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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
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significant challenges in classifying and understanding microbial community based on functional traits. Life history strategy
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 (r-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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Fig. 2 Classification of microbial life history strategies of soil dominant bacterial phylum
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W, AT S HRESTHAE: T MERETRECIUR I, BN S KR E AR, SRR R 3R
FHETER S (3 1. Ho S5 H b S0 B BEVE (0 A 35 S SRS BF 500 MMO FRic 250 (i pmoA.
mmoX) FIFEREEE IR (MRNAD 48, LR TE B e B 85 P AR U SR O T B VIR B A1 26
C-R 5EHE; H0EEh. VB, WEKLL K AT DLZE A AF F AR 2R AR R MR A28y S-R 5505
4 B MR R IR A AR 0 Th R S AR T RE AT ThRE MR U926 S-C M. 52 25461, Chagnon
103y e W AR B BT VA 1 DB JE1 1) C-S-R BRARMELR b, (3t 0 22 55 5 | SR m R AR s 0
HER AL TP RS C RS C S AEiFBUR IR . BRI 2k fr, DU I s
(BRI ThRE AN S S s T A5 i e K BE o RS T 72 A R0 T 22 A B S Bl R 5
W& . B, Heuck 25478 HAERN & 7 ABLE IR ELIE 1 C-S-R BIGAELE, A 2 (U5 TR A i
Aot g b A 45 R 5 rh M AR B0 B 2B S0 SRS (VB AE A, B SR U AR R A A B 2 R K L
SREUBE I ERE S C SEWs s A= dn I, AEW IR T TR Pk B L2 R 4% IR B A R SR, 1T A e St
R IR S B AE W R RN S 205
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#* 1 C-SR 5 Y-A-S & iE S RERIPILIER P R EIRIE R MR
Table 1 Potential traits of C-S-R and Y-A-S life history strategies theoretical framework

IhEEHEIE Functional category

C-S-R FipHELL
C-S-R framework

Y-A-S FigHELL
Y-A-S framework

C S R

Y A S

Reference

TYERM LY & AR R AL E P BUEYFE  D) e

Cellulase biosynthesis and other complex compounds biodegradation

function
#k#K A Siderophore
321k Transporter
PR EME )
Antibiotic biosynthesis
HEE AR S AR IZ Bl R
Microbial motility e.g. flagellar formation
i1k Chemotaxis
AT RNA RGN 32 764 Tt
Cold-tolerant e.g. cold-induced RNA helicases
B-1,3-7 S M U 4 L EE - R T e
Cell wall biosynthesis functions e.g. B-1,3-glucan synthase)
DNA i1 2 DNA damage repair
7241 Sporulation
c [AF o factors
TR
Molecular chaperons e.g. Chaperonin GroEL, DnaK
FH SRR 6 A 2B AR R K D) e
Biomolecular damage repair e.g. Biomolecular damage repair
Jfoh 2 Bl RS 52 5 D) g
Protection from desiccation e.g. Synthesis of extracellular
polysaccharide
B K AR Maximum growth rate
AR Metabolic entropy
DNA % il DNA replication
5% Transcription
#IPE Translation
L BRI 5 2R A R
Center carbon metabolism and biosynthesis
B SR AT R A 1 AR
Biomass carbon produced per unit of substrate carbon consumption

APy ANEAE ] Biomass and respiration

[24,101,105,106]

[106,107]

[105]

71

[6.9]

[6]

[106]

[6,106]

[6,9]

[6.9,207]

[6]

[61

[6,9,108]

[107,109]

[101,110]

[9]

[

[9]

[9]

(6]

[6,111]

[6,9]

