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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 (phod, phoD, and phoX) in response to
energy demand, and biochemical mineralization driven by the release of P; 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 P;. 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 CO,
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.

Key words: Soil organic phosphorus; Phosphorus cycle; Phosphatase; Mineralization process; Phosphorus bioavailability
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Fig. 1 Diagram for current research progress on soil organic phosphorus mineralization and its regulation

KA Bl SRS 6 b AN ) 25 A WL 1 3 A DA
Bt +- 6 30w b sERe 01, DT s L e PR T o
(328 R 1k
1.1 HEFNBNEERS

A AU R B UEE RS . R . %
TR . Bile . BEME . BRI SEZRIERE O AR
T T SR M I, AT MU LA T 4o IE W IR TR
TR R RIS AIL4A & BRI (BERRIF ) (B 2), (1) IE
TR T T AR 91 31 Tl PR 6 A RO TR T B B, T
Oy RBEIR—TR . WERR R . BEIR MR, IERERREEAH
XHRaE, HAE pH AR K Lh Kl iR B A7 7E B 45 5
KAkt Yy R — R E E IR . B
AR MR R L, TE R, B —

B A AL EZEA, H 2 5 - 5ea P R
(4 100% 4, 358 v LRSS o 6 2 i R — iR 119 J2 22
R, MIBERRNE . WS ORISR AR RR 1 A EAR MR
WML M B AEAL R . BEAR . BERERRSE, 7ERH
THEPEE AT AL RERN 10%; &R
( DNA\RNA ) Hi#li 5> F 38 o B 5 IE bR 6 2
Horp DNA {UfFFE T4, 1 RNA 2046 T4
AU BEAR U S — Ak 2B R A 9
B, RFTA LM EER S (2) BRRE
i C-P i, HIHAh A YIB AW 5 BN
P22 AR R E A R 2-F 3 O R
(AEP), LUife o FIRRAETE, sUfE7E TR E R
Sy F RO, (3) BRI A S 0 e R AR

http://pedologica.issas.ac.cn



2 1 SKROTAEAE . IR DL AL SO ST % 337

- 'Sk?»
g

23

-4

=R =R T
Tripolyphosphate ATP

AN (P-O-PHE)
Organic condensed phosphates (P-O-P bond)

SRR, RN

1

2-BIEC LR
2-AEP

JBE (C-PiE)
Phosphonates (C-P bond)
TP R

/

[ AL S

Organic phosphorus compounds J

!

PR —Tg-P IEBHRRER-P (P-O-CHE)
Ester-P (P-O-C bond)

Wiz —5-P Diester-P
] > [:l:i%*"a\iﬁﬁ\ FREHAR }

BB R BEmRE
Inositol phosphates Sugur phosphates

TR AR R

TR E AR, TRk

1k . ’g 1

Phytic acid

H T Dit-e
D-Glucose 6-phosphate

B b
DNA RNA

0.000
CH ONP

H

B2 e WA LR R

Fig. 2 Diagram for structures of some common organic phosphorus compounds in soils

( ADP) FI=BERRIRTT ( ATP) i % 1A HLBEIR
IF, S5, IO A U — N R e,
1.2 TIEFNBENSR

5 LB 53 G i 3 AS [ 5 3 0 - 39 A% il
A BB IR TG M S A WA vk 24T 43 9% . Bowman
A Cole R4 4 47 HLH AT PR Lo Ml vk L o
SENEPE L hRRE . RS SRR IE R
B8 5 B SR U %, AT BB 2 i B P S50 M A

BILHE B i s, (R M ML 5 i IR /)N o Hedley
398 5 1 DU B i 4 T ML IX 43 HILBE L A AN JC AL 41
gy, AT LA G M R et 3 A B B A Bh A
b, BN+ 5w M E-P . NaHCOS-P | {4 ik
NaOH-P . + 3¢ A1 5 ik 9 8% . o K A 29 85 DL )%
Residual-P £ RZKEE 500 H AT 8 R 943 2607
o WAL, Guppy &P —4 ik T Hedley 5344,
$ 14 P 4» A E-P . NaHCO;-P, NaOH-P, HCI-P,

http://pedologica.issas.ac.cn



338 + b1

=

62 4

Residual-P, % J5 i3 o AR5 2 0 A i U8 647 [
Iy
1.3 TEBVBNSHTFE

YA I A 4 AT LR 5 i AR LR IR ARG
HHEA VB LS R BT, SR, IR E SR
PEAEAT HLBEME LR AL E o8, Ik, SRAEA LB
ARFEEM T RS RELEE, 5k, Bt
b= N e e NN i VST Yo XD AN ]
PITE S F K 3R AE A DL 0 AR AN 254 .

(1) WA 'P B RIEE (NMR) . mir
PRI P NMR 3 AT LA e %6 5 Al fh 4 12
FORTETE A ML L A U0 o A LR 0 1
FEE LS L SR EE DL Ak SRS RS T EDUL Y T i
AP L A B o A —Fh AR B IR A 0
Tk, WM TP NMR kAR 25 R A HLBE Y o i 5 5
fbo HeAh, WA PP NMR B Al LI M A R S Uy
0] WS BB A 5 0 L Dai 25U WA TP NMR
%% 9 NaOH-EDTA JESR BN APLIE & K m, R
HN7ET EDTA &Atses L s . 2. BBl
B {H P NMR B WAFFEXS /N T /N Fim
A LB I ASER A, (2) TR R U 4 S it -
1 B AR B 2T HMG3E ( ATR-FTIR ) Mz 4 AH 615
4381 (2D-COS ) [FIFEAE Ry —Fh AR il R4 I 5 %
HRe AR AL OC T DL 53 2 A B 41 20 40 5 1) 52 B
58 . R R TR LA A B RE A B B Ay i
RS, LA R AT MU 42 i A R K L 2
SR, WU R b 5 A AL S A i 2 2=k &
HEE B B 6T e XE LA X 20 AT ML AG 7 O R
(3) X Lot ThERE (XPS ). @it X e FhE &
Sy HTAS BIRE S R E T E AN T A ARk, TR
TCRFE AL AIE R RAE . ZH AR REE =ik TT2
322 L, EFLRE SR I SRR & b U T R AR
TERETRERAH BT ST, XPS AR W LI P 2p. O
Is. C 1s Fll Fe 2p/3p 0 R A RGBS L T I Z5 A B,
TR B IR SR 7E 2k (&) S sl WL 2 1H 1Y
BRI, (4) B K-ih X BRI i 2544
it (P K-edge XANES ). 1ENITFFA4RH X 4k
SR BT 39 25 K8 3 A i AT DR D A 2 v L
AL PR SRR RS, IR AR RIS A VLB L&
R R IS RRE , AN AR A P 2 1 45 A
b 25 F 5 ., B4 : Fe-Pi 7F 2 148 eV AbBY4HE

