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Abstract: 
Northeast China hosts one of the world’s four major black soil regions, accounting for approximately 36 
million hectares of cultivated land. Producing one-quarter of China’s total grain output and one-third of 
its commercial grain transfers, this region serves as a vital cornerstone for national food security. However, 
unsustainable land use and climate change have driven severe soil degradation, manifesting as thinning 
topsoil, declining organic matter, and increased bulk density—collectively threatening sustainable produc-
tion. To address these challenges, we conducted a five-year intensive study, and proposed an innovative 
degradation control theory centered on “enhancing inherent stable soil fertility”. A targeted technological 
system was developed, with emphasis on the incorporation of multi-source organic materials and opti-
mized tillage practices, to overcome key technical barriers to soil restoration under intensive farming. Fur-
thermore, in light of regional variations in environmental conditions and soil constraints, locally adapted 
models for black soil conservation—such as the “Longjiang Model”, “Lishu Model 2.0”, and “Da’an Model”, 
have been established. In core demonstration areas, these approaches achieved notable outcomes: Soil 
organic matter increased by 13%–17%, soil erosion intensity decreased by more than 80%, and crop yields 
improved by 5.4%–14.2%. This study provides robust scientific support for national strategies aimed at con-
serving and sustainably utilizing black soil resources. 
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Black soils (Mollisols or 
phaeozem/chernozem) are 
globally scarce and highly 

fertile, covering approximately 
725 million hectares, accounting 
for 5.6% of the world’s soil area. 
They are primarily distributed 
across four major regions: the 
Eurasian Steppe (Russia-Ukraine), 
the Mississippi River Basin in 
the United States, the Northeast 
Plain of China, and the Pampas 
Grassland in South America (FAO, 
2022). With about two-thirds of 
this area used for agriculture, 
black soils play a critical role in 
ensuring global food security (Li 
et al., 2025). China’s northeast 
black soil region, spanning the 
three northeastern provinces and 
the four leagues/cities in eastern 
Inner Mongolia, encompasses 
major soil types such as phae-
ozem (Typical black soil), cherno-
zem, gleysol, albic luvisol, haplic 
luvisol, and eutric luvisol. Among 
these, the 36 million hectares of 
cultivated land are considered the 
cornerstone and stabilizer of Chi-
na’s food security.

Since the 20th century, like 
other black soil regions world-
wide, northeast China’s black 
soils have undergone severe deg-
radation due to unsustainable 
land use, intensive farming, and 
climate change. According to 
Zhang et al. (2019), soil and water 
erosion affects 20.1% of the total 
black soil area, with 60% of dry 
farmland experiencing significant 
erosion. The mollic epipedon 
is thinning at an average rate of 
0.1–0.5 cm per year. Over the past 
six decades, soil organic matter 
in the plow layer has decreased 
by one-third, with some areas 
declining by as much as 50%. 
Notably, from 1980 to 2011, the 
northeast black soil region was 
the only part of China to show 
a continuous downward trend 

in farmland soil organic carbon 
(SOC) (Li et al., 2016; Zhao et al., 
2018). Concurrently, long-term 
tillage has simplified the soil pore 
network structure, reduced total 
porosity and connectivity (Peng 
et al., 2023), and disrupted mi-
crobial community balance ( Jia et 
al., 2025), exacerbating the degra-
dation process.

To promote the conserva-
tion and sustainable utilization 
of black soils, China has imple-
mented initiatives since 2015, 
including pilot projects for black 
soil conservation, and the release 
of policy frameworks such as 
the Outline of the Plan for the 
Conservation of Black Soils in 
Northeast China (2017–2030) and 
the Implementation Plan for the 
National Black Soils Conserva-
tion Project (2021–2025). Given 
the importance of scientific and 
technological innovation in black 
soils conservation for national 
food security strategies, the na-
tion has increased the investment 
in this field, and strengthened 
policy support. There is an urgent 
need for systematic research to 
clarify degradation processes and 
mechanisms, develop regionally 
adaptive restoration and fertility 
enhancement technologies, and 
deliver integrated solutions that 
harmonize black soil conserva-
tion with sustainable production.

