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Table1l Basic physico-chemical properties of the sampled ils
PH Org C TotalN  AailableN CEC Particle composition (%)
SilNo. (H,0) (anol kg™ 1)
Distance (m) (gkg'') (gkg') (mgkg?) 2 0.05mm 0.05 0.002mm  <O0.002 mm
1 50 7.87 26.87 2.87 171.3 11. 67 23.5 56.5 20.0
2 100 7.88 30.29 3.05 157.3 15.03 1.1 68. 4 20.4
3 150 7.86 27.89 3.19 236.7 12.23 18.5 65. 7 15.8
4 200 7.80 29.55 3.50 230.3 10. 57 15.0 67.7 17.3
5 250 7.81 28.31 2.99 214.7 16. 07 14.7 67.0 18.3
6 350 7.27 30.87 3.48 187.3 14. 87 21.4 62.3 16. 4
1.2 )
) SPE
0.5 1ml
molL ' K, %, , TOC-500 (i 0.2molL"* 37 15 min,
1.3 (RLFA) 2ml 0.3ml1molL""
1959 Bligh Dyer ALFA 2ml ,
[12] ' cC
3.00 g, Agilent19091B -102
Bligh  Dyer 2h , MDI M D | Sherlock
, (M DI, Inc. Nevark, DE)
2 PL FA
Table2 Cammon phogholipids bianarkers representing different types of microbes
FLFAS
Nane Characteristic LFA s Reference
Bacteria i15 0, al5 0, 15 0, i16 0, 16 W7c, i17 0, al7 0, 17 0, cyl7 0, 18 W7c, cyl9 0 [13], [14]
Fungi 18 w9c [15]
Actinanycete  10Mel6 0, 10Mel7 0, 10Mel8 0, 1Mel9 0 [13]
i14 0, i15 0, al5 0, i16 0, i17 0, al7 0 [13],[15]
16 W7c, 16 W9c, cyl7 0, 18 W7c, 19 W1llc, cyl9 O [13],[15]

Gran-positive bacteria (G+); Gran-negative bacteria (G - )
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. (ali)XY mgkg ™,
wZ , X Y ,
) HOV) (@B 15618-1995) ,
( ), Z 1 4 ,
4 ;Cct ,a ,
| . Cy ( 3)
, 1M e (50 m)
10 2 4
; AFA ( 3)
2 2.2
1.4
M icrooft Excel 2003 , , , 4
(Principal camponent analysis, PCA)
SPSS11.5
(1),
2 4 ,
2.1

66.67 1 848 mg kg ' 81.60 1 579
mgkg ' 433 11.55mgkg’ 51.84 1185mgkg ",

6.51 120.3 mg kg 10.93 75.74 mg kg
0.38 1.53mgkg ' 9.47 67.36mgkg " ( 3)

183 518 mgkg ' 88.0 130 mgkg '
220 764 rmol g'* ,

(p<0.01),

21.0 (p<0.05) ( 5),
mg kg' 74.9 mg kg’ 0.065 mg kg ' 24.0
3
Table3 Heavy metal contentsof the ils tested (mg kg *)
Soil No. Total Cu Total Zn Total Cd Total Pb Avail. Cu Avail. Zn Avail. Cd Avail. Pb
1 1848 1579 11.55 1185 120.3 75.74 1.53 67.36
2 281.7 783.4 5.03 264.6 38.93 27.61 0.68 26.52
3 122.7 324.6 4.33 141.1 19.18 13.02 0.59 17. 06
4 141.8 266. 0 5.00 112.7 15. 40 12. 40 0.38 13.55
5 80. 31 104.8 5.21 68. 17 8.03 10. 93 0.42 9.47
6 66. 67 8L. 60 6.05 51.84 6.51 11. 99 0.42 10.54
2.3 94.1 315
molg' 6.79 20.1molg' 27.7 122 mol
, 6 6 g’ ,
0.14 x10' 2.37x10 CRU ¢g* , ALFA ,
: 2.07 x10' 6.71 x10' CRU
gt 0.82x10° 2.81x10° CRU :
g’ ALFA
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Table4 Soil microbial bionass
o o CIN o
) . M icrobial biomass M icrobial biomass Total phogholipid
il No. Distance (m) Ginic /Nmic
carbon (mg kg 1) nitogen (mg kg™ ) (rmol g 1)
1 50 183 +17Y 88.0+9. 4V 2.08 220 +11Y
2 100 324 +£28 91.4+16.9 3.54 382 £15
3 150 391 +38 93.316.9 4.19 487 +83
4 200 428 +38 116 +4 4.46 500 +38
5 250 432 £23 130 +9 3.29 638 +£78
6 350 518 +£32 110 +23 3.95 764 £23
1) + Mean + SD.
1 PC1 , )
41. 82% , PC2 18. 88%
1 1 1 12 0!
, PC1 i150, 170, 18 0, i16 0, 19 0 ,
, PC1 ( 1a) ,
' 5 , 20 206, 9c,
PC1 20 0, 16 W9c, al5 0, a6 0, 18 W7, 1Mel6 O,
, - 0.9337 - 0.934" 1Mel9 0 ( 1b),
-0.908" -0.881" , PC2
20
Isp @ . 08 b oy17:0
o
L5 o DU L l8'l)‘l)§:3m6c l)‘):lu)llc
Of . . .
a a 04k 12 18y « 16 2 00\ 114 :( .
E ol 201206, 9%
2 v N - s 20:00
oo _ a 115 :0 15:00 16 : 1 W9
= Y a 00 70 570 31670
O _ + - 181w
05 . o 17300
-10f ©° 2 = B {6500 i 10Me16 :0
O v 3 - I -V al7 .00 10Mel9 : 0
Sisf e d v, 10Mel8 :0 10Mel7 :0
o3 -08 cyl9:0
-20 " " L "
-25 -20 -1§ -10 -05 00 0.5 1.0 1.5 -1.0 -0.5 0.0 0.5 1.0
PC 1(41.82%)
a 1 50m 100 m 150 m 200 m 250 m 350 m b.
PC1 PC2
a Characterization of ilsfron sampling points The numbersfram 1 o 6 denote distance ( 50 m, 100m, 150 m, 200 m, 250 m, 350 m)
fram the sneltery repectively. b. Characterization of factor loadingsof the individual ALFA at PC1 and PC2
1 RFAs PCA
Fig 1 PCA of il phopholipid fatty acids (FLFA 9
’ (Cmic / ( 5) Cr‘nic /Nmic