TR T P 1s #LiEH [ Fe 4p-0 2p 5+ 81
TR ERE, 1 2 152 eV AR RTIERT ISR P 1s BLiE
HLF[7] P 3p-O 2p SEES> TFHLE BT, (B, P
K-edge XANES 7 A1) Jr) B J&XE DL X 73854 2 4%
AHBEAL G . (5) 8584 25— [l e i %
(FT-ICR MS ). ¥T4E%, FT-ICR-MS fE R FREERl2E
ST S I E AR, OB TN R S A
IR DD RS o THNR = R i a W U = R Y P %52
AT T IR *'P NMR 3%l P K-edge XANES
FARAER I & 24 DL LA Wit A SR FRUST, FT-ICR
MS FE A (14 5 J5T 2t 43 9 258 R o £ M B2 (0% e a5
HEAMHTAVBIEE 50 B0 1 o 7RI L f v
Bz s TR G S, %E 5T B
SE RN o TRl b (m/z), e —2 3k
T 5 (0943 F- 20 8 o 8 i 45 & FT-ICR MS I A °'P
NMR, 0] i — 25 M43 F 7K F i B A BL#E b A 20 1
Sy AT AL . JRAEDGIE A L B AF VA AR A A AL
BEAL AW J7 mERAS T E R, R — 7 A R B
PET e & A R A MER M RN 2 R,
AT J7 1) hig N7 2 A B A T DA
ASTR] A AR R R RAE A MLBE AL & P T2 S R
bt

2 HEEAPLEE LR

P LB L R R A A
FlOREHEAT , R A SRR AE W) B R R A= 0 P ik
YEHBLHI X T 55 A PB4 iR 4 B 2
P FVRLAE W) R 08 0 Wi 22 ol 5 240 ) g A G 1)
Ma G, FARREREACH . BRI | A AR
Jo i A S5 5 T, T A TR I S — R i oA N LA
HAKAYBEEY LB Dhae!' " LA L
B AL R AT Ay A IRl . (1) i HIERE YRR
LT AT SRS ) A= A /8 5 (2) R B 7 IF
32 A W) A A A W R 8 5 43 SR B Bl A A Ak
A it AR ST Bl A A R 1 30 Al R T 1 7K
fift TR A W TR SR ok SR AT AL A AR LY
PR LW ( ROPO; , ROPOH ) POVl 4% ik
—BRTE B SR 55 A LA K Bl 1 2 2 I R A Tl R A
AT K fgEpLE, a5t (1), 28 (2), X (3)
TR

http://pedologica.issas.ac.cn



24 SKROTAEAE . IR DL AL SO ST % 339

ROPO?™ +H,0——>ROH + HOPO? (1)

E+ROPO; —=E-ROPO; —=
(2)

7RONE _ PO, —=E P —=E+P,

E+ROPO;H ——E-ROPO;H ——=

(3)
/'H,0
7ROHE —po; —=" " E+P,
K, E WBEMRES, P WIE#EMREL, E - ROPOsH .

E - ROPO: 5 E - P, #/R MAEIMN IR -~ &
Y. B-PO, /R hy— Pl R fh 1) it o ] 44

IRV R A LB R IR Ty, KR
OB R th A e A, R AR R P
BT o MERRAE N HIETh R RS A LB, MY
HLHEWICR T . Tarafdar PR RI, S
M ZR AT R B AE L, - SR P A TR ity EL AT B i AR 7K
fi#fie J1. H. Belinque ZEPHHFSE SR, i3k 938 1
PRE ) o0 AR PR R 5 T IR B IR RR B . R,
SR R IR RO e RSt /R 1A Y A e AT 1B
TR ESHAAL, DR 8T. Egk, dEEY
I RE R YR LK R A 52 T . SRR Y,
W YE R AR A Y AR 5 R i AL AR L, BERSPsk
Wi AT HLIE C-O-P 4. JUHJZTEE &k . HE Y
YT W e AR AR AR O A .
PRI, EO08 0 A pLe R A - b R AR
RHEE
21 Hdwiidiz

Jif 71 e 2 i 2 1 T M A R L B 5 AR ST
il N 4 i e W R WY N SR T
R4 Al i R SOM W R A AT AL
ERECTIEHLIR 43, R B A A Ay R 5% 50 1 75
SRIRE, AT FE e W b 52 ol i F2 U £
R AT LB A AR BT 1k A O S 2K L 4 B R — T 1
(L IGREPRIG ). BEAR TR . /KA B IR IEF 19 S
PR AT SR R Y . AL, WRIR AR I LA LR IS
pH AN [RI AT 3 Ay A Bl 1 R i 0 2 G P e P
it 2 O YR 43 A R BT, T R Al R -
A A FUR ) A AL A Ak S R
T T AR 5 2 2 D AR S 200 AR o R AR 26 T ) o e ol

Tt 8 1A A L S8 ) T R R TR PR R, AR B R
R R AT E AT LB 2l i AR AE AR . itk
Gb, ARBR e TOHLEE & TARMR PR I, XU
WA AR AR F B RR B K T A W sl B AR A W RE 7 . 7
A g, MR-+ P A PR PERE IR BG5S
e U B — i e B A R R P AR R PO
A A Al R AR ) A8 At A= i A 0 Tl 7% 0 SR I 4
KSR EE A, B H R R R 1k W) JC L R R
(Py) 76 H e bRt Az e itk
K BB FE T i — P IR R A G R
22 £y itz

