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Abstract: Soil organic phosphorus (P) is an important component of the soil P pool and its mineralization plays an
important role in global P cycling. Understanding the mineralization of soil organic P is beneficial for the efficient
utilization and management of P in terrestrial ecosystems. In recent years, the application of advanced techniques
such as modern spectroscopy, chromatography, and mass spectrometry has provided crucial avenues for a more
comprehensive characterization of the composition and structure of organic P. This review summarizes the
applications of these technologies in quantifying changes in soil organic P content. Organic P, following
mineralization, is converted into inorganic P(P;), making it available for direct uptake and utilization by plants and
microorganisms. Soil organic P mineralization is orchestrated by two primary pathways: enzymatic and
mineral-mediated processes. Delving into the mechanisms of biological catalysis and abiological mineral-mediated
catalysis is crucial for elucidating the control pathways of organic P. The mechanisms of soil organic P
mineralization can be divided into biological mineralization driven by the oxidation of organic matter by
microorganisms (phoA, phoD, and phoX) in response to energy demand, and biochemical mineralization driven by
the release of Pi nutrients from plants in response to the demand for P nutrients mediated by phosphatases. Recent
investigations have underscored the significance of minerals as an abiological mineralization pathway, shedding
light on the mechanisms and actions of mineral-mediated catalysis. The surfaces of minerals (such as iron
(hydro)oxides, manganese (hydro)oxides, and aluminum (hydro)oxides) provide an enzyme-like environment,
facilitating the cleavage of phosphate ester (P-O-C) and terminal phosphoanhydride (P-O-P) bonds, resulting in the
hydrolysis of organic P to Pi. In soil ecosystems, the biogenic elements carbon (C) and nitrogen (N) are intimately
linked with soil organic P mineralization. From a nutrient factor perspective, elucidating the driving patterns of
organic P mineralization can inform strategies to regulate soil P pools. Specifically, C effectively drives microbial
mineralization of organic P, whereas N influences enzymatic metabolism, with the interplay between the two
elements profoundly influencing the soil organic P mineralization process. The multiple forms of organic P present
in soils are susceptible to influences from various external factors, which modulate phosphatase activity and alter
organic P content, thereby further affecting the mineralization process. Various factors, including agricultural
practices (such as fertilizer application, tillage practices, and biochar application), soil physical and chemical
properties (such as pH, temperature, soil water content, and soil aeration status), microbial biomass, soil CO2
concentration, vegetation, and pollutants all impact soil organic P mineralization, resulting in corresponding
environmental ecological effects. Therefore, regulating organic P mineralization is crucial for enhancing soil
fertility and protecting the environment. Future strategies can focus on enhancing phosphatase activity, altering
organic P composition, and increasing the abundance of phosphorus-solubilizing microorganisms to improve soil
organic P mineralization. This review summarizes the advances in soil organic P mineralization research,
synthesizing the soil processes, influencing factors, and control pathways, and highlighting the existing challenges
and prospects.
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Fig. 1 Diagram for current research progress on soil organic phosphorus mineralization and its regulation
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Fig. 2 Diagram for structures of some common organic phosphorus compounds in soils

H

1.2 HIEBAH R R

B WU 53 2 183 A 5] 7 V200t 48 o 5 Bl WA e R GV 1 B A A R gk AT 43
9% Bowman Fl ColelU iR 4fE T A MU IR E Mo Fo oy Avd e . TR asis 1tk HrAatk . sy
AN o SRIMTZ TR B IR JE I BT v, T RE i i S e M I B VLB & B s, 1T
RS A WL & S im /N . Hedley 4348 77 12 U B8 fin 4TI b [X 7345 ALB 2H. 43 FIE ML 2H
AT CABE O M e et 3 h S RSBk, B L3RRS MM E-P. NaHCOs-P. 1A=
Y. NaOH-P. 3B SRR N BE. B UL Residual-P KRB, X2 H Hi-% i
KA KI5 A, Guppy SPIE— ik 1 Hedley 774%, #413% P 43 A JIE-P.
NaHCOs-P. NaOH-P. HCI-P. Residual-P, 1% /7 yEiEid i iH &5 00 A I B EAT [0 0 15
1.3 HIEBNBN ST FE

AER I E g i A LR & & 1SRRI 7T LI A WL O R R D BB, AR,
IR Fe A MU LA R AL E AT, R, RIEE VI MA RS TEALSES
REEL, TR, MAEREE. TGS M a2 PR R, 7N AT LA T /K
b RAEA U [ 2H AN L5

