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Abstract: [Objective] Saline-alkali soil is an important farmland resource in China. This study
explored the effects of a bio-organic fertilizer fortified with a functional strain isolated from the
crop rhizosphere of saline-alkali soil on the growth and the grain yield and quality of peanut plants
in saline-alkali soil. The results are expected provide a solution for the development of specific
microbial organic fertilizers for saline-alkali soil. [Methods] We first compared the rhizosphere
bacterial communities of peanut plants growing in low-salt stress and non-salt stress soils, and
identified the potential taxa improving the salt tolerance of plants that were enriched in the peanut
rhizosphere under low-salt stress. A strain named HS6 capable of enhancing the salt tolerance of
peanut plants was isolated from the rhizosphere soil of peanut plants. It was preliminarily identified
as Bacillus paralicheniformis HS6. A microbial organic fertilizer was prepared by combining this
strain with organic fertilizer. A field experiment was carried out in coastal saline-alkali land,
including a control treatment (CK: decomposed organic fertilizer) and treatment 1 (T1:
decomposed organic fertilizer supplemented with the cells of strain HS6). The growth and yield-
related indicators of peanut plants were determined by counting and weighting, and the quality of
peanuts was determined by the Kjeldahl method and the Soxhlet extraction method. [Results] The
soil salt concentration higher than 0.3% significantly inhibited the growth of peanut plants. The
principal component analysis revealed a significant difference in the peanut rhizosphere bacterial
communities between low-salt stress (0.3%) and non-salt stress soils. Under low-salt stress,
22 differential taxa, mainly including Bacillaceae, were positively enriched in the peanut
rhizosphere. The application of the organic fertilizer prepared with strain HS6 significantly
promoted the growth, enhanced the biomass accumulation, and increased the number of nodules of
peanut plants. The number of peanut nodules of T1 was 5 times that of CK. Moreover, the
functional microbial fertilizer improved the yield and quality of peanuts. Compared with CK, T1
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decreased the crude protein content of peanuts by 13.84%, while increasing the crude fat content of
peanuts by 5.63%. [Conclusion] Low-salt stress can promote the enrichment of functional
microbial taxa capable of enhancing salt tolerance in the peanut rhizosphere. The microbial organic
fertilizer fortified with the functional strain enriched in the rhizosphere under salt stress can
significantly improve the yield and quality of peanuts, demonstrating the potential to serve as a

special microbial fertilizer for saline-alkali soil.

Keywords: saline-alkali soil; rhizosphere; Bacillus paraclicheniformis; specific fertilizer for saline-

alkali soil; yield and quality improvement
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Figure 1 The peanut plant and its height under different soil salt concentrations. A: The growth status of peanuts
at 7 days; B: The plant height value of peanuts at 7 days. The different lowercase letters above the histogram
represent significant differences (P<0.05) across salt stress degrees within one growth stage according to
Duncan’s multiple comparison tests. Error bars represent standard deviations, n=5. Different letters represent

significant differences (Duncan-test, P<0.05).
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Figure 2 Composition of peanut rhizosphere
microbial communities under salt-free and low-salt

stress. Ns: No NaCl; Ls: 0.3% NacCl.
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Figure 3 PCA analysis of rhizosphere microbial
communities under salt-free and low-salt stress. Ns:
No NaCl; Ls: 0.3% NaCl. Principal component
analysis (PCA) scatter plot illustrating the distribution
of samples from different treatment groups across
principal component 1 (PCl) and principal
component 2 (PC2). PC1 accounted for 14.08% of the
variance, while PC2 explained 10.96% of the
variance. Samples are differentiated by color for the
control group (blue, n=12) and the treatment group
(red, n=12), with

confidence regions.
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Figure 4 LEfSe analysis plot of differential groups of rhizosphere microbial communities under salt-free and
low-salt stress. Ns: No NaCl; Ls: 0.3% NaCl. The figure shows the distribution of LDA values of the different
species, the color represents the corresponding group, and the length of the histogram represents the contribution
of the different species (i.e., the LDA score), showing the species with significant differences in abundance
between different groups under the condition that the LDA score is greater than the set value (the default setting is
2). The blue section represents taxa with increased abundance under low-salinity stress, while the red section

indicates taxa showing decreased abundance.
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Figure 5 Phylogenetic tree of the 16S rRNA gene sequence of the enriched strain T1 under low salt stress. The

bootstrap values at the branch nodes represent the percentages of 1 000 replications. The branch lengths represent

the evolutionary distances, and the scale bar=0.01.
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Figure 6 Agronomic traits of peanut plants treated with different fertilizers at different growth stages. A: Shoot
length of peanut plants treated with different fertilizers at different growth stages; B: Root length of peanut plants
treated with different fertilizers at different growth stages; C: Stem thickness of peanut plants treated with
different fertilizers at different growth stages; D: Chlorophyll content (SPAD) values of peanut plants treated with
different fertilizers at different growth stages. The x-axis represents the experimental group (T1) and the control
group (CK), while the y-axis represents the measured values of the indicator. An independent samples #-test was
used to compare the mean differences between the two groups. P<0.05 indicates a significant difference in the
means between the two groups. Error bars represent the standard deviation. ns: P>0.05; *: P<0.05; **: P<0.01;
*xE: P<0.001.
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Figure 7 Biomass accumulation of peanut plants treated with different fertilizers at different growth stages. A:
Shoot dry weight of peanut plants treated with different fertilizers at different growth stages; B: Shoot fresh
weight of peanut plants treated with different fertilizers at different growth stages; C: Root dry weight of peanut
plants treated with different fertilizers at different growth stages; D: Root fresh weight of peanut plants treated
with different fertilizers at different growth stages. The x-axis represents the experimental group (T1) and the
control group (CK), while the y-axis represents the measured values of the indicator. An independent samples #-
test was used to compare the mean differences between the two groups. P<0.05 indicates a significant difference
in the means between the two groups. Error bars represent the standard deviation. ns: P>0.05; **: P<0.01; ***:
P<0.001.
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Figure 8 Number of peanut nodules under different
fertilizer treatments. This figure shows the number of
nodules on the roots of each peanut plant during the
pod-setting stage. The x-axis represents the
experimental group (T1) and the control group (CK),
while the y-axis represents the measured values of the
indicator. An independent samples z-test was used to
compare the mean differences between the two
groups. P<0.05 indicates a significant difference in
the means between the two groups. Error bars

represent the standard deviation. ***: P<0.001.
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Figure 9 Yield and quality of peanut under different fertilizer treatments. A: The hundred-fruit weight of
peanuts under different fertilizer treatments at the maturity stage; B: The hundred-kernel weight of peanuts under
different fertilizer treatments at the maturity stage; C: The theoretical yield of peanuts under different fertilizer
treatments at the maturity stage; D: The crude protein content of peanuts under different fertilizer treatments at
the maturity stage; E: The crude fat content of peanuts under different fertilizer treatments at the maturity stage.
The x-axis represents the experimental group (T1) and the control group (CK), while the y-axis represents the
measured values of the indicator. An independent samples #-test was used to compare the mean differences
between the two groups. A P-value less than 0.05 indicates a significant difference in the means between the two
groups. Error bars represent the standard deviation. ns: P>0.05; *: P<0.05; **: P<0.01.
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