WA 7= 3 S A i A il e K A L fk
PR AR B = I R e Y A it R
SRR A Y S A MUTOR BECE LR 4, LA
AR TR, W FEARCEE (e PP)
T, AU S A X B IR A 75 SR BT gk 51120
W, AT BBk R A7 | A K%,
R AE 3 P AZ BRE, BT 230l 2o 238 4wt 7 %
;2R F I 45 P L BRIGE 1 PO RS T Py AN Z
Mt ( BEFRRG ) A YR A AR =X 5 Pk e~
168 Py DGR, XA WIRe S WA HLBE D 1k
AR EERE C 5 P A Y B RR BEAR 4G FLR
TR L R D - B o3& pHL A S T i 4 242423 300
TR 2% T e 0 R 2 B DL O T A W B R Tl . —
FEFALE phod .phoD Fl phoX % =4~ EEIHLF AP,
MM TT 2B, Bkl 2 S AT Ml e — T 1
2 = REEATENE, Y KIELIGEEE . XL+
e PRE R IR A HLBEE AL 7= AR P BT R i T
PRIV Y 52 - 48 Py vk BE AL R0 S ARG 2 R —
Fiv A SRERBE o 2 H WL EHLOR 2 Py 30 % 3 [ —
Pafd, | ZAFTE TR IR A T, b HEa 0L
BRI IR LR AR 00 BEgE A B B &I this FA
DR HE PR G AT 8 1 75 A7 0 W Wl e Tl 5 R A T A= 00
DA G DLBE 0 T 0w Ak . N D fe i ERL A )
EAIBE AT LA KIZER L.
23 EEYT IR

A LR A Y AL RO BE TR R 2 Y R 5%
ARV I 2 3 g i S AR AR e AE A AL
WK R FEOCHEVE R, AR AR A U Ak Ak 2
G EREE , S WL C-O-P HAE HEA LB bk fig A
APy (P 3) U 2334 oA e OB SRR BT Pl

http://pedologica.issas.ac.cn



340 + %

=

62 4

A 0 B K S R R L A T A 4 K A R
2 DR bt A DA Sy R R PR T A A R Y
HEGRAR, HA RN TP — g R Rl 2 b
BRALSAAT R SRR R G A =AY, BERR R A AL
B LR AL VA R 25 0 b i & B v PR 05, an
B PERE IR B & A P4 Fe (1I1), =4~ Ca (11) AYIE
PEOL AL, A PLBER s R 3L 4] 5 Fe (111) 1 Ca (11)
BRI SA R A, ek (R Ak
Wy 2 B A KA R TE AL AL, AT LI AR it ol 1 ik
VA AT A5 S A ) 26 i 2 35 e A T 7 AR S8 46 L
PR F B 5T, BN BRI S . A DL
TEAR R S AW 2 T 245 G A8 R0 15 Tl TR T /K A SRl TR 2%
oL, A i R AR 5 k40 LAk ) 3R Tk SR R A
UG WU R e B L 2548, W4 22 K AR ek A %
F1%) 2 THT 2 5k W) AT o A i 9 T T S50 f AR it ol PR AR 10
GO, BABEBUEBRRIRDY ., AT YN FH L
WA KR SIAW pH. U Y2REL Bl
PIRSE, BERR R BE R WA EDT ) W A T
AU S E K AR, FOK R 2 5 ) b3 A GE A

()
&) A

Orthophosphate

5%, B PRERUN, K RRE Ty RsR DY B
SEEFOSEmMT YN LR, ERALDN T
A4 HLBE K i, Ca™ BT LAS5 8 9 36 1 4 S e 7
e =InRAG GRS T YROESRE, Mg
A LR I BRI SL A i — ek A, 42
[ R R P R IR 0PI S AT Y Ak i | €1
GIRRIERES - AR /E =5 S - & IR 2 2 I 1 1N
- 458 R R T U T i P IR 2854 AR S FH 5
B g BUR 2 4, HsR R ALY, Wan DY
WHoE o, MUY DR YA A P
ETTHRAR Y . A A LB R b, LR
e I MRS A PR BT 5 LA A K i S 1 Y e T =2 ]
MR ARTE M . 2 (R ) SR (=
FeOH, =Fe,0H., =Fe;OH ) & T HFm i1k,
FAE R E R e B i — B BEE AL -0
WAL G, EAR PR . B, S
TN AR B AT B T — 2
T PLBES (L LI, Xl B ) A 555 v i 2 1 2k
L2 A HERE X,

0 HO 0
HO—{l’—OH 9 AT I ) I
9 TS HO—P—O—P—OH
H,07™0~_H,0 & Phosphatases (I) (l)\_/H‘()
s @ v Lok
A PR Minerals TR R
Organic phosphates Diphosphopyridine nucleotide
H,O
90 N 7
RHO—p——P—O—P—OH IUP\TE(:)‘)\/HO—T—OH
OH OH( OH OH
H,O

P-O-C/P B 72
Cleavage of P-O-C/P

SRR

Phosphoanhydrides

K3 bR S5 Y A ML LR A, BRS04 PR A iR I ( P-O-C) MR SR T ( P-O-P )
BERTAY, SR LB K= A IR AR 4R

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; 1?34

S P RR A T £ 4 FR RS AR 40 |/ (1) N3

3 LIEAYLBET LIRS

WAITEA MBS fL P R SR 2R, B (C)
MR (N AR A A7 e P R M g, 3K
ShEAYIBER AL R . e, IRIF IR 9 #
oA, TS A PR IR Sl B T 4% Lk
JERIFEAL , LU Gf it B A Gl A 0 00 AT BILBAR ) A D
TENEH] C 8 N Z&MFT, 3 HLBE R o X nT 23

A, AHLBE L N A RIS A Yy A
s (2) C s, AHLHEE L C A REIS)
AR 1k o N SR SR GE i N ORI AR M A
Bk A HLBE, 1 C BKShAE I C
Wi vk, HE e A M e R e A HLRER e
1E AR LIRS, PR AR, LR 9K E)
T HEREE A

http://pedologica.issas.ac.cn



24 SKROTAEAE . IR DL AL SO ST % 341

3.1 NIRZhTEFHEET L

NP 76 - HERUE YA A K & B s AN nT
B, FEARH RHE, Ting AFUVEHIBERR R
80 WM R ik, WEHIACH IR N 525 5 0 -+ ek
AR . 78 N ORShIET, BRIt 7 HIL B
PR BRI . BFZERIT, N BRI E R
T b - S AR AR R G v R N 32 R A 0
PR TE PRSP B N ISR A, Rl
A W AR M L BN R A5 R BEFR B 1Y) phoD
FERWFERE . S T, R X B
FmE R, OB IR B TS M AR A, IR S A L
B AL R BRI, N ARSI T
IR AR 22 v i I TG 1 DA SR DG 6 R A 288, A
M SR Y IR Sh A HLBE B fb . SR, N B9Em
w5 Z 5 R DL N IR A Y e A AL
B TE AL 7 2 i — 20 BT .

