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Enhancement of As-Accumulation by Pteris vittata L. Affected

by Microorganisms
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Abstract A pot experiment was carried out to study the root character and As accumulation of Pteris vittata L. affected by actinomycete
PSQ shf2 and bacteria Ts37 C13. The results indicated that growth of the fern was improved by the microorganisms. The biomass

root activity and root volume of shf2 treatment were 11.5 g/pot 2.01 pg/ g- h  38.3 mL which were higher than those of other
microorganisms treatments. Arsenic concentrations in the plants treated by the microorganisms were higher than that of the control
treatment. The As concentration of leaves in Ts37 treatment was up to 837 mg/kg 206% more than that of the control. The As
concentration of root treated by shf2 is 427 mg/kg 88% more than that of the control. The arsenic accumulation by the plant in
microorganism treatments was higher than that of the control especially shf2 treatment up to 5 804 wg/pot 136% more than that of the
control. The phytoremediation efficiency of the fern in greenhouse experiment after 45d was from 8. 9% to 11. 3% . The ability of As-
accumulation of Pteris vittata is greatly enhanced by application of microorganism and actinomycete shf2 is proved as the perfect one.

Key words microorganism Pieris vittata ..  arsenic root activity accumulation phytoremediation efficiency
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murale Sphinganonas  macrogoltabidus
Miaobacterium ligefaciens Miaobacerium
arabinogalactanolyticu
17% 24% 32%.
. Liu ' 300 mg/kg
Glanus mosseae
43% .
1
1.1
51.3 mg/kg
0.98 g/kg 0.51 g/kg 9.65 g/kg

18.4 g/kg pH 8.0.
5~10cm 4~5
Streptomyces lividans PSQ
Comamonas sp. Ts37 Agrobacterium sp. C13  Strepto-

myces lividans shf2 1
1

Table 1 ~ Microorganisms used in the experiments
PSQ Streptomyces lividans PSQ
Ts37 Comamonas sp. Ts37
Cl3 Agrobacterium sp. C13
shf2 Streptomyces lividans shf2
1.2
1.2.1
2.5 kg
1.09 ¢ K,PO,0.72 g K,S0O, 0.42 g.
1 . 22 ~25%C
75% ~80% .
PSQ Ts37 C13 shf2 CK
5 12 . PSQ shf2
Ts37
C13
30°C 120 r/min 10
~12 h. v
7d
20 mL 3
3d 1 CK 20 mL

PSQ 3.82 x 10* CFU/mL  Ts37 5.85 x 10"
CFU/mL C13 4.29 x 10" CFU/mL  shf2 2.58 x
10°CFU/mL.

1.2.2
15 30 454d

3

20

HNO, : HCIO, =5:1

21

100 HNO,: H,0, =1:1
22
AFS-9120

GBW-07603 GBW-07402

2.1

shf2
45 d 11.5 g/pot CK
47.8% .15 d Ts37 3.82 g/pot
CK99.2% .30 d C13  shf2
CK 64.6% 52.9% PSQ
Ts37 CK 33.0% 33.6%.45 d
PSQ Ts37 C13 CK
21.1% ~29.8%. 15 ~30d
61.2% ~134.4%
d 3.6% ~29.5%.

30 ~45

15 d
CK 75.8% ~114.2% 30 d
C13 shf2 CK
59.7% 50.0% PSQ Ts37 CK
25.0% 26.7% 45 d shf2
CK 48. 7% 3
CK 20.4% ~31.1%. 15 d Ts37
CK 113%

