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1.3
5
6 cui (CK) + (MW
pH ) + (MP)
Cu Cd + (ME) +
Cu Cd (MS) 3
4 m><5m (
20 cm 30 cm) CK
36 t/hm’
20 cm><20 cm
50 cm>=<50 cm 2014 5 6
[8]
14
2014 7 15 12 5
0~20cm
( 3 2 mm
) Cu -20°C
Cu Cd PLFA 70°C
Cu Cd Cu Cd Cu Cd
1.5
e pH 1:25 pH Cu
Cu Cd Cd HF-HC10,-HNO;
( ) [10-11]
Cu Cd 0.l mol/LCaCl, 1:5
1 2h 3000 r/min 10 min
) Cu Cd
1.1 HNO;-HC1O,4
Cu (9]
Cu Cd 1.6 PLFA
PLFA Bligh
Dyer *! 2g 50 ml
15 ml :
(1:2:08 viviv) 2h 3 800 r/min 10 min
27.34 g/kg 169.5 mg/kg 50 ml 7 ml
782 mgkg pH 4.35 142.5 mg/kg (1:2:0.8 v/vv)
Cu  596.45 mg/kg Cd 1324 mg/kg 10 min
1.2 3.6 ml
( >96%) 4 ml
3 um 10 ml
457m%g pH  7.71 Ca/P 1.72 Cu -20°C
Cd 5.85 mg/kg  38.3 pg/kg 1 ml NaOH:

(133233 mhlv)
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5 min 25 min 22:103c  22:109¢ 24:lw7c
2 ml : 12:1 w) G'/G [14-15]
80°C+1°C 10 min = 1 min 1.7
3 ml : 1:1 Excel 2007 SigmaPlot 12.5
vIv) SPSS17.0 PLFA ArcGIS
3 ml NaOH (1:83 mh) 5 min 10 VB
2/3 (GC 1 ml)
50 ul 100 pl GC 2
C19:0 21 Cu
Agilent 7890 (GO) cd
19091B-102E Ultra 1
25% Phenyl Methyl Siloxane 25.0 m % 200 um x 0.33 pm Cu Cd
2pl 250°C «C ) CK (MW ) Cu
30.0 ml/min 21 psi 3001
190°C 0.00 min 10°C/min 285°C 0.00 min Cu 52.63
60°C /min 310°C 2.00 min 190°C 2.00 min 37.67 19.38 mg/kg
(FID) Cu Cu
Sherlock (MIDIInc Newark DE 54.27% 3
USA) PLFAs (Total PLFA PLFAT) Cu 70.9% ~ 73.04%
19:0 Cd Cd
20 1% Cu Cd
(Bac) Cd Cd
i13:0 i14:0 115:0 al5:0 i16:0 i17:0 i18:0 i19:0 65.49% Cd
al6:0 al7:0 al9:0 13:1w3c 16:lw6c 16:1w7c Cd
17:108¢c  18:1w3¢c  18:1w5c  18:lwbc  18:1w7c Cd
cyl7:0 cyl19:0 19:1w6c 20:109c 21:10w3c 21:1w8c 49.69% 51.76% Raicevic [
22:103c  22:109¢  24:1w7c 28
(Fun)  18:206¢c 16:1m5¢ Cu Cd (7
F/B (Act)  10Mel6:0 pH,
10Mel7:0 10Me 18:0 10 Mel8:1w7c pH Cu Cd
(GH i13:0 i14:0
i15:0 al5:0 i16:0 i17:0 i18:0 i119:0 al6:0 al7:0
al9:0 (G)
13:103c  16:106c  16:107c ) Cu
17:108¢c  18:1w3¢c  18:1w5c  18:lwbc  18:1w7c Cd Cu
cyl7:0 cyl19:0 19:1w6c 20:1m9¢ 21:103c 21:1w8c Cd
#1 FRBKAEELAENLIE Cu. CdAEFM
Table 1 Effects of different combined remodiations on soil Cu and Cd
Cu (mg/kg) Cu(mg/kg) Cd (mg/kg) Cd(ng/kg)
CK 658.38 £5.33 a 76.53+2.32a 37936 £2.27 a 12279 +441 a
MW 648.04 £5.51 ab 35.00+3.62b 362.81£2.08a 80.42+0.25b
MP 639.00 £7.42b 2110+ 1.15¢ 326.03+7.10 ¢ 63.55+3.81d
ME 605.75+8.89 ¢ 2227+3.6lc 34298 £3.66 b 70.24 £0.10 ¢
MS 620.71£7.89 ¢ 20.63 +41.08 ¢ 329.40+£6.76 ¢ 61.02+0.90d

+ (n=3)

