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Effects of heavy metals on microbial biomass and activity in subtropical paddy

soil contaminated by acid mine drainage
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Abstract : Soil samples were collected from long-term metal-contaminated rice field in Dabao Shan area of Guangdong province,
China. Soil physico-chemical properties, total contents and DTPA extractable fractions of Cu, Pb, Zn and Cd, and microbial
biomass and organic carbon mineralization were investigated to analyze their relationships. Principal component analysis and
stepwise regression were employed to characterize availability of heavy metals, microbial responses and their effect factors in
the studied soil. The results showed that irrigation with acid mine drainage since end of 1960s resulted in high sulfur content,

strong acidity, relatively low organic carbon and total nitrogen, as well as high contents of heavy metals and their DTPA
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extractable fractions. DTPA extractable metals were not only influenced principally by their total contents, but also were
positively related to soil acidity and clay contents., and were negatively correlated with soil Mn contents. Excessive heavy
metals remarkably reduced soil microbial biomass carbon, biomass nitrogen, ratio of biomass carbon to organic carbon and ratio
of biomass nitrogen to total nitrogen. Metals also inhibited microbial respiratory activity and rate of mineralization of soil
organic carbon, finally led to increase in soil C/N. In contrast, elevated heavy metals did not significantly influence microbial
biomass C/N and metabolic quotient (gCO;), which are considered as parameters of microbial community composition and
physiological metabolism. Stepwise regression indicated that DTPA extractable metals, especially DTPA-Cu, were major
factors affecting microbial biomass and carbon mineralization, rather than total contents. Apart from close relationship
between metals and microbial indices, some soil physico-chemical characteristics, such as organic carbon and total nitrogen,
were highly associated with microbial biomass carbon, nitrogen and soil basal respiration. Some linked microbial indices
including ratio of biomass carbon to organic carbon, ratio of biomass nitrogen to total nitrogen, and CO, evolution per unit
organic carbon, can decrease the blurring effect of soil spatial variability on study of metal stress. Our results further showed
that metal indices were involved in regression models of influencing factors of such linked parameters, while most of soil
physico-chemical parameters were eventually excluded from the models. It demonstrates that these linked indices could serve as
microbial indicators of metal stress. In addition, soil sulfur did not show pronounced effect on availability of metals and change
in soil microorganism. However, oxidation of sulfide was regarded as important cause of metal ion loose and acidification. Soil
physico-chemical characteristics may indirectly influence microbial biomass and carbon mineralization through their effects on
availability of heavy metals.
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C N - R 28 C 24 h,
0. 5 mol/L K,SO, 1:5 30 min (200r/min) .5100 g 10 min
. C bz, N N NO;-N
el C(Be) N(Bn) :Be = Ec/0.38", Bn = En/0. 454, Ec En
C N .
1.4
NaOH CO, W50 g ( ) 60%
24h , 28C 1L . NaOH CO,, 1.2,4.7.14.21d  28d
1 mol/L BaCl, coi, NaOH CO, , .
C C CO, C .
1.5
SPSS 11.5.0 (SPSS Inc. ) ADE-4"%) . Tukey LSD .
2
2.1
1 , , pH 2.9, , 4.7~15.3g/kg 0.3~
1.4 g/kg . C/N  11.1, 6.2~205 g/kg , . 0. 002
mm 147~325 g/kg o Ca.Fe ,Mn 1037~2572 mg/kg,86~111 g/kg,132~332 mg/kg
1

Table 1 Main physico-chemical characteristics of soil samples

C/N S Ca F M
S le plot pH Organic C Total N C/N/ (a/ke) <0. 002mm ( /kq ) ( /ke) ( /kn>
ample plo ) m m,
ple p (g/ke) (g/ke) g/ Kg Clay (g/kg) g/ Kg 8/Kg 8/ Kg
1 2.2+0.1 4.7+0.1 0.3+0.0 13.7+0.6 205.04+16.1 149+47 25724146 111+1.6 1324+2.6
2 2.340.1 4.740.1 0.540.1 10.74+2.0 62.74+0.6 147423 1567431 11142.2 332+6.6
3 .84+0.1 12.8+1.6 1.24+0.1 10.5+0.3 29.94£7.5 325442 1225458 99+3.8 15946.2
4 .6+0.1 7.4+1.4 0.84+0.0 9.5+2.0 17.0+2.0 232447 1458+172 109+1.6 261+11.7
5 5+0.3 15.340.6 1.44+0.1 11.14+0.5 6.24+1.5 28340 10374104 86+3.4 14546. 1
+ , n=3 Mean= standard deviation, n=3
2 35 Cu.,Pb.Zn Cd 641~2752,338~1092,279~356,2. 5~5.5 mg/kg .
4 s Cu . DTPA—Cu.,—Pb.Zn Cd 57.5 170.3,30.2
156.7, 24.1  75.3,0.18 0.75 mg/kg. Tukey LLSD (G ) DTPA .
2 DTPA (mg/kg)
Table 2 Total and DTPA extractable heavy metal contents of soil samples
DTPA— DTPA— DTPA— DTPA—
Sample plot Total Cu DTPA—Cu Total Pb DTPA—Pb Total Zn DTPA—Zn Total Cd DTPA—Cd
1 2752465d 170.3+£15.5b  1092+44e 156. 7416. 3¢ 338+ 12bc 65.3+12.4b  4.040.5b 0.39+0. 15a
2 1875+ 38¢ 118. 8+8. 3b 5174 10b 65.4+1.3b 356+ 7c 75.3+0.5b 5.540. 1c 0.75%40. 06b
3 1054£72b 79.942. 2a 833+53d 86.8+21.7b 341+ 11bc 68.3+8.8b 3.840.4b 0. 38+0. 09a
4 763+ 38a 57.5+9. 5a 339+29a 30.240. 0a 329+5b 41. 6+£5. 4a 2.740.0a 0.1840. 05a
5 641+ 76a 63.1+1. 3a 652+ 74c 31.640.9a 279+ 8a 24.1+1. 1a 2.540. 1a 0.18+0. 05a
Tukey LSD (P<C0. 05) Different letters following means in one column
indicated significant differences by Turkey LSD (P<C0.05); + , n=3 Mean= standard deviation, n=3
2.2
3 , C N 13.1~101.1 mg/kg,1. 5~14. 3 mg/kg

