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Effects of acid mine drainage irrigation on iron and carbon in paddy soils and the response of microbial community structure.
LIU Jian', NIU Shao-xun', HUANG En-hui', LIU Zheng-cong', LI Xiao-fei', WU Xiao-lian', KE Chang-dong®, BAO Yan-ping'"
(1.School of Environment and Chemical Engineering, Foshan University, Foshan 528000, China; 2.The Key Laboratory of Water and
Air Pollution Control of Guangdong Province, South China Institute of Environmental Sciences, Ministry of Ecology and
Environment of the People’s Republic of China, Guangzhou 510655, China). China Environmental Science, 2025,45(5): 2654~2663
Abstract: This study focused on the long-term AMD-contaminated paddy soils in the Dabaoshan mining area of Guangdong
Province. The distribution characteristics of soil iron phases and iron-bound organic carbon were analysed, combining with
high-throughput sequencing to examine the effects of AMD irrigation on soil organic carbon sequestration and the response of soil
microbial community structure. The results indicated that: O AMD irrigation led to soil acidification, with accumulation of iron,
sulfur and heavy metals in paddy soils. The contents of TOC in paddy soils showed significant positive correlation with TFe, and
OCr.. @ AMD irrigation resulted in decreases of soil microbial abundance and diversity. AMD irrigation led to a decrease in the
relative abundance of Geobacter in paddy soils, whereas acid tolerant iron and/or sulfur metabolizing bacteria such as Thiobacillus
and Thioifustis became the dominant bacteria in paddy soils with the most heavily AMD pollution. 3 RDA analysis identified Fe,,
TOC, and TFe were the most crucial factors influencing microbial community structure. In conclusion, AMD irrigation brought
dissolved iron into paddy soils which was beneficial to soil organic carbon preservation. In addition, AMD irrigation resulted in the
formation of microbial community structure that closely related to AMD pollution gradient, the form and content of iron and carbon.

Key words: paddy soil; acid mine drainage; microbial community structure; active iron; organic carbon
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Table 1 Physicochemical parameters
ZH S1 S2 S3 S4 C

pH & 5.51+0.23bc 5.06+0.02¢ 5.58+0.10b 6.09+0.21a 5.89+0.05ab

TFe (mg/g) 35.76+0.70b 62.71+12.86a 26.31+4.90b 33.48+2.16b 29.32+0.50b

Feoc (mg/g) 17.53£1.91ab 35.4049.08a 13.3244.48b 17.92+3.84ab 9.87+1.27b
Feoc/TFe (%) 48.98+0.05a 49.36+7.27a 45.34+8.34a 53.04+7.97a 33.68+4.48a

Fe, (mg/g) 5.05+0.11abc 5.2940.65ab 3.67+0.52¢ 5.35+0.73a 3.73+0.15bc

Fe, (mg/g) 0.90+0.18a 0.49+0.04b 0.79+0.14ab 0.92+0.06a 0.91+0.01a

TOC (g/kg) 13.54+0.99¢ 26.00+1.82a 9.06+0.34d 13.01+1.54c¢ 20.05+0.55b

OCre (mg/g) 3.97+0.06ab 4.33+0.14a 3.28+0.07¢ 3.66+0.28bc 3.73+0.03bc
OCr/TOC (%) 29.47+2.04b 16.76+1.66¢ 36.23+1.94a 28.31+1.35b 18.59+0.35¢
TS (mg/kg) 482.20+49.26b 733.07+46.74a 457.27+13.36b 338.73+£20.77¢ 282.67+8.40c

TN (g/kg) 2.10£0.14¢ 3.15+0.03a 1.20+0.12d 1.79+0.25¢ 2.24+0.18b

Cu (mg/kg) 229.774+9.85b 626.05+53.05a 66.33+£1.58b 103.53+12.76b 29.2740.66b

Zn (mg/kg) 342.10+19.18b 618.13+£68.43a 145.33+£31.25¢ 167.23£15.85¢ 66.33+1.65d

Pd (mg/kg) 118.60+46.64b 408.95+54.85a 54.80+3.40b 92.97+£11.21b 27.60+1.87b

Cd (mg/kg) 0.84+0.08a 1.10+0.40a 0.66+0.09ab 0.73+0.08a 0.26+0.06b

T B AP S b e, T

AT AR NG R OR N R A 2 TE) 22 5 B3 (P<0.05);pHAH R Tl B TFe: S Bk Feoc: 11 HLER 45 & &5

#k,Feoc/TFe :FeocfETFeH 1 ity L, Feo: G2 BB A, Fep: 4% 1 A5Fe, TOC: ALK, OCre: Bk 4 5 & H MUK, OCre/TOC:OCrAETOCH ] i LL, TS:

SR, TN R %, Cusli, Zn B, P4, A - Cu.

F2 BUSKEMEXNE

Table 2 Correlation matrix for physicochemical parameters

BH pH 1 TFe Feoc Fe, Fe, TOC OCr, TS N Cu Zn Pb
TFe -0.640

Feoc  -0.651"  0.894”

Fe, -0.260 0.516" 0.613

Fe, 0.657"  -0.729"  -0.690"  -0.105

TOC -0476  0.662" 0.566" 0.265 -0.511

OCre -0.612°  0.791™ 07197 0.695"  -0.414  0.768"

TS -0.872"  0.820"  0.854" 0370  -0.746"  0.458 0.605

TN -0.476 0743 0.640 0.437 -0.482 0962  0.840" 0517

Cu -0.793" 0918  0.8917 0.535"  -0.766"  0.692” 0808 0923 0759

Zn -0.783"  0.909"  0.877" 0.553"  -0.749"  0.580° 0.790" 0928  0.663"  0.981"

Pb -0.722" 0934  0.896" 0542 -0.712"  0.698" 07817  0.895" 07947 0976”7 = 0.944”

cd -0.514 07777 078"  0582°  -0.606" 0.133 0.513 0.762" 0.278 0731 08117 07177

T ¥ ARRAE0.05 /K 2257 W3, + ARRAE0.0 /R 12 57 il 3.
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Table 3 Microbial abundance and a diversity of paddy soils

ZH St S2 S3 S4 C
seqs 73318+2244a 74368+4237a 73833+3340a 71977+1681a 74259+1703a
OTUS 5558+438cd 52294206d 6598+456ab 6063+£367bc 6873+289a
chaol 5560+438cd 52314206d 6600+455ab 6065+366bc 6875+289a
shannon 9.60+0.15bc 8.77+0.27d 10.00+0.20ab 9.34+0.37¢ 10.17+0.12a
Ace 7541+494¢ 74434+223¢ 8880+378ab 8418+397b 9373+343a
Simpson 0.008+0.004a 0.015+0.003a 0.006+0.002a 0.017+0.014a 0.005+0.001a

VE R R P B AR, [ AT AN A NG PR R AN R[] 2257 15 45 (P<0.05).
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Fig.3 Relative abundance of dominant species of microbial communities at the phylum (a) and genus levels (b) in paddy soils
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