32 CERshTEANMET &

Mk 2 BRI R, AP L S kYR
BT SR B UIAR SCHO i - 396 HIL IR vl ek G 45 B
TSN T ME LA i o S A W I R i A2 FRISE B AT
SRS IR LL (C @ P) BARM A LD 1L, LI
W E S XRE R AR TR, R SR BN,
MIARMOK . 355 L RFT R En C IS, R
TR RS A PR (L 2P, seAh, g
RAEYIERIRE) C @ P S RZMGA: YR A HLBE R
PR [FAEHE, 2 C 2 PR 200 1 1 AR BEA WS
Ak, M4 C: P& 300 ¢ 1 HESETCHLEE 7 A LB RY
FEARIS0 0 e ¢ : P AT 200 1 1 A1 3000 1 2
B, [FAAER S0 PEHIRIR & A, SR
SR, TEWEZBRA LigErh, U RTRRC &3k 1
= BER RS, C @ P BEIFAIE H o B REAS [A]dh IX
R, N RiEyELEE C P EANIKSIA
IR AL BB . FoBiiss & B, AR P
AR B A ORI - A HLER R LB Ak Y
oA MR e AR I B, ROk Bl — &K C.
P A i FEXT A HLBE T TR B 52 .

4 AL LR R

TIPS MR SAIEE, IR A S
RSN R AR . RIEBAL R . PRI A

A FHAE PR it AN ) o B2 5 i) 5 98 T g 190 355 M R A
LB S A 2sfk . Ik, ARG A LB LAY 5
Wi PRI 28 06 F O G M R 7 - rh B R R B G
2, DR R A R S EHEY R B A R B i g
BRI R o JATE A DB AL X 4 i - A0 7 R 2R
RHAEZEE Y,

4.1 TEEBEAMERK

4.1.1 pH 14 pH & mA HLEE fb i) 23R
BN, HA (LR 3 pH T b s>l
4 pH ARfL SR BRI YR AL
FIA I E EE>) ) Bl pH 9 -8 5 phoX.
phoD . phoA FEPH (1) + 3R A Y8kt B FRAR . FE%E
& pH=7.5 MFF, & phoX JEIR Y 35 E W BE %
e IR T A | | N =1 R ok 2t L
PERRBRBEAE pH=7~ 10 IS XH il AR — ik ELA #500 Ao 44
TAEAPY, H—J5m, 3 pH RS PLB Y
W B FTTYE L R, AT A ML ik . IR
Y AR (&) S ) e i for SO IL R
S pH BUAE T A A AR AR T R e AT AL A
it .

4.1.2 HE T2 50 050 i A ) R R
it o} ¥R B o RURK A MLBE R0 I SR BE 2 TR
T g It fER A AR, LR MU R AL
KRR, FERZEW . EAHFRE &M,
FRMEBC IR M VLB LR & . [FRE, AHC
(] 0 RN ' <R o b 91 B w35 2
HEAIBEE S, 50 il n e, X%
W S 4R IR A B T A LB R e 2

4.13 FIESKE - 8 K 3 A R e TR
(A7 R A A AR T A LB >0,
EEESOK BRSNS T, RS+
Bk R IEMSE, AT Lm Rz im™, 4
R R P % B W RN Bl W A S K R R,
BEGUE W) 2RI RIS P, NI AT AL Y
TR ERY, FETRESERNT, BRRGEHEY
KA AT AR G LB AR, i R
MRS SFECAVBRER . 28, M-S KE
Ay, AR R E 2 BIREIR, ATl
S A SR P LA T A LB T ARV E . R
RAWFFE TG B — 210 AN 3 R G A HLE
AR Rl K L, AR e A DL 1

http://pedologica.issas.ac.cn



342 + b1

=

62 4

4.1.4 RSN - 5E SRR T A L
WAL R A S BB SN A 2% . A HLBE AT LA
TEAFE MR A &4 F & 4= o Bridgham ZED1HF5E %
B, TEARAKG TV LR S i Islam
1l Mandal®® 58 28] , 7EIR B &A1 F A HLBE T fL 2
JEH . AN, KK S RE A s
PR, M AR - e LB A B AL R0 15
FORBLIE 235 ) - S E AR R A, O g Ak
(EO)REMIIEE , HE— 5 m A HLBE 0 AT
H A F 38 o S AR AR b A AL Ak
i) F) R 3 S AL o N TE R, A AR — R E

4.2 IHEEZE

4.2.1 HIEREE CO M + I EE CO, e FE T
RSN EE AR —, XIS
Stk - e HLBE A B 1L AP AR PR BE S 1 5
AEYIE T, S B8O YRR R 5 B S 4 IR
TR I3 AR A e g ) 5 SR B O R A A ML T i B
AR AL S R A . B3 SR Z R A
HAEH, SEHEAYEET b, A+
A Y 1) TRV AL R K H N R R AR, ©
ZAE T COL fE st A HLBE A LI, [Rf, CO, Ay
Jon -, 5 R A D5 A IR A6 B 0 06 200 TR A ) S R
i, X eTREE B TARPRAE R Ak . L, 4 E3EIR
B COWREETH M), I A MBI L2 LA
7+ A W S R R AR X R SRS
BEAT R B E AL, DLBIFSE 3RS CO, B 5 A
LB fb i 2 R AR L E R

422 THERUEwAEYE A PLEEREEES
b MLRE S 2 R IR T B OCHE, R I
S P B A P ) A R FE AR R,
A= Y SR AR O ) E B VR R R
Yk AL R, U e A i 7 LB
HaREY 83%. TEEFRAZ PG RMR LI, B
ZW ARAT A, (AREE WA, APk
A AL R A T B A BRIR O R TR R E
TR W A i AR AR S R AT BILBE 4 B A R
FERH 3D T P A A AR O 1 R
1A% FH A 1852 VR W A K DL R it FH A7 K 25 R TR 2 5
M, FECGICEYBES fR R , GUA P B S T
TR A O BRI A M R A AL
FI A HILRE A EER R

