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Abstract: In this study, three common organic wastes, sawdust, chicken manure and silkworm manure were selected as

carbon sources and combined with lime and microbial agents for the direct vegetation technology and served to the
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ecological restoration in metal mine wasteland in Guangdong Province. The three carbon sources were investigated for their
remediation efficacies and their impacts on soil microbial community were assessed throughout the restoration process. The
results showed that after the three carbon sources restoration, the soil pH increased from 3.27 to 7.19-8.31, and the mass
fractions of total organic carbon(except for the samples with half a year of sawdust restoration and one year of chicken
manure restoration) and total phosphorus increased significantly, while the mass fractions of DTPA-extractable Cu, Zn, Fe
and Pb decreased significantly after half a year of restoration. Among the three carbon sources, chicken manure had the most
pronounced effect on enhancing soil nutrients during the initial phase, and silkworm manure had the best effect on reducing
soil mass fractions of DTPA-extractable Cu, Zn, Mn, and Fe, while chicken manure exhibited the most substantial
suppression of DTPA-extractable Pb. The soil microbial a diversity significantly increased under all three carbon sources
after remediation. The types of carbon sources significantly affected the composition of soil microbial communities during
the restoration process, and the soil microbial communities showed obvious succession trajectories with the continuous
ecological restoration. The relative abundance of functional microbes such as Luteimonas, Bacillus, Devosia and
Nitrolancea, increased to promote vegetation growth and nutrient accumulation. During the ecological restoration processes,
the environmental factors including pH, net acid production(NAG), NAG-pH, and the mass fractions of total phosphorus, Fe,
DTPA-extractable Fe and DTPA-extractable Cu were the main driving factors affecting soil microbial community

composition.

Keywords: metal mine wasteland; soil microbe; sawdust; chicken manure; silkworm manure; carbon source; ecological
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Table 1 Physicochemical properties of different additive materials

FE} pH

HIRTLR (g ke ")

N TP TOC
N (4.83+0.12)d (0.77+0.05)c (0.16+0.00)b (420.46+13.34)a
w3 (8.3120.15)b (2.92+0.19)b (0.43£0.17)b (87.89+3.77)c
pLES (7.99+0.02)c (9.49+0.63)a (4.47+0.54)a (152.60+3.47)b
AR (12.12£0.05)a (ND)d (ND)b (ND)d

4 JBICR TR 3%/ (mg kg ")
Tk
Cu Zn Fe Mn Pb

VN (17.17+£6.85)b (33.99+0.42)b (1 259.48+366.79)b (185.49+14.19)b (12.02+5.37)a
w3 (0.68+0.63)b (9.56+3.24)b (257.19+90.63)c (32.37+7.98)c (6.42+4.54)b
pLES (304.99+94.10)a (883.70+49.20)a (4 142.00+8.31)a (564.20+35.60)a (ND)c
AR (ND)b (ND)b (ND)c (ND)d (ND)c

T NDFIRARK ;RGN TR bR A 22 AT G778 L (P<0.05),

1.2 BFSMAIIRTT

B A TR R BN
(113°43'53"E, 24°32'01"N)e4:J@n 1LhHE Y. %t
X & TR A= RS e, AP IRk A1 414 mm,
SRR N21.3°C iR In b - 52, R
Yot A R ECR R B A A, R 2L
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. 201948 H, ZHEHI/T 166—2004 { +3E3fsE
WEDEAIE ), WG 30T T RGERAE,
FEX LA IEARPRIEAT T 04 . ARG 25 R
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F202041 7, R EIAEEAR AR 17
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FEFNGFEAG 5 240 i 1 AR B A0 T 5 AL
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Table 2 Soil physicochemical properties in metal mine wasteland before remediation and six months and one year after remediation with

different carbon sources

B EU(g kg ™)

FE pH EC/(uS-cm™) NAG-pH NAG/(kgt™")
TOC Fe
CK  (3.27£0.47) (708.4+454.5)b (3.35+0.68)c (19.1142.54)a (4.30+3.10)c (207.72+25.20)a
Al (7.1940.56)d (1 123.0£502.3)a (7.19+1.29)ab (0.50+0.69)b (9.10+3.94)abe  (127.22+17.63)b

Bl (8.3120.15)a
C1 (8.13+0.28)ab
A2 (7.93+0.08)abc
B2 (7.66+0.10)bed
C2  (7.5120.63)cd

(431.6+192.7)be
(385.5+126.7)be
(253.6+96.1)c
(389.2+162.7)be
(351.4+99 4)bc

(8.11+0.41)a
(7.51+0.80)ab
(8.021.14)a
(7.12£1.87)ab
(6.1942.28)b

(0.00)b
(0.24+0.49)b
(0.07+0.16)b
(0.88+1.67)b
(1.86+2.60)b

(14.60+3.52)ab
(17.38£12.55)a
(16.44+5.92)ab
(16.37+6.22)ab

(8.29+3.62)bc

(111.29£17.25)b
(117.60£12.55)b
(125.82+12.86)b
(121.85+7.38)b
(120.1148.03)b

SR EU(mg kg ™)

SO42

TN

TP

DTPA-Cu

DTPA-Fe

DTPA-Mn

CK  (1803.61157.0)a
Al (162.2472.9)
Bl (73.6+60.4)b
Cl (93.6+93.4)b
A2 (1320.5+788.4)a
B2 (1952.9+1030.1)a