W @MREIZFNEH G T MM TIAERE Note: @ indicates that the corresponding functional trait is included in this

strategy.
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SR 5 Al Xof S — A A W ) A i 52 SRS AT 70 5 B A AR 2l A O T 1) A 3 S SRS AT iz i AN,
3T A SR I TRV 2H 2 AR PR F R A A T 1) = v AR S SR AE ST B AL T T Dh RS R A A 1E 1)
BB . Krause P am gl A, AU R — RAIFT SRR L, B E AR
AR DR AL R R 7 2 C-S-R AEZE A, H S5HAEMAKER ., AVEEK S RG s I
KHEIThae kN C Ebg; Hrofd, 4ERranpsc . I, RINEEMIRIE A R R 4
RIS w5 RFIRGE R ren #5 DUEG,  DLTIZAE Ik a8E . 12 Bl AT B 55 1 i . g g
KN R S . Horh, A2 IhAeE T LA C-S-R AEvE S SRS, Bl antf 7 im0 Nt R A
B C RBEYRIR,  PUATAEYD A BChT AR 2572 18 F0 ) HAd R 0 B2 R OR IR /= 3 & I 55558 i
SIS R SRR M F L B A KRR GRAE Ko R rm LD BB TS sk
WEATZIEE 06 G2 ARERFIFE Zohge) M8 peabh, S mis s 5C B D) BEARRAE
Cha e 4 ) 2R MEIA2EE] C-S-R HELEHh (s 72 SIE 1, Krause 2523 M 035 s S FO T RE
AR S R o R SR E SRR, MIEZERN R K 1 Thijs
Vangronsveld™ I A Sy ix a4 HE7E PR 45 380K I 2 A5 i A s ) P ER s oh R R 0, e
SO SRR, N2 C 5K . 255 5% TARBRIME A3 sh 5808 (R AE BT 98, Wood 25124
B g shi e shae Catk EREEE=4) & NS & (Foragin) A RMIHFE, FoK Hdr
2N F SRR, A)CORCE ) B RHE AN E TR A M ESHELE,  RBOYEN h SReg 3EAT S
PIHAE C-S-R HEZZIERY 4R 11 T C-S-R-F HE4L, BJ5, HHuk—B50ch C-5-0 FpHER, ZIip
HEZE A (PR G A A IR T2 257 B A 85 Hp BRI 1 BR ) 5 22 AP s el ] LUK G b R ol A RV 2
AL ATz e, Horp C SRR 1 B SONAE B2 AS FAS 52 FR 1) ()34 5% Hp R JdE B2 R 2B W AR AIE 491
WA RS B RIE A S ATP P2 AR S SR 1 B SCNA R T8 S YR A FH 52 21 PR i
IR R A A HREAE, a0 DNA B . BRAMIERIRE. SI24K; FAM R EIKIEMCH O SHIg I
IO T SIS SRR, 8 XCORTE B8R T ) B 1438 30 1 R 55 A AR gk B U 2B T R0, ) T Rk
Ak B TR RAE I 2 AR RE
312 Y-A-SHIEKHATAMEZ  Malik 7 Wood 2P H 1) C-S-R-F A3 s SRS HE 4 [ 5t
fitth b X B A A T S SR AT TR R AN RS R T Y-A-S AR TE SRS EIHELE . 7E Y-A-S HESE
A RBSEUR T C RIS F3RRS, BUNTUAEYIN 364 £ BEARILEXS BRI e 4, AEINIEs) 5
HEL S T B AR S R AR T AE P R 1 SRS 22 PRER A (1) SRR T R AR I D RE . T Y SREmE U4 e SR
A BRI RERT P2 AR I AE AR R, S R IRIE K X A2 Y S5 FE IR A Y i 4%
(e B AR R KB KR (% 1) B, 5 C-S-R HEZLAHLL, Y-A-S HEZLE LIERRIEEF 2 (A1
e R s, Horh Y SES I I AR 4 (R R R T A R AR 2R BT, A SRR
M I P N AN A B AR TE R AEFAD, S HEMR L U AT RS B T2 B AR IR 2K,
UNTE T B2 R P2 A (R A 2 5 53 2 Al & 0 mT Rt T L e i & 00y BA o n 5 S py sk %Y . 2022
M, Li ZO9E Y-A-S BUAHESE FARH T Y-A-S-P BHIGHESE, Xj&—Fp4rnt T8 LI ES RGN
HEZE, JLrp P SRMEARER 74U AE KB 1 4E R SRS, 12 RS T BEAE B8 T 210 3 b 5 3= S, AR
X LR AE P AT LUK T R SR A e 7 A R B YR A T R e 9
3.2 Z=EEZRAINA