In response to this national 
priority, the Chinese Academy 
of Sciences (CAS) launched the 
Strategic Priority Research Pro-
gram “Science and Technology 
Innovation Project for Black Soils 
Conservation and Utilization” in 
2021. In collaboration with the 
provincial governments of Hei-
long jiang, Jilin, Liaoning, and 
the Inner Mongolia Autonomous 
Region, a coordinated innovation 
chain involving universities, re-
search institutes and agricultural 

Cite this article as: 
JIANG Ming, JIA Zhongjun, LI 
Lujun, ZOU Wenxiu, LIANG 
Aizhen, LIU Huanjun,WANG 
Hongsheng, ZENG Yan, TIAN 
C h u n j i e ,  C AO  X i a o fe n g , 
ZHANG Yucheng, LIU Guo-
hua, LENG Guoyong, ZHANG 
Lili, HUANG Yingxin, CHEN 
Haihua, LIAO Xiaoyong, CUI 
Mingxing, and ZHANG Jia-
bao. (2025) Key Principles and 
Techniques for Controlling 
Black Soil Degradation and 
Enhancing Fertility in North-
east China. Bulletin of the Chi-
nese Academy of Sciences, 39(4), 
246–255. DOI: https://doi.
org/10.1051/bcas/2025007



ARTICLE

BCAS • 04 | 2025
Copyright © 2025 by the Chinese Academy of Sciences and published by the journal Bulletin of the Chinese Academy of Sciences. This article is licensed and distributed under the Creative Commons 

Attribution-NonCommercial-NoDerivatives license 4.0 as given at https://creativecommons.org/licenses/by-nc-nd/4.0/.

248

enterprises was established, joint-
ly initiating the “Black Soil Gra-
nary” Scientific and Technologi-
cal Campaign ( Jiang et al., 2021; 
Jiang et al., 2024). Through five 
years of collaborative research, 
the team has achieved significant 
advances in understanding the 
mechanisms of black soil degra-
dation control, developing new 
technologies and constructing 
regional models, and designing 
long-term conservation systems. 
These efforts have gained inter-
national attention and provided 
key scientific and technological 
support for the conservation and 
sustainable utilization of black 
soils in China.

1. Soil Degradation 
Process of Black Soils 
and Its Driving 
Mechanism

1.1 Characteristics and 
Influencing Factors of Black 
Soils Degradation
Intensive tillage, combined with 
wind, water and freeze-thaw 
erosion, constitutes the primary 
driver of black soil degradation. 
Unsuitable agricultural manage-
ment practices and soil erosion 
interact to trigger a vicious cycle 
of “soil structural deterioration 
– organic matter depletion – bi-
ological imbalance” in black soils, 
with degradation effects varying 
significantly across spatial scales, 
soil profiles, and aggregate frac-
tions. In natural black soils, dense 
vegetation cover and sufficient 
litter input maintain a high SOC 
content in the topsoil (0–5 cm), 
averaging 44.7 g kg-1 (Liang et al., 
2008; Zhang et al., 2018), which 
declines sharply with soil depth. 
After cultivation, degradation 
concentrates in the surface layer: 
The 0–5 cm soil layer suffers the 
most severe SOC loss, decreas-
ing from 44.7 g kg-1 to 23.9 g kg-1 

(a 46.6% loss), while the 5–10 cm 
layer shows a 26.8% loss, and the 
loss rate below 30 cm stabilizes at 
0.03 g kg-1 annually (Liang et al., 
2008). However, direct compar-
isons at the same depth between 
natural and cultivated black soils 
tend to overestimate agricultural 
impacts; erosion effects must be 
corrected to accurately quantify 
management-induced SOC de-
pletion (Liang et al., 2009).

