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Research Progress on Space-air-ground Stereo Monitoring
Technology System for Black-soil Farmland Quality
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Abstract: Insufficient monitoring and early-warning capacity for black-soil farmland quality has resulted in an
unclear baseline and poorly characterized spatiotemporal dynamics, which severely constrains the implementation of
national strategies for the sustainable utilization and protection of this critical resource. Therefore, establishing an
integrated space-air-ground stereo monitoring system is urgently required to support routine, high-resolution
assessment. A systematic review of recent progress in stereo monitoring technologies for black-soil farmland quality
was provided, advancements and remaining challenges regarding key indicators of soil properties, production
capacity and ecological sustainability were synthesized, and representative application cases were summarized. The
results showed that the integrated monitoring framework had been successfully deployed in the Beidahuang group,
enabling plot-level digital profiling and the implementation of “sponge-farmland” engineering, significantly
improving soil conservation and land-use efficiency. Looking forward, future research should enhance “mechanism-
and data” driven hybrid modeling, overcome bottlenecks in multi-source data fusion and uncertainty quantification,
and establish a closed-loop management system linking monitoring, early warning and precision intervention. Such
efforts would provide strong scientific and technological support for ensuring national food security and ecological
security.
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Fig. 1 Space-air-ground integrated monitoring network of key factors for black soil farmland quality
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Table 1  Multi-scale space-air-ground integrated monitoring dataset of key factors for black soil farmland quality

R CLANIE 25 ) oy A I i) 7 R PIGIES
Scale Number of indicators Spatial resolution Temporal resolution Dataset
MU pH SR B Sl A AR Ve 5
ALK 1 3%
49 10~1 000 1980 s—2020 s
Black soil region m ° s SOM, pH, sand content, field boundaries, shelterbelt
network, crop distribution and yield, ete.
A AHLBT A IR AP obR I FERTRL R S
C (t 20 10~30 m 1980 s—2020s  SOM, crop yield, field boundaries, shelterbelt network ,
oy straw mulching coverage, etc.
i ATHUBT R R RSP R R A
e 10 2~5m 2020 s SOM, thickness of black soil layer, straw coverage and
Watershed

degree of salinization, etc.
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Fig.2 Case study of field profiling for Beidahuang group based on integrated monitoring results
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