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Abstract: Addressing the critical challenge of widespread low- and medium-yielding croplands in China

(accounting for 68.76 percent of total arable land) and soil degradation threatening food security, this study

systematically investigates the potential and mechanisms of biochar in improving cultivated land quality. This is

achieved by integrating literature data on biochar production techniques, physicochemical properties, and its

interactions within the soil-microbe system, supplemented by experimental validation. The systematic analysis

encompasses: 1) Physicochemical characteristics (microporous structure, surface functional groups) of biochar
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derived from diverse feedstocks (e.g., rice husk, straw, pomelo peel) at pyrolysis temperatures ranging from
300°C to 500°C; 2) Major types of low- and medium-yielding soils in China and ameliorative measures targeting
specific constraints; 3) Multidimensional regulatory effects of biochar on these soils, including soil nutrients,
structure, microbial communities, and soil gases; 4) Potential risks associated with biochar application. Key
findings reveal that: 1) Biochar’s pore structure (specific surface area up to 1059.85 m’/g) and surface functional
groups (e.g., hydroxyl, carbonyl) significantly enhance soil structure (reducing bulk density by 11.6% to 18.2%)
and water retention capacity (increasing field capacity by 15% to 30%) through physical adsorption and chemical
complexation, with effects being more pronounced for biochar derived from higher carbon-content feedstocks.
2) By adjusting soil C/N ratios (increasing to 56.4—94.3) and pH (ameliorating acidic soils towards neutrality),
biochar activates beneficial microorganisms (e.g., increasing the relative abundance of Sphingomonas by 20% to
40%) while suppressing pathogens (e.g., decreasing Fusarium abundance by 14% to 32%), thereby restructuring
the soil microbiome. This effect is particularly significant in continuously cropped fields. 3) Biochar contributes to
carbon sequestration, reducing agricultural greenhouse gas emissions (CH, by 16.8% to 32.9%; N,O by 22% to
47%) while synergistically increasing soil organic carbon stocks (by up to 64.3%). Long-term application (over 3
years) yields more stable benefits. This research demonstrates that biochar operates through a tripartite mechanism—
“soil structure improvement—microbial community optimization—carbon and nitrogen cycle regulation” —
effectively enhancing the productivity of low- and medium-yielding croplands while delivering ecological
benefits. It thus offers an innovative solution supporting China’s goals for cultivated land protection and carbon
neutrality. Future research should prioritize investigating long-term ecological risks (e.g., heavy metal accumulation,
volatilization of toxic substances) and establishing standardized application protocols.

Keywords: medium-and low-yield farm land; biochar; soil reclamation; carbon sequestration; greenhouse gases;
microbial communities
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Table 1 Pore characteristics of biochars derived from different feedstocks

ARTE  HEWEL  WESE SRR

JEURE INEEREHFT Tt IKFEREFT FARFEFF . . .
. . Pine Twigs of Willow Apple
Raw material Wheat straw Peanut shell Rice straw Corn straw .
sawdust lychee twigs branch
SRk R 500°C  600°C  500°C  600°C 400°C  600°C  600°C 600°C  600°C 600°C 600°C 500°C
Pyrolysis temperature
LR (m?/g) 4585 186.71 3.522 90.79 372 10842 41.084 92.17 2106 283.18 348.35 143.079
Specific surface area
FL% (mL/g) 0.0008 0.0005 1.614 0.0068 0.098 0.0537 0.1573 80.034 0.017

Pore volume
SCHRR A [24] [25] [24]  [26]  [27] [25] [28] [26] [29] [25] [26] [30]

Literature source
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Biochar: an exogenous carbon that can be directly applied to soil
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Fig. 2 Mechanisms of biochar enhances soil nutrient use efficiency
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Main risks of biochar implementation in medium- and low-yield fields
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