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Abstract: [ Objective] To clarily the regulatory effect of long-term plastic film mulching combined with organic
fertilizer substitution on soil carbon sequestration in dryland farmlands, and reveal the internal mechanism and

evolution pathway of soil organic carbon accumulation mediated by soil structure and microbial community,
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[Methods] A 5-year field experiment was conducted under a winter wheat-summer maize rotation in the
Guanzhong Plain, using a split-plot design with plastic film mulching (M) and an organic fertilizer substitution
gradient (0—100%; CK, TO, T25, T50, T75, T100) as the two factors. Soil properties and microbial
communities in the top 0—20 cm layer were analyzed after wheat harvest in 2020 and 2024. Soil organic carbon
accumulation pathways were assessed via Pearson correlation, Mantel test, and partial least squares path modeling
(PLS-PM). [Results] 1) Long-term film mulching combined with organic fertilizer substitution significantly
reduced soil bulk density, promoted the formation of water-stable aggregates, and increased soil organic carbon
(SOC) content, SOC stock (SOCs) and nitrogen levels. The optimal treatment was MT75 (film mulching+
75% organic fertilizer substitution) , in which soil bulk density was 4.67% lower than that of MCK; the mass
percentages of mechanically stable macroaggregates and water-stable macroaggregates ( =0.25 mm) were
97.04% and 62.66% , which were 0.75% and 12.92% higher than those of MCK, respectively; SOC (12.75 g/
kg) and SOCs (33.80 t/hm”) were 79.97% and 80.89% higher than those of MCK, respectively; total nitrogen,
nitrate nitrogen and ammonium nitrogen contents were 45.79%, 100.21% and 46.71% higher than those of
MCK, respectively. 2) As the experiment progressed, bacterial community richness decreased while diversity
increased, and both richness and diversity of fungal community decreased. Mantel test indicated that bacterial
community was mainly driven by SOC and total nitrogen at the early stage, and gradually shifted to be jointly
driven by soil nutrients and physical structure at the late stage; fungal community was transformed from carbon
source-driven to soil aggregate structure-dominated. 3) PLS-PM revealed that the accumulation pathway of soil
organic carbon changed from direct fertilization drive to joint regulation of aggregate structure optimization and soil
microbial community, and the path coefficient of soil aggregates to carbon pool reached 0.99 in 2024.
[ Conclusion | Long-term film mulching and organic fertilizer substitution could significantly improve soil structure
and nutrient status, and reshape microbial community structure. Among all treatments, film mulching combined
with 75% organic fertilizer substitution presented the best comprehensive performance. Under this condition, the
accumulation pathway of soil organic carbon shifted from exogenous organic matter input drive to synergistic drive
of soil aggregates and microorganisms. The results can provide a theoretical basis for soil fertility improvement and
low-carbon tillage mode construction in dryland farmlands.

Keywords: film mulching; organic fertilizer substitution; soil structure; microbial community; soil organic

carbon; carbon sequestration pathway
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Table 1 Fertilizer application rates for winter wheat and summer maize under different treatments from 2019 to 2024

kg/hm’
KN HEK
fb ¥ e HHLE e AL
N P,0; N N P,0; (ND

MCK/CK 0 0 0 0 0 0

MTO0/TO 150.00 100.00 0 225.00 90.00 0
MT25/T25 112.50 100.00 37.50 168.70 90.00 56.30
MT50/T50 75.00 100.00 75.00 112.50 90.00 112.50
MT75/T75 37.50 100.00 112.50 56.30 90.00 168.70
MT100/T100 0 100.00 150.00 0 90.00 225.00
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Table 2 Total nitrogen and inorganic nitrogen contents in

2020 and 2024

e %fﬁf ﬁﬁ?&ﬁi/ ’fi'f%&ﬁi/
(g kg™ (mg-kg™" (mg-kg™
MCK  0.58+0.06bc 42.66+3.61d 1.8740.21cd
MTO 0.58+0.06bc 48.33+4.42cd 1.8340.24cd
MT25 0.58+0.06bc 47.53+8.75cd 2.0140.30bc
MT50 0.62+0.02ab 57.09+7.89ab 1.9240.24cd
MT75 0.644+0.02a 57.18%5.91ab 2.22+0.18ab
MT100 0.64+0.02a 60.09+3.26a 2.294+0.35a
2020 CK 0.5940.03bc 44.95+5.78d 1.71£0.31d
TO 0.47+0.02¢  45.454+5.30d 1.74+0.23d

T25 0.514+0.04de 48.94+4.65cd 1.95+0.09¢
T50  0.534+0.03cd 54.16+5.97bc 2.14+0.36ab

T75 0.5640.02bc 54.67+6.56bc 2.32+0.19a
T100 0.62+0.02ab 55.734+5.14ab 2.0840.30ab

MCK 0.4840.0le 38.27£3.56e 1.70£0.07¢
MTO 0.56%+0.03cd 42.6544.25de 1.80+0.04de
MT25 0.69+0.03ab 58.97+5.46d 2.1940.23bc
MT50 0.68+£0.04ab 70.40+7.24ab 2.26+0.26b
MT75 0.70+£0.0la 76.63+5.38a 2.49+0.32a
2094 MT100 0.664+0.02b 76.304+4.73a  2.35+0.47ab
> 0.49+0.0le 32.65+4.74¢ 1.71+0.31de
TO 0.58+0.02¢  46.97+6.29de 1.74+0.23de
T25 0.57£0.0lc  54.34+4.06d 1.9540.09¢d
T50 0.59+0.04c 61.70+4.86c  2.1440.36bc
T75 0.5940.01c  67.41+4.92b 2.32+0.19ab
T100 0.62+0.02bc 71.9744.28ab 2.0840.30bc

W [ B 6] /NG 7 B 7R 1] — 4F 5y N A [ b 341 0] 22 5 3%
(p<<0.05).
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Fig.7 Composition and structure of microbial communities under different treatments in 2020 and 2024
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