423 FEBEER O RFEAEIEA R SRR A G
TER M+ A WLBE T A 72 v R $E CREAE T, AT
Pem T AV R, ERKRRS T, B
PRI REAE L 25 1ol A 1 396 1 5 0 3 %) TR AR 4
B, T B IR B A L B — AR R A
M 2 BT LB (R0 Bah, RREIVEY 2
T2 X6 A AL A AR B RO 34 7= A S i . A
BT HAL G RHEY M A, &G SR
FA RO A b e, AR PR AT AILER 2 W R
A8 e )Tl R T 1% 12 5 | 2 B2 A0 3% e AR 0 e 20 ) A
b, e da HLBE LR RIRA AR RIE A
55 AR S 1) 2 5 52 ) - 48 rPomc P ol R R S A R
fE Y A Y . A DR B AR BB A AR &R 1
IEF, kD) o i 25 WLBE A AR 1 W) 25 i 0
e, MIMGERERZ ARG B A K7 SR AR A
VR A Z2 W 22 1] (0B VR FRPLTRDRE A B T8 s AR
bR LB 10T T R o

424 55Y TSRS U B3R R
BEPEBERR BTG, TS A MLEE R0 ikt AR
FEVS AR A Z 28 Ie , T r ol + 38 i it
BRI TGPE T RS BRI AL, Ca¥ il Mg™ RERS
T TR P Tl T It R Tl 2 g 1 0% e, 0 1 4 )
PET 14.1%H1 46.7%; i Zn*", Cu®". Mn*", AI*
FI Ag X PR P Bl R I AR P 8 1 s kLA 4 T A
FH o Co™ FE K e i e b 1R 1 Tl s 0 R 2 0 R %
PEA — 2 A TG A, 0 g v st 73 Ay 9 i P 2O
TERMEE EL B Y 7 5, BRI A
MR e T Ve AR 2R P, A, T HE
AR TR I 0 BT 1 1 %) SRy R AP LA B A/ IR 28 b il i il
TR B R, R ST 4 R R TS e
X SR T Mt 155 4 ) 352 ) AT 7 6 AN 1 ] A
4.3 RZHEE

431 HEH K FEE D7 2 AT LAk e + S 4
L ARSERA Y, NI SR G 2 0 A A
PO X e AR B e - A M, OF
I TR B 10 A MLBE - kB o - EFECiE
BE. TRBH . Ry ) sl LB oy AR fk, HE
PR A AT B N A R A R, AERRE R, h
e PR RS TR LB S R R
ST TRk A B4R AR - HE A R R LB AL o
AR /N A2, TR A B RS 28 b 2 A

http://pedologica.issas.ac.cn



24 SKROTAEAE . IR DL AL SO ST % 343

AR - HE PR BR A b i R Rt AT ML B R
o, TR R P SRR, Bk, ASFEBHETT
2T o AR AR [ A% - P R AR L, DA T R ) 1
SR IR AN AU

4.3.2  JiEht =L Jite I 7 X 3 T Ao R Y R il
T M R e B TR R S A ML Ak . Uit
FH AT £ S 380 9 e g R el e ol 2 R 9% 1 S PR A
FR A BRI, AT % it 2 0 o v o i
it 35 1, T o T R R O e R T A it A P 1
XFHRALUO, FEBE LR R GE T, Wi A it (o A ol
i it 105 1 7 3] - MR R % g B T e Ak, A
- 38 T B el A R 4 R R ) RE A i A A
ZF R KA B E AR A AL A it FH T - 4
BB L= A B E R . A HLIE R 3 3
phoD LR FJE, I H 785 FHA WAL RS I= 0 By
B, - eml R B P3G 5 1 5 Ak 2 AR AR L
Jiti 1A HLAERE B 25 3 5 phoC F phoD it 3L IR Z 4
Mo AFEBFFE & UL 2 45 RAFAE 25, X T fEjE
T R AR RN DL R SRR MR 25
JIrEt. PR, AN [t AE D =X AT DA A ok i 42 5 i)+
B ML L R

433 ALY TR CAMREN, SRR
A DL 2o AR - SR U R ) R R, S
B 1 it 05 O 1A LB Ak R A TR AR A
2T A W I e T S0 - PR I T T v
JE T A A Y S A A s F
GERIL, BB AR TR AT LRSS AR AR
Tl A i A i RS, E X A S IR IS Tk R
M AR —#7, Al A S T e O HLEE & R
i, B A AR FR 2R R SR T B T i
YIRS IR I A Y BeAh, FEARBE AT, i
FH A 5 e T DA 20 Tl 1 Rl 0% 1k ANV FE (R B ki
R g Bk, g i e T A A TR A S
TR DB 1k (1% SR 2 it -

5 HHLBE LR

W 3 A< T - 8 v 4= Wi A9 T FR R R I ) 455 255 i
M, EEA BT R ER B E, HH5ERY],
1 SR BRI, SO A LB A A DL RS N
R DI B8, AT LU S8 e A ML LR
WeAh, T ERAT A LB S B ) 5 i S R

IFARHEELAAR -3 S5 A RS RS2 e R 25 A T T 23 BT o

1) 2k H e R S IR R . R R il
TG S A AR . BE . pH. CO, S 2EIE
PR, MR S Z R . T HEE SR
B K R DL SRR R 2 A BB A A 5 e 45 AN
FHIE . PR, i R4 SRR S R Y o — o 2
I Z P REIER, A B T s i, BoR A
LB LR

2) RHAHR R . ARMHHE X i
T 2 LA KA 1y e v it R 38 25 0F - 438 40 34 A 2 I
A REIR . AR PERRVE RS IE InAT LB Y 7 i I R
G, TRERE . TREH . Ry EBAERHEE T SR
T A PIBE A G A Ak, HETSE A LB .
WAL, AT B it 2 400 o) T P Wl P T P, 1 SR
PEWERR B G VE , JF W3 32/ phoC Fl phoD fif A
B REVE . AW e ()it FH AT LA B 4 Ll ol i A 1 4
PR DA MR, O 0 4 e R M R R Wl 0 1, (R gk
AOLBET . ik, &R ZRIREE Bt 1
rp A S, iR e .

