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Effects of heavy metal pollution on soil microarthropods in upland red soil
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Abstract: The rapid development of industrialization, urban-rural integration and agricultural activities are raising
pollutions in China, especially pollutants of heavy metals in farmland soil. Effect of heavy metal pollutants on soil arthropods
was an important part of their risk assessment and environmental impact monitoring. Based on the methods of National Soil
Environmental Quality Standard of China (GB 15618—1995) , Cd (0.3 mg/kg and 0.6 mg/kg) , Pb (125 mg/kg and 250
mg/kg) and As (30 mg/kg and 60 mg/kg) were added to upland of red soil respectively, to evaluate their effects on the
composition and diversity of soil microarthropods under field conditions. Eleven taxonomic groups of soil microarthropods
were observed and Folsomia, Onychiurus and Acarina were the dominant groups, accounting for up to 78% of the total soil
microarthropods obtained. Pb and As pollution in high concentration levels significantly decreased the abundance of
Collembola by 73.5% , 55.2% respectively, and Cd pollution in high concentration levels did not have significant effects on
Collembola. As and Cd pollution in high concentration levels significantly decreased the abundance of Acarina by 74.3% ,
36.4% respectively, and Pb pollution in high concentration levels did not have significant effects on Acarina. However, Pb,

As and Cd showed no significant influences on soil biodiversity, as estimated by the Shannon and Simpson indices.

EE&WA AR (4ol BHF LI (200903015) 5 VLPGAEHEDEA 555 TRH
YRS HH8:2012-01-31; o) 4 t AR B 3 : 2014-03- 13
# WIRAER Corresponding author. E-mail ; xxwang@ issas.ac.cn

http ://www.ecologica.cn



21 4 EEW AR R T YR LR /N IR S W AR S5 AL R 6199

Therefore, the biodiversity was less sensitive to heavy metal pollution than the abundance of soil invertebrates under field

conditions. The results of the Principal Component Analysis suggested that the values of Folsomia, Onychiurus and

Prostigmata were higher in the comprehensive principal component, indicating they were the dominant factors of the soil

microarthropoda community, and could act as one of the indicator species to monitor the environmental impacts of heavy

metal pollution as well as the important ecological receptors for studying the threshold of heavy metal pollution in the future.

Key Words: heavy metal; red soil; microarthropods; risk assessment; monitoring indicators
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Table 1 Basic physical and chemical soil properties in the upland field

i B Acti , - \
LR METRIE g N I T
Organic ~ Cation exchange . Cd/ Pb/ As/
pH matter/ capacity/ Total N/ Total P/ Olsen-P/ Total K/ Available K/ (me/ke) (mg/ke) (mg/ke)
/ o (g/kg) (¢/ke) (mg/kg) (g/ke) (mg/kg) °
(/kg)  (cmol/kg)
4.84 9.36 9.31 0.56 0.48 20.29 9.44 343.75 0.12 25.4 15.0
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Table 2 The community structure of soil micro arthropods in upland red soil treated with different heavy metals

ik AL Treatments SR
Taxa Ck Pbl Ph2 Asl As2 Cdl Cd2 Abundance
PEBkIE Onychiurus 2.12+0.63 0.60+0.56 0.60+0.56 0.60+1.03 0.60+0.56 1.48+0.43 0.83+0.73 18.9%
T+ BVE Tullbergia 0.00 0.00 0.00 0.46+0.40 0.00 0.00 0.37+0.63 2.3%
TFkIE Folsomia 1.84+0.42 0.00 0.46+0.40 0.88+0.99 1.19+0.56 1.56+0.57 1.71£0.53 19.7%
INGEBRE Isotomiella 0.00 0.00 0.00 0.23+0.40 0.00 0.23+0.40 0.23+0.40 1.8%
KBkJE Entomobrya 0.00 0.00 0.00 0.00 0.00 0.23+0.40 0.23+0.40 1.1%
Wi B Acarina 3.61£1.07 1.66+0.84 2.29+0.81 1.61£0.45 0.92+0.40 1.06£1.04 2.29+0.49 39.4%
HABZEHE Other groups 0.69+0.69 0.23+0.40 0.92+0.80 0.92+1.09 1.43+1.28 0.92+0.40 0.46+0.40 16.8%
AL Individual total 8.03 2.48 4.27 4.71 4.14 5.48 6.12
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Fig. 1 Effects of different heavy metals pollution on the
abundances of Collemnola, Acatina
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Fig.2 Effects of different heavy metals pollution on the value of A/C and the species diversity of soil micro arthropods’ community
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Table 3 One-Way ANOVA of certain main soil microarthropods’s quantities and the diversity indices of soil microarthropods

2 Ph As cd
Effects dr F P dr F P df F P
B H Collembola(C) 1:8 18.09 <0.01 1:8 8.63 0.02 1:8 0.3 0.75
Wit 5 Acarina( A) 1:8 3.56 0.10 1:8 11.51 0.01 1:8 5.90 0.04
HABZERE Other groups 1:8 0.88 0.46 1:8 0.39 0.70 1:8 0.60 0.58
A/CAH A/C value 1:8 1.67 0.27 1:8 1.32 0.34 1:8 2.18 0.19
Shannon-Wiener ZFEHEFE %

> annon- Aiener ERAERE 1:8 2.79 0.14 1:8 0.41 0.68 1:8 0.17 0.85
Shannon-Wiener diversity indices
Simnson ff .

impson HLI 45 L 1:8 1.96 0.22 1:8 0.46 0.66 1:8 0.14 0.87

Simpson’ dominant indices
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Table 4 Principal component analysis on soil microarthropodas communities in upland red soil polluted by different heavy metals

ks B EMS B EMS ga EGY
Taxa PRIN 1 PRIN 2 Comprehensive PRIN
NI H Prostigmata 3.72 -0.76 2.75

5 BkJE Folsomia 2.94 1.29 2.59
HEBEE Onychiurus 2.63 0.58 2.19

% 2 B Amphipoda 0.94 0.35 0.81
HUHEH Oribatida 0.87 0.15 0.72
B H Diplura 0.77 0.34 0.67
ST A Mesostigmata 0.60 -0.03 0.46
5 H Coleoptera 0.35 0.04 0.29

T BYE Tullbergia 0.33 -0.08 0.25
INGEBKIE Isotomiella 0.26 0.09 0.22
KB Entomobrya 0.17 0.15 0.16
FFE(H Eigenvalue 4.71 1.31

BTk Contribution rates/% 67.32 18.65

ZFHHRR Accumulative contribution rates/% 67.32 85.97
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