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Abstract: [ Objective] Coastal saline-alkali lands represent a critical yet fragile ecosystem where soil carbon
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dynamics are simultaneously influenced by natural salinity stress and anthropogenic management practices.
Clarifying this interactive mechanism is essential for understanding carbon sequestration potential and for
developing adaptive management practices in coastal agroecosystems under salinity stress. Specifically, we sought
to determine how different fertilization strategies modulate the response of soil carbon pools and microbial
processes to varying degrees of salt stress over a short temporal scale. Thus, the specific objective was to clarify
the effects of the interaction between salinity and fertilization on the short-term turnover of soil organic carbon in
coastal saline-alkali soils and to elucidate the underlying microbial driving mechanisms. [ Method] The soil used
for this study was collected from a typical coastal saline area in the Bohai Rim region and subjected to a 30-day
controlled pot experiment. Three salinity gradients (0 g-kg?, 2 g-kg?, and 4 g-kg* NaCl) were established and
combined with four fertilization treatments: control (CK), chemical fertilizer (NPK), chemical fertilizer plus straw
(NPKS), and bio-organic fertilizer (BF). A systematic analysis was carried out, encompassing measurements of
soil carbon fractions (such as dissolved organic carbon and mineral-associated carbon), peroxidase activity,
microbial community structure (via high-throughput sequencing), and the expression of key functional genes
related to the carbon cycle. [Result] Significant interactive effects between salinity and fertilization were
observed across most of the measured soil and microbial parameters. Compared to the non-saline condition, the
NPKS treatment under moderate salinity (2 g-kg™) significantly increased soil dissolved organic carbon content
(about 39%) and enhanced peroxidase activity, suggesting a stimulated decomposition of added organic materials.
Concurrently, this treatment shifted the microbial community structure, favoring r-strategists over K-strategists,
indicating a microbial functional adaptation towards faster growth and resource exploitation under the combined
input of organic substrate and mild salt stress. In contrast, higher salinity (4 g-kg) markedly compromised the
stability of iron-bound organic carbon, with its content decreasing by over 50% in the control treatment,
highlighting a severe disruption of mineral-organic matter associations under strong saline conditions. The
microbial r/K strategy composition showed a strong correlation with soil pH, which was itself modulated by the
fertilization treatments. Furthermore, the expression of carbon cycle functional genes exhibited a clear non-linear
response to salinity, reaching its peak at the 2 g-kg* salinity level, which points to a hormesis-like effect where
low-level stress temporarily enhances microbial metabolic potential. [Conclusion] The results demonstrate that
the combined application of chemical fertilizer and straw can facilitate the transformation of active carbon pools in
the short term by modulating microbial community function towards a more metabolically active state. However,
elevated salinity constrains carbon stability primarily by weakening mineral protection mechanisms, thereby
potentially offsetting the benefits of organic amendments in highly saline environments. This study provides
insights into the short-term microbial regulation of carbon cycling in saline environments and highlights the
importance of integrated management strategies that consider salinity thresholds. The findings imply that tailoring
fertilization practices, such as straw incorporation, to specific salinity levels could optimize short-term carbon
turnover and contribute to the sustainable management of coastal saline-alkali soils.
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Data are presented as mean + standard deviation (n = 3). Different uppercase letters above bars indicate significant differences
across salinity levels within the same fertilizer treatment (P < 0.05), while different lowercase letters indicate significant
differences among fertilizer treatments at the same salinity level (P < 0.05). **: P < 0.01; NS: not significant (P = 0.05).
1 IEORI 5 pH AN VAT 5 ER A AT AL B I B, (e, WA LER(DOC); b, pH; . SIFEH A #I(SRO);
d. BEEEEEB (Fe-0C) )
Fig. 1 Responses of soil carbon fractions, pH, and reactive minerals to salinity and fertilization treatments (a. Dissolved organic

carbon (DOC); b. Soil pH; c. Short-range-ordered minerals (SRO); d. Fe-associated organic carbon (Fe-OC))
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1 FEHREMERLET o SHMERERIT SR

Table 1 Alpha diversity indices and peroxidase activity under different salinity levels and fertilization treatments

4bFE Treatment #5 5 Salinity/(g-kg™?) FAHEEL Shannon(H’) I AL 4G Peroxidase/(U-g™)
A No fertilizer(CK) 0 6.49+0.11Aa 0.011+0.001Ab
2 6.59+0.05Aa 0.012+0.001Ab
4 6.50+0.02Ab 0.008+0.001Bb
Jtafk A Chemical 0 6.60+0.10Aa 0.012+0.001Ab
fertilizer(NPK) 2 6.71+0.05Aa 0.008+0.000Bb
4 6.55+0.07Ab 0.012+0.001Ab
L AERC RS FF Chemical 0 5.93+0.18Ab 0.031+0.004Ba
fertilizer + Straw(NPKS) 2 5.76+0.17Ab 0.043+0.011ABa
4 5.69+0.05Ac 0.050+0.005Aa
i E 94 HLAE Bio-organic 0 6.55+0.99Aa 0.012+0.002Ab
fertilizer(BF) 2 6.63+0.07Aa 0.014£0.001Ab
4 6.67+0.06Aa 0.012+0.001Ab

e R FIMEEHEE (n=3) ¢ ARREFRERIRFE—EICA AR S ER 2R 8% (P<0.05) , A&
[ /NG R R R A — S B R Rt P AL PR ) 2% 7 2. 2% (P < 0.05) . [ [ Note: Data are presented as mean + standard deviation
(n = 3); Different uppercase letters indicate significant differences across salinity levels within the same fertilizer treatment (P <
0.05), while different lowercase letters indicate significant differences among fertilizer treatments at the same salinity level (P <

0.05). The same below.
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W PCL, B—Emsr; PC2, BT HWEMAAHHNFRHEANZER IEMA AR, BEMRIERE R E
B, ok Rl O P<0.05. P<0.01 fl P<0.001, n=3. EC, 5%, POD, iH&L¥EE; SOC, +IEAHL

f%; TN, &% Note: ,PCL, first principal component; PC2, second principal component; Blue and red colors represent positive

and negative correlations, respectively, with color depth indicating the strength of the correlation. *, **, and *** denote
significance levels at P < 0.05, P < 0.01, and P < 0.001, respectively; n = 3. EC, Electrical conductivity; POD, Peroxidase; SOC,
Soil organic carbon; TN, Total nitrogen.
Bl 2 A EEE RS B TR OCIE (a5 0T b, r-o K-S A5 3R T 1 R BRAR S 0T+
c. Bf r-o K-SRIERCEY) S I R 1 ) B R b AR SR 23 T )

Fig. 2 Associations between microbial community composition and soil physicochemical factors (a. Principal component
analysis (PCA) of microbial communities; b. Pearson correlation analysis between r- and K-strategy microbial groups and soil
factors; c. Pearson correlation analysis between specific microbial phyla (r- vs. K-strategy) and soil factors)
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Fig. 3 Responses of carbon-cycling functional genes to salinity, fertilization, and soil physicochemical properties (a. Expression
of three target functional genes across fertilization treatments; b. Expression of three target functional genes across salinity levels;

¢. Mantel test assessing correlations between carbon-cycling genes and environmental factors)
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