(1) WAH 3P B IRPBAE (NMR)E o 15 73 FF 32 (0 3P NMR P35 T DAFH ok 4 8 Al
EAL IR FTE A AV S 00, Gl AR IR R e A B R DA R AR
RERS SN EL AL T A A WLBE A A R o VB — Bl BB IR (0 72 77725, ¥AH 3'P NMR
AL EIERA VB BS54k, thAh, WA 3P NMR V38 7] LA AN [l R B 7 06 il 112
BSOS . Dai 25N FAH 3P NMR 7R 3 NaOH-EDTA V2R AL & =15 5
JRIRAET EDTA &5 5 IR eS8, B MEEY. B3P NMR EHAFLES /N T
BN T B HUBEI E A UERR S 08, (2) 5L 38 0 4 S 5 - i L 228 e 41 4 o i
(ATR-FTIR) J —4EHH 61 43 T (2D-COS) o [EIAFEAE A — Rl BRI 2 v, L REmSFE 41t

http://pedologica.issas.ac.cn


https://baike.baidu.com/item/%E5%82%85%E9%87%8C%E5%8F%B6%E5%8F%98%E6%8D%A2%E7%BA%A2%E5%A4%96%E5%85%89%E8%B0%B1%E4%BB%AA/12204472?fromModule=lemma_inlink
https://baike.baidu.com/item/%E5%82%85%E9%87%8C%E5%8F%B6%E5%8F%98%E6%8D%A2%E7%BA%A2%E5%A4%96%E5%85%89%E8%B0%B1%E4%BB%AA/12204472?fromModule=lemma_inlink

+ % R
Acta Pedologica Sinica

KT MUY 732 B PRSI AT R IR S AS S R T FRBE LA AN [F) B B [ 25 B i 1) S vE
FE5, LR A HUBECER™ P2 1 (0 R B K R BILAI 021, SR, I 4 ot 7 A A AL 46 44
MR ZREY), HESRDEHE IR E X AR ER TR, (3 X FHdothraes
(XPS). X TFREE SRR MR G RN BE TG, HTRoRFEEM
WA RAE « SR RBUE S8 T 2 1, A REREAST I BIRE G & R IAFE(E . 12
WERR ERAH ST L, XPS FAR AT LUK P 2p. O Is. C 1s Al Fe 2p/3p %7t & AR ES H T 1
Ziahe, MIMENTEERREES (2D FAWEBE PR ZIRED, (4 #f K-8 X
SRS I 45K (P K-edge XANES) o {ERFET FB M X 68 il 4587
M7 VR AT SR AL BRI )R T E B AL = AL S TR, FRXEA RIS A MU L A9 s R
SEMIETERFIE, T HET PR T 45 & IR S S5 M5 . Bll: Fe-Pi 7E 2 148 eV AbHI%F
FELFTEIR T P 1s BLIE H T[] Fe 4p-0 2p B THUERIERIE, 11 2 152 eV A RTIER]
JAA P 1s FUIEH 7] P 3p-O 2p KBES THUIERERIEIY, {HiE, P K-edge XANES £ H
PR LAX S5 E A WU L &4, (5) i BLIH-AR e 557 [a] g L3R 5T i (FT-ICR MS).
AR, FT-ICR-MS 1E MR E A0 M B St AR, O T 00w S8R & 1A L)
MRS A0 tHES T XA R . ZEARTTE R REAE 3P NMR B3R P K-edge
XANES HARTER N 4G WL A PES 1)JR BRUST, FT-ICR MS H A 1) 8 15 o B 70 22 00 i
S ERA L R S L B R AT A MBS M (10038 77 . el el fE BT lieiz s H 3R
RHIRAE S, %05 5 0] 1 B IS AR HUBE IR 23 7 ar 5 b (mvz),  AITTE — 35 AR 5 1) 53
T, Bid45E FT-ICR MS AR 3P NMR, ]335 W21 7/K V- 1 B A HLEE AL & P
IIATREAL . R e 2 S IR R A WL &4 TS T EE R, (HE—
IR BRI T BE 2 S B R ERPERUA S . R, SRSRBIE AR T 1Rl B 2 AN A
(I I35, LAMASIR] ) A1 B SR R AE 38 WL AL S R S A 1Lt 2

