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Effects of minerals with different immobilization mechanisms on heavy metals availability and soil microbial

response

REN Lulu, CAI Zongping, WANG Guning, YE Zhijun, ZHANG Yanlin, CAO Meiyuan

(Guangdong Vocational College of Environmental Protection Engineering, Foshan 528216, China)

Abstract: The goals of this study are to elucidate the effects of minerals, including limestone and montmorillonite, on the heavy metal
availability and soil health. A pot trial was conducted to examine the effects of the two aforementioned minerals on heavy metals
availability, enzyme activities, and microbial community structure in metal-contaminated farmland soils by traditional testing methods and
16S rRNA high throughput sequencing. Additionally, their effects on biological concentrations and translocation factors of heavy metals in
rice, the relationships between microbial community structure and physicochemical properties, and factor regulating them were analyzed.
The results showed that limestone application decreased the availabilities of Cd, Cu, Pb, and Zn, with decreases of 99.1% for Zn, 91.4% for

Cd, 85.6% for Cu, and 46.1% for Pbh. Moreover, limestone application also significantly reduced the biological concentration factors
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(43.49%~85.5%) and translocation factors (Cd 62.5% and Zn 30.0%). In contrast, the application of montmorillonite decreased the

availability of only Pb(19.5% decrease). Consistently, urease and catalase activities in the limestone treated soil were 1.6 times higher

than those of the control, whereas catalase activity in the montmorillonite amended soils also increased 1.4 times, although urease activity

did not increase significantly. Additionally, the application of montmorillonite did not affect the microbial community structure

significantly, whereas the application of limestone significantly increased microbial community diversity. The beneficial bacterial genera

f_Gemmatimonadaceae, f_Blrii41, and c_KD4-96, which are vital for phosphate dissolution and microbial nitrogen metabolism, were also

enriched. Overall, our study shows that the limestone application decrease the availabilities of Cd, Cu, Pb, and Zn, and improve soil health.

The soil microbial community is determined by soil pH, and available P and soil organic matter contents.

Keywords: heavy metals; limestone; montmorillonite; bioavailability; microbial community; passivation
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Table 1 Basic properties of materials used in the present study

Wk . P 72 e AR AP/ cd/ Cu/ Pb/ Zn/
Materials P CEC/(CmOl‘kgil) (mg‘kgil) (mg‘kg") (mg'kg’l) (mg'kgil) (mg'kgil)
ray/ sl 11.21 0.51 2.17 0.50 5.94 45.29 10.10
Edla 5.71 1.69 2.10 0.17 3.75 16.05 24.01
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2.1 $ELFIzT L M RS2

IKAB R I, MR A 48 (%) 6 A PR Ak o WL 36 2.
AfLLVAE H 5 CK AR, LS A MM Ab B8 AT &2 35 42 5+
5 pH (P<0.05) , H. LS (3% i 5o B &, 35 2.16 1~
75 Wb 3 CEC ¥ 70 18 2 28 4k, (H LS 7] {ifi + 1 AP

x100%

F2 AEIALEEXS + R 14 TR 0T

Table 2 Effects of different treatments on the physical and chemical properties of soil

b Treatments bl P'H%?ﬁ?ﬁ%% LI } AR ] LT } H R }
CEC/(cmol -kg™) AP/(mg-kg™) AN/(mg-kg™) SOM/(g-kg™) EC/(mS-kg™)

CK 5.94+0.05¢ 7.24+0.36a 19.38+1.13b 6.95+0.83a 40.82+0.74a 0.11+0.01b

LS 8.10+0.00a 7.21+0.34a 23.40+2.10a 3.20+1.93b 37.63+1.83b 0.21+0.02a

MM 6.04+0.05b 7.28+0.24a 18.60+1.43h 6.33+2.09a 38.85+0.85h 0.10+0.02b

U AR RING TR FROR A AL BRI 22 52 .3 (P<0.05) . T,

Note: Different lowercase letters indicate significant differences among treatments (P<0.05). The same below.
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Figure 2 Effects of different treatments on the activities of urease

and catalase in soils
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Figure 1 Effects of different treatments on the availabilities of heavy metals in soils
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Figure 3 Effects of different treatments on the soil microbial

MM

community structure at phylum level

R3 FELETKEESMAKNENERRB(BCP) MEERE(TF)

Table 3 Biological concentration factors(BCF) and translocation factors(TF) of rice under different treatments

PIES b3 BCF "
Elements Treatments 201 Shoot R Z Root

Cd CK 0.62+0.04a 1.63+0.17a 0.40+0.06a
LS 0.09+0.01b 0.61+0.05b 0.15+0.03b

MM 0.59+0.05a 1.70+0.09a 0.35+0.03a

Cu CK 0.05+<0.01a 0.45+0.03a 0.10+0.01a
LS 0.05+0.01a 0.45+0.04a 0.12+0.02a

MM 0.05+<0.01a 0.50+0.05a 0.10+0.01a

Pb CK 0.05+0.01a 0.78+0.07ab 0.07+0.01a
LS 0.04+0.01a 0.54+0.04b 0.08+0.02a

MM 0.04+0.01a 0.84+0.11a 0.05+<0.01a

Zn CK 0.21+0.01a 0.53+0.04a 0.40+0.04a
LS 0.08+0.01b 0.30+0.01b 0.28+0.02b

MM 0.22+0.01a 0.55+0.07a 0.42+0.05a

Table 4 Changes of microbial community diversity indices in soils under different treatments

R4 TRLETEGED SHERERTL

AL Treatments OTUs ACEF8%k Chaol 5%k Shannon 5% P 7% Coverage/%
CK 976+11b 980.12+11.96b 985.14£15.01b 4.93+0.09a 99.98+<0.01a
LS 997+5a 1 001.30+4.34a 1006.01+4.57a 5.04+0.12a 99.98+<0.01a
MM 975+9h 979.39+7.10b 982.33+5.55b 4.74+0.11b 99.98+<0.01a

1% WHART]
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