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Effects of silver nanoparticles on microbial communities and enzyme activity in four soils

SHU Kun-hui, ZHANG Li, WU Ling-1i, ST You-bin", LIU Qin—xue

(Anhui Province Key Laboratory of Farmland Ecological Conservation and Pollution Prevention, School of Resources and Environment, Anhui

Agricultural University, Hefei 230036, China )

Abstract: In order to evaluate the microbial toxicity of silver nanoparticles(AgNPs ) in soils, incubation experiments were conducted to in—
vestigate the effects of AgNPs(0, 10, 50, and 100 mg kg™ soil ) on microbial biomass, diversity, respiration, and enzyme activity in four dif—
ferent soils. The results showed that a low AgNP content( 10 mg+kg™) had little effect on soil microbes while high contents(50 and 100 mg-

kg™') significantly decreased microbial numbers ( bacteria, fungi, and actinomycetes ). The richness of the soil bacterial community ( Aci—

dobacteria, Actinobacteria, Cyanobacteria, Nitrospirae, and Firmicutes ) significantly decreased with increasing AgNPs content, whereas that

of several other phyla(e.g. Proteobacteria and Planctomycetes ) increased. The soil urease and invertase activities were significantly inhibit—

ed, while fluorescein diacetate( FDA ) and catalase activities were not pronouncedly changed by the AgNPs content. For the same AgNPs con—
tent, the responses of the microbe traits in yellow cinnamon soils and laterite were stronger than those in paddy soil and yellow brown soil.

Multivariate principal component analysis suggested that the inhibition of fungi number, FDA enzymes, and catalase activities were positive—
ly correlated with soil organic matter and sand contents. The inhibition of urease, invertase activities, and respiration by AgNPs were posi—
tively correlated with soil pH and cation exchange capacity. We conclude that AgNPs play a toxic role on soil microbes, and inhibit the

growth and reproduction of microorganisms. However, the sensitivity of different microbes to AgNPs is different, and the toxicity of AgNPs

can be affected by soil properties.
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Figure 1 TEM image( A ) and distribution of particulate sizes(B) of
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Table 1 Basic physical and chemical properties of the experimental soils

R pH CEC/emol kg™ HHLF/g ke KL% BrkL/% Bkl % FH (] fRe R A K %
KFE+ 8.20 19.10 5.57 5.90 72.70 21.40 44.05
Bk 6.30 15.37 8.65 10.60 58.60 30.80 45.68
i1 6.70 12.40 19.06 16.10 55.00 28.90 42.38
ka3 5.54 13.40 33.24 19.20 53.70 27.10 58.58

TE KR LR A AR S O K RE R, A LB i AR

Note : The sample point of paddy soil is dry land before rice cultivation, so organic matter content is low.
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and microbial traits factors

S5 3 pH (EAIDC, 78 pH {ELR] B9 33 rh ORAR XS
AR IR

3 itig

TSR YR i R AE S A AR 7 0 O
PRUZR 2, M A 35 8 A 2o i AR D R S T 4
P AR RO A5 T P 2 SRR 4 K
B A A A R SRR BT B S IR AR
R ER T IR R RO B E R, D
YRR 52 203, 5 X R il 26 i i (10 mg-kg™)
A I I, B AR A D 4 2 i
358 o WFFEABL 10 mg kg™ ZOREAT LU 2 AR 1 1
TLA A TRVE 20, 100 mg - kg™ 2 Ik 2 410 il - 3 A0 71 S
TR B PR P U AR A 0.14 mg-kg™ I,
158 HR A W A Wy i A R v 2 B el
HEh GORRAE = T 20 mg-kg™ B, - HERT-IR 4 1 (0
A L R R VR AR, PR BERS AR
240 AT B A LS, O SRR B 3 T 240 e i
S B M AL TN A2 I P S A4 2 K R e e
DNA i Z L HIRE ST, 51E DNA [ M 1 i 2
AR R BE

®2 MERTFEREMEKEFHEXE

Table 2 Correlation between environmental factors and microbial traits factors

HHIRAE R i) e HH R IR 46 HET FDA i N et
pH 0.568 -0.055 -0.816%* 0.882:* 0.806%* 0.661* -0.804%* -0.496
CEC 0.055 -0.555 -0.940%* 0.972:%* 0.868%* -0.717%* -0.902+*
HHLR -0.018 0.522 0.913%* -0.853%* -0.352 0.998%* 0.677*
bk -0.052 0.562 0.992#* -0.965%* -0.604* 0.936%* 0.828%*
Fhok -0.548 -0.064 0.535 -0.600* -0.885%* 0.275 0453

e 7E 0.01 K A * 78 0.05 K i A,

Note : ** Significant correlation at the 0.01 level ; * Significant correlation at the 0.05 level.
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