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2021 4F 7 A AEA T 50 AR T B T b A S T AR AR A RS B RS AR Ve ME S (106°207157E,
26°39'36"N) RAEFREHFE M o B RERH L AR e AR TG LR 24, WHES i 2 mm G H o KRS
W pH 4 299, HLF% (EC) 457 mS-em'; #WiA B RHAGMARRTREMEGEA BT, LA0H
CaSO,2H,0; R HREEHE A S ; 3R g 3R FRE T, 22 SR+ 1 T 3t fel Ak
Ao AR B R A BRI MR B L 1
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Table 1 Physicochemical properties of bauxite residue and amendments

BB pH EC/(mS-em™) @%/(gkg!) @W/(gke ) HHF/(gke ') FHME/(mgke") FHiBH/(mgke") HHM/ (mgkg")

e 10.86 1.00 0.14 2.30 7.81 1.59 3.98 595
BEAE 5024 2.44 0.14 3.80 2.90 7.72 57.25 85.20

¥ 6.48 3.23 1.40 56.13 61.20 275.58 212.08 880.00

Bl 4.66 5.48 1.40 3.80 55.30 310.99 648.15 6 206.00

1.2 St

B SR : 1) AFRPHEKARER (R) 5 2) AU +2% A B +2% B A1 8 +5% T it +5%
Je+ K BO(RAL) ; 3) R U8 +2% A Tl W +5% B 71 T +5% B M +5% fi FE B K HO(RA2) 5 4) O
Ve+5% A Btk W +2% Wl A1 +5% PRI +5% 028 +R A7 70 (RA3) 5 5) AR U6 +5% AR il +5% WA 5 +5% TR
B +5% fhFE+R L B (RA4) o BRI E 3 A FAT7 o AS R 4350000 A I W A JHE D P 25 88 1K
R BERTAS o B8 . B ARSI E A AR S . AR R ARIE R LKk R e IR
B 1500 g AR lle & 7 R AVHURL (DA R BE 400 20, 17 em) , $R WA HES 1:2.5 43 51 A [m] 44
L3 B30 A I YR A 2l K X iR U E AT B R 4%, R BRI 3 d S, AR IR AN TR ek RR) (Rl R
W 03 SRR G . AR BRE AT S0k, ERK, gy ALK dLh, X
M B ERRIER R, TEIERW TR 0d)E, RERABILHMIRIEKE S . KTk
B ARV A 1~2 mm, 0.5~1 mm, 0.25~0.5 mm. <0.25 mm ¥ 1 RAAR . B 345 5 2R U A1 3R IR 5 43
H3F A, — B RAE T 80 C VKA T Ui AE W BEVE AR e 2R, — R4 E T 4 C vk R
T EREEYE, —3aTEWNAKRKT . OFEE S5 T2 A VLR 5 9850 R 50 5
1.3 FEMRIEREMNE &

AU R AR 3% 43 5 A AL B & 4 30 S BE an s 2 i D il R AR & (0 A 95 N B8
HEYEARAGBRA T IS BEOCHA B AR 19 7 1000 5 o5 e A SR AR BEE P o K R Je i ik & B0 A U
> FON A T R s AR e 2 R I T VR R T WL 2 25 SRR [24].
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1.4 HIEALIE

K H SPSS 22.0 X 4% &b B 2H 47 B K K J7 22 43 FF (One-Way ANOVA) , 45410 £ & 3 R H
LSD ¥, W #H /KR P<0.05; >R Origin 2021 /EE . A s o i1 7 5% TAN S5 57
2 HER518
21 KEFISHEBBESEEXNFRERRFARFIENSIY

ARUE A AR AL R AE LA 1, R 4 R 4k 3 1~2 mm ZZ20.5~1 mm [ 0.25~0.5 mm g <0.25 mm
Rk EEAEPLE 1~2mm, KHEIEK (2~0.25 mm) 100 roong roetmn oo e e
5 13 B AR (<025 mm) & H 4 )k 87.27% .
1089%. 5 R#LAI L. RAI. RA2, RA3, = \
RA4 4b B 20 K A1 AR (2~0.25 mm) 5 Fb 43 1] [ Z ol x
K% 80.42% . 79.78%. 78.17%. 75.84%, f# Al Ef % %
AR (<0.25mm) (5 L 4 BB E 18.56% . % el -~ %
18.41%, 20.77%. 22.64%. ik I, K%k R 30l
d e E T A R, HFE R A
HLC R ) B A 0 AR 2R 43 1 400 v 307 B A LA Va\VENEETEETEEYE
S5 T8 WL A B R A AR B i IR R T 1A SR Al
T, MEAEERMEE, PEDHEY ISR A A R e 2
fifg 1% fii'a‘ Jin A i 2% U A B A LY g i o BT 42 8 22 5% (P<0.05) .
FHORH R e g, B E M E1 FRRARKRELLS