3) W NBALUKEHE C: P, C. N1ENA
PLEEI LIRS, NI AR A5 4 o 2k 4 o 1 i
AR DB A DG Bl L R A 2 1, R A ML 1 A
A EId R C s PR 200 1 1, AR
PRIFBEDVHCIRAS , JRTE BB PR T 1 i s M, v
DA S B e A i A WL Ak L1 38 3 1 5 0K Bl AR
AT DS B A B v Ak R

4) Ak IR A ML R AE . AR PR
PLBE Y W B AT ResE i AR VE T, AL 50 W AT
SR NG A Z AR T DL R ETUNE
REME AR IR .l A A IR A DL S5 07 1
W FFFHRRAE , JEARYE 38 pH LA KB 160 0 B (A [ SR
FHIE Y F B, A LUNG W) 6 T i A B, 42 =
) R P SR 0 A A Ak

5) FIRAPLBE S0 Al R n Rt . A PLEE S
T T il 2> S B AE - 3 W R, TR s e B P Y
) S A AR SR A K i AR . 9 T AR AR
YRR AR, WAL B C-O-P F P
IKARFE AR RR R . RIEE, HHERTRAE Ca¥ &R
FAT R G MLBE O WK i # . 2% Bik, Al m)
- B8 vt T R A 3G A AILBR S A6 S LA K 4
% pH e AP, FHA HLEE S 4 AL i SO
SN S UN IR E SRR IR T U

http://pedologica.issas.ac.cn



344 + IR

=

62 4

6 ARMtFEEE

IR BIABE P A LB S L Herh a8 . AP .
MAEYEY R Z B EER, TUMeEESR
ge. YRR R 2EREEER A R EAIEE, R
EHIBEH AEH SR T ROk Z ) 2Bk E 1
FelE, HAER IR IET, A MBS0 AR Al
TORMLHI AT o 1 — D4R . FE B STk 35 A L
A Ja XA P 1R B A5 W] 25 R LR JLAS D7 1

1) gmAY ., AE Yo fhad 72 K BT K R HL ]
55Tk 0 A AR ALK RAE R — A AR A it
e, EAEB Y BRI AR Z )7 e R
i, BAA ST EEE R T —KIfRE, W2 T
FSHEE AT AR AL A S 1k i AR A A
FAERPY, RMFIT N H TR B A AR
B 4 R IE A S fhad R Y 8 B LA AR |
B2 7K AR A IS 48 7% B 1 A TR A5 AL K f
At B8 AR ML AN R B 16 PR, B P K-edge
XANES. JEhZIAMGRE . WA *'P Rwd IR 45 B
e ARAR AT HLBE 1k S R 7= 4 JC ML A 3R A )
BEALAT, DA A A 9 AR 2R A e s A
LB fL AR X BTk, o — DR R KR W fE 2Bk
AT B o 0 G B A P

2 )R YR T It 1 1 A I B A AT AL 2R R
KRB ARl R I T 1 D S AT WL [
TALTE R R T A WL (e R B E 2, 4R
i, 3 B9 MLEE AT LA R B & A R Ae Fn feAE
B A A AL AEHELLIX 4, X ST BB
T 5 R A A T o, DT i LA 52 B 92 52 06
S5HREEZRZREPHIBRET LR RS 8, M
gh4 8'%0-P R Bk R B BR A TS PRI RE , LA K 2
HL ) AR 0 7 A R A G DR 3, M5 T o
b A T P A W R A A A ML A Ak P BTk, D
WA B T AL C. N BRSNRER, DA 8 W AE
YR E A o R A DL fe rh AR X B, AR
AR B

3) A YLD X B R . R R 15
M) B LA SR o i 3R RNy - R G A 7 T s
TERRFIVEE FRCE, G TRSEAMET, BFZ Fe
(11) 5IEHL. A HUBEE A 2 1w b A7 L0 B/ A 1
L ROl e B RO IE IR . BRI, RS
Z A BT AT Ry e X ) B AR A 7 AR R

B AR PR BT P YIRS | B A A AR R 07 ) R
A PSR 1 RE AL, O A SRR DLk R (A
WEA . FFt— PP S P | &
GBI R AMBER TR A EAR, IR 3 )y
BRI A AR LR R AR R Y PR i 72,
LI VAL e B PR S AT O B HG A 2 A 4R I B
TH.

S Z 3k ( References )

[ 1] WangYT, Zhang TQ, Zhao Y C, et al. Characterization
of sedimentary phosphorus in Lake Erie and on-site
quantification of internal phosphorus loading[J]. Water
Research, 2021, 188: 116525.

[ 2] Tumer B L, Frossard E, Baldwin D S. Organic
phosphorus in the environment[M]. Wallingford ,
Oxfordshire: CABI Publishing, 2005.

[3] Lu X C, Mahdi A K, Han X Z, et al. Long-term
application of fertilizer and manures affect P fractions in
Mollisol[J]. Scientific Reports, 2020, 10 (1): 14793.

[ 4] Yan Y P. Adsorption, desorption and precipitation of
several soil organic phosphates on iron and aluminum
( oxyhydr ) oxides[D]. Wuhan: Huazhong Agricultural
University, 2015. [ EMS. JLFF - HEAPLBEAELRE A
Ry ZRTE AL B . I S ITTIE[D]. B ARl R
2, 2015.]

[ 5] George TS, Giles C D, Menezes-Blackburn D, et al.
Organic phosphorus in the terrestrial environment: A
perspective on the state of the art and future priorities[J].
Plant and Soil, 2018, 427 (1): 191—208.

[ 6 ] ManghiMC, Masiol M, Calzavara R, etal. The use of
phosphonates in agriculture. Chemical , biological
properties and legislative issues[J]. Chemosphere, 2021,
283: 131187.

[ 7] Bowman R A, Cole C V. An exploratory method for
fractionation of organic phosphorus from grassland
soils[J]. Soil Science, 1978, 125 (2): 95—101.

[ 8] Hedley M J, Stewart ] W B, Chauhan B S. Changes in
inorganic and organic soil phosphorus fractions induced
by cultivation practices and by laboratory incubations[J].
Soil Science Society of America Journal, 1982, 46 (5):
970—976.

[ 9] GuppyCN, Menzies N W, Moody P W, et al. Analytical
methods and quality assurance[J]. Communications in
Soil Science and Plant Analysis, 2000, 31( 11/12/13/14 ):
1981—1991.