In terms of soil structure, 
tillage preferentially damages wa-
ter-stable macroaggregates (>1000 
μm), reducing their associated 
carbon by 82.3% compared to nat-
ural black soil, while aggregates in 
the 250–1000 μm fraction show a 
41.5% reduction. The key mecha-
nism involves tillage-induced loss 
of glomalin-related soil protein, 
which impairs aggregate stability 
and carbon sequestration capaci-
ty (Liang et al., 2008; Zhao et al., 
2025b). This structural deteriora-
tion further inhibits the activity 
of functional microorganisms 
involved in carbon, nitrogen, and 
phosphorus cycling, establishing a 
“structure-function” degradation 
cascade (Hu et al., 2025).

Long-term cultivation reduc-
es microbial biomass, limiting the 
accumulation of microbial-de-
rived carbon. As cultivation dura-
tion increases, bacterial and fungal 
biomass decline, directly reducing 
the stable input of microbial-de-
rived carbon (Zhao et al., 2025a). 
Moreover, prolonged cultivation 
weakens mineral protection of 
organic carbon, leading to a pro-
nounced decrease in mineral-as-
sociated organic carbon. In paddy 
fields, long-term fertilization in-
creases the abundance of iron-re-
ducing bacteria, promoting iron 
reduction and reducing the pro-
tective role of iron oxides in sta-
bilizing organic carbon (Qin et al., 
2020). Meta-analysis confirms that 
reduced tillage enhances carbon, 
nitrogen, and phosphorus cycling 

functions in both rhizosphere and 
bulk soils, providing theoretical 
support at the microbial level for 
the restoration of degraded black 
soil (Hu et al., 2025).

Agricultural management 
and natural factors exert a syn-
ergistic effect on black soil deg-
radation. For example, spatial 
variation in SOC content in the 
plow layer (0–30 cm) of natural 
black soils shows a clear latitudi-
nal gradient: The highest value 
(63.5 g kg-1) occurs in Bei’an City, 
northern Heilongjiang Province, 
while the lowest (10.1 g kg-1) is 
found in Jiutai City, Jilin Prov-
ince. The average SOC content 
in Heilong jiang (34.6 g kg-1) is 
higher than that in Jilin (23.8 g 
kg-1) (Figure 1). However, reclama-
tion duration and tillage intensity 
strongly modulate SOC dynam-
ics, leading to an average content 
in cultivated black soils of 22.7 g 
kg-1, reflecting the combined in-
fluences of reclamation history, 
tillage intensity, and tempera-
ture. Additionally, SOC changes 
in the topsoil vary by soil types: 
In Hailun City of Heilong jiang 
Province, data compared with the 
second national soil survey (1981) 
show that SOC in thick-layer 
black soils declined by 22% over 
30 years, while medium- and 
thin-layer black soils declined by 
11% and 10%, respectively (You et 
al., 2020).

Previous studies report that 
corn cultivation in Jilin’s black 
soil farmland causes an annual 
topsoil loss of 8.3 million tons, 
equivalent to 200,000 tons of 
organic matter loss, with soybean 
cultivation doubling this figure 
(Yang et al., 2003). The mollic 
epipedon is disappearing at a rate 
of 2–5 mm annually; without im-
proved tillage practices, the sub-
soil of degraded black soils will 
be fully exposed within 30 years, 
resulting in the complete loss of 
the fertile topsoil. Pesticide resi-
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dues have also been shown to re-
duce the abundance of beneficial 
microbial groups such as actino-
mycetes by 42% (Hou et al., 2025). 
In sloping black soil farmland, 
this microbial imbalance further 
weakens soil erosion resistance, 
creating a vicious cycle of “carbon 
loss – reduced erosion resistance”.

In summary, inappropriate 
management practices constitute 
the primary cause of black soil 
degradation. Targeted restoration 
of aggregate structure and carbon 
pool functions requires an inte-
grated approach that combines 
nutrient management and con-
servation tillage strategies.

1.2 Theory of Improving 
Inherent Stable Fertility of 
Black Soils
To address the specific challeng-
es of the cold climate, heavy soil 
texture, and high carbon-nitro-
gen ratio in the black soil region 
of northeast China, the research 
team proposed a degradation 
control theory centered on “en-
hancing inherent stable soil fertil-
ity” for cultivated black soils. This 
theory targets the improvement 
of the soil’s intrinsic fertility reg-
ulation capacity, with exogenous 
organic material input as a funda-
mental prerequisite and the pro-
motion of soil structure aggrega-
tion and biological community 
enrichment as key processes. It 
provides a core theoretical foun-
dation for combating black soil 
degradation.