AR, VFE2MRHEIE T IR0 KA ST TS LR AR R R, fERH g, EE
Fem TR A A (G EIESAE R AT UMEREY R ER R T H A K, FtY K
WE LAY E PR SA, IR EERAE MG S R T R T K EAE R R, a] DR i A LS
R, ERE, AR R 2 R i h, R INIE AR S IR UL BT Y SRR B
1, 2w L W RRUE R %, AT ISR L IR A S (0 33 HUBRAR B AR 2, sk, o
2t S IE U 2 I R AE P A 2 v B 7 SR, AR DRV SR A ) BE R RN A SRR AR, [RAIK
FagrhaR R 2, R e RS RGP AT IR BRI, TR R U WA s SR R
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WAL, FEOUAL TR B W R IR 3k A 25 R G HLBR A7

JEA P th 2 5 B A I A T s SR A A . B, RIS e n S SEURAEY) S SRnkY
SR, TR SR REE A TR S SIS, PRI LR R0 B,
REEERES (TR, MUEYRES R R Y SR S A S A28 orT, T A %
I a5 38 2 S ECR BN AELL, AT AR KR R B KR s, RS B,
{H ST MR REE S SRS TG 5E T 1), ATHE Rt T R VE S T AR MR B, Mk
A R ZAS F IR T B S A RS e A e R 1T,

B EHESAE AL, R IR R ANt 25 3 AE 0 A 3 S s PR A R . (AR S eI,
ARG P ) AR 3 S SR BE AR QeI N DA S BRI, TR TS Y T O VEIAR PR AR R 1 A
TG SRS U R SRS ) C SRISHEAR, TIRERAR RN A IRt T R E TR R, fE— e
JE b G2 T ARG Y ra e P g, R I VR RS SR AN [ th i A - 9 R R R e x g
AR AT S SRS P AR [F e . R, RN, R R TE B 15 45 8 IR SR
(Acquisitive plants) T LLE 55 A SEE 16 T84, Boman ittt . 0 R 80 4 iuiz s P25 Th
A, $Em LR R R R, RIS M2 BER. NEMIF SR D
(Conservative plants) JUI & 48 Y &K Tt A, WommkE @ . —RERIEH (TCA). BMik & C
SRR IERR A A AR, R T U M e 1A,

3.3 =R ERRARIS

Y-A-S J C-S-R 23 o S WS B S HE SR B AR AN YRR 7] 38 e (1 52 24 eV Dh BB R HE 2
BET VIS, TSR A 5 N 235 3h R RIS PRI T BE v B I LA S mi g it 1 B S .
SR,  [Rl—T A DR B BRI AE AN R A 45 4 R IO Th BEARRAE B AR 5 S0 B I AR AR ), 4T
TR TSR A 5 R A T e 23 BT (R0 i 2 A AV A 16 5B SRS 114 3 0 S A e v A R T L 3 i A= P 1 4
RS, L, N DERAE Y AR TS SRR, SRR T B OGRS bR R T RE A S
IR 2 Z B IR, ] LU o B ik 5 VR /KT 1) 22 2 280 AT S AE e AN R R S 261 R 11
JEATARUHERAE s fARAT BTN RE S 5 AR S S SRS FE e B, RIS R LS 2 ) 5 F BUW B A A
T S S [ B A3 B R 285

