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Study on the remediation effects of Sedum plumbizincicola intercropping density combined with microbial agents on
cadmium-contaminated soil. WEI Li-yuan'?, LIU Ying-er', HUANG Jing'?, PANG Zhen'?, CHEN Zhe'?" (1.Key Laboratory of
Ecology and Environmental Protection of Rare and Endangered Animals and Plants, Ministry of Education, Guangxi Normal
University, Guilin 541006, China; 2.Guangxi Key Laboratory of Landscape Resources Conservation and Sustainable Utilization in
Lijiang River Basin, Guilin 541006, Guangxi). China Environmental Science, 2025,45(11): 6208~6217

Abstract: Field plot experiments were conducted to study the intercropping systems of the hyperaccumulator Sedum plumbizincicola
and passion fruit. Three planting densities of S. plumbizincicola were tested: low (D1: 30cm*30cm), medium (D2: 25cm*25cm), and
high (D3: 15cmx15cm). Additionally, two microbial agents, Bacillus megaterium (Bm) and Bacillus mucilaginosus (Bmk), were
applied at the medium density (D2). The effects of different treatments on the plant growth, heavy metal accumulation, and
phytoextraction efficiency were investigated. The results showed that under the intercropping system, high density planting (D3)
significantly increased the aboveground biomass of S. plumbizincicola and its phytoextraction efficiency for soil Cd and Zn, with
annual extraction rates increased by 62.5% and 72.7%, respectively, compared with low density planting (D1) (P<0.05). The Cd
content in passion fruit pulps decreased with increasing planting density of S. plumbizincicola and met the national food safety
standards. Moreover, the application of Bmk in the intercropping system had a better effect on the growth of S. plumbizincicola and
its ability to absorb Cd and Zn. Compared with CK, the aboveground biomass of S. plumbizincicola in Bmk treatment increased by
43.2%, and the uptake of Cd and Zn in the aboveground parts increased by 7.02% and 20.9%, respectively. The microbial application
significantly reduced the pH value and significantly increased the available Cd and Zn content in both rhizosphere and
non-rhizosphere soils, while Bmk had better effect than Bm. In all, this study provides a theoretical basis for improving soil heavy
metal remediation under the intercropping system of hyperaccumulators and fruits.

Key words: planting density; Sedum plumbizincicola; microbial agents; cadmium pollution; soil
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SUR s NI e i [T P N TV i G MBS v

NP G R B ZEAE S R R Bacillus pumilus
E2S2 1 Bacillus sp E1S2 iX 2 PPz fRAT o, FE0 5%
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1.1 W5 XM

TG0 FH A 1) VU A AR T BH O L PR R
rH R PR P s Y IX A S Ay AR 2 KU
WA AR 450 19°C 22 A ARS8 K BN
1500~1700mm, FXHEE 80%. i A7 X 4 T 1
W, REER)Z - 3E(0~20cm - )J2)FE 5 K T AU R
AR A IR BN R bR IR 2 2 A
IR SRR Ak A SRR LR 1.
1.2 BEAM R

PR SORE A v B B2 B e ot IR
PN DTG0, 7 A R (O D S T RE AR T T
FRGEA MR FLE R ZEHAF (100 12 cru/g) R
ZERIAT 1R (100 12 cru/g) W3- BB AA AL M RHE,
AR,

F1 XA EARBUMER

Table 1 Basic physicochemical properties of tested soil

EELiINA A% s ) Mcd & Zn
b3 H i1 B A (me/k TR (mg/k
P (e/ke) (e/ke) (mg/ke) Pimeke)  RARMERD ) (mg/ke)
ENGERI1 7.48 253 1.54 132 18.9 23.6 1.05 367
A B A 7.5 21.3 1.89 125 15.9 20.6 1.02 358
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1 200em, 17 #1 300cm, ZE 14 % B4 56 10em Ml 844 ¥ :

WAL 7 AR H S T AT XM 160~200cm, B T
T AT 4% B2 35 S b IR, BA i B 2R 250~280em
(7K YR REAE SRR, AT IR 2~3m 288 F-li X L,
SCRE B Bk 2 R B R, Sl e e TE
JSCMI 2 Tl 220 58 AT 5 R RN 7 A S 0 P 5 T
Wk 11 Ji~44 J5Fk/hm? F1 1600~1700 #f/hm?. % &
P R HEREMD] SRR E 30cmx
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Fig.1 Effect of intercropping density on aboveground
biomass of S. plumbizincicola at different sampling times
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Fig.2 Effects of intercropping density on Cd and Zn contents in the aboveground parts of S. plumbizincicola at different sampling times
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Fig.4 Soil Cd and Zn contents before and after remediation at different intercropping densities
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Table 2  Effect of different intercropping densities on Cd and

Zn contents of passion fruit pulp

SRAL I [R) B Cd F i (mg/kg)  Zn 5 (mg/kg)
D1 0.046+0.004a 4.8+0.03a
3 H D2 0.045+0.001a 4.6+0.02b
D3 0.043+0.001a 4.3+0.03¢
D1 0.038+0.002b 4.340.11¢
11 A D2 0.035+0.001b 4.2+0.10c
D3 0.031+0.001¢c 3.8+0.10d

VE [ 5N - RER R AN ) Ak B 0 47 A (2 3 22 57(P<0.05). T [l
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Table 3 Effect of different intercropping densities on the yield of passion fruit
RAEI ) B BT () FRRAT AN DR NS T () 7 B (kg/hm’®)
D1 80.5+4.2abBC 43.6 +£3.1aC 9 31.6£3.9aC 13166.7aC
3H D2 85.2+3.5aAB 45.3+£2.3aBC 9 34.7£3.2aBC 14459.3aBC
D3 74.8+4.8bC 43.9+2.6aC 9 29.6+3.6aC 12333.3aC
D1 88.6£4.9aA 49.6+1.6aAB 9 39.6+3.5aAB 165000aAB
11 H D2 89.31+1.9aA 53.442.3aA 9 42.83+2.8aA 17833.3aA
D3 86.1 :2.5aAB 50.8+4.4aA 9 39.41+4.6aAB 16416.7aAB

TN T RER R A R AR BRI AP AE 25 22 5, R 9 K5 7 BRSO AN B BOAS R Ak B T) A7 Sk 35 22 57 (P<0.05).
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Fig.5 Effect of Bm and Bmk application on aboveground

biomass accumulation of S. plumbizincicola
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Fig.7 Rhizosphere and non-rhizosphere soil pH in different treatment time
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Table 4 Content of available Cd and Zn in soil at different treatments

b5 14 CK CK 3k VRO Bm W W Bm B W0 Bmk B VR0 Bmk B
B MR 118 MR 118 MR 118 AR by + 4 MR 118 AR by + 4
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15d Zn % (mg/kg) 42.3+0.89b 36.5+1.45b 44.9+0.89b 43.2+0.45ab 48.120.89b 45.4+0.55b
30d 34.241.20¢ 29.3+0.70¢ 48.8+0.75a 47.9+0.70a 52.8+0.34a 51.6+0.7a
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