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Amendments enhance soil multifunctionality of tungsten tailings by changing bacterial community diversity in case of
biochar and chicken manure. ZHENG Xiao-jun'?, WANG Zi-qin'?, LI Qi**, CHEN Ming"?" (1.Jiangxi Province Key Laboratory
of Environmental Pollution Prevention and Control in Mining and Metallurgy, Ganzhou 341000, China; 2.College of Resources and
Environmental Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, China; 3.Jiangxi Environmental
Engineering Vocational College, Ganzhou 341000, China). China Environmental Science, 2025,45(9): 5048~5061

Abstract: This study used Festuca arundinacea (tall fescue) as a pioneer plant for vegetation establishment on tungsten tailings to
restore the tailings' soil multifunctionality index (SMF). The results showed that the application of chicken manure and biochar
increased the available nitrogen (61.15%~61.48% and 23.55%~24.82%), available phosphorus (116.07%~143.50%), and organic
matter content (55.46%~59.80% and 255.36%~263.27%) in the tailings. Chicken manure also increased the activities of urease
(95.97%~117.03%), B-glucosidase (97.28%~112.59%), and phosphatase (31.11%~49.35%) in the tailings. These changes led to an
increase in the SMF of the tailings, and the SMF was significantly correlated with the planting time of F. arundinacea (R* = 0.4260, P
< 0.05). The amendments altered the bacterial community structure, with the community dissimilarity index between treatments
increasing from 0.5437 to 0.7696 and then decreasing to 0.3496. The development of the bacterial community in the tailings showed
convergence, attributed to the increase in the SMF. Co-occurrence network analysis of OUTs (operational taxonomic units) revealed
that after the amendment treatments, the proportion of positively correlated edges decreased from 65.39% to 56.96%~61.85%, which
enhanced the competitive relationships between bacteria and increased the complexity and sensitivity of the bacterial network. The
structural equation model explained 89.1% of the changes in soil multifunctionality, with the direct effect of the amendments being
0.502. Additionally, indirect effects were generated through their impact on the fresh weight of F. arundinacea, bacterial diversity,
and the co-occurrence network of OUTs.
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Table 1 Basic physicochemical properties of organic

amendments and tungsten tailings

AN AP N TP oM
M pH 18
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Table 2 The microbial a diversity of bacterial communities in tungsten tailings
FE il Chao | Phylogenetic Sobs Shannon Bacterial biodiversity
CKl1 453.124+25.85Cc 35.49+5.29Cc 452.33425.77Cc 6.13+0.27Bb 0.19£0.04Ccd
CKo6 578.23+23.85Bb 42.32+1.36Bbc 574.43+24.32Bb 6.51+0.28Bb 0.32+0.03Bc
CK16 731.14+48.23Ab 50.67+3.63Ab 723.67+49.14Bb 6.98+0.30Ab 0.47+0.06Ab
CM1 950.32+118.48Ba 61.50+4.58Cb 938.00+£120.30Aa 7.18+0.46Aa 0.62+0.06Ab
CMo6 1009.66+129.06ABa 68.94+6.30Aba 1002.83+130.10Aa 7.37+0.33Aa 0.69+£0.07Ab
CM16 1069.01+139.65Aa 76.38+11.51Aa 1067.67+139.98Aa 7.55+0.35Aa 0.78+0.11Aa
CMAL1 1029.544+42.30Ca 70.70+5.58Ca 1018.67+38.96Aa 7.68+£0.27Aa 0.88+0.01Ba
CMAG6 1090.29+9.75Ba 74.07+1.27Ba 1084.77+8.98Aa 7.66+0.06Aa 0.82+0.01Aba
CMA16 1158.11+£9.57Aa 79.59+5.19Aa 1155.00+£9.80Aa 7.70£0.11Aa 0.77£0.04Aa
BCl1 525.82+32.83Bb 424244 31Ac 524.00+31.16Bb 6.06+0.16Ab 0.26+0.02Ac
BCo6 551.11+£10.37Abb 43.01+£1.46Ab 546.18+10.55Cb 6.18+0.06Ac 0.28+0.01Ac
BCl16 571.80+34.62Ac¢ 43.49+4.44Ac 564.33+36.72Cc 6.284+0.10Ac 0.30+0.04Ac
BCAl 442.834+41.46Cc 35.97+4.27Bc¢ 441.00+42.81Cc 5.14+0.67Bc 0.12+0.08Bcd
BCA6 486.23+12.06Bc 38.98+2.36ABc 482.25+12.05D¢ 5.53+0.35Abd 0.18+0.03ABd
BCA16 526.30+16.12Ad 41.76+3.16Ac 520.33+£17.31Cc 5.89+0.06Ad 0.24+0.02Ac

VEANFIKR S T BER R [ — A BHAN [7] I 1) 2 [ PR 2 5 Ak 3 (P<0.05 ), ARl /INE 7 BER R ) — I TR AN [F) AR B2 W) ) 2257 4k 3 (P<0.05).
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Fig.6 Linear regression analysis between tailings SMF and Chao, Phylogenetic, Sobs, Shannon alpha diversity index, and Bacterial

biodiversity

#ZEIR P<0.01,%**F 5 P<0.001

3 B SMFMEXFERT 10 BETRHEXES
Table 3 Correlation analysis between tailings SMF and the

top 10bacterial phylum in relative abundance

Gl R P
Proteobacteria -0.050 0.573
Actinobacteriota -0.448 0.004+*
Bacteroidota 0.237 0.038*
Firmicutes 0.095 0.140
Acidobacteriota 0.040 0.231
Gemmatimonadota 0.263 0.029*
Cyanobacteria 0.031 0.251
Verrucomicrobia 0.187 0.061
Chloroflexota 0.131 0.101
Other -0.238 0.038*

T+ R P<0.05, **F 1 P<0.01.
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T AEY) ERE 1~16 BT, 4056 117K ARXS
FEEHT 10 FIF AR T Ak HARR G, T A IS )y
H(FXERE AT 10) 40 B ] /& Patescibactena «
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1 Verrucomicrobia. £ H'  Cyanobacteria I
Verrucomicrobia [1AH % 7= & B b A5 420 i KELIN 1] A
6 FGEK A 16 FA 3G In. Proteobacteria WA &
L5 R 52 RN TH) 52 S0OAT 50 38 73.44% 18 0 2
78.37%:Actinobacteriota W M 14.72% % 5 9.47%.
Bacteroidota 71/ [A] Ab A 5 I A [R] 1 A8 40 A4 7
CK. BC Al BCA mHA - B 52
AFF 2 CM F1 CMA H1[1 Bacteroidota FIX} 3 &
B FELA) S KT B ANOSTML. 23 BT 7k, 76 3 AN 3
(R R op, 25 AL B A R AH S PR S 3 I 5 FRAIG,R. AN
0.5437 44 0.7696,K8 5 F#1IK 2 0.3496.ANOSIM 7}
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Fig.7 Bacterial community composition and PLS—-DA analysis of tailings after different plant colonization times
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Fig.8 Co—occurrence network of OTU in tailings samples treated with different treatment
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Fig.9 near regression analysis between key topological parameters of tailings SMF and bacterial OTU network
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Fig.10 Key driving factors for tailings soil functional
restoration based on random forest regression model
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