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Soil enzyme activities and influencing factors in farmlands around metalliferous mine wastelands in China

LIU Shenyan, LI Fenglin, LU Jingli, FENG Shiwei, WU Zhuohui, LIANG Jieliang, JIA Pu", LI Jintian

(Guangdong Provincial Key Laboratory of Biotechnology for Plant Development, School of Life Science, South China Normal University,
Guangzhou 510631, China)

Abstract: To investigate the heavy metal contamination in farmland around metalliferous mine wastelands in China, as well as soil enzyme
activity and its main influencing factors in such farmlands, we collected a total of 29 sampling points of farmland from 18 provinces across
China as the research objects and analyzed the main characteristics of soil extracellular enzyme activities and the correlation between soil
physicochemical properties and heavy metal content on enzyme activities. The results revealed considerable variability in soil enzyme
activities across different sampling sites in China. Moreover, the activity of soil enzymes increased in the order of B—1, 4—glucosidase<
urease<acid phosphatase. According to Pearson correlation analysis, urease activity was significantly positively correlated with water—
soluble organic carbon (WSOC) (P<0.05). Additionally, the activities of B~ 1, 4—glucosidase, and acid phosphatase were significantly
positively correlated with WSOC (P<0.01). Meanwhile, acid phosphatase activity was found to be significantly positively correlated with soil
moisture content (SMC) and total phosphorus (TP) (P<0.05). The redundancy analysis (RDA) revealed that the main factors affecting the
overall enzyme activity were in the following order: WSOC>TP>SMC>AP>TN>AK>pH>TK. Our results demonstrate that WSOC, TP, and
SMC are the main influencing factors of soil enzyme activities in farmland surrounding most metalliferous mine wastelands across China.

Keywords: soil; enzyme activity; soil physicochemical property; farmland; nutrient limitation; metalliferous mine wasteland
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Table 1 Soil enzyme activity in different sampling sites
PRI G i B—1, 4% Wl T it Jhx it PR T e . it
Sampling site Longitude/(E) Latitude/(N) B-1,4-glucosidase/(pg-g'-h™")  Urease/(pg-g'-h')  Acid phosphatase/(pug-g"'-h™)
GD-1 111.65 22.14 2.22+0.60lm 14.46x4.731ghij 29.78+5.60jk
GD-3 113.70 24.60 2.64+0.59kIm 7.93+2.02kl 76.10+39.98efg
GX 107.62 24.83 5.24+1.09hijk 23.42+3.97bed 42.99+12.26hijk
YN-1 102.03 24.88 10.29+4.04bcd 28.51+5.15ab 159.24+63.95b
GD-2 113.66 25.05 2.21+£0.29Im 6.34+1.891 51.58+28.71ghijk
FJ 116.38 25.16 1.81+£1.06m 12.25+5.04ghijkl 74.79+34.90efgh
HuN-2 112.72 25.70 3.92+1.25ijklm 27.91+7.22ab 86.07+24.00ef
YN-2 103.06 26.19 10.16+3.67bcde 26.00+6.30abce 123.66+58.17cd
JX-1 115.64 26.22 2.65+0.51klm 10.92+3.98hijkl 50.56+18.90ghijk
YN-4 99.40 26.40 5.32+1.10hijk 9.28+3.60jkl 67.28+26.34fghi
HuN-1 112.57 26.55 2.16+0.65Im 15.82+10.00fghi 67.91+19.66fghi
YN-3 103.73 26.64 20.73+7.18a 28.64+10.54ab 169.87+41.10b
GZ 104.01 26.75 3.12+1.08jklm 16.79+4.32efgh 99.08+23.04de
JX-2 117.72 28.21 4.14+1.16ijklm 9.71+2.39ijkl 35.84+7.35ijk
JX-3 117.71 29.02 6.35+1.30ghi 16.52+3.44efgh 127.07+53.92¢d
JX-4 115.82 29.68 6.48+1.56fghi 20.12+6.08cdef 40.31+15.29ijk
JX=5 115.65 29.74 10.58+6.90bed 7.70+5.361 26.66+12.32k
HuB 115.48 29.84 5.37+1.69hijk 27.79+3.80ab 32.83+16.74jk
7) 119.82 30.11 7.53+2.31efgh 16.59+8.23efgh 73.15+21.44efgh
AH 117.97 30.93 2.60+0.34klm 22.33+1.80bcde 60.26+21.21fghij
JS 118.96 32.17 3.94+0.901jklm 19.92+6.76cdef 56.86+16.16fghijk
FX 106.59 33.89 5.60+1.48hij 27.17+7.02ab 101.57+45.27cde
GS 105.76 33.95 19.21+2.61a 22.62+4.39bcde 46.86+13.69ghijk
SX 111.66 35.27 8.95+2.66cdefg 22.52+8.23bcde 48.49+9.81ghijk
LN 123.60 40.71 7.82+2.37defgh 30.52+5.95a 98.96+25.83de
NM-2 107.09 41.11 9.11£2.07cdef 8.18+4.48kl 36.71+6.98ijk
HeB 115.27 41.44 5.01+1.78hijkl 11.44+3.7 1 ghijkl 67.11+17.76{ghi
NM-1 118.92 44.44 12.21+2.23b 17.57+4.93defg 130.04+16.08¢
HLJ 129.27 47.47 11.38+3.68bc 14.13+7.88fghijk 232.91+£24.95a

T RS A ) /NG PR B R A R F] 225 2.3 (P<0.05)

Note: Different lowercase letters in the same column indicate significant differences among sampling sites at P<0.05 level.
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Figure 1 Pearson correlation of soil enzyme activity and soil

physicochemical properties
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P 5] il 17 52 i) (%) F M (1) T Sl WSOC>
TP>SMC>AP>TN>AK>pH>TK . o, WSOC ik 2| #2
12 3% K (P<0.01) , TP fil SMC ik #] i 3 /K F (P<
0.05), AP TN, AK . pH FI TK ¥k ik %] i 2 /K F (P>
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Figure 2 Redundancy analysis of soil enzyme activity and soil

physicochemical properties

R TEEBEUETREBNEEMHHFTIEZHRESER
Table 2 Importance ranking and significance test results of soil

physicochemical factors interpretation

WERT wEEET

. fiff R it EEAME(F) WEEP)
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