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Abstract: [Objective] To investigate the effects of combined application of biochar and microbial fertilizer on
greenhouse gas emissions and sunflower yield in saline-alkali soil under plastic film mulching and drip
irrigation. [ Methods ] Field experiments were conducted in saline-alkali soil in the Hetao Irrigation Area of
Inner Mongolia, with different combinations of biochar (0, 7.5, 15 t/hm?) and microbial fertilizer (0, 112.5,
225 kg/hm?). Greenhouse gas emissions were monitored using static chamber-gas chromatography method.

Changes in soil physicochemical properties, global warming potential (GWP), and sunflower yield were
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analyzed. [Results] 1) Compared with the control (0 t/hm? biochar + 0 kg/hm?® microbial fertilizer), the
treatment of 7.5 t/hm® biochar 4+ 225 kg/hm® microbial fertilizer increased soil organic carbon, available
phosphorus, and available potassium contents by 63.9% ., 155.7% ., and 46.8% , respectively. 2) Compared to
the control, the treatment with 7.5 t/hm?* biochar +225 kg/hm?® microbial fertilizer reduced cumulative CO,
emissions from 4 373 kg/hm’ to —394.3 kg/hm?, increased cumulative CH, emissions from —0.08 kg/hm’
to 0.1 kg/hm?, reduced cumulative N, O emissions from 0.23 kg/hm?* to —0.09 kg/hm*, and decreased GWP
from 4 438.3 kg/hm?” to —417.2 kg/hm?®. 3) Under the treatment of 15 t/hm?” biochar+225 kg/hm?* microbial
fertilizer, sunflower yield reached 4 137.5 kg/hm?, which was increased by 39.4% compared with the control
(2 968 kg/hm?). 4) Mantel test analysis revealed that sunflower yield was extremely significantly correlated
with soil physicochemical properties (p < 0. 01); CO, emissions were significantly correlated with
ammonium-nitrogen content and soil moisture, N, O emissions were significantly correlated with nitrate-
nitrogen content, and CH, emissions were extremely significantly correlated with nitrate-nitrogen content (p <<
0.05). [Conclusion ] Combined application of biochar and microbial fertilizer can simultaneously improve
saline-alkali soil, reduce greenhouse gas emissions, and increase sunflower yield, with 7.5 t/hm?” biochar+
225 kg/hm’ microbial fertilizer being the optimal combination. This technique provides a new strategy for
reducing greenhouse gas emissions in agricultural production and increasing crop yields on saline-alkali soils.
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Table 2 Soil physical and chemical properties under combined application of biochar and microbial fertilizer

A BtIm/ A Y AL A HLER / B/ AL/ AR/ AR/ k)Y,
(tehm %) Jn&E/(kg+hm *) (g+kg ") (mg* kg™ ") (mg * kg™ ") (mg +* kg™ " (mg * kg™ ")
Mo 6.29d 4,741 227.89d 0.72e¢ 0.85¢ 21.03bc
BO M7.5 7.69bc 5.43f 279.30¢ 1.06ab 0.96bc 21.84ab
M15 8.82ab 9.77d 301.94bc 0.95¢d 0.99b 22.25a
Mo 7.41cd 8.56¢ 273.33c 0.98cd 0.97b 20.17cd
B7.5 M?7.5 7.24cd 13.64ab 271.14c¢ 0.90d 0.93bc 20.78bc
M15 8.35bc 12.12¢ 276.64c¢ 1.04bc 0.87¢c 22.91a
Mo 7.74bc 15.06a 290.87¢ 1.15a 1.15a 19.68d
B15 M?7.5 8.49bc 14.12a 347.80a 0.71e 0.94bc 19.45de
M15 9.37a 12.44bc 334.56ab 1.00be 0.92bc 18.74e
B % % * * % * ns % % % *
M x % % % % % * % ns *
BXM ns * % * % * % % % * %

A N PRk R b B E] 25 S B3 (p<<0.05) 5ns AR LB EE R » £on p<{0.05; x % FiR p<<0.01,
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Fig.1 Emission fluxes of CO,, CH; and N, O under different treatments in various growth stages of sunflower
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