[ 10 ] Cade-Menun B,Liu C W. Solution phosphorus-31 nuclear
magnetic resonance spectroscopy of soils from 2005 to
2013: A review of sample preparation and experimental
parameters[J]. Soil Science Society of America Journal,
2014, 78 (1): 19—37.

http://pedologica.issas.ac.cn



SKROTAEAE . IR DL AL SO ST %

345

[12 ]

[ 14 ]

[ 16 ]

[ 18]

[ 19 ]

[ 21 ]

[ 22 ]

[ 23]

[ 24 ]

Dai K H, David M B, Vance G F, et al. Characterization
of phosphorus in a spruce-fir spodosol by phosphorus-31
nuclear magnetic resonance spectroscopy[J]. Soil Science
Society of America Journal, 1996, 60 ( 6): 1943—1950.
Li X W, Yang P,Zhao W T, et al. Adsorption mechanisms
of glyphosate on ferrihydrite: Effects of Al substitution
and aggregation state[J]. Environmental Science &
Technology, 2023, 57 (38): 14384—14395.

LiT, ShiF, JuYT, etal. Facet-dependent adsorption of
phosphate on hematite nanoparticles: Role of singly
coordinated hydroxyl[J]. Water, 2023, 15 (23 ). 4070.
Klein A R, Bone S E, Bakker E, et al. Abiotic phosphorus
recycling from adsorbed ribonucleotides on a
ferrihydrite-type mineral: Probing solution and surface
species[J]. Journal of Colloid and Interface Science,
2019, 547: 171—182.

LiXL, GuoML, WangY, etal. Molecular insight into
the release of phosphate from dissolved organic
phosphorus photo-mineralization in shallow lakes based
on FT-ICR MS analysis[J]. Water Research, 2022, 222:
118859.

Bhadouria J, Giri J. Purple acid phosphatases: Roles in
phosphate utilization and new emerging functions[J].
Plant Cell Reports, 2022, 41 (1): 33—5I.

Wasner D, Zezula D,

*3p-labelled organic phosphorus compounds in two soils:

Prommer J, et al. Tracing
New insights into decomposition dynamics and direct use
by microbes[J]. Frontiers in Soil Science, 2023, 3:
1097965.

McGill W B, Cole C V. Comparative aspects of cycling of
organic C, N, S and P through soil organic matter[J].
Geoderma, 1981, 26 (4). 267—286.

Petrovi¢ D, Szeler K, Kamerlin S C L. Challenges and
advances in the computational modeling of biological
phosphate hydrolysis[J]. Chemical Communications ,
2018, 54 (25): 3077—3089.

Vincent ] B, Crowder M W, Averill B A. Hydrolysis of
phosphate monoesters :

A biological problem with

multiple chemical solutions[J]. Trends in Biochemical
Sciences, 1992, 17 (3): 105—110.

Tarafdar J C, Yadav R S, Meena S C. Comparative
efficiency of acid phosphatase originated from plant and
fungal sources[J]. Journal of Plant Nutrition and Soil
Science, 2001, 164 (3): 279—282.

Belinque H, Pucheu N, Kerber N, et al. Utilization of
organic phosphorus sources by oilseed rape, sunflower,
and soybean[J]. Journal of Plant Nutrition and Soil
Science, 2015, 178 (2): 339—344.

Huang R X, Wan B, Hultz M, et al. Phosphatase-mediated
hydrolysis of linear polyphosphates[J]. Environmental
Science & Technology, 2018, 52 (3): 1183—1190.
Nannipieri P, Giagnoni L, Landi L, et al. Role of

[ 25 ]

[ 26 ]

[ 27 ]

[ 28]

[ 29 ]

[ 30 ]

[ 31]

[ 32]

[33]

[ 34 ]

[ 35]

[ 36 ]

[ 37 ]

phosphatase enzymes in soil[M]// Phosphorus in action.
Berlin, Heidelberg: Springer, 2011: 215—243.

Hu Y J, Xia Y H, Sun Q, et al. Effects of long-term
fertilization on phoD-harboring bacterial community in
Karst soils[J]. Science of the Total Environment, 2018,
628/629: 53—63.

CaiSJ, DengKY, LiJY, etal. Effects of metal ions
on phosphatase activity of periphytic biofilm in paddy
fields[J]. Soils, 2020, 52 (3): 525—531. [ZiR7S,
MIFPHE, BIE, & AREEETXEEA ALY
IS W A2 GO MR Y D], A, 2020, 52 (3):
525—531.]

Phoenix G K, Johnson D A, Muddimer S P, et al. Niche
differentiation and plasticity in soil phosphorus
acquisition among co-occurring plants[J]. Nature Plants,
2020, 6 (4): 349—354.

Duhamel S, DiazJ M, AdamsJ C, et al. Phosphorus as an
integral component of global marine biogeochemistry[J].
Nature Geoscience, 2021, 14 (6): 359—368.

Spohn M, Kuzyakov Y. Phosphorus mineralization can be
driven by microbial need for carbon[J]. Soil Biology &
Biochemistry, 2013, 61: 69—75.

Lidbury ID EA, Scanlan D J, Murphy AR J, et al. A widely
distributed phosphate-insensitive phosphatase presents a route
for rapid organophosphorus remineralization in the
biosphere[J]. Proceedings of the National Academy of
Sciences of the United States of America, 2022, 119 (5):
e2118122119.

Wei X M, Hu Y J, Razavi B S, et al. Rare taxa of alkaline
phosphomonoesterase-harboring microorganisms mediate
soil phosphorus Soil Biology &
Biochemistry, 2019, 131: 62—70.

Srivastava A, Saavedra D E M, Thomson B, et al.

mineralization[J].

Enzyme promiscuity in natural environments: Alkaline
phosphatase in the ocean[J]. The ISME Journal, 2021,
15 (11): 3375—3383.

Huang X L. Hydrolysis of phosphate esters catalyzed by
inorganic  iron  oxide
biocatalysts[J]. Astrobiology, 2018, 18 (3): 294—310.
Wan B, Huang R X, Diaz J M, et al. Rethinking the biotic

and abiotic remineralization of complex phosphate

nanoparticles  acting  as

molecules in soils and sediments[J]. Science of the Total
Environment, 2022, 833: 155187.

Yong S C, Roversi P, Lillington J, et al. A complex
iron-calcium  cofactor
chemistry[J]. Science, 2014, 345 (6201 ): 1170—1173.

Wan B, Huang R X, DiazJ M, et al. Manganese oxide

catalyzing  phosphotransfer

catalyzed hydrolysis of polyphosphates[J]. ACS Earth
and Space Chemistry, 2019, 3 (11): 2623—2634.

Wan B, Huang R X, Diaz J M, et al. Polyphosphate
adsorption and hydrolysis on aluminum oxides[J].