P<0.05
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2.2 Cu Cd
Cu Cd
2 4
Cu Cd MS>
ME>MP>MW (201
Cu Cd Cu
MW 1721 10.69 Cu** 2
[22] 7n
[19]
Cu Cd
(MS) (ME) 19.41% Cu Cd
45.37% cd Cu Cd
(MS) (ME) 9.73%  49.06%
3 MW
16.03 mg/kg Cu Cd
41.36 mg/kg Cu Cd
Cu MS
cd MS
#2 AABESESELEMNEYVENEN Cu. CdEE
Table 2 Effects of different combined remediations on biomass and contents of Cu and Cd of different plants
Cu Cd (mg)
(kg) (mg/kg) (mg/kg) Cu cd
CK - - - - -
MW 20.94+0.57 ¢ 27.02 +4.00d 1.25+£0.23d 566.12 d 26.04 ¢
MP 4586+ 1.25a 90.28 £ 0.05¢ 1.30£0.06 ¢ 4140.07 b 59.80 b
ME 29.83+1.25b 198.92 £2.18b 2.65+0.21b 5932.25a 79.32 a
MS 4.50+0.69d 464.96 +2.50 a 13.36 £+ 0.53 a 2090.52 ¢ 59.90b
2.3 pH
1B
1A
pH  5.19 Cui U
(pH  7.71) 2.4
pH!®!
pH (ME)
pH 5.37 CK pH 1
pH 241 241 PCR-DGGE
PCR-
pH DGGE
pH pH (PLFA)
(HCO; PLFA
OH H") pH PLFA

[23]
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Fig. 1 Effects of different combined remediations on pH and total
organic carbon of plant rhizosphere soil ( 3)
(PLFA)
PLFA Pearson
[25) [26] PLFA PLFA (r=
0.714 P=0.03)
Cu Cd
*3 TRKAEEANE LIERMEY PLFA B520T
Table 3 Effects of different combined remediations on soil microbial PLFA
PLFA GP GN GP/GN /
(nmol/g ) (nmol/g ) (nmol/g ) (nmol/g ) (nmol/g ) (nmol/g )
CK 36.27+1.82b  2693+1.68¢ 1997+1.15¢ 6.55+£0.54b 3.10+033a 5.00+0.40b 0.18+0.02b 434+041c
MW  4583+2.67a 3220+£2.02ab  23.61+093b 859+127ab  2.75+0.35a 7.66+0.77 a 0.24+0.02a 5.97+0.17 ab
ME 38.12+£224b  29.00+122bc  21.53+0.47bc 747+0.77b 290+023a 438+035b 0.15+£0.01bc  4.74+£0.68 bc
MP 47.08+3.08a 36.48+2.19a 2740+1.79a 9.08+0.96 a 3.04+036a 4.10+045b 0.12+0.01 ¢ 6.19+£0.51a
MS  4181+080ab  3206+029b  23.83+0.37ab 823+0.09ab  2.89+0.08a 478+0.52b 0.15+£0.02bc  4.97+048bc
(CCA) 89.3%
PLFA ( 2A)
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Fig.2 CCA of PLFAs composition response to different remediations (A) and influence of environmental factors on microbe PLFAs (B)
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Effects of Combined Remediation of Hydroxyapatite—Plants on
Rhizosphere Microbial Community of Cu/Cd Contaminated Soil

SUN Tingting'*?, XU Lei"*, ZHOU Jing"**, FAN Jianbo', CHEN Yan"*'

(1 Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China; 2 Red Soil Ecological Experiment Station,
Chinese Academy of Sciences, Yingtan, Jiangxi 335211, China; 3 University of Chinese Academy of Sciences, Beijing 100049,
China; 4 Institute of Biological Resources, Jiangxi Academy of Sciences, Nanchang 330096, China)

Abstract: Via field experiments, the different effects of inorganic biological material hydroxyapatite and the combined
remediations of three kind of plants (Elsholtzia Splendens, Pennisetum sp., Sedum plumbizincicola) with hydroxyapatite on the
absorption of soil total Cu and Cd, the passivation and absorptive ability for available Cu amd Cd derived from Cu and Cd
contaminated soils in Guixi was compared. PLFA method was used to study the effects of different remediations on soil microbial
community, aiming to assess the response of soil micro-ecological environment to various remediations. The results showed that
the application of hydroxyapatite increased soil pH value significantly and passivate available Cu and Cd in soil, while had little
influence on total Cu and Cd contents in soil. The combined remediations of plants and hydroxyapatite not only reduced soil
available Cu and Cd significantly (P<0.05), but also decreased soil total Cu and Cd contents in plant rhizosphere (P<0.05), mainly
due to plant tissues absorption and fixation for metals, particularly the aboveground fractions. The effects of different
remediations were significantly different on the composition of soil microbial community, sole hydroxyapatite application was
positively correlated with soil fungi community and increased soil fungi biomass, which increased fungi/bacteria ratio, while the
combined remediation of plant and hydroxyapatite could alleviate the trend of soil fungi enrichment effectively, the combined
remediation of Pennisetum sp. and hydroxyapatite increased the biomass and diversity of soil Gram positive and Gram negative
bacteria and decreased F/B ratio, thus reduced the risk of soil fungi diseases. In addition, organic matter accumulation caused by
different plants root metabolism significantly improved rhizosphere organic C of the combined remediation treatments. ABT
analysis indicated that different remediations were most important influential factor on soil microbial community, other factors
included soil pH value, the content and availability of Cu. The above results explained the combined remediation of plant and
hydroxyapatite on soil micro-ecosystem from the perspective of microbial community composition, thus can provide reliable
theory bases for the screening and conducting of combined remediation of plant and inorganic biological materials in Cu and Cd
contaminated regions.

Key words: Cu; Cd; Pennisetum sp.; Elsholtzia Splendens; Sedum plumbizincicola; Hydroxyapatite; Microbial community