Nmic) ’
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’ Gnic /Nmic )
A FA
5
Table5 Correlation coefficients of @il biological indicabrswith il available Cu, Zn, Cd, Pb
ltens Avail. Cu Avail. Zn Avail. Cd Avail. Pb
Cinic -0.893" -0.870" -0.840" -0.845"
Niic -0.542" -0.521" - 0.564" -0.527"
Total ALFA -0.808" -0.764" -0.7477 -0.7527
Cinic /Nimic -0.674™ -0.661"" -0.599™ -0.632"
PC1 -0.9337 -0.934" - 0.908" -0.881"
PC2 0.022 0.071 - 0.033 0.043
ALFA Bacteria FLFA 0.057 0.028 0.097 0. 068
FLFA Fungi FLFA 0.502" 0.545" 0.505" 0.502"
FLFA Actinamyce FLFA -0.543" -0.552" -0.4877 - 0.498"
G- -0.6727 -0.696" - 0.545* -0.6797
G+ 0.255 0.238 0.24 0. 269
:n=18; * p<0.05 **p<0.01Note n=18; * p<0.05 ** p<0.01.

6

Table6 Countsand FLFA contentsof il bacteria, fungi and actinamyce

Number (CRU gt FLFA FLFA ocontent (rmol g 1)
Soil No. Bacteria Fungi Actinamyce
Bacteria Fungi Actinamyce
(x107) (x10%) ( x10°)
1 0.14 2.07 0. 82 94.1 %4.65 6.79+£1.16 27.7+£2.56
2 0.58 2.93 1.89 185+24.0 7.31+3.71 44.6 £0.93
3 0.50 2.11 1.78 225 +32.9 7.83+1.80 83.8+12.9
4 1.13 4.38 2.35 203 £15.7 10.1£6. 15 81.6 +£6.07
5 2.37 4.17 2.23 269 +43.9 11.3 +£5.03 102 £30. 8
6 1.80 6.71 2.81 315+18.3 20.1+£0.24 122 £4.17
CRLFA + Note FLFA contentsaremean + SD
I} Cmic
2
(R =0.8856,p<0.01), Npnic
2
(R =0.283 4, p<0.05),
(ALFA) , Fierer
. -1
( :molg ), ALFA

A FA
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EFFECTSOF COM PL EX HEAVY M ETAL POLLUTION ON BIOM ASS AND
COMM UNITY STRUCTUREOF O L M ICROBES IN PADDY SO L

Wu Jianjun  Jiang Yamei Wu Yuping Xu Jiarming'
(College of Enviroomental and Resource Sciences Zhejiang U niversity; Zhejiang Provincial Key Laboratory of Subtropical Soil and Plant N utrition,
Hangzhou 310029, China)

Abstract Effectsof complex heavy metal pollution on biomass and community structure of il microbes in paddy
il were studied with the aid of the chlorofom fumigation-extraction, diluted agar plate cultivation and phogpholipid fatty
acid (PLFA) techniques, using il samples oollected fran paddy fields in the vicinity of a snall sneltery in Fuyang
County, Zhejiang Province. Reaults show that il microbial biomasswas reduced in paddy fieldspolluted by Cu, Zn, Cd
and Pb together. Soil microbial community structure was al® affected by camplex pollution and about 41. 82% of the
change was attributed to the pollution. Soils high in heavy metal pollution were daminated with microbes high in fatty acids
of 12 0, i15 0, i17 0, 18 0, i16 0 and 19 0, while ilslow in heavy metal pollution with microbes high in fatty acids
of 20 206,9c, 20 0, 16 X 9c, al5 0, al6 0, 18 X7, 10Mel6 0 and 10Mel9 0. W ith pollution rising in degree,
il microbes decreased in C,;. /N, fungi increased relatively, and the amount of actinamyce and G-bacteria decreased
relatively.

Key words Heavy metals M icrobial community; FLFA; Paddy =il