(1 317.6£362.9)a

(1 050.5+360.2)abc

(1227.8+423.1)ab
(981.5+163.5)abc
(817.4+51.5)c

(1 066.7+201.8)abc

(341.94220.1)d
(1 872.4+343.9)b
(1 999.9+122.4)ab
(2 340.9£577.1)a
(1 717.3£242.8)b
(1 290.6306.7)c

(21.17£10.18)a
(12.065.03)bc
(2.22+0.35)d

(4.18+1.16)cd
(19.877.77)ab
(12.753.63)b

(169.52+51.65)a
(24.09+0.42)c
(23.8042.15)c
(24.60+0.22)c
(75.54+25.92)b
(70.94+54.73)b

(75.88425.42)ab
(12.050.21)b
(11.90+1.07)b
(12.30+0.11)b
(95.61486.53)a
(92.26465.35)a

C2  (1591.3+499.6)a (872.9+140.5)be (1 827.9£368.9)b (15.897.45)ab (56.49+35.06)be (69.71£75.84)ab
U/ (mg kg )
K
DTPA-Zn DTPA-Pb Cu Zn Mn Pb
CK  (40.94+7.10)b (153.40£112.29)ab  (485.38£175.76)b (1 757.5£605.5)ab (844.6+714.2)ab (5 660.7£2 231.9)a

Al (4.06+0.27)c
Bl (3.75+0.20)c
Cl (3.87+0.46)c
A2 (19.98+8.84)c
B2 (57.89+19.08)a
C2  (40.37+25.49)b

(51.26421.26)c
(43.37£16.31)c
(36.93£14.51)c

(182.69+61.17)a
(91.63+44.07)be

(111.35+76.04)abc

(973.42+464.57)a
(387.77£66.93)b
(538.74+238.57)b
(557.87£93.21)b
(333.18+61.49)b
(432.56+77.44)b

(1 992.4+549.1)a
(1 268.2+383.4)b
(1 395.6+392.6)ab
(1 677.8+323.1)ab
(1913.9£331.7)a
(1 491.9£482.1)ab

(882.7+586.7)ab
(600.1+826.7)ab
(153.3+40.6)b
(1 113.8£656.9)a
(810.9+£702.6)ab
(244.6+78.8)b

(6 568.142 229.5)a
(4 952.442 314.2)al
(3 228.5£648.5)b

(5 083.14573.1)ab
(4 607.7+918.4)ab
(4 508.7£777.4)ab

b

T RIS TR i B 22 A GE 324 7 X (P<0.05).

2.2 FEERENTIEMEMEE ZHMNE N
IR, 3FMRIEIE K G T I o2k
PR IR, HERALSB1, C2AYF & B HIChaol £
FEMEAR BN, ARIBRERI2ZE S EaEE L +
YRR E EE 607 842 21 791.0~2 640.8;

T ZREMETR B 54794 1 £8.296~9.833; Chaol
ZRENERER614.858 5 21 803.1~2 673.4; 1 R LKL
PEFER 38,9845 155 2122.30~151.69., A] L, X 3F{hfk
IREhe e R E I 2
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Table 3 Soil microbial a-diversity in metal mine wasteland before remediation and six months and one year after remediation with

different carbon sources

FE& FE T 2 FEPEFR R Chaol ZFEVEREEL &R AR R
CK (607.8+369.4)c (5.479+1.577)b (614.8368.9)c (38.98+19.24)b
Al (1791.0+459.2)b (8.296+1.354)a (1 803.1+464.6)b (122.30+25.35)a
Bl (2 512.24+806.8)a (9.502+0.818)a (2 577.9+858.0)a (144.20+46.14)a
Cl (2 401.4+710.4)ab (8.919+1.841)a (2 462.7+737.9)ab (151.69+28.33)a
A2 (2 347.2+178.3)ab (9.539+0.080)a (2 358.1=188.9)ab (141.49+7.819)a
B2 (2 431.4+74.6)ab (9.434+0.606)a (2 447.7+81.16)ab (142.74+9.023)a
2 (2 640.8+430.3)a (9.83320.366)a (2 673.4+448 2)a (143.99+19. 14)a

T [FISIAR TR AL B A 22 A B 12 5 L (P<0.05).

PCoASFHTAS R (B )R W], FE ARG LRI AR bR
208 3 U A 2T - AR IRV 2 1 A
TR 43 91°020.08% F112.73% 5 Bifi 516 53 () 43 2 i
11, BERT . B AEAER—E N R E R E N
341, IR YRS S W Y RO L
PERMANOVA /3 7 25 itk — RS, B I D il
A= R A HA R 0 2 (R?=0.29,  P<0.001)520,
AN T5) e Y5 % - 438 B 2R W R T A A A AE T
(R>=0.07, P=0.018)50i, AL TRIFEFIZE, BEm
[ X6 - S A AR AR ) R ) B A TR AT

! PERMANOVA
| ] R=0.29, P<0.001

0.4 VR R=0.07, P=0.018 ' B ck
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Fig.1 Soil microbial B-diversity in metal mine wasteland before

remediation and six months and one year after remediation

with different carbon sources
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Fig.2 Relative abundance of soil microbial community composition at

phylum levels in metal mine wasteland before remediation and
six months and one year after remediation with different carbon

sources
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Fig.3 Heatmap of soil microbial genera in metal mine wasteland before remediation and six months and one year after remediation with different

carbon sources(relative abundance greater than 0.05%)
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