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Abstract: Rice rhizosphere microbiomes refer to the microbial communities in the soil near the root system of
rice. These microorganisms play a crucial role in rice growth, nutrient utilization, and the cycling of soil nutrients
such as carbon (C), nitrogen (N), and phosphorus (P). Investigating the key processes and major influencing
factors of soil C, N, and P cycling driven by rice rhizosphere microorganisms provides a theoretical foundation for
creating microenvironments that enhance microbial activity and improve nutrient utilization efficiency. The rice
rhizosphere microbial-driven carbon cycle primarily encompasses microbial carbon sequestration, organic carbon
mineralization, and methane emission. These processes are significantly influenced by the addition of exogenous
organic matter, such as straw incorporation and the application of organic fertilizers, along with varying water
conditions. The nitrogen cycle processes mainly include microbial nitrogen fixation, nitrification, denitrification,
and anaerobic ammonia oxidation. These processes are predominantly affected by fertilization practices and soil

physicochemical properties, such as pH and organic carbon content. The primary processes of the phosphorus
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cycle involve the mineralization of organic phosphate and the dissolution of inorganic phosphorus, which are
chiefly influenced by soil phosphorus content and the availability of microbial carbon. To maximize the utilization
of functional microorganisms in the rice rhizosphere, it is necessary to quantitatively evaluate the relative
contributions of different influencing factors in the key processes of carbon, nitrogen, and phosphorus cycling
driven by rice rhizosphere microorganisms in future research. It is also essential to engineer a “beneficial carbon,
nitrogen, and phosphorus cycling functional microbial community” with reliable function using single-cell Raman
spectroscopy, combined with synthetic microbiota methods. Ultimately, the goal is to contribute to the
development and application of biofertilizers, reducing the global agriculture's reliance on chemical substances,
and ensuring food security.
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Fig. 1 Microbial driven carbon, nitrogen, and phosphorus cycling patterns in rice rhizosphere
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1) WA AR TR (B-EIE TR T]) K A Ak 3K 14
(I, KPR AOA F 28 T4
I'] (Thaumarchaeota)™, fifbAVEHA9EE 20 20 I i
FREL AL IR EL . & MR R A AL A I (NOB)
W, SHERMEAMEYML, NOB WA
sl NOB J&— by B S B e, ATl R
ARR, HBEHETT AN R R B IR +h i A Ak o ARl 4
JEAS I 16S rRNA BRI S RS A EH XK FH, NOB
AR A4S AR (BB TETT) . A AR
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J& (S-S HTT) . MEILEREA R (v-ARIE TR T T) A fLi
R (R PR D A R TR P Ty,

IKFERRBRIRET f, AOB I AT T 7K A 31 K A A1l
B ARG Can 3R | KA AR K Y B R EUIE it )
BATE R M, T AOA BEIS NI AEXS Fa 2, 78
FEH T3, AOB J2 AOA TE /KR bR FHEAR bR +
AR 4 2H Y L I 8 2 S ke, AOB J AOA Tk
HRE g FE Y FEAERPR £, 1 EAHXT T AOB,
AOA TE/KFIMR PR 5, XAl REZH T AOA 23|
RERBHY AR ZAIR) DLER BRI 1 52 i
KT AOB™, HIEEAZMRZM T, AOB & AOA
FEARMR B 2 S i FARBR £09, JK A St i 3
IR K AR PR AOA 1 AOB fFEE, AOA 12T
BN RS, M AOB 7E [\ B &0 T F 1
B o Wang ZFUOFSE T 4 FAS [F] 280 (4 7K g £
AOA . AOB LK NOB X #§fbAE I simik, 5% &
PR, LERIE KRS - AOA 5 5, ik AE 4
L AOB A E, WAHERSAAL EEH Nitrospira J&
AR Zhao FFUBFSY T PRI RIS A 14 (4
SR A AR AR 2 M RIEFHRCR, KBRS
RIS SRS T T, A T B IXCR AR 1) 3,
T H b IXOR A Y - e R B A AR R FRCR
HAREHURREAL . AR IR, A fk
W (Nitrososphaeraceae) F1AiF g 5 5 AL 41
(Nitrospira-like) 125 5 1] BEJ& AP ALK S - AUIEF)
FBCRARTRN EZFE A . Beah, KRS8 B AT g
TSR — KA FEAE - 8 b WA R £ SR AL TR (Nitrospira-
like) ET& 1) Z AT 2 LRV 454, X T2 5 F5
FRIE M5 R0, AL AL A 4
BRI AR A A S,
33 REHIEA

