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Abstract

Object: Cotton is a key raw material for the global textile industry and is highly sensitive to potassium. Soil
salinization significantly reduced the bioavailability of soil potassium through the dual effects of sodium-
potassium ion competition and mineral potassium fixation, resulting in the inhibition of cotton potassium
absorption. The attenuation of available potassium content in cotton fields in Xinjiang has become a key
limiting factor for the improvement of regional cotton production capacity. Potassium-solubilizing bacteria
can convert insoluble potassium into available potassium available to plants, providing a sustainable way to
increase soluble potassium in salt-stressed soil. In this study, potassium-solubilizing bacteria were isolated
from the rhizosphere soil of cotton field under mulched drip irrigation in Xinjiang, and the dominant strains
were screened and identified. The mechanism of potassium-solubilizing bacteria was clarified, and the
synergistic effect of potassium-solubilizing bacteria on regulating soil potassium transformation, enhancing
cotton salt tolerance and improving yield and quality was analyzed, which laid a theoretical foundation for
the application of potassium-solubilizing bacteria in cotton production in Xinjiang.
Methods: In this study, rhizosphere soil samples were collected from cotton fields in Xinjiang, and microbial
tests were carried out to isolate, screen, purify, preserve and identify potassium-solubilizing strains by 16S
rDNA sequencing. The efficient potassium-solubilizing strains adapted to the saline-alkali environment of
cotton fields in Xinjiang were explored. The mechanism of potassium-solubilizing bacteria was discussed by
detecting the acidity and alkalinity of the bacterial solution and products in the process of potassium-
solubilizing bacteria and liquid chromatography. Pseudomonas aeruginosa A10 was selected as the test strain
to carry out cotton pot experiment and field experiment in 2024. The effects of potassium-solubilizing
bacteria on the physiological growth, yield and quality of cotton, as well as the physical and chemical
properties of soil and the microbial community structure of rhizosphere soil were studied. The effects of
potassium-solubilizing bacteria on saline-alkali environment and the growth-promoting mechanism of cotton
were clarified, in order to provide scientific and reasonable theoretical basis for the application of potassium-
solubilizing bacteria fertilizer in Xinjiang cotton industry.
Results: (1) The dominant strains of potassium-solubilizing bacteria in cotton rhizosphere in Xinjiang and
their potassium-solubilizing mechanism were explored. A total of 23 strains of potassium-solubilizing
bacteria with high potassium solubilization index were isolated from the rhizosphere soil of cotton in
Xinjiang. Among them, strain A10 showed the strongest potassium solubilization ability ( 21.78 ppm ), and
showed good viability and potassium solubilization ability in saline-alkali environment, which was attributed
to its secretion of lactic acid, citric acid, acetic acid, succinic acid and other organic acids to reduce the pH
of the environment, thereby promoting the release of potassium. It was identified as Pseudomonas aeruginosa
by 16S rDNA sequencing.

(2) To clarify the effect of potassium bacteria on saline-alkali soil and the path of improving salt
tolerance of cotton. Salt-tolerant potassium-solubilizing bacteria A10 significantly increased cotton seed

vigor under salt stress. The results of pot experiment showed that the plant height of cotton seedlings
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inoculated with A10 increased by 22.28%-37.55% and the relative chlorophyll content increased by 20.60%-
23.62% under salt stress. In addition, the fresh weight of shoots and roots also increased significantly, the
root volume and surface area increased, and the average root diameter decreased, indicating that cotton
formed a longer and finer root structure. Soil analysis showed that after inoculation with Pseudomonas
aeruginosa A10, the contents of water-soluble potassium, non-specifically adsorbed potassium and
specifically adsorbed potassium in soil increased significantly, while the contents of non-exchangeable
potassium and mineral potassium decreased. In addition, the ratio of potassium to sodium in cotton plants
was significantly increased, the contents of peroxidase, superoxide dismutase, catalase and proline were
significantly increased, and the contents of malondialdehyde and superoxide anion in leaves were
significantly decreased.

(3) The effects of potassium bacteria on soil potassium availability, microbial community structure and

cotton yield and quality in drip-irrigated cotton fields under mulch were clearly understood. Potassium-
solubilizing bacteria significantly improved the physical and chemical properties of cotton field soil, and
increased the content of water-soluble potassium, non-specifically adsorbed potassium and specifically
adsorbed potassium in soil, with an increase of 13.02%-58.63%, 17.68%-65.5% and 11.87%-57.21%,
respectively. It effectively reduced soil pH and EC, with a decrease of 4.55%-24.89% and 0.40%-3.77%,
respectively. It changed the composition and diversity of soil microbial community in cotton field, increased
the relative abundance of Pseudomonas in cotton field soil, and increased the ACE index and Chaol index
of cotton field soil. Significantly increased cotton yield and fiber quality, seed cotton yield increased by
2.99%-3.72%.
Conclusion: The efficient potassium-solubilizing bacteria Pseudomonas aeruginosa A10 screened from
cotton rhizosphere soil under mulched drip irrigation improved soil potassium availability by acid hydrolysis,
and optimized soil microbial community structure, promoted cotton root development and absorption and
utilization of potassium ions, effectively maintained the balance of potassium and sodium in cotton, reduced
the accumulation of reactive oxygen species and increased the activity of antioxidant enzymes, thereby
enhancing the salt tolerance of cotton, promoting the growth and development of cotton and dry matter
accumulation, and ultimately improving the yield and fiber quality of cotton under mulched drip irrigation.

Key words: potassium-solubilizing bacteria; cotton; salt-alkali tolerance; available potassium; organic acids
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