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Feasibility of Enhanced Phytoextraction of Zn for Contaminated
Soil with a Zinc—Resistant Strain

DU Xianzheng, WANG Tao, ZOU Luyi, YU Hongyan, ZHANG Haili, TENG Yue"

(School of Environmental and Civil Engineering, Jiangnan University , Wuxi 214122, China)

Abstract: The effects of zinc-resistant strain Penicillium janthinellum BC109-2 on the promoting of
zinc uptake in soil by Indian mustard were evaluated. The promoting solubility of insoluble zinc was
analyzed. The abilities of producing siderophore and indole acetic acid (IAA),activities of amino
cyclopropane-1-carboxylic acid (ACC) deaminase and the ability of phosphate dissolution were
determined. Through the root elongation experiment of Indian mustard seed and pot experiment, the
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effects of zinc resistant strain BC109-2 on plant growth and the efficiency of zinc uptake were
evaluated. The results showed that the strain BC109-2 had the obvious ability of dissolving zinc
carbonate. Compared with the control treatment,the strain BC109-2 made the water-soluble Zn
content in nutrient solution increase by 213% and the pH values in nutrient solution decrease from
7.0 to 5.7. In addition,this strain could produce IAA and siderophore and had ACC deaminase
activity and phosphorus dissolving ability,which indicated that strain BC109-2 was a plant growth
promoting rhizobacteria (PGPR). The strain promoted the root elongation of Indian mustard. The
root elongation ratio was between 4.14%~44.83%. The strain induced the increase of India mustard
biomass in different degrees. The zinc accumulation in India mustard inoculated with the strain
BC109-2 increased by 1.01~1.46 times compared with the control. This study demonstrated that
Penicillium janthinellum BC109-2 possessed a variety of growth promoting properties and had good
growth-promoting effect on India mustard. The PGPR BC109-2 might be used for enhancing
remediation efficiency for the soil polluted by zinc.

Keywords: zinc solubilization,plant growth promoting rhizobacteria,Indian mustard,growth

promoting effect, phytoremediation
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Table 1 Physical and chemical properties of garden soil

pH(1:1 w/v H,0) 7.55+0.05
BE/% 0.062+0.03
WL/ (g/kg) 7.55+0.58
% (mg/kg) 5.1+0.84
AL A/ (me/kg) 81x4.35
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Fig. 1 Solubilization of ZnCO3 by strain BC109-2
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Table 2 Promoting characteristics of the strain BC109-2 under different zinc concentrations

B 7% B v B B/ (mmol /L) ACC Jiit 24 i 175 14:/(U/mg) 7= TAA fE J1/(mg/L) ik E/ (pg/mL)
0 0.581+0.096 1.441+0.132 ++ 0.488+0.032
1 0.289+0.045 1.504+0.125 + 0.470+0.167
2 0.198+0.037 1.420+0.088 + 0.463+0.045
3 0.113+0.026 1.378+0.113 + 0.434+0.044

VD) * B MR AR S AR E A/, 0~0.2 +4++++,0.2~0.4 ++++,0.4~0.6 +++,0.6~0.8 ++,0.8~1.0 +, 2)SLI 45 K F2Rm K 3 k5L
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Fig. 2 Root lengths of Indian mustard cultivated in the

absence or presence of zinc at various

concentrations after germination for 5 d
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Table 3 Growth of Indian mustard planted in zinc—contaminated soil

T4 /(g 45)
J\ . ’
0

Zn 5 5/ (ug/g)

0.069 3+0.000 3 0.543 9+0.057 9 170.58+37.69 1 808.51+99.62
0+ 0.081 9+0.019 9 0.624 9+0.109 4 173.41+12.21 1 995.33+424.23
2 0.043 9+0.004 6 0.346 2+0.065 8 205.63+41.08 3 155.17+250.37
2+ 0.072 7£0.024 5 0.391 0+0.094 3 224.48+24.01 3 931.54+844.00
4 0.082 2+0.023 2 0.486 7+0.070 1 309.12x13.00 4 278.63+370.32
4+ 0.085 3+0.017 1 0.536 2+0.062 4 318.23+16.33 4 361.27+513.99
8 0.074 7£0.009 7 0.429 1+0.056 3 263.12+30.47 4 292.59+342.23
8+ 0.074 8+0.019 3 0.477 9+0.093 4 382.52+10.58 4 917.77£1367.14
16 0.055 6+0.015 2 0.333 5+0.030 2 400.30+63.26 10 828.03+647.55
16+ 0.080 2+0.003 6 0.441 1+0.017 9 589.57+49.40 12 265.10+£579.84

Hel) P99 0.2.4.8.16 4350840 0.2.4 8,16 mmol/kg ZnSO,- TH,O ¥ ¥ e 7 4b B ELAS 432 Fh BT Pk B8 & BC109-2 1) Z 4k

I B R DU B bR BC109-2 i fak t o 2) 3R M 0 P B (bR 1R 22 (n=3)

WECREREMMMMIIT

A FE X I 3 v 7 08 2 A 45 21 84 B BT IR
PR BC109-2 #E47 T e AR R IERT ST, 130 LA 4518
1)1 PDB £5 3% 3 (£ 1 000 mg/l. ZnCO;) 1% 7 72
h & | PR BC109-2 RE{f 35 7 2 b 1% 0 FE vk S5 0
T 213%, 55 3R pH iRl ER B9 7.0 FEARE] 5.7;
2 T R S X T A B AT B IR R RE ), X
R AU IR TR Y 5 2) X T R RE ) TAA F
BREAR, JF H BAT ACC B i 5 PE A7 BERE 1, 78
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