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Abstract: A pot experiment was conducted to assess the phytoextraction potential for lead ( Pb)

of Cosmos sulphureus and Cosmos bipinnatus under different treatments of N NP and NPK fertili-
zer applications in Pb-contaminated soils collected from northern China. The results showed that
fertilization significantly increased the biomass shoot Pb concentrations and accumulation in both
C. sulphureus and C. bipinnatus. Especially NPK fertilization had strongest effects on Pb accu—
mulation. Lead concentrations in the shoots of C. sulphureus and C. bipinnatus under NPK treat—
ment were 1.59-1.89 and 1.17-1.32 times as high as that under other treatments. The enrich—
ment amounts of Pb in the shoots were 1.15-3.21 and 1.18-4.28 times as high as that under the
control treatment respectively. Fertilization treatment significantly improved the transport ability
of Pb of both species. The bioconcentration factors ( BCF) increased from 0.17 in the control to
0.22 in the NPK treatment for C. sulphureus and from 0.29 in the control to 0.36 in the NPK
treatment for C. bipinnatus. The metal-enriched particles ( MRG) were the major enriched posi—
tion in the subcellular fractions of both species ( more than 70%) . In conclusion C. sulphureus
and C. bipinnatus can be used as plant materials for remediation of Pb-contaminated soil. More—
over NPK fertilizers can effectively improve remediation efficiency and C. sulphureus performs
better than C. bipinnatus.
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Table 1 Basic physico-chemical properties of tested soils
Pb pH
(mg-kg™") (mg-kg™')  (emol-kg)  (g-keg™) (g°ke™) (g°kg™") (g-ke™)
173.06 7.7 23.0 20.1 1.18 0.86 26.6 19.4
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75 C ( organelle) , 100000 xg 80
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V=5:1) ( GBW-  2003; Zhang et al. 2015) .
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Pb o 2 h 30 min
1.3.2 100 PSH-3 pH
- ( USEPA 1.4
3050B) . Excel \SPSS 16.0.Origin 8.0
( GBW-07404) o Duncan o
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1.3.3 200¢g 20 2.1
10 mL (0.005 mol * 2 3
L' DTPA-0.1 mol * L™' TEA-0.01 mol * L' CaCl,) NPK  >NP
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2h 1128 6.07g- 2.01
( Contr AA 700 Analytikjena 3.35 13.28  7.68g-
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1.3.4 02¢ 1.19~3.02
5 mL 0.25 mol * L™ +1.0 2.2 Pb
mmol * L' +50 mmol « L' Tris-HCI Pb
(pH=7.5) 15000 xg 15 min, > Pb
( MRG) ( Cel- Pb 35.89( ) ~
lular debris) 2.0 mL 49.63 mg * kg”' (NPK )
100 C 2 min 2 mL 1.0 Pb Pb 48.64( ) ~
mmol * L™ NaOH 70 °C lh 64.36 mg * kg™ ( NPK ) Pb
10000xg 15 min. 49.07~64.76 mg * kg”'(  3). 3
o Pb
100000 xg 60 min ( P<0.05) NPK
2 (g ™)
Table 2 Effect of fertilization on dry weight of the two plants
5.36+£0.20 ¢ 1.68+0.28 a 7.04+£0.35 ¢ 1.81+0.37 b 0.85+0.03 b 2.66+0.40 ¢
N 11.07+£0.51 a 1.96 +0.39 a 13.03+0.30 a 5.56+0.24 a 1.39+£0.39 a 6.95+0.63 a
NP 9.95+0.21 b 1.56 +0.26 a 11.51+£0.33 b 5.60+0.40 a 0.97+0.13 b 6.57+0.49 b
NPK 11.28+0.42 a 1.97£0.60 a 13.25+0.79 a 6.07+0.13 a 1.61+0.11 a 7.68+0.21 a
+ n=3, N NP NPK ;

( P<0.05) ,
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Table 3 Lead concentrations in above—and belowground parts of Cosmos sulphureus and C. bipinnatus