2 AN LR

T WU A B AN A SRR AR AT, IR R AR AR VBN AR A
VA AE FIRLED T3R8 S MUBE R 70845 B B 35 S A A A W R 8 431k 22 Fh 5 41 g
IHEEAHOC I BEIREE, CHEREE I, B oftia. MUHAN R A S 5T, 1 ER
NP N RSB, B LR IR A 2 B ER A ) ThEe Uo7, B WL LSRR T 40
Pifh: (D BB EA YRR AT R (2D RN S I
S A A= 57 40 T SR AT IR Sl B AR AR A I REOSY Al A A O TR T 3o 0 1 TR T 1)
TN A RN R T IE ol PR R R S I WL Ak o), 5 WL AR 46 Y. (ROPO5%,  ROPO;H)20
ELFEWEIR — W8 TE H 2R 25 LA R P B2 1 I R R P W PR B 1 FH S /K AL AR, 43 3 BASK (D
X @ A B Fr:

ROP0O%~ + H,0 — ROH + HOPO3~ (D
E + ROPO%™ = E-ROP0O3~ 2’ROHE —pPO; 2 E-P,2E+P, (2
E + ROPO;H™ = E- ROPO;H™ =7ROH E — po; =/H20 E 4+ P, (3)

A, E ABERRES, PONIEWERREE, E » ROPOsH'. E * ROPO:* 5 E « Pi &K/ NAEIL R
Y-r= G E-POs s A — PR A4 1 i H [R) 4

TR R A WL A ) R AN g, Ko BRI R e AR A, R R i
2GR E A . EIRIE v I i R R AL, MY TGS EEERUSCRI A . Tarafdar 2521
RN, SR AEREAELL, TRAEY RN R A E R /K /). H Belinque
SRAGH RN, BRI R ) S WA BRI R AR R AR . Rk, XA L
WA At R AR AR A A A P RS AR 1 32 S AL, RGP R . AR, AR
TR AT D T R A KR 52 D . B FR AR B, A R AR A AN S Bl A L AR AL,

http://pedologica.issas.ac.cn



+ % R
Acta Pedologica Sinica

REE PRI LG ML C-O-P . NHRTEE &8, BAWEEEy LG, 47
IEFE R E A . I, EEHT A MU AR A A R AR
2.1 EHHidizE

P A R T A2 4 0 T AN BRI PR A AR AR Blome b R B 6 B8 ol e A
T RBERREECY . AR I FE R SCHRERR BN S LB (R BN 4, A 3L
fib 2B Ay R IR 43 TR SRR BN, AITITE B8 R R 8 O R FE S, s LB A1
PO B RS AR TR — FE il CEIEREIRIE ) « WAL MaMmE . /KM Rl I IT P 5 B 1R Tl AT 3R
WERREGRY . AL, BRERREEAR IR L e CE IS 1 pH AN IR R 43 R 1 o PR T AT O 1k T R Il o st 2
P I8 2 LSRR 50 20 A T RN LA, T TR T R S R A AR R TS, G ML AR AL
AR 5 T P A G Rt 0 P S DDA D 1260, R o R 2 T ) 1R P o R g 05 A B 33 b O R
B PR W M o, AR PR AMAR SR T ASARE A MU 2 id i i A AE R T RE R . bk, AR PR L3
TeHUE 2 i T AEAR PR 398, XU A VR B IR B K T A s R AR R N R 7 o FEAR F
e, AR-1- G AL BR T B ER B M, 5 IR MBI R e S AR A B
201, AR b R R A FA AR i A B IR 40 T SR BT ELEE IR BN 4G 5, H H BT SRR B A b
FEYITEHLBERR 3 (P 7E LI T F Ak AT DRI 2 E 2, BRI AR SR 78 o 75 i — PR &R
L SuR R
2.2 £ iEiE