4 AR A S SRS A T

DAY A5 S SRS BB HE R A R it A, iR e — /MBHE QA = IMEHER, 21 TN
SEYAS R RIMAEYES R AR, Horh T MEE S T B B E VIR R Y)
R RE A E R SEIAFAE, DA AR IR R 5 BRI RCR N 73 At s 1 = IMAHESE 3 25 18
TRAEMIE ARG I DIRERFAE,  DARCEMIRER T I hBE 28 PR L IR AR AL N 70 28K s (R 2D —
oridad T RIRBEEE IR BN AR G, RES PR R A A E SR AR B N, JEHAEARD R L 75 %
IREE RPNz R, XA B A AR U 2 NS TR BAE,
SRR I3 AE T 1A T MAFAE 73 R ELBOTB R BRIk . AHELZ R, = AR 5 N2 AN E T, o
W WS R IERE 2 4L . BN, C-S-R BB MIRETE R/ a4 . WA 2
HHMBENFHE, T Y-A-S BRI e RIEERICS M 52 =KD RENE &R . LR
SIS TR KO I T 05 R B S AT, R ORI AR SRR 1 SRR, AR AL
ZHEPEE. TYMFE PRI T R SIS RIS . RS = e B g F e, H
HZHMEOR . RIRHER AL —, SBOLEMAEM AT PN AT HREG B MAEME
7 SSRGS O BB HE AT FUATY Ak T PRdE A I BL,  ARRHIT FU R 45 & BARWEFE il 5 B R, RS 1%
FIEEE S AN FI A S, SR H A BT Gl R W v 25 0 S SR RO 0 47) ) PR T A R A R AR ) A
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3K, AR ARG BT S RIE R R . ISR E YR S T 7R 1 TR A A A A
PITRIAL, ASCRARR W 7 173847 T R EE .

R2 RS EE AL RRIBICIESREHES M A

Table 2 Characteristics and applications of two-way and three-way life history strategy theoretical frameworks

GROE Nk =03k
WA HEZR r-K 4 HERSEE C-SR Y-A-S
e o B Vs, WA 7R s, IR
R 4k AR A vs. BIRFIHRCE W v, TR ve. L
EHARE M SRR HEVE
VSRR AMACRFAIE SRV (9 2 R AR FEVE Ty e (5 4 R B RS R IE
— ARGl IR 16S 4484 - Fr F D e
16S 4384 1 Fr 7 W i v 2 Bk 5 F DR A B e S L T R D e
AN A A KRR
PEOMERS  HEE: GYIGTLLWI, BRFTIET 1S AT B [ THIXS AFRBIIREIEREE (R D
FREELB, SO S A AR Y L
. NI, CRFEEI O LZAEHEIE T ZMRAEYTER,
A AELARHR AP 0 B W R & AR AR 5 2K
e SHREAS SRR, B X i
JRBR LRGN, I REHIR P —

4.1 BN HIBEMEVE R LRGN SUBITERE, HIFFSIIEETN RIS EERIA AR

I ) - S AR R U AR I Sk SR BT I A EAROR T B I e AN s R DR A R SRR, AR L R
R SR ZH T RE T AT, DABRAE RV K () D R SR DR 2H SR AR KRR N 2 il . SRTT, TZER
PRI T AR BT RESE PR AR BOR IRAS, TRAEA FIFREE & 0F R ikt Jik, ixuesy
W F BN e R WL AE ) VB E D RE,  TIEAE /R AR BN IR R I SEBRAT 9. SR el SIS 2B P T
R L R P 2H R 2 A 1125 DRI 2k R B s e, 792 Ml IR ARSI . R X — R, &
MR BNAS 2 HERRNTIE AR « AR AT DL 22 2 2R BOR , R A s 28000 7 B A 2k R BN 28 A RFALE
FIRACH RN & AL I B AR = 2 i (& s AEYI . PR AN . & RBTE AR K
fiE, FIHSRANMRRE 61 R ChR L & JFE AL TG R M T B, RAE oA v S SRS I B o R L .
RS, RN TR BERINLES 2% 3] SR 22 ) F BN 4. 2 U5 I 4 22 5008 i 2 R A A P SRR A1E
S I A 2 PO S B RS BRI A A R AR W) D REARFIE I DG R, R (R ST B A IR AR W) AR Vi SRS e 46
B, SCILNERIH BN A8 R REM 2 )2 90808, HESD A A3 sk SR A FUadk N w] Ftu i 8 By
B.
4.2 $ERTIEMEYE IR RIS AR IREIHLE, HESIINE I B AV AE IR B B Th BE AT 4R A2 A 2 [5)33

I

e LLEE ThAe “ E4mAE (functional reprogramming)” Fi 5 & FE PR A5 5 S A= 3% sh S
(ISR, BRI 24 i 7T 2 J0 PR T S5 MR A S 32 DR 2L B (R R A DR ) B JE = P 4 o PR R ek
XTI A S SRR S e R AL OGO E . LRSI AR, BhZ KRG L.
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