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A Review of Cognitive Theories on Cultivated Land Quality in
Black Soil Region

TANG Huaizhi, LIU Xiangjun, LI Baoguo, HUANG Yuanfang

(Key Laboratory of Arable Land Conservation in North China of Ministry of Agriculture and Rural Affairs, College of Land Science

and Technology, China Agricultural University, Beijing 100193, China)

Abstract: The black soil in Northeast China is a globally precious soil resource, serving as the core region and the
ballast for national grain production. In recent decades, the cultivated land quality in black soil region has declined
markedly, characterized by soil thinning, nutrient depletion and compaction. These issues have rendered traditional
theories and methods inadequate for effectively guiding investigation, evaluation, monitoring and management of
black soil quality. Developing a new cognitive framework and methodology for black soil quality, which centered on
enhancing grain productivity and promoting sustainable utilization, has become a shared societal goal and an urgent
research priority. The theoretical evolution of cultivated land quality were systematically reviewed , in response to the
pressing challenges in black soil regions, and advances were summarized in multi-dimensional cognition
encompassing soil fertility, productivity and functionality. It identified the overarching characteristic of black soil
quality cognition as “productivity as the foundation and soil health as the trajectory”. Building on the unique
characteristics and complexity of black soil system, the composition and interconnections were elaborated on soil
properties, site characteristics, ecological environment, production support and socio-economic factors, and
progress was reviewed in developing core elements and their representative indicators. It highlighted that

characteristic indicators (e.g., black soil layer thickness and soil organic matter) , emerging indicators (e.g., soil
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microbial diversity) and rapidly measurable indicators (e.g., soil compaction and color) have became frontier

research hotspots, driving theoretical studies toward greater systemic integration and deeper exploration of key

features. Guided by advances in cognitive frameworks, 3 major research directions had emerged, including

development of multifunctional frameworks for black soil quality, analysis of spatiotemporal evolution drivers and

fusion of multi-source big data. In addition, research integrating artificial intelligence with black soil quality

assessment was expanding rapidly. Future efforts to translate theoretical achievements in black soil quality into practice

must prioritize bridging the gap between actual grain yields and long-term productivity potential. Multi-scale intelligent

models grounded in new paradigm of systemic cognition, integrated with big data-driven decision-support systems, were

expected to provide key pathways for the precision management, conservation, and restoration of black soil.

Keywords:black soil; cultivated land quality ; cognitive theories; multi-factor; multi-functional; big data
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Fig. 1 Development of cultivated land quality congnition
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Table 1  Indicator system for cultivated land quality evaluation
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BE Factor 545 Indicator
ATHUST A AT ACER \pH AR 2GR BRI R B B B A A | A S A
T )mrE Organic matter, total nitrogen, available phosphorus, available potassium, pH, effective soil layer thickness,
Soil property arable layer thickness, thickness of black soil layer, arable layer texture, texture configuration, soil bulk
density etc.
L MO ERAL AR IR Wl AR A RE ST AR DR B AR FHRR I AL AR S

Site characteristic

Terrain position, elevation, slope gradient, slope aspect, landform type, soil parent material, erosion

intensity, degree of field forest network , etc.

IR

Ecological environment

R

Production support

fyrte

Economic society

Rl PR i TR — R B R 2 T R S

Accumulated temperature, rainfall, aridity, normalized difference vegetation index, biodiversity, cleaning

level etc.

JHEERE 1 HEKBE T AR AL TR B REATIA 1 AR5

Irrigation capacity, drainage capacity, crop rotation system, field concentration degree, straw return rate, etc.

NI GDP A 55 80 T K ™ ik LBHEA R ARG RSE
Per capita GDP, education level of rural labor force, agricultural product price, fertilizer input rate,

pesticide input rate, etc.
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