SRR FH 2 A Wk 26 (NO, #T NO,)
AR JFON AIER (NO, N,O K N,) HIGLE P Iep i
Tp e om0 g A R il AR S R G TP AR R
BEARARUT . RE AR AR B RS AL VE Y & A 4
HET MBS, AR PR 2 49 U S 1% 1 A X
P 498 A Ak b A A s A A R R
4 AT WD IR, 4300 R R R S . RS PR I
JERE . — %Ak RUA TR A A AL RUGA R AL,
NSRS L 435N nar . nir. nor il nos"", JZfili
B4 — 0 NO, 38 5 g NO 2 2 il b 5o 72 1 B e 45
B VAR SCHEIE N N nirK TN nirS"" ., AL
Ja—# N,O 58 N, i] FL % i K R AR B N,O HE
W, BRI N nosZ! Y, KAEAR B L R

nirK M nirS BP0 F 5 2w TARMRPR 1, MR PR
A nosZ FEPIRY F B BT AR £, Xk
UESE T AR PR 423 NLO B T AR AR B 38 1 WL 45
RO TETK B, RO A ) 5 s TR I m
I, #EAIIBEIENA nirK . nosZ 1 Ml nosZ 11 W2 TE 1
FIRCAEY) E2ON o-RIE WA y-2 I8 B, 4%l 2 fg
B nirS BZEIE W T A ) £ 8y y- IR w0,
TERL R K B, KRR BR & 3000 S il Ak 4 s
#A Rhodospirillaceae, Alcaligenes. Sorangium .
Flavobacterium . Hydrogenophaga. Ferritrophicum .
rhodococcus . Acinetobacter J. Azospirillum 551,

BCR AL AE B R A A M BB, 5 e A T A T
PR 2R #0 A 5 e S A ae FR T S e S i Ak e R Y
WERKZ, WK EH, pH, FEiFFEHSE, Chen
SRUORETE T 3 BRI K M E B RE SR (). T
WAL (). FEARB (G) MK RN R B AR BR £
AR B (52, R BUOK R PR+ R R R ik
Jir T B Vi TR 58 30 5 it 10 P B 7K 04 B ) A [m] T AN
A, RN C>1>G, HEEEKMEAK, 3 MokE
PR AT IR ER IO e | A R A e I
KR TRER, BRI, AR R FT
A FH AL AT S e K R AR PR S A AT g o g R A0
ST T KRS . /NZE oK 3 RO R R R A RS AF
XEKFEA TN NLO HERLA R, & AR KR A=
W, KA AT AL ER RN T nosZ Rl nirS WFE A
FRE, MG 7oK R A NLO HEk &, /A2
il FF 0 KA A Ab BT S A AL D RE R K& NLO ik
IR &,

i S AL 2 NLO HY B EHERCIR, HX 2R
fe AL BAT E W, Sy — 7, SRR A
ARG HRENABURER, FKT 2R
BB, W T ENAETEIRN Y DR 205
FF R WA FE H N0 HE R B Z k. H
HIA Ry, Pofb &t & . DL S AUIE AR i A8 A
JE AR BB | it P A 0 580 IR T Sk e
TR AR A GRS AL N, HER ™
34 RESENK

IREA 2 AL (anammox) BERERKMT, U
R, WARTRAR T2k, R AR AURDK
BN, 38 H #EA A NO, + NH,” — N, 10107,
IR A S AL I B A SR R — A A
[ R A At 2 —AF, RS AL e A A A
B % A B B AR e KRR PR A R R A
FAL IS X071 Nie Z5011% ] CARD-FISH .
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R RN EEH AR . qPCR 4371 16S rRNA K 7
SCEE, WSS T ARBRANAEAR BRAe FH 44 anammox 4f
WAAAE . TGP L DhREE PR 3 B S OO /0™ AR 1Y
DR, R IK AR PR - AETE W IR R AR
B, HXPR A ER TR 31%~41%, #HN N,
0.33~0.64 nmol/(g-h, +). ZEBIAY, Xu ZE20F]
SN FE [ B BRI E T KA AR B B AR AR BR - rh
IR EA AT, RIS A A ATEIE R B
A BN T AR BR A, X I AR Y STER 2 0
13.3% (AEMRBR) F15.3% (ARFr). KW, #HPrN
anammox A FHEHL | — A FIRYASE, XL A
PEFR e BA B, A SR S A A T
FEHUNT SN&E: Candidatus Brocadia. Candidatus
Kuenenia, Candidatus Anammoxoglobus . Candidatus
Jettenia, Candidatus Scalindua"'®, YJREFEIH hzs H
3L, S lE hzsA . hzsB Fll hzsC, J&xE
IR A AN TR 1R e PE o ARl MR Ak
20 T Y 22 AR AR T B e AT ) B S o AR S AN A
P A B E P AR

