhi—an, ZOU Bi. Low—molecular-weight organic
acids and their ecological roles in soil[J]. Soil, 2005,37 3 243-250.