25.71+£0.96 ¢

49.63+£0.34 a

48.61+2.62 ¢ 49.07+2.99 ¢
N 30.52+0.82 b 35.89+0.39 d 51.99+1.15 ¢ 60.94+1.80 a
NP 29.22+1.31 b 42.43 £0.86 ¢ 57.58+1.38 b 60.71+£0.23 b
NPK 48.64+2.61 a 45.68+0.16 b 64.36+2.64 a 64.76+2.33 a
+ n=3, N NP NPK
( P<0.05) .
Pb Pb
NPK Ph ( P<0.05) NPK
32.4%.31.9%; NP Pb 4.40 2.51 &
Ph ( P<0.05) Ph 2.4 Pb
38.90 mg ° kg_' .51 ;3
Ph o 4
2.3 Pb Ph
Pb ( MRG) > ( cellular debris) >
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Pb 329.10 ~ Pb 15.37 ~22.95 mg * kg_1 N
442.84  289.09~379.57 pg ° 71( 1) o NPK 30.67~48.97 mg * kg_] Pb
Pb ;3
Pb 2.81 Pb
Pb 7 NPK Pb
NPK
Pb 3.30  2.81 mg * kg™
2.17 3.02
Pb 0.72 Pb
7 NPK
Pb
NPK
Pb
Pb ( P<0.05)
2.5 pH
3 pH
pH 7.56~7.73
( 2), N NP 2
pH NPK pH o
2.6 Pb
5
Ph 70.25~74.37 mg * kg_l
1 Pb Pb o
Fig.1 Amount of Pb uptake in the above— and under-
ground parts of Cosmos sulphureus and C. bipinnatus
( P<0.05) . Pb o
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Table 4 Concentrations of Pb in leaf cells of Cosmos sulphureus and C. bipinnatus
CK N NP NPK CK N NP NPK
15.37+£0.54 ¢ 18.46+0.36 b 18.37+0.89 b 22.95+0.72 a 30.67+0.63 d 38.91+1.01 ¢ 44.81+0.68 b 48.97+0.69 a
4.45+0.10 b 4.28+0.08 b  3.71x0.19 ¢  6.52+0.26 a 3.71+0.19 ¢ 3.49+0.08 ¢ 4.24+0.10 b  5.15+0.52 a
1.52+0.06 ¢ 3.69+0.35a 1.97+0.15b  3.30+0.27 a 3.66£0.33 a  2.50+0.33 b  2.44+0.39b  2.62+0.18 b
0.93+0.04 ¢ 1.72+0.04 b  2.56+0.31 a  2.81+0.15 a 2.32+0.22 a  2.62+0.06 a  1.56+0.09 b  2.33+0.27 a
0.58+0.08 b  1.08+0.18 a  0.75+0.04 b  0.73+0.09 b 0.86+0.12a  0.94+0.01 a  0.60+0.01 b  0.62+0.020 b
+ n=3. N NP NPK ;
(P<0.05) .
NPK ( 2012; Li
et al. 2012) (N)
( Liu et al. 2016)
(P)
( 2008) - (2003)
X ( SRXRF)
As K As K
K
2 H
: - pe . 3.2 Pb
Fig.2 Effects of fertilization on pH of soils of rhizosphere
of Cosmos sulphureus and C. bipinnatus
( P<0.05) .
5 (mg - kg™) Pb NPK
Table 5 Available Pb concentrations of rhizosphere soils of ( P<0.05) ,
Cosmos sulphureus and C. bipinnatus under different fertili— NPK
zations
o (Li et al. 2012; Guo et al.
D
2017) o Pb
56.21+4.6 a 71.87+3.9 a
N 51.66+4.4 a 74.37£4.2 a 2 Pb
NP 57.38+4.2 a 72.34+4.8 a
NPK 58.68+5.9 a 70.25+0.9 a
+ n=3, N NP
NPK )
( P<0.05) . Pb °
3
3.1 ( Ghosh et al. 2005) .
( BCF Pb / Ph )
NPK o (TF Pb /
Ph )
o (2012) NPK ( 6) - NPK
Cd
Guo (2017) Cd 46.7%33.3%
NPK 1.63 o
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Table 6 Effects of fertilization on bioconcentration factor ( BCF) and transfer factor ( TF) of Pb of Cosmos sulphureus and

C. bipinnatus

BCF TF BCF TF
0.15+0.005 ¢ 0.52+0.02 ¢ 0.27+0.015 ¢ 0.99+0.02 a
N 0.17+0.004 b 0.85+£0.03 a 0.29+0.007 ¢ 0.85+0.03 b
NP 0.17+£0.001 a 0.69+0.01 b 0.33+0.008 b 0.95+0.02 a
NPK 0.22+0.015 a 0.85+0.03 a 0.36+0.015 a 1.00+0.08 a
+ n=3 N NP NPK
( P<0.05) .
Pb ( Geisseler et al. 2014)
pH o
3.3 Pb
Pb o
Pb pH Pb
o Pb (Liet al. 2012)
( 2006) Pb
Pb (Liet al - Pb
2012; 2015) (2009) (
(2729 mg * kg™") Pb N N ) N
(1000 mg * kg™") Pb Pb
( P<0.05) Pb 500 mg * kg~ (Spela er al. 2013) .
Pb (P ( 3) ( Cellular deb—
<0.05) Pb ris) Pb
Pb Pb ;NP
Pb 173 mg * kg™ Pb NPK (
Pb ; ) Pb NPK
N N Pb
46.4% .38.8%
o N K
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Fig.3 Lead relative distribution in subcellular portions of Cosmos sulphureu (a) and C. bipinnatus (b)
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