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Abstract: [Objective] Black soil regions are globally critical for grain production, with their soil
health directly impacting world food security and ecological stability. These regions hold
significant strategic importance for sustainable agriculture and human health. In recent years, rapid
advancements in microbiome research methodologies have highlighted the pivotal role of soil
microorganisms in the sustainable utilization and health management of black soil. [Methods] To
systematically summarize the research status and trends in black soil microorganisms, we
employed “bibliometrix” R package and VOSviewer to conduct bibliometric analysis. We
quantitatively analyzed the literature from the Web of Science core collection (2014 —-2024) and
manually screened the abstracts.[Results] The results revealed a surge in the research on black soil
microorganisms after 2021, with China, Russia, and the United States being the most prolific
contributors. Leading institutions included the Chinese Academy of Sciences, University of
Chinese Academy of Sciences, Northeast Agricultural University, Heilongjiang Academy of
Agricultural Sciences, and Chinese Academy of Agricultural Sciences. Key findings were
predominantly published in Applied Soil Ecology, Soil Biology & Biochemistry, and Eurasian Soil
Science. Current research focuses on microbial networks, biochar applications, and rhizosphere
microecology, emphasizing the roles of microorganisms in soil fertility regulation, environmental
remediation, soil improvement, climate change responses, and farming system optimization.
Studies also explore interactions between microorganisms and environmental factors such as soil
aggregates, physicochemical properties, and enzyme activities, with a growing shift toward
mechanism insights. [Conclusion] Over the past decade, research on black soil microbiota has
rapidly advanced, with current focus on the role of microorganisms in soil fertility enhancement
and sustainable utilization. Future studies should integrate cutting-edge technologies such as
microbiomics, metagenomics, metatranscriptomics, and metabolomics to comprehensively analyze
microbial community distribution, functionality, and regulatory mechanisms. Ultimately, this will
provide a robust theoretical and technical foundation for the sustainable use and health
enhancement of black soil resources.

Keywords: black soil conservation; bibliometrics; soil microbial communities; research hotspots;
soil health
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Figure 1 Comparlson of publication volume and disciplinary distribution in the fields of soil microorganisms,
black soil, and black soil microorganisms. A: Comparison of publication volume and disciplinary distribution
between soil microorganisms and black soil microorganisms; B: Comparison of publication volume and
disciplinary distribution between black soil and black soil microorganisms. Column chart represents publication
volume of black soil microorganism research, line chart represents publication volume of soil microorganisms
and black soil research, inner ring of doughnut chart shows disciplinary distribution of black soil microorganism

research, outer ring shows disciplinary distribution of soil microorganisms and black soil research.
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Figure 2 Publication volume and collaboration networks of major countries, institutions, and authors in the field
of black soil microorganisms research. A: Top 15 publishing countries; B: Collaborative network among major
publishing countries; C: Top 15 publishing institutions; D: Collaborative network among major publishing
institutions; E: Top 15 publishing authors; F: Collaborative network among major publishing authors. The size of
nodes (B, D, F) represents the total connection strength, while the thickness of the lines indicates the connection

strength between countries, institutions, or authors. The color of the nodes represents different countries,

institutions, or authors.
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based on Bradford’s Law.
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Figure 4 Evolutionary trend of keywords in the black soil microbial research field. A: Annual frequency

distribution of keywords; B: Temporal trend distribution of keywords based on word frequency.
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Table 1 Background and frequency of research on black soil microorganisms

T st B ERNAE LB

Research  Frequency of Main content and frequency of occurrence

background occurrence

TR 94 Aoy ATER(33) R iE(22) . T RE (16) IR )1 (12) BB E (7)  HIEDIEEQ2)
Soil health TR Q)

Sustainable agriculture (33), soil quality (22), soil health (16), soil fertility (12), soil remediation (7),
soil functions (2), soil microbial health (2)
TS 32 PR ABRGE(12) BEAB ARG SRR L IRENEQ) LESTEEQ) F ARSI Q).
EX B RGEMSS (1) AW Z RS (1)
Soil Agroecosystem (12), soil ecosystem (11), ecosystem functionality (3), ecological toxicity (2),
ecosystem grassland ecological protection (2), ecosystem services (1), biodiversity conservation (1)

A B s

Fertilizer

AHLIE

Organic fertilizer

AHLICHLEC it
Ombined organic and
inorganic fertilization

HEAE

Composting

A IHE R

Biological fertilizer

15KI5 R
Sewage sludge

i 45 3 AE

Vermicomposting

HEAE M R A
Compost amendment
0 25 50 75

-t e

Soil fertilization

FHHLI5YY) Organic contaminants
T4 )& Heavy metals
42 Pesticide
P4 % Antibiotic
A+ B340 Soil erosion
5% B85 YL Residual contaminants
W& & Bioremediation
[% 75 Sand fixation
#i 1+ 0Z Rare earth elements
R JFA Pathogen

F R & ik Pea moth | |

0 10 20

Wy

Environmental protection

http://journals.im.ac.cn/actamicrocn



3458 ZHANG Lei et al. | Acta Microbiologica Sinica, 2025, 65(8)

FEFFiA H Straw returning to the field
H:¥7% Biochar

JEHLEk K 5¥ Inorganic amendments
FiFF A 5 Straw mulching

ALK R F] Organic amendment
YEY) 7 35 Crop cover

+3E2ER Soil structure

+ 38552 Soil compaction

0 10 20 30

TR
Soil amendment
£ ZE77 Season
KR Air temperature
[%7K Precipitation
Yl Freeze-thaw
Z3[6]43-4ii Spatial distribution
24 % Latitude and longitude
KR MRKE Wildfire combustion
TR X Semi-arid region
3l BE RV Slope gradient and slope position
1 Soil temperature
AMRIE X Semi-humid region
14K Elevation
15543 B Geomorphic position
HEE X Humid region
FE 1A Drought stress | | | |
0 4 8 12 16
SRR
Climatic environment
F G
[A]4F Intercropping
R PEBEE Conservation tillage S HA T
#AE Crop rotation Field experiment I
DT AR AL
J{Continuous cropping Pot and incubation ([N
FHF Plowing experiment
HEWE Irrigation K AT
Ak No-tillage Long-term field
258k Strip tillage experiment F . . .
0 5 10 15 20 0 100 200 300
B S R et

Tillage and cultivation Experimental design

E5 EIXREDIEARASREIIUR. A: UIENE; B: HEGEIE; C: HEEfRY; D HIEHRR;
E: U F: HHERE G: iy,

Figure 5 Research topics and their frequencies in the black soil microbial research field. A: Research themes; B:
Soil fertilization; C: Environmental protection; D: Soil amendment; E: Climatic environment; F: Tillage and

cultivation; G: Experimental design.
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Figure 6 Frequencies of physicochemical indicators in the black soil microbial research field. A: Experimental
indicators; B: Physical indicators; C: Enzyme activity; D: Chemical indicators; E: Microbial phyla; F: Microbial
genera; G: Other microbial indicators.
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