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Abstract: The black soil in northeast China is facing the threat of continuous deterioration. The

carbon cycle plays a critical role in the maintenance of soil fertility and productivity in

farmland, where microorganisms regulate the carbon balance in soil. This review summarizes
the distribution, characteristics, and degradation of black soil. Firstly, it describes the
transformation pathways and community composition of carbon-fixing microorganisms in the
black soil in farmland. These microorganisms employ six pathways to fix carbon. The
high-throughput sequencing with the carbon fixation gene cbbL as the probe reveals that the
carbon-fixing microorganisms in the black soil of northeast China mainly belong to
Proteobacteria and Cyanobacteria. Secondly, the review discusses the effects of tillage
systems, fertilization, straw return, and freezing-thawing on microbial carbon fixation in black
soil. Finally, the contributions of carbon-fixing microorganisms to agriculture and the
environment are expounded from increasing crop yields, reducing agricultural non-point source
pollution, and reducing greenhouse gas emissions. While these microorganisms are crucial for
nutrient recovery and crop yield improvement, research remains to be carried out. The
protection and utilization of black soil necessitates a deeper understanding of the microbial
resources involved in carbon fixation. Interdisciplinary studies should be carried out to reveal

the ecological processes and function and structure changes of these microorganisms, and a

black soil management scheme focusing on microbial carbon cycling should be formulated for

the protection and utilization of black soil.

Keywords: black soil in Northeast China; carbon cycle; black soil protection; carbon-fixing

microorganisms
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Table 1 Types of carbon cycles driven by microorganisms
BRAGER Y WY REHERIR 7= ESiidl 27 3CHk
Type of carbon cycles Microorganisms Source Product Enzyme References
RIRSCEER B W, BREAE OtRe 3-BEIR HHhR W ARE-1,5- R R AL [15]
Calvin-Benson- FFedl . SR Light 3-phosphoglycerate /M4 . BEHR A% A
Bassham cycle Algae, cyanobacteria, bl

Proteus, purple bacteria RubisCO and

phosphoribulokinase

R =R PRAIGER BOME . SmAHE. SR CoA o-M % TR G . FrEE [16]
Reductive tricarboxylic AEFFE . KA. Hydrogen TR ZL i It
acid (rTCA) cycle il AR and sulfur alpha-ketoglutaric acid

Purple bacteria, green and citrate lyase

sulfur bacteria, Proteus,

Aquificae, nitrifying

bacteria
R LG A PG . RIS & CoA LTS A S —% [17]
Wood-Ljungdahl pathway . LR Hydrogen A A S

Methanogenus, Acetyl-CoA synthetase

sulfate-reducing bacteria, and carbon monoxide

acetogenic bacteria dehydrogenase
3- R BL N RRTE PR LRI AMBL AR N BTG AR5 (18]
3-hydroxypropionate bicycle  Chloroflexi Hydrogen Pyruvic acid Malonyl-CoA reductase

3-FRHENTR/A-FR LT BRI R
3-hydroxypropionate/
4-hydroxybutyrate cycle

ZRIR/A-FRHET RIGI
Dicarboxylate/
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LRI A
T . By & m KA
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archaea, Metallosphaera

sedula

TR A AE R
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BRI
Hydrogen

CoA

and sulfur

ARG CoA
Hydrogen

and sulfur

LTSI A/NBERTEE A [19]
FRACME . 4-F20E T EAH

ity A B EUBE . N I

i A & i
Acetyl-CoA/propionyl-C

0A carboxylase,
4-hydroxybutyryl-CoA
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4- LT IR A L [20]
it WA I N A B AR
et
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phosphoenolpyruvate
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