it s IR A TR R R, iR
JE. pH. JEAETF . AR R KA B 1R
S, ARG R RS H L3, RE AL
I PETE K Y- FH 2 B 7 1] A AR R 2% 500 12429 Shan
SEUBESCR B, CHIREEM 5C HNEF] 25°C B, R
AT TETE N 0.4~1.7 nmol/(g-h) 484k, {H 2415
M 25°C HEE] 35°C mf, IRA R A AL L o T
B BIAY, 76 pH Ry 7.3 B, PR AALIE i
e, HAEBCEEAR B E pH X IR S 2 A A R A ]
KT pHo LA, A0 20 S RER W2 AR
PRAAAAM AR, K0T RE S KA A A LA w11k
AE A SRR YA G e PRAR S AL L (hzsB)
FRERKRE AT B R, Hrb, ZrEElIR bR
A hzsB FEH F RS A, HAR R MW h BEHITR 1
WIEY hzsB FEDIRYF2 8 ARG, AL Bt 2
e D AR B A AR TG, Sun BT E TR L
NEAFEFF . ARIEAEF+ S NE AL NEAFE A+ IE 275
R4 TSR] 0 B, 4 48 H IR 45 2R R,
ZRALHC S AT AL PR PR A = A T M dw s

4 KRR PR YR S i - SRR
PS5 SuEEs

e 2 TS R, (H T gAY R
S — Nl a DR R 2 5O 2 LA IE B R B 5K

5RO R A G0, B LI LU HLATC
UL XAEAE, JCHLIR i AR DL b e f
B IR S R (] DM A e R
IR R B R T T A A DG B P,
4.1 FTHLEARE

TCOLWE S i ) FEZEHLH R A W 7 A= A LR
AR 1 4% pH, MARAY + 38 pH Al {2 i AL A +
PR, X P BRI A R T A LB 43
it FAR I o2 2 5 TR ALV A () AL L TR ged W]
L A o A A A T R A A R ] 5 S [ P R A
PEOTSEaE , T 2R R T i VA R R R ) D
M FZRAY . WA, b BRI AR 1Y 4 T
TR 531 o 00 T A TR ) 1%~ 50% A1 0.1%~
0.5%"5, BFFE A, FKFEHR B[R] B £7 7 DR S R 4F
AIRWEHCEY , PR B T E TAEMRER, K
SRR F B T U AR T F R DB YK
T AR B v B 3 A= W 6L 46 Bacillus . Pseudomonas .
Rhizobium B Enterobacter 5%, Panhwar SE M
U SEUKAR T AR AR b o B 43 BRI WEAN R, o)
BT bR 2SR R T AT R

W5 K B, AR /K 1 B BE PTG K A AR PR - 0
WY, BT (Rhizobiales) MLk B
(Actinomycetales) 757K & -+ B i oo 72 ke 32 A
FHUE AN, BB TR P RE A5 S e R ) Y AR K
B OEFRW L KPS AR R R
Aslam JEMIESE T HEIL K KFE TP-LaPAPI2 15T 5
TEH AN T 5 ANHEE AR 4 2E AT A
(— I ) XK FRAR 2R B R A 52 e
e B HE RN ZF FO Y B S bk AR T TP-LaPAPI2
IKFEAR Y A A ST B R e, R AT 5. ANt
BERAE T o HANML L = G H R S — R AR B 7%
MIEAR, RERS AN b R AL > IR B . %R
RETIVTL | AR AR A 1l 7 S5 57 R IR — 4 L ) A= B
AAE R, A, FA R SO R R T Hhi &
G )i D vink 5 AR E U VS I PO S a =X 7/ T TR 1A
2, SCBUE B 2R AR AEAS it H BRI P n9 U3
530, Liu &9 AT W [Pk 1A /KA
(FEHE 46) ARERTHAFBIARAE T 421 BRANE IR HAE R
SynCom MEIEFIE, SRJ5 K2 -D,0 ik A Xt
TR 12 BRACRME TR RR AT R PPAl, BT C-
D HU{H & Pseudomonas aeruginosa F1 Rhodococcus
erythropolis HTHR AR, FF4% R. erythropolis Fl P.
aeruginosa JLREFAE A4 SynCom, #E— 2 HF5Y &
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R I R G2 A /K R SR B 30 10 [T B, T 4
R B 5 ol v 1 2 B2, A AT HLt AN 5 B 2l 1) T )
PR, DT m i R R
42 B