The cold climate of the region 
inhibits microbial activity, while 
the heavy soil texture is prone to 
compaction, limiting water and 
nutrient movement. The high car-
bon-nitrogen ratio often leads to 
nutrient imbalance and nitrogen 
limitation, making the soil fertility 

system highly sensitive to external 
disturbances (Zhang et al., 2023). 
The concept of inherent stable soil 
fertility precisely targets strength-
ening the soil’s intrinsic capacity 
to maintain and regulate fertility, 
aligning with the inherent prop-
erties of black soils. Building on 
this concept, the team expanded 
the inherent stable fertility frame-
work and innovatively introduced 
the “black soil fertility spectrum”, 
which divides the complex fertil-
ity system into four dimensions. 
This spectrum clearly outlines the 
trajectory of fertility evolution: 

(1) Limiting soil fertility driven by 
environmental constraints (e.g., 
water, temperature) and stresses 
(e.g., erosion, compaction), which 
defines the baseline threshold for 
fertility improvement; (2) Readily 
available soil fertility relying on 
chemical fertilizers for short-term 
nutrient supply, yet long-term 
sole reliance disrupting the car-
bon-nitrogen balance and acceler-
ating the degradation of inherent 
stable fertility; (3) Inherent stable 
soil fertility at the core of the fer-
tility system, formed by a stable 
triangular structure consisting of 

Figure 1. Distribution map of soil organic matter content in the black soil region in northeast China.2

2 This map is based on a standard map (approval number GS(2023)2767) downloaded from the Standard Map Service website of the Chinese Ministry 
of Natural Resources, selecting provinces within northeast China with no modification to the base map.
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soil organic matter (material ba-
sis), aggregates (physical structure), 
and microorganisms (drivers of 
material cycling), which is charac-
terized by synergistic interactions 
among these three components 
and the ability to maintain a sta-
ble, buffered environment for 
crop growth; (4) Depleted soil fer-
tility, the terminal stage of com-
plete fertility collapse, character-
ized by the loss of both productive 
and ecological functions of the 
black soil.

Based on this framework, the 
research team proposed a con-
servation strategy for degraded 
black soil aimed at enhancing 
the inherent stable soil fertility 
(Figure 2), with the core objective 
of carbon sequestration and soil 
enrichment. Two key technical 
pathways were identified as fol-
lows. (1) Expanding exogenous 
organic carbon supply, increasing 
the content and stability of min-
eral-associated organic matter 
through carbon inputs such as 
straw return and organic fertiliz-

er application ( Ji et al., 2024). (2) 
Activating key processes: Firstly, 
by regulating the carbon-nitro-
gen ratio to shape nutrient-rich 
microbial communities, there-
by improving microbial carbon 
pump efficiency. This process can 
increase the abundance of car-
bon cycling functional genes by 
more than 15% (Hu et al., 2025). 
In addition, conservation tillage 
can stimulate glomalin synthesis, 
enhancing soil aggregate carbon 
sequestration and raising the pro-
portion of soil macroaggregates 
by 20% (Zhao et al., 2025b). 

These elements form a co-
herent theoretical system for 
enhancing inherent stable soil 
fertility, structured around “one 
fundamental prerequisite (exoge-
nous organic material input) and 
two key processes (soil structure 
aggregation and biological com-
munity enrichment)”. This system 
provides an important theoretical 
basis for the development and ap-
plication of technologies aimed at 
controlling black soil degradation.

2. Construction of 
Regionally Adaptable 
Technology System 
for Degradation 
Control

Based on the theory of “enhanc-
ing the inherent stable fertility” 
and considering the regional 
variations in soil types, layer 
thicknesses, environmental con-
straints, and hydrothermal con-
ditions, targeted and differentiat-
ed conservation and restoration 
protocols have been developed. 
Focusing on the core degradation 
issues of “thinning, depletion, 
and hardening” of black soils, the 
“Black Soil Granary” Strategic 
Priority Research Program team 
established a locally adaptive 
technology system centered on 
the return of multi-source or-
ganic materials combined with 
optimized tillage practices, de-
signed to address the restoration 
needs of different degradation 
scenarios.

