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Abstract: Soil microbial community drives biogeochemical cycles and is crucial for maintaining soil health and ecosystem
sustainability. However, the complexity of microbial community composition and the diversity of microbial functions present

significant challenges in classifying and understanding microbial community based on functional traits. Life history strategy
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theory links microbial metabolic characteristics with ecological processes, providing critical insights into the relationship between
microbial communities and ecosystem services. This review systematically summarizes the theoretical frameworks and recent
advances in soil microbial life history strategy, outlining the original theories and their developmental trajectory. It focuses on the
two-way continuum (7-K life history strategy theory and oligotrophic-copiotrophy life history strategy theory)and the three-way
continuum (C-S-R and Y-A-S life history strategy theories), highlighting their conceptual foundations and practical applications
in soil microbial community researches. However, current studies primarily rely on descriptive analyses of microbial functional
composition, lacking investigations into the dynamic expression and regulation mechanisms of microbial functions. Based on this,
we propose future research directions on soil microbial life history strategies to support sustainable agriculture. First, integrating
multi-omics technologies is essential for assessing the functional dynamics of microbial community. While current sequencing
methods (e.g., amplicon and metagenomic sequencing) can identify potential microbial functions based on the genomic
information, they fail to capture real-time microbial activity in fluctuating environments. A combined approach incorporating
transcriptomics, proteomics, metabolomics, and single-cell Raman spectroscopy can provide deeper insights into real-time gene
expression, metabolic processes, and other critical aspects of soil microbial communities. Second, elucidating the molecular
mechanisms that regulating the microbial life history strategies is crucial. Microbes dynamically reprogram their functional traits
in response to environmental changes, yet the signaling networks and genes governing this reprogramming remain largely
unknown. Future research should focus on understanding the interactions among environmental factors, microbial gene
expression, and microbial functional investments. Additionally, synthetic biology approaches can facilitate the engineering of
programmable microbial strains, enabling precise control over microbial functions in complex ecosystems. Third, expanding
current life history strategy theories to incorporate species interactions within ecosystems is necessary. Existing frameworks
primarily emphasize microbe-environment interactions while neglecting biotic interactions, particularly in agricultural ecosystems.
For example, rhizosphere microbes enhance plant stress resistance and growth by producing plant hormones such as cytokinins,
yet these functions are not currently integrated into life history strategy frameworks. Future studies should explore how microbial
life history strategies regulate soil-microbe-plant interactions and quantify their contributions to ecosystem services. We
emphasize the need to establish a multidimensional, dynamic analytical framework for microbial life history strategies, elucidate
the driving mechanisms underlying microbial life history transitions, and refine the response framework of soil microbial life
history strategies in agricultural ecosystem services. We advocate for developing microbial life history classification into a core
theoretical tool for ecosystem function regulation, providing microbiome-based solutions to address global change and food
security challenges.

Key words: Microbial life history; r-K strategy; Oligotrophic and copiotrophic; C-S-R strategy; Y-A-S strategy; Regulation of

ecological functions
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F1 C-S-R5 Y-AS S FHEMIBICIELR D AFREKIGES AR

Table 1 Potential traits of C-S-R and Y-A-S life history strategies theoretical framework

C-S-R P HELL

DIHE4EE Functional category C-S-R framework

Y-A-S HlipHEL

Y-A-S framework

C S R

Y

A

S

References

AR EY G IR E L& W B AL YRR D g ° )
Cellulase biosynthesis and other complex compounds biodegradation
function
#R# A Siderophore [
$32 1K Transporter °
PUEREY & °
Antibiotic biosynthesis
WA RS s shEe
Microbial motility e.g. flagellar formation
#afk Chemotaxis
RS RNA R iE G5 2 I8 Jine o
Cold-tolerant e.g. cold-induced RNA helicases
B-1, 3-SR G UGS 40 BE 5 I e o
Cell wall biosynthesis functions e.g. B-1, 3-glucan synthase )
DNA #i#jif6 2 DNA damage repair
7= f# Sporulation
6 HF o factors
AR
Molecular chaperons e.g. Chaperonin GroEL, DnaK
FHEEHRAE Y& S B 0 AR G B T fE °

Biomolecular damage repair e.g. Biomolecular damage repair
WA WG A A2 T 5 S fE L]
Protection from desiccation e.g. Synthesis of extracellular
polysaccharide
fe KK ¥ Maximum growth rate
R4 Metabolic entropy
DNA % il DNA replication

% 5% Transcription

#7% Translation
BRI 54 E R
Center carbon metabolism and biosynthesis
B IR T G R YR W R B
Biomass carbon produced per unit of substrate carbon consumption

R FIFIAE ] Biomass and respiration
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Table 2 Characteristics and applications of two-way and three-way life history strategy theoretical frameworks
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