RPN EEt, BT AR U P A e vk Na i 2k Fig. 1 Mass proportions of aggregates in the bauxite residue
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Fig. 2 Spatial differentiation characteristics of the mass fraction of nutrient and organic matter

in the aggregates of bauxite residue
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Fig. 3 Spatial differentiation characteristics of enzyme activity in the aggregates of bauxite residue
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7 5 K v % 55 o Simpson 48 0 7E <0.25 mm 9 A AR th i 5, FE 1~2 mm A BAR PR . Ace I
Chaol FEETE<l mm WIERAK e, MITE 1~2 mm BIRAKE AR . EE Shannon 5% 3 %7F 1~2 mm W
RIE P iE, 7E<0.25mm B RBIE P HAL, EE Simpson #8800 F FAE 0.25~0.5 mm F B IE &5, H
# Ace Fll Chaol $54(AF 0.5~2 mm P RAK 4R A%, [HFE 0.25~0.5 mm WIRAK A m . HLAT L, 2
RA SR G E 2 F 23 7 <1 mm BIERIK T REY R Z R SR a8 B, AT fe 2
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B 7300 2 i R RORE AR AT SRR S5 1R B2 0 W % 22 2 /N A8 [T SR A

2) R R 55 A B 18 SR T AR 1A SR AR T A W B 2L RS R 3 SRR IR R RS R AR U T SR AR TR
YRS AL RN E 4 Fros, ETTKFE B (K 4) , EECHEANR T MAIE ] (Proteobacteria) . il
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Table 2 The diversity and richness indices of bacterial community in the aggregates of bauxite residue
o REHLHENE REE LR
e AL /mm Shannon Simpson Ace Chaol Coyerage
1~2 0 0 0 0 0
0.5~1 0 0 0 0 0
R 0.25~0.5 0 0 0 0 0
<0.25 0 0 0 0 0
1~2 5.16£0.02Aa 0.017+0.001Ab 1192.54+2.26Ab  1185.54+3.35Aa 0.992
0.5~1 5.19+£0.02Aa 0.017+0.001Bb 1270.14+4.60Aa  1285.13+3.92Aa 0.991
RAIL 0.25~0.5 5.16+£0.01Aa 0.018+0.000Ab 1258.79+1.63Ba. 1255.87+5.54Ca 0.992
<0.25 5.15+0.02Aa 0.024+0.001Aa 1260.69+26.90Aa  1259.93+53.69Aa 0.992
1~2 5.15+0.03Aa 0.015+0.001Ab 1220.11+£20.39Aa 1233.18+24.87Aa 0.992
0.5~1 5.07£0.03BCab  0.020+0.000ABb  1236.33+20.71Aa 1260.89+13.52Aa 0.992
RA2 0.25~0.5 5.17£0.04Aa 0.021+0.001Ab 1262.56£1.99Ba  1256.87+1.83Ca 0.992
<0.25 5.00+0.03Bb 0.038+0.004Aa 1254.81+6.80Aa  1278.07+10.05Aa 0.992
1~2 5.14+0.03Aab 0.017+0.000Ab 1229:62+13.07Ac 1271.45+£50.85Aa 0.991
0.5~1 5.00£0.00Cb 0.025+0.003Aab . 1247.35+£33.04Abc 1300.47+41.87Aa 0.991
RA3 0.25~0.5 5.22+0.06Aa 0.020+£0.002Aab. ~1339.93+12.02Aa 1375.23£12.93Aa 0.991
<0.25 5.05+0.06ABab 0.032+0.005Aa  1325.78+26.14Aab 1341.55+35.15Aa 0.991
1~2 5.17£0.03Aa 0.017+0.002Ab 1239.05+£26.15Aa 1250.61+£32.81Aa 0.992
0.5~1 5.14+0.04ABab  0.019+0.001ABb  1284.65+39.02Aa 1307.56+64.90Aa 0.991
RA4 0.25~0.5 5.2240.02Aa 0.020+0.001Ab 1286.19+9.32Ba  1285.89+2.21Ba 0.992
<0.25 5.01+0.03ABb 0.034+0.004Aa 1308.35+44.03Aa 1326.79+£53.21Aa 0.991

T ANA/ING RIS T Bk 53 52 AR ) A BR 2L AR ) A2 o D AT SR A 240 T7 Allpha 22 R M8 BORIAR [ b FHLZEL i) 7] — 4% e 1]

RARM R AlphaZ FEPEFERUIFAE 25 7 (P<0.05) 5

x3 FEARGEERESHMMEZTEELY
Table 3 The diversity and richness indices of fungal community in the aggregates of bauxite residue
TR 1L R R
pOBLEE) A%/ mm - Coverage
Shannon Simpson Ace Chaol

