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Screening of exopolysaccharide-producing strains in a strongly
acidic environment and evaluation of their amelioration effects
on acidic soils

GUO Ruiting, MA Zheng, DENG Hao, LI Zhenlun”, YANG Luyao

Chongqing Key Laboratory of Interface Process and Soil Health, College of Resources and Environment, Southwest

University, Chongqing, China

Abstract: [Objective] To address problems such as the poor structure and fertility degradation in
strongly acidic soils, we isolated acid-tolerant exopolysaccharide (EPS) -producing
microorganisms, constructed a composite microbial inoculant, and evaluated its improvement
effects on the structure and comprehensive fertility of acidic soils. [Methods] Target strains were
obtained through primary and secondary screening from strongly acidic soils (pH<4.5) in
Nanchuan, Chongqing and Qujing, Yunnan. After their antagonistic activity and plant growth-
promoting traits were assessed, a composite microbial inoculant was constructed. A laboratory soil
culture experiment was conducted to investigate changes in nutrient contents and aggregate
composition in strongly acidic soils treated with different inoculants, comprehensively evaluate the
fertility-improving effects of the inoculants, and clarify the correlation between aggregate
formation and EPS content.[Results] Three strains—Paraburkholderia fungorum C3, Burkholderia
cepacia Al13, and Cystobasidium minutum Bl4—with acid tolerance and high EPS-producing
capabilities were successfully isolated and screened out. All the strains exhibited the capabilities of
secreting indole-3-acetic acid (IAA), synthesizing siderophores, and solubilizing phosphorus.
When these strains were applied individually or as a composite inoculant to soils, the composite
inoculant showed the best effect of improving soil nutrients, increasing the content of soil organic
matter, alkaline-hydrolyzable nitrogen, available phosphorus, and available potassium by 4.51%,
13.92%, 4.92%, and 3.71%, respectively. Application of all the inoculants effectively promoted the
formation of soil macro-aggregates, among which the single-strain inoculant C3 had the most
significant effect in promoting aggregate formation, increasing the soil mean weight diameter
(MWD) by 19.39%. The integrated fertility index of the soil treated with the composite inoculant
reached 0.61, indicating the optimal comprehensive improvement effect. The single-strain
inoculant C3 and the composite inoculant significantly increased the soil EPS content by 53.17%
and 35.79%, respectively. Correlation analysis results showed that soil EPS had significantly
positive correlations with macro-aggregate content and MWD, significantly promoting the
formation and enhancing the stability of soil macro-aggregates. [Conclusion] The composite
inoculant composed of the three acid-tolerant EPS-producing strains screened in this study
effectively improved the soil structure and enhanced the integrated soil fertility. These findings lay
a theoretical foundation for the development of biological agents for acidic soil remediation.
Keywords: strongly acidic soil; acid-tolerant EPS-producing microorganism; soil structure;
integrated soil fertility
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Figure 1
Strain B14.

| | B14
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Colony morphology of the target strain on the primary screening plate. A: Strain C3; B: Strain A13; C:

Figure 2 Antagonism test between strains. A: Confrontation results of C3 and A13; B: Confrontation results of

A13 and B14; C: Confrontation results of B14 and C3.
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gg—Paraburkholderia phytofirmans PsJN (NR_102845.1)

A —
87 Paraburkholderia aromaticivorans BNS (NR_163658.1)

86 ————— Paraburkholderia caledonica NBRC 102488 (NR _114117.1)

(C3 (PX241364)
90 1001 paraburkholderia fungorum NBRC 102489 (NR _114118.1)
Paraburkholderia afeinilytica CF1 (NR_152088.1)

Paraburkholderia seduminicola HU2-65W (NR_044383.1)
—< ——Prbukholderia sp. LMG 31832 partal (HG995123.1)

90 Paraburkholderia polaris RP-4-7 (MN180691.1)
Paraburkholderia polaris RP-4-7 (MN180874.1)

Burkholderia sp. DCY 115 (KY694400.1)
Trinickia diaoshuihuensis NEAU-SY24 (NR_171504.1)

85

0.05

ﬁ' A13 (PX241365)
Burkholderia cepacia TY5-SH (KX055886.1)
Burkholderia stabilis LMG 14294 (NR_041719.1)
Z I: Burkholderia stabilis LMG 14294 (NR_114522.1)
Burkholderia paludis MSh1 (NR_178850.1)

901 Burkholderia contaminans 12956 (NR _104978.1)
Burkholderia metallica R-16017 (NR_042636.1)

Burkholderia seminalis R-2419 (NR_042635.1)

478|: Burkholderia cepacian (U96927.1)

4|7—Burkholderia latens R-5630 (NR_042632.1)
80 Burkholderia dolosa LMG 18943 (NR_104973.1)

Paraburkholderia gardini LMG 32171 (NR _181856.1)

87

80

86

0.05
C 95 Cystobasidium alpinum DBVPG10041 (KC455920.1)

76 Cystobasidium alpinum CCFEE:6272 (KY626312.1)

Cystobasidium laryngis CBS:2221 (KY103134.1)
el 88L_ Cystobasidium laryngis FMYD002 (MG674823.1)

Cystobasidium psychroaquaticum CBS:11769 (KY103148.1)
97 Cystobasidium psychroaquaticum D88R (JN572895.1)
Cystobasidium calyptogenae CBS:9125 (KY103128.1)
1001 B14 (PX241406)
Cystobasidium minutum LH227 (HQ832824.1)
87 4|— Cystobasidium halotolerans MUCL 057192 (MH930436.1)
73 Cystobasidium halotolerans Y129 (MH828321.1)

Rhodotorula glutinis NJJUMS11 (MH107821.1)

80

0.05

B3 EMRRRLEWN

Figure 3  Phylogenetic tree of strains. A: C3; B: A13; C: B14. The phylogenetic tree was constructed via the
neighbor-joining method; The numbers at branch nodes represent bootstrap values, corresponding to 1 000
replicates; The characters following each strain name are the GenBank accession numbers of the respective strain

sequences; The value at the scale bar below the figure denotes the evolutionary distance between sequences.
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R2 BEHKRC3. A13. BI4REMREEE
Table 2 Identification of the proliferation performance of strains C3, A13, and B14

Strains TAA-producing Nitrogen Siderophore- Inorganic phosphorus Organic phosphorus Potassium
(mg/L) fixation (D/d)  producing (D/d)  solubilization (D/d) solubilization (D/d) release (D/d)

C3 3.34 - 1.36 2.43 3.76 2.04

Al3 5.55 - 1.13 1.76 3.14 2.62

B14 7.51 - 5.00 - 1.15 -

D: Diameter of the transparent zone; d: The diameter of the colony; —: The absence of the growth-promoting trait.
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Figure 4 Effects of different microbial inoculant treatments on soil organic matter and available nutrient
content. A: SOM; B: AHN; C: AP; D: AK. Different lowercase letters represent significant differences at P<0.05,

the same below.
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Figure 5

Effects of different microbial inoculant treatments on particle size classification and average mass

diameter of soil water-stable aggregates. A: Particle size classification of soil water-stable aggregates; B: Mean

weight diameter.
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