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CO:;-fixing microbial strains in the grassland soil of the Loess
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Abstract: [Objective] To screen CO,-fixing microbial strains in grassland soil, clarify their
physiological and biochemical characteristics, and determine their optimal CO,; fixation conditions,
providing a theoretical basis for understanding the mechanisms of soil CO, fixation and enhancing
grassland soil carbon sink. [Methods] The carbon-free solid medium and the dilution plating
method were employed to isolate CO,-fixing microbial strains from grassland soil in the Loess
Plateau. The strains were identified via 16S rRNA gene sequencing. Physiological and biochemical
characteristics of the strains were determined by Gram staining and starch hydrolysis, indole
production, methyl red, and lactic acid fermentation tests. Culture experiments with carbon-free
liquid medium and sterilized soil were carried out to assess the CO, fixation efficiency under
varying temperatures (20-40 °C), soil moisture levels (3.00%-27.00%), and the presence of electron
donors (NaNO, and Na,S). [Results] Nine bacterial strains with effective CO, fixation were
isolated, belonging to Bacillus, Streptomyces, Sinorhizobium, Agrobacterium, Enterobacter,
Brevundimonas, and Prolinoborus. Among them, strains A4 (Agrobacterium) and A7
(Brevundimonas) exhibited the highest CO, fixation efficiency (P<0.05), both being Gram-positive.
Optimal conditions for CO, fixation of the nine strains were 25-30 °C and soil moisture of 3.00%,
15.00%, or 27.00% (P<0.05). Electron donor supplementation enhanced CO, fixation efficiency,
and the enhancement effect followed the order: single addition of NaNO,>single addition of Na,S>
co-addition of NaNO,+Na,S (P<0.05).[Conclusion] This study identified the dominant CO,-fixing
microbial strains and the conditions suitable for CO, fixation, providing a theoretical basis and
technical support for enhancing the carbon sink of the terrestrial ecosystem on the Loess Plateau
and mitigating the greenhouse effect.

Keywords: Loess Plateau grassland; CO,-fixing microbial strains; CO; fixation conditions; CO,
fixation efficiency; electron donor
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Figure 1

Methanobacterium paludis SWAN1 (NR_133895.1)

Neighbor-joining phylogenetic tree based on 16S rRNA gene sequences of strains. In brackets:

GenBank accession number of the gene; Bar: 0.01 represents substitutions per nucleotide position; The values on

the branch: Bootstrap values.
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Table 1

Physiological and biochemical characteristics of strains

HIBEET SOy 5 PP s A2 B IR < Re )

Strains

Starch hydrolysis

Indole reaction

Methyl red reaction Lactose acid production

Lactose gas production

Al
A2
A3
A4
AS
A6
A7
A8
A9

+ o+ o+

+

+

+

+

+

+: Positive; —: Negative.
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Figure 2  Effects of different temperatures on CO, fixation efficiency of CO,-fixing strains. Different lowercase

letters: The significant difference between different treatments of the same strain (P<0.05); Different capital

letters: The significant differences among different strains under the same treatment conditions (£<0.05).
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Figure 3

Effects of different moisture on CO, fixation efficiency of CO,-fixing strains. Different lowercase

letters: The significant difference between different treatments of the same strain (P<0.05); Different capital

letters: The significant differences among different strains under the same treatment conditions (P<0.05).
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Figure 4 Effects of different electron donors on CO,
fixation efficiency of CO,-fixing strains. CK: Blank
control; Different lowercase letters: The significant
difference between different treatments of the same
strain  (P<0.05); Different letters: The

significant differences among different strains under

capital

the same treatment conditions (P<0.05).
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28K ) ST 0 ) 8 9% 4 oS 5 T 255 R R R
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