VI A 7= 2 s AR A A D@ A WU Lo P SRR B = IRt e 7281, A
VI A R F AR id i A A WSO BEOENL R 7, LA B HLRE R 5 RS, [F AL R As
ILSERCn YC A1 BPYRB, A HUBET R B A BRIV 1 TR SR BT IR s, [E, AR
FERRE R A A KSR, BIULAE I8 Py 2R, B 14T A g i R s S
B ARSI R R IE RBO, RHT Py FIAMREE A (BEERES) 2 RUEY B AR R 2N 135
AHUBED A P HISCHERE, X (AR MAEYRES WA WLBET (L FE RN 3RE C 5 P TAE
VIR AR IS FR VO B SRR AT S LB pH FIAS [N 43 2502425300 Y 4 VB P 1 R T
e WU BRI B . —, EBEAE phod. phoD Fl phoX %5 =N EEIER B, {5k
W FER B0, B BRI AN 0 B IR — Fe AN IR — g A TG, 16y KL ThReVu . ixuk
BT 358 PR IR HEE HUBER 077 26 Py B B RIS 14 R 15 52 398 PR B (1 R i 1301,
T FORBL—Fh B AR IABE 1008 W EHASZ Py M IS K —Pafd, | ZAAE TR E T
RFE AT, NHEEVBEE IR A IRR00, FFAA B E AT URIE AR L R 35 R 77 1%k
A o BRI A Y, AR HEE WLBE I E 0l . T RESE R 1 A P R 3 A L
BRI A= A LA K i
2.3 EEMIT idiE

ANV AR A RO E B R 2R 4 BT BT 0 IR BT #0423 Wi S AR AR
WA N KA R IESSRVER, (ENTEE R AEREEA S, BT W3 C-O-P {2
BEA WU P AR A i Py (] 3) 0423341, fF -8 TR 3R 858 b AR W L T K s R ]
DABEI W PR I I (2 K A%, 2 FE R e A DA A B R i A W A PE I B0 17,
FLTTH S LG 1 — e FEFE R BRI 22T N S A S R G /B4, BERE A B
TR PR DL U DR - L S5 M T R SR 7 s, A R I 75 A Fe(ITD)s =A™ Ca(Il)
VR A, A HLBER BRI 4] 5 Fe(DAT Ca(Il) &A= Wk 4 & RiBS), that, 3k
() FAD R A A RKEMTETEL 5, A VBRI A iT DL 52t R I Ak
AT AARAE M [ B, HENER R F LA 7, TE RGN Bl S50 A NLBTE SRR A b R T 4%
G F 2 5 TR /K A SR B RS, R o B R AR 55 B 5 S A 0 3R T Ak B4R TR 1 T WU U A
SERCALEE K, W R THI K AT B 5 14D 3R T 0 25 T 0 ok AR iy ol R T 5000 R ity AR SR
KR, BNBEUEREIR E04 . I N A WU & KRS IR pHY 00288 W)
B WS BER SR BE K BB A SRR, AR AN A HUBE AT KR, HoKER 5

http://pedologica.issas.ac.cn



+ % R
Acta Pedologica Sinica

YILL R A EADS, BRI PRHRRN, KA Re 1k, 3 1) 58 B TS )
IR, FEBRENIN S A NBE KT, Ca? BERT LLSH Y3k 3L B A i = Je 3R
EEYPEEH R INE 55, WA S A VUBEAR B IE AT S o &4, it — P itmek
EAOT A WL B 7K A B NG PERST . [RIINE, G HLEE L 2 e i M) 35 . A BT #8474,

o, - IgE s RE RRATS UTUE T IR X R G5 44 AR A F S5 7Rk oK kL 45 &, S8R LSRR T
AP, Wan B R IR, RIREAIPURY R BRI Y S A WU A DT S . BT
AWK R A2 b, FE3 0 S PR AT a5 N 7R PR T S L A KR IR R B8 77 2 TRV 26 R v R 58
S, B (R BRI (=FeOH. =Fe,OH. =Fe;OH)WE T LM e bitE,
VE RIS SRR Re 75 2 — B BUh G MU0 V)R B A 2% 54, (EAR 3 — PRI 7« DAL,
HAH PN FANBEE DN S ARG B T — 2B A LB A AL, X6 B3l PR | 24 53 o
)Tl A P b ER A S i P B R

H,0
- - P19 N |
RIHO—T—---—T—O—F"—OH RIP\’:ESOJHO—T-OH
on  onl om OH
H,0

BHIBHE P-O-C/P BFilliTEs

hosphoanhydrides Cleavage of P-0-C/P

K 3 JRAMNBERREGN 3 S50 N SENBE n 2 K, SRS PE i Pos L REIRTE  (P-O-C) R
BEERAT (P-O-P) SN, SECHNLIEKME ™ 4 IEREIR EE3-34
Fig. 3 Schematic diagram for extracellular phosphatase-mediated and mineral-mediated organic phosphorus
mineralization schematic diagram. Phosphatases and minerals rapidly catalyze the cleavage of phosphate ester
(P-O-C) and terminal phosphoanhydride (P-O-P) bonds, resulting in the hydrolysis of organic phosphorus and

production of P;[33-34]