Figure 2. The composition 
of soil fertility in black 
soils.
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2.1 Technology for Constructing 
a Fertile Plow Layer
To address the challenges of cold 
climate, heavy soil texture, and 
shallow plow layers, an innovative 
technology was developed to con-
struct a fertile plow layer via the 
deep incorporation of crushed 
corn straw combined with de-
composing agents. This approach 
overcomes the technical barrier 
to precisely deliver straw into 
deeper soil layers (>20 cm) and 
creates a high-quality plow layer 
structure with balanced water, 
fertilizer, air, and temperature 
conditions. A formalized techni-
cal procedure centered on fertile 
plow layer construction has been 
established. Implementation re-
sults show that plow layer thick-
ness can be increased to 34.7 cm, 
with a 2.6%–9.9% rise in soil or-
ganic matter content throughout 
the plow layer (Gao et al., 2024). 
In addition, spring soil tempera-
ture has increased by 0.5℃–1℃, 
and crop yield has risen by more 
than 10% (Lu et al., 2024; Liu et 
al., 2025).

2.2 Compound Fertilization 
Technology with Multi-source 
Organic Materials Inputs
To tackle the problems of low or-
ganic matter content, poor nutri-
ent retention, and severe drought 
and wind erosion in northeast 
black soils, a comprehensive 
technical scheme centered on 
strip tillage with straw mulching 
was developed. This integrates 
locally adapted techniques such 
as water-fertilizer integration and 
solid-liquid manure recycling, 
forming a compound fertilization 
system based on multi-source 
organic inputs (Gao et al., 2022; 
Zhang et al., 2022). Supporting 
equipment, including no-till 
seeders, has also been developed 
(Liang et al., 2022a; Guan et al., 
2023). This technology promotes 
a plow layer configuration char-

acterized by alternating firm and 
loose seedbeds between rows 
and synergistic water-fertilizer 
efficiency, addressing issues of 
low nitrogen storage capacity and 
temporal-spatial mismatch be-
tween nutrient supply and crop 
demand. Application outcomes 
include a 3%–5% increase in seed-
ling emergence rate, over 80% re-
duction in soil erosion intensity, a 
0.3%–0.5% rise in organic matter 
content, 12.3%–20.0% reduction in 
fertilizer use, 10%–20% improve-
ment in biological richness (Liang 
et al., 2022b), and an average crop 
yield increase exceeding 10%. 
These results demonstrate a dual 
benefit for both black soil conser-
vation and yield enhancement.

2.3 Gully Erosion Restoration 
Technology
To counteract farmland fragmen-
tation and impeded machinery 
operation caused by gully ero-
sion, a restoration technology for 
gully-damaged cultivated land 
was developed. It integrates core 
technologies such as gully shap-
ing, blind-pipe installation, infil-
tration-well construction, straw-
bale packing, topsoil covering, 
and gabion protection at gully 
tails. This system converts surface 
runoff into subsurface drainage 
via blind pipes, effectively pre-
venting re-gullying after resto-
ration (Zhang et al., 2019; Han 
et al., 2023). The technology has 
been applied to over 5,000 small 
and medium-sized gullies, restor-
ing 1,000 hectares of gully-dam-
aged farmland, and consolidating 
contiguous cultivated land areas 
up to 66.7 thousand hectares, 
thereby supporting large-scale 
mechanized operation on black 
soils.