A BUBRAT A 2 WCEE W ik D &/ Mt TR R 5 A BIL 15
e A g A W T F Y TCALBE Ry FR 0, A ALEE
+ HE MR 30%~80%, H & BmEE L5
ATYAE A Y, 25 3G LB L n) Bk KA
B VE B BRI (phoD 1 phod) . FEFRME (appA) I C-P
25T (phn), EATEEARBRTLEE S, 1EH
2 B Gl 2 0 P 98 TR TR Al 1) [ R R I, phoD 1Y
PR T WA RE R RS ], TR B SR
TR A VLB . R, phoD JE P L
DAy o G B 0 P W0 2 it 1 DG B PR, 0 3 i VRO F
ik 35 B WA T T 140 2B P R - B N A A
PR 15 R FEAR PR 45T phoD 55 R T4 W FE 20 7K
S - F%k Alphaproteobacteria, Betaproteobacteria .
Gammaproteobacteria, Cyanobacteria & Actinobacteria;
TEJB K I FE N Methylobacterium . Methylomonas
K Bradyrhizobium™

Wei SEEFSE T it il N AN AN i A28 A ] 52 i) 7K A
5T phoD JE UE W FBERZH I, WS &
W, phoD JEPR 25 T IERA R B E A, H
ANt Ak B AR B A AR PR - rp phoD F- 1
i THEwEAL B, X RUITEZTBE S5 T 45 phoD
SR e o T A PLBER AL . BR R R
Hb, BB Ak 52 G0 W0kt 1 ] A1) A 52 0
SMIEAS B IR AT 4 S R Y R, R LB
WA, Liu SEUSBESE T it A= Y0 ok B kel i A=
Yy R ER oK R b A MLBE R AR S, e IR
phoD JE A W 40 B 0 Z AR 5 A HLB L 2 1E
FAOG s Az W o VR SOV 2B 1 e ik B4 B 8 T
phoD K IEBEEANR B, eI 1K FASIETET]
MR IR T, Rl ik e A R s
Proteobacteria. Gemmatimonadetes . Verrucomicrobia .
Firmicutes F1 Acidobacteria BIFAX) F 2 [ FH#a#H,
H. phoD JEPR 4= 5 24 T HAWAL BE . R A= 9 e 4 i)
SERRBELE Wk S JCHUIETR e, A ) T2 a2 R ek
JKFE A= A HLBE R,

5 #iigER%E

IKFEMR PRI E IR S B . R BRI IR R4 E
MEBAE . —J7ii, fedt £ . /. Boox

1 JE G, B KRR R O WBORI T, g K AR A
KOt m ™ & H—Jrm, KRR, ZEH
REME e e e . WA, IR ARl
YA EE M,

IKFEARPRBR . . BEIE PRI RE AR W AR DG AT S
JEBRINT

1) HAGE X BTG G KRR bR . & W
ISR, TR s S (WO L, Bt
A ZR A MK FEAR PR . A, BEIGER OG0 5w
HLERHRT

2) SR K FEAR BRI A= Bk sl i - agem . AL
I SCHE S AN R 2, ) & PPAl A [ 52 R
PR B AR DTk, LA S e s s A A DG B 52 e P 1
R SR FERR BRI A W IR B Bk . L. BEAE PR OG5
TR E 1) AT AT Rt — 2L

3) I FH B AN 47 261 HOR 25 G G UM E Y
B, CEEEHIAE N IR T vl SR “F #3
e, A BROEHIDRERAEIRETE” , AR T RO AR
7 B e R FH K R AR PRI RER AR 4

4) FERPEYEOC TR . AL BRI RE AR W) M
R R BESE, 2N TE DNA K |, gl
AL T RNA JKF B 5 AU 4 A 255 BT 5
TAE,
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