. C C ( ) 0.3%~0.9% R N/ 0.4%~1.8%, C/N  4.6~9.0
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Table 3 Soil microbial indices(0~10cm)
. C
¢ N N/ N C/N Basal respiration mineralization qCO;
S le plot Biomass C Biomass C Biomass N Biomass N Bi C/N (mg Ceo (mg Ceo (mgCeo
ample plo iomass C 0, , €O,
pep (mg/kg)  /TOC (%)  (mg/kg)  /Total N (%) i S 2
/kg soil) /(gCroc * d) /mgChio)
1 13.1+1. 8a 0.32£0.0a 1.540. 0a 0.44+0.0a 9.0=£1.5b 58.9+14. 8a 0.45+0.12a 4.540. 6a
2 24.5+8.2ab  0.5+0.2ab 2.8+0.2a 0.640. 1a 8.6+2.3b 131414. 0a 0.99+0.09b 5.6+1.2a
3 77.64+28.6c 0.64+0.3ab 12.746.3b 1.1-+£0. 7ab 6.441. 2ab 321458.9b 0.89-+0. 06b 4.642. 1a
4 67.0419.9bc 0.940.3b 14.3+2.9b 1.8+0. 4b 4.640. 4a 317459. 5b 1.53£0.19¢ 5.1+£2. 2a
5 101.049. 7c 0.740.1ab 12.143.3b 0.94+0. 3ab 8.641.4b 5054 38. 4c 1.1840. 05b 5.040.7a
Tukey LSD (P<C0.05)  Different letters following means in one
column indicated significant differences by Turkey LSD (P<C0.05); + ,n=3 Mean+standard deviation, n=3
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. -&# 1 Plot
= - —— £ 2 Plot 2
. (PC1) (PC2) ey’ o # 3 Plot 3
76.3%, 9 25 %lg 4 —o-# 4 Plot 4
Y —e-#5PloLs
« 2. L‘j"ﬁ
ab g 3
PC1  PC2 C 20 . 28
i #o
., PC1 4 xa 2
=8
DTPA . Ca.Fe.S C/N BE
BO
. . C.N, . *
1 1 1
N/ N | N , ’ 00 7 14 21 28
pH. C. N . PC1 ;3¢ 14 6] Incubation time(d)
. PC2 C/N, 1 28d
Mn s 1 Fig.1 Soil organic C mineralization rate during incubation
, DTPA 3 means of three replicates for each
, S Ca.Cu.Pb , sampling plot from 1 to 5
C.N, C. N ( ,P<<0.001),
s C 2b): PC1 PC2 o
(P<C0.00001), 5 1, s pH. C., N, s Ca.Fe,
S, DTPA s o
4 DTPA N s s s
o « 1, 4 DTPA s
o ,DTPA—Cu .DTPA—Pb Pb Cu , Mn
. DTPA—Zn s pH . DTPA—Cd o s
C, DTPA——Cu, DTPA—Cu.DTPA—Cd., Pb Zn,
pH. C.Fe.Mn s C( N)
DTPA s DTPA Cu C o s S

o

C/N



2434 24

b
2 'GE b\_ 2
%0 E)
2 - %
: :
E: é E:
"\@’_‘
Permutation test: P<0.00001
Axis Y(PC2):19.5% Axis ¥(PC2):19.5%

2
Fig. 2 PCA of variables in polluted paddy soil
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(a) Loading plot of PC1 and PC2;Soil characteristics, heavy metals and microbial indices were symbolized by --f —» —f»
respectively; Smaller angles between variables represented better correlation, and longer projection onto axis reflected bigger contribution to

PCs; (b) Score plot of soil sampling plots

4 DTPA ( )

Table 4 Stepwise regression models of factors affecting DTPA extractable metals and microbial indices

( ) Stepwise regression models R? r
DTPA DTPA extractable heavy metals
DTPA-Cu= —7.640. 06 (total Cu)+0. 1(Clay) 0.97 0. 000
DTPA-Pb=16. 34 0. 038 (total Pb) +0. 043 (total Cu) —0. 14(Mn) 0. 90 0. 000
DTPA-Zn= —54. 4+0. 45(total Zn)—13. 5(pH) 0. 86 0. 000
DTPA-Cd=—0. 3140. 19(total Cd) 0. 89 0. 000
Microbial indices
Biomass C= —6. 0+ 74. 9(total N) 0.76 0. 000
Biomass/organic C=0.011—0. 000046(DTPA—Cu) 0.57 0. 001
Biomass N=20.1—0. 12(DTPA—Cu) 0.67 0. 001
Biomass N/total N=—0. 01—0. 00013(DTPA—Cu) +0. 00031 (Fe) 0. 64 0. 002
Respiration/organic C =57. 2—0. 07(DTPA-Cu) —0. 03 (total Pb) —10. 4(DTPA—Cd) 0.95 0. 000
Basal respiration = —40. 0—0. 85(total Zn)+92. 2(pH) +26. 0(organic C)+0. 4(Mn) 0.99 0. 000
* C/N No significant parameters entered the regression models of biomass

C/N and metabolic quotient (dependents)

3

DTPA o , ,

DTPA s .
DTPA , DTPA s o
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