3 29.1% ~37.8% 30 d
C13 shf2 CK 64. 6%
57.3% PSQ  Ts37 CK45.2%
43.5% 45 d shf2 CK
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Table 2 Effects of microorganisms on biomass of P. wittata
Jd /g pot”!
PSQ Ts37 C13 shf2 CK
2.18 +0. 84a 2.57 £0. 15a 2.40 +0.49a 2.11 £0.30a 1.20 0. 14b
15 1.64 +0.53b 2.26 £0.40a 1.70 £0. 15b 1.75 £0. 12b 1.22 £0. 18¢
3.82 +2.63a 4.84 £1.67a 4.10 £1.24a 3.87 £0. 83a 2.43 £0.45b
4.40 £1. 16ab 4.46 £0. 46ab 5.30 +1.33a 5.28 £0. 85a 3.52 +0.58b
30 3.37 £0.96ab 3.33 0. 76ab 3.82+1.19a 3.65 +0.54a 2.32 £0.22b
7.77 £1.98ab 7.80 +2.22ab 9.61 +5.96a 8.93 +2.78a 5.84 £1.38b
5.42 +0. 80ab 5.82 +1.50ab 5.90 1. 64ab 6.69 +1.36a 4.50 +1.05b
45 4.00 +1. 18ab 4.24 £0.79ab 4.31 £0. 86ab 4.81 £0.69a 3.28 £0.33b
9.42 +£3.76ab 10.1 £4.51ab 9.96 +4.76ab 11.5 £4.10a 7.78 £2.68b
1 p<0.05
40.3% 3 CK 22.0% » PSQ shf2
~31.4%.30d 15d
47.3% ~124. 7% 30 ~45d 12. 8% 24
~27.3% .
2.2
15d Ts37 13.4 mL
3 CK21.1% 30d C13
shf2 28.6 mL CK 50.5%
45 d shf2  C13 CK
91.4% 59.6%. 59.6% 45.0% PSQ Ts37 CK
15d 15 d 45 d PSQ
Ts37 >shf2 > PSQ > C13 30d  C13 >shf2 >PSQ > Ts37 C13 shf2 123.5%
Ts37 45d  shf2 > C13 > Ts37 > PSQ. 113.7% 159.7% 150.3% . 15 ~
Ts37  C13 30 d 68.3% ~113.4%
30 ~45d 21.7% ~55.7% .
3
Table 3 Effects of root activities and volume of P. wittata by addition of microorganisms
/d PSQ Ts37 C13 shf2 CK
Is /ng g h 7! 1.54 £0. 15a 1.65 +0. 18a 1.46 £0. 13a 1.58 £0.09a 0.96 +0.07b
/mL 14.9 +3.44a 16.1 5. 14 a 13.4 +7.09a 15.3 +3.77a 13.3 +3.59a
30 /wg g h 7! 1.64 0. 06ab 1.60 0. 12b 1.79 0. 12a 1.77 +0. 16a 0.94 +0.05¢
/mL 24.0 +8.50ab 27.1 +5.89ab 28.6 +5.83a 24.6 £6.76ab 19.0 +5.23b
45 /ng g h 7! 1.75 £0.20b 1.87 £0. 09ab 1.92 £0. 09ab 2.01 £0. 13a 1.05 £0. 17¢
/mL 33.3 +6.30ab 34.4 +9. 69ab 34.8 +8.38a 38.3 +9.19a 24.0 +£6.38b
2.3 54.5% 30 d  PSQ >shf2 >Ts37 > C13 PSQ
2.3.1 shf2 Ts37 C13 CK 45 d
PSQ > C13 > shf2 > Ts37 4
1 15 d 46.5% ~ 68.8% .
Ts37 837 mg/kg 45 d  shf2 427 mg/kg
206% . 88% .
15d  Ts37 >PSQ >shf2 >C13 Ts37 15d Ts37 >shf2 >PSQ >C13 30d CI3 >
PSQ CI13 shf2 49.1% 75.4% shf2 > PSQ >Ts37 45 d  shf2 > C13 > Ts37 > PSQ.
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})y ml(:r()()rganlsms
CK Ts37 > C13 > PSQ > shf2 >
CK Ts37 2.15 PSQ Ts37 C13 shf2 4
CK 1.52 .30d 5 15d  Ts37 >PSQ > shf2 > C13
PSQ > CK > Ts3 > shf2 > C13 PSQ CK 189% -~
2.12 CK 1.11 3 449% 30 d  shf2 > C13 > PSQ > Ts37 shf2
CK.45 d C13 PSQ CK 140%
PSQ > CK > Ts37 > C13 > shf2 PSQ 106% 103% Ts37 CK 57% 45d
2. 14 CK 1.30 . shf2 > C13 > Ts37 > PSQ 4
4 CK 89% ~ 136% .
Table 4 Effects of translocation factor of P. wittata PSQ C13 shf2
by microorganisms 30 d 15 d 100. 8%
/d 124.5% 139.2% 45 d 30 d
PSQ Ts37 Cl13 shf2 CK
31.0% 46.1% 38.4% 45 d shf2
15 1.67 2.15 1.78 1.56 1.41
30 2.12 1.88 .25 .69 1.91 5803.5 ng/pot.

45 2.14 1.63 1.52 1.31 1. 65
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