2.4 Microbial Remediation 
Technology
To address the slow decompo-
sition of straw under the cold 

conditions of northeast China, 
in-situ decomposing microor-
ganisms and preserved microbial 
resources were investigated. A 
“decomposition-promoting and 
quality-improving” functional 
microbial community was de-
signed to enhance straw decom-
position and promote the direc-
tional synthesis of soil organic 
matter. The mechanism by which 
microbial inoculants accelerate 
rice straw decomposition was 
clarified: Inoculant application 
reshapes the structure and func-
tion of lignocellulose-degrading 
microbial communities in paddy 
fields, significantly increasing the 
abundance of relevant degrading 
bacteria and functional genes 
(Zhao et al., 2024). Building on 
this, the team developed six types 
of third-generation in-situ de-
composition-promoting micro-
bial inoculants, which effectively 
accelerate the decomposition 
of rice, wheat, and corn straw, 
achieving a decomposition rate 
10%–40% higher than the control 
and facilitating the conversion of 
straw carbon into stable soil or-
ganic matter.

3. Comprehensive 
Technology System 
for Customized Black 
Soil Conservation and 
Utilization Across the 
Region

Following the core principles 
of “problem-oriented, locally 
adapted, and demonstration-led” 
approaches, the research team 
integrated natural geographical 
conditions, degradation types, ag-
ricultural production constraints, 
and technology adoption readi-
ness across the black soil region. 
Addressing the core degradation 
issues of “thinning, depletion, and 
hardening”, a locally customized, 
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comprehensive technology system 
for black soil conservation and 
sustainable utilization was estab-
lished. The system includes con-
servation and improvement till-
age models for typical black soils 
(Longjiang Model, Lishu Model 
2.0, Liaohe Model), remediation 
models for problematic soils (San-
jiang Model, Da’an Model), and 
farmland management models 
based on geographic information, 
big data, and smart machinery 
(Qiqihar Model, Dahewan Model) 
(Figure 3).

(1) Longjiang Model
Targeted at  medium and 

thick black soils affected by cold 
climate, heavy texture, and rap-

id organic matter decline, the 
“Long jiang Model” centers on 
deep incorporation of crushed 
straw to construct a fertile plow 
layer. It integrates high-yield 
variety selection, efficient soy-
bean cultivation, and green pest 
control technologies. The ap-
proach overcomes the technical 
challenge of delivering straw into 
deep soil (>20 cm), achieving 
synergy between soil conserva-
tion and grain yield. Application 
results show: Plow layer thickness 
increased by >15 cm, soil bulk 
density decreased by >8%; fertilizer 
use efficiency improved by 2%–3%, 
pesticide use reduced by 20%, and 
crop yield rose by >10.2%. This 
model is well adapted to the con-

servation needs of medium and 
thick black soil.

(2) Lishu Model 2.0
Designed for thin black soils 

with severe wind erosion, shallow 
plow layers, and low organic mat-
ter content, the “Lishu Model 2.0” 
is built around straw mulching 
no-till, supported by water-fer-
tilizer integration and biological 
control. It addresses the tempo-
ral-spatial mismatch between nu-
trient supply and crop demand, 
improving soil fertility while 
maintaining yield. Application ef-
fects include: Soil erosion intensi-
ty reduced by >80%, organic mat-
ter content increased by 3.0–5.0 g 
kg-1, fertilizer application reduced 

Figure 3. Comprehensive technical models and core technologies for conservation and utilization of black soils.3

3 This map is based on a standard map, with approval number GS(2021)5448, downloaded from the Standard Map Service website of the Chinese 
Ministry of Natural Resources, selecting the northeast part of China with neighboring countries, with no modification to the base map.
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by 12.3%–20.0%, soil biodiversity 
enhanced by 10%–20%, and aver-
age crop yield increased by >10%. 
The model has become a regional 
benchmark for black soil conser-
vation.

(3) Liaohe Model 
Targeting low soil fertility 

and inefficient return of organic 
fertilizers to fields, the “Liaohe 
Model” focuses on straw mulch-
ing combined with banded ma-
nure application. It innovates 
across the full chain of “efficient 
decomposition – precise return 
– manure-straw combination – 
standard promotion”, shortening 
the decomposition cycle of ma-
nure and sewage. Results show: 
Decomposition period reduced 
from 180 to 90–120 days, fertil-
izer use efficiency rose to 50%, 
corn yield increased by 8%–12%, 
and soil organic matter content 
elevated by 1.5 g kg-1. The model 
promotes the shift from “harm-
less treatment” to “high-value 
utilization” of manure and sew-
age.