3 HEAPIBEY LIRS AR

FADAEA B e R IE B EAE T, BRCOMBWNE RGP L T B e &
IXBNEA WA R Bk, WIS T R, RIS A VLB LIRS0 B T
VAR IR AL, DA A MR ARG YA ML IOIE R . fERER C BRN &N, 3%
A USROS AT 73 9 P FIAS [ 18 FR IR AR 02040, Bl (1) N ORBIER, AL fb
B N A IR AR AR (20 C IRBBER, AN 1Ll C A R EIREN T AE BT
o N IRZEE AT N IS E Y = AR R A HLEE, 1 C IR C R AEY)
W, B E AR A R R WL . E E R IR RS, PR AR, 3
[ BX 5 - SR 2R
3.1 N Fzh IR B L

N. P 7ERIERAMI A K R B Ry E A rT s ) f €. 7EAR B 358, Jing 55141
fd I BERR £ 6180 RIS 7, AE AN N 5255 m 3B (0 b i 72 . 78 N RS R
T, WA MR R B OCEE . AR R, N RIS 2 g it IR AR R
S PRI B NI AZ SR A S 0 T B RR B E M2, B N IR BN, FRsl s
RS E . BN gmi it B BREE (1 phoD FEIN M FE . I—REMAEWN A 11, FFE LT
BRI TER, FEBERREEE M D 01k, ARSI A WL L FEE45), ARI &, N IEs N
Perm T A FIREE R R AR B R BAE T DS AH DG B DR (1 = 15, MO (i i A= P Bk 3l P ML

http://pedologica.issas.ac.cn



+ % R
Acta Pedologica Sinica

tho BRI, N MR INESH R IR N WRShAE D A AU IR LA 75
BB A
3.2 C IREITIZBHET 1L

FOR AR (M R, BN b 55 M B 5 SR 25 DIAH 26100, i 358 WL hE
Tob W B 8 S TR SRS e DA e MTSUE IR T B2 BRI, EAT T AR S e B L (C:P) LI
M HLEER (., DL AL B S0 REEAIRR 1 75 R, B FE 4 R, ErAmkt. 5585+
BRI C WS, BT A IS A ML SRR, A, R R
PRIR) C:P 22t B sh (A HLBED (LB R AL, 24 C:P KT 200:1 22t E ML 1L,
1024 C:P &1 300:1 (R TEHLEE A HLBE L1500, -4 C:P A~ 200:1 F1 300:1 2 [H]
i), AR SH AR R R A, SERARIT . SR, FERESZIR L3RG, MM REC L
N B BEIAEE, C:P RMEIAER . AR R X R AKT, ACHRE 3 CP b
ST KB MBI B B . SRt AR Y, REIAR B A i R G ORI
A WU AT A WL A R A PR S LA T RE, Ak R B — 4R %K C. P # G I xS
A I R o

4 AN R R

TIRPAAAEZ WS A IE, Hy LR 5 Z R R R R . TS e, 3
B8 DR 2RI P A BRI DA (7] 4 FEE 5 i 5 8 R G (10 9% 1k AR A U & 2 X84 DRI, TR\
FUATHUBER A PR 52 1 DR Z00) 1 B8 4 b i 4% - B b B R IR 3A 2 0 3, DA il 34N 2 35
YR B A K Gl 25 B o< . WA MU 4b o 32 IR D AR 85 B 3 3
4.1 HIEBUMER
4.1.1 pH 133 pH S22 ma A LB (b 1) B LIRSS K1, Fo (A2 R Bl 358 pH (1) /=0 T 18 5
(521, 1358 pH Ak 2 REMm BRI VE « F2E P 0 2H R AN A DGR (R 3= FE 15253, #0IK pHL (1
B 5 phoX. phoD- phoA JE R W) T i A= W8 & 8.3 PR IK . 7E4RF € pH=7.5 64T, & phoX
SR IR AE R AL HEE HUBE D L3, BeAh, R IR R R, B B A
pH=7~10 XML —Hs B A BRI ERBY, 5—J51, T3 pH &S 5mia ML 1K
BEAGTIE AR, Mz LB b, B3R CBviR (2D Sy ZRim e & LR
TR S pH ST AR BRI, T s A HLBE I 1 #2 .
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4.1.3 DIES/KE IS /KSR B B ) 7 A A IR Y N A A R e A A L
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