1~2 0 0 0 0 0

R 0.5~1 0 0 0 0 0

0.25~0.5 0 0 0 0 0

<0.25 0 0 0 0 0
1~2 2.11£0.06Aa 0.20+£0.02Aa 179.01+2.79Ba 184.35+4.80Ba 0.999
0.5~1 2.06£0.05Aa 0.23+0.01Ba 247.06+52.57Aa  237.08+35.68Aa 0.999
RAIL 0.25~0.5 2.12+0.05Aa 0.21+£0.02Aa 232.5749.56ABa  212.03£16.97Aa 0.999
<0.25 1.98+0.03Aa 0.25+0.02Aa 250.6442.35Aa 217.48+1.11Aa 0.999
1~2 2.23+0.15Aa 0.18+0.02Ab 219.28+15.60ABab  203.26+2.21Aa 0.999
0.5~1 2.05+0.09Aa 0.22+0.02Bab 179.40+8.00Ab 192.76+1.18Aa 0.999
RA2 0.25~0.5 1.95+0.03Ba 0.26+0.01Aa 251.3943.11ABa 204.42+12.63Aa 0.999
<0.25 2.05+0.02Aa 0.23+£0.00Aab 243.66+14.33Aa 201.4743.66Aa 0.999
1~2 2.18+0.00Aa 0.17+0.01Ab 176.66+3.89Ba 176.70+6.70Ba 0.999
0.5~1 2.03+0.06Ab 0.23+0.01Ba 195.1946.53Aa 199.204+5.96Aa 0.999
e 0.25~0.5 2.03+0.02ABb 0.24+0.01Aa 224.36+4.95Ba 218.23+1.83Aa 0.999
<0.25 2.00+0.01Ab 0.23+0.01Aa 202.44+29.16Aa  182.06+20.50Aa 0.999
1~2 2.03+0.17Aa 0.23+0.05Aa 234.14+19.16Aa 215.424+2.51Aa 0.999
0.5~1 1.86+0.03Aa 0.30+£0.01Aa 208.98+19.10Aa 199.33+1.93Aa 0.999
RA4 0.25~0.5 1.97+0.03ABa 0.26£0.01Aa 278.17+24.44Aa  222.45+10.86Aa 0.999
<0.25 1.95+0.06Aa 0.28+0.03Aa 233.05+17.11Aa  214.49+16.01Aa 0.999

RARF R AlphaZ FEPEFE R AE 25 7 (P<0.05) -

T /NG T RIS T RE 53 52AR R) Ab BR L AR )R A2 i D8 AT SR 1A L TRT Allpha 22 R AR BRI [ b FHL2EL ] 7] — 42 A e 1]
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Fig. 4 Relative abundance of microbial community in the aggregates of bauxite residue
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T H AR A 5548 3] 25 3%, Proteobacteria. Actinobacteriota il Firmicutes 7 48 X 25 B i 25 3 fip 1431
XGRS RAML . @ ACE b (B 4b)) , FEPHE A E A TR W (Strepromyces) . J50% i
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Fig. 5 Correlation analysis among nutrient, enzyme activity, and microbial community in the aggregates of bauxite residue
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The synergistic remediation effects of amendment and vegetation on nutrient
and microbial property in bauxite residue aggregates
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Abstract The synergistic remediation of amendment and vegetation is the key to promote soil formation of
bauxite residue; however, their effects on the nutrient and microbial properties of bauxite residue aggregates are
still unclear. The synergistic remediation of amendments (phosphogypsum, wood vinegar, fish manure, and
mushroom residue) and perennial ryegrass (Lolium perenne L.) on the spatial differentiation characteristics of
nutrient, enzyme activity, and microbial community in the bauxite residue aggregates were investigated by
conducting a pot experiment. The results showed that the proportion of macroaggregates (>0.25 mm) and
microaggregates (<0.25 mm) reduced and increased ‘in’ the amended and revegetated bauxite residue,
respectively. The organic matter, nutrient, enzyme activity, and the alpha diversity indices of microbial
community in the bauxite residue aggregates increased significantly (P<0.05) under the synergistic remediation
of amendment and vegetation, which were mainly distributed in the aggregates with size of <1 mm. In addition,
there was a significant positive correlation among the nutrient, enzyme activity, and microbial community in the
bauxite residue aggregates (P<0.05). These results can provide a reference for in-depth understanding of the
mechanisms of the migration and transformation of nutrient during soil formation of bauxite residue and the
nutrient self-sustaining in plants.

Keywords bauxite residue; phytoremediation; aggregates, nutrient; enzymatic activity; microbial

community; spatial differentiation characteristic
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