(4) Sanjiang Model 
Aiming to overcome albic soil 

constraints and plow-layer thin-
ning, the “Sanjiang Model” em-
ploys innovative subsoil mixing 
and deep loosening techniques. 
Specialized plows mix the albic 
layer with underlying illuvial soil 
to reduce soil hardness, while 
subsoiling furrows and three-di-
mensional pore structures im-
prove aeration and permeability. 
Combined with organic amend-
ments, the plow layer is gradually 
deepened. Integrating big data, 
the model enables intelligent 
whole-process monitoring, di-
agnosis, decision-making, and 
execution for soil erosion control, 
offering a systematic solution for 
intelligent water erosion preven-
tion and comprehensive fertility 
improvement on sloping black 

soil farmland. Outcomes include: 
Albic soil plow layer thickened 
to 30 cm, paddy field yield in-
creased by over 5.7%; dryland 
fertilizer use reduced by 5%–15%, 
soil and water loss decreased by 
>70%, and crop yield increased by 
5.5%–14.2%.

(5) Da’an Model 
Focused on the efficient man-

agement of soda saline-alkali soils 
in northeast China, the “Da’an 
Model” systematically imple-
ments “high-standard farmland, 
high-quality seeds and advanced 
agronomy” as the core. It estab-
lished an integrated technical and 
theoretical framework of “classi-
fied management – systematic re-
mediation – efficient utilization”, 
achieving a theoretical shift from 
single-dimensional to system-
atic collaborative management. 
For heavily saline-alkali soil, rice 
yield can reach >6000 kg per 
hectare in the first year of treat-
ment, with the soil pH reduced by 
>0.5 units, and the remediation 
period shortened by 3–5 years.

(6) Dahewan Model
Addressing extensive farm-

ing and low intelligence levels, 
the “Dahewan Model” develops 
high-horsepower intelligent ma-
chinery and the FuXi system—a 
cascade machine learning system 
for 15-day global weather forecast. 
It integrates ground-penetrating 
radar and gamma spectrometers 
for automated tillage data collec-
tion, supported by regional conser-
vation tillage agronomy, achieving 
full coverage of 10 m × 10 m grid 
background data in demonstration 
areas. Results show: Soil nutrient 
detection accuracy reached 80%, 
planting decision accuracy exceed-
ed 95%, and variable rate fertiliza-
tion/pesticide application accuracy 
reached 88.6%, providing an effi-
cient solution for intelligent black 
soil conservation.

(7) Qiqihar Model 
Aiming at improving the lo-

cal adaptability of conservation 
technologies, the “Qiqihar Mod-
el” combines geographic system 
approach with customized preci-
sion agriculture theory, forming 
a technical system characterized 
by “site-specific adaptation, full-
chain coverage, and smart pre-
cision”. It raises the matching 
degree of black soil degradation 
control technologies to over 90%, 
laying an important foundation 
for the standardization and intel-
ligent development of black soil 
conservation.

4. Suggestions and 
Prospects 

Black soil degradation results 
from the synergistic interaction 
of intensive tillage and natural 
erosion, driven by a vicious cycle 
of “soil structural deterioration 
– organic matter depletion – mi-
crobial imbalance”. Addressing 
this challenge requires focusing 
on enhancing the “inherent stable 
soil fertility”, which is built upon 
the integrated functions of soil 
organic matter, aggregates, and 
microorganisms. It is important 
to note that improving cultivated 
land fertility is a long-term pro-
cess; the conservation of black 
soils demands persistent efforts 
to achieve the coordinated goals 
of degradation control and sus-
tainable production capacity.

Looking forward, black soil 
conservation needs to advance 
from “technology integration” 
to “systematic governance” and 
“intelligent management”. Future 
scientific research should deep-
en mechanistic understanding 
by exploring critical thresholds 
of black soil degradation and 
cultivation, succession pathways 
of microbial functional commu-
nities, and microscale processes 
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