Environmental Science & Technology, 2019, 53 (16):

http://pedologica.issas.ac.cn



346

+ i

e 62 4

9542—9552.

Wan B, Yang P, Jung H, et al. Iron oxides catalyze the
hydrolysis of polyphosphate and precipitation of calcium
phosphate minerals[J]. Geochimica et Cosmochimica
Acta, 2021, 305: 49—65.

XuCY, LiJY, XuR K, et al. Sorption of organic
phosphates and its effects on aggregation of hematite
nanoparticles in monovalent and bivalent solutions[J].
Environmental Science and Pollution Research, 2017,
24 (8): 7197—7207.

SunHY, WuY H, ZhoulJ, etal. Microorganisms drive
stabilization and accumulation of organic phosphorus: An
incubation experiment[J]. Soil Biology & Biochemistry,
2022, 172: 108750.

Jing D D, Yan Y P, Ren T, et al. Effects of nitrogen
application rate on phosphorus transformation in an
Alfisol: Results from phosphate-oxygen isotope ratios[J].
Applied Geochemistry, 2021, 134: 105094.

Guan B, Xie BH, Yang S S, et al. Effects of five years’
nitrogen deposition on soil properties and plant growth in
a salinized reed wetland of the Yellow River Delta[J].
Ecological Engineering, 2019, 136: 160—166.

Zeng Q X, Zhang Q F, Lin K M, et al. Enzyme
stoichiometry evidence revealed that five years nitrogen
addition exacerbated the carbon and phosphorus
limitation of soil microorganisms in a Phyllostachys
pubescens forest[J]. Chinese Journal of Applied Ecology,
2021, 32 (2): 521—528. [M 545, KDY, MIF#%E,
Sy i TN ARy )1 X N e T
Yo i PR (0] BL R AR A 4R, 2021, 32 (2):
521—528.]

Cui HY, Sun W, Delgado-Baquerizo M, et al. Cascading
effects of N fertilization activate biologically driven
mechanisms promoting P availability in a semi-arid
grassland ecosystem[J]. Functional Ecology, 2021, 35
(4): 1001—1011.

Sinsabaugh R L, Carreiro M M, Repert D A. Allocation
of extracellular enzymatic activity in relation to litter
composition , and mass loss[J].
Biogeochemistry, 2002, 60 (1): 1—24.

Romanya J, Blanco-Moreno J M, Sans F X. Phosphorus

N deposition ,

mobilization in low-P arable soils may involve soil
organic C depletion[J]. Soil Biology & Biochemistry,
2017, 113: 250—259.

Spohn M, Ermak A, Kuzyakov Y. Microbial gross organic
phosphorus mineralization can be stimulated by root
exudates—A **P isotopic dilution study[J]. Soil Biology &
Biochemistry, 2013, 65: 254—263.

Achat D L, Augusto L, Bakker M R, et al. Microbial
processes controlling P availability in forest spodosols as
affected by soil depth and soil properties[J]. Soil Biology
& Biochemistry, 2012, 44 (1): 39—48.

[ 53

http://pedologica.issas

Dalai R C. Soil organic phosphorus[J]. Advances in
Agronomy, 1977, 29: 83—117.

Sharpley AN, Smith S J. Mineralization and leaching of
phosphorus from soil incubated with surface-applied and
incorporated crop residue[J]. Journal of Environmental
Quality, 1989, 18 (1): 101—105.
GuoLL,YuZH,LiYS,etal. Stimulation of primed carbon
under climate change corresponds with phosphorus
mineralization in the rhizosphere of soybean[J]. Science of
the Total Environment, 2023, 899: 165580.

Harrison A F. Labile organic phosphorus mineralization
in relationship to soil properties[J]. Soil Biology &
Biochemistry, 1982, 14 (4): 343—351.

Zaheer R, Morton R, Proudfoot M, et al. Genetic and
biochemical properties of an alkaline phosphatase PhoX
family protein found in many bacteria[J]. Environmental
Microbiology, 2009, 11 (6): 1572—1587.

Cai SJ, Deng K'Y, Tang J, et al. Characterization of
extracellular phosphatase activities in periphytic biofilm
from paddy field[J]. Pedosphere, 2021,31( 1 ): 116—124.
LuoCY,WuY H, He Q Q, et al. Increase of temperature
exacerbates the conversion of P fractions in organic
horizon[J]. Soil Biology & Biochemistry, 2024, 192:
109368.

Floate M J S. Mineralization of nitrogen and phosphorus
from organic materials of plant and animal origin and its
significance in the nutrient cycle in grazed upland and
hill soils[J]. Grass and Forage Science, 1970, 25 (4):
295—302.

Bridgham S D, Updegraff K, Pastor J. Carbon, nitrogen,
and phosphorus mineralization in northern wetlands[J].
Ecology, 1998, 79 (5): 1545—1561.

Islam A, Mandal R. Amounts and mineralization of
organic phosphorus compounds and derivatives in some
surface soils of Bangladesh[J]. Geoderma, 1977, 17(1):
57—68.

Wright R B, Lockaby B G, Walbridge M R. Phosphorus
availability in an artificially flooded southeastern
floodplain forest soil[J]. Soil Science Society of America
Journal, 2001, 65 (4): 1293—1302.

Jiang M K, Caldararu S, Zhang H Y, et al. Low
phosphorus supply constrains plant responses to elevated
CO,: A meta-analysis[J]. Global Change Biology, 2020,
26 (10): 5856—5873.

Jin J, Wood J, Franks A, et al. Long-term CO, enrichment
alters the diversity and function of the microbial
community in soils with high organic carbon[J]. Soil
Biology & Biochemistry, 2020, 144: 107780.

Achat D L, Bakker M R, Zeller B, et al. Long-term
organic phosphorus mineralization in Spodosols under
relation to

forests and its carbon and nitrogen

mineralization[J]. Soil Biology & Biochemistry, 2010,

.ac.cn



2 3

SKROTAEAE . IR DL AL SO ST %

347

[ 63 ]

[ 64 ]

[ 65 ]

[ 66 ]

[ 67 ]

[ 68 ]

[ 69 ]

42 (9): 1479—1490.

Singh J S, Raghubanshi A S, Singh R S, et al. Microbial
biomass acts as a source of plant nutrients in dry tropical
forest and savanna[J]. Nature, 1989, 338: 499—500.
Brookes P C, Powlson D S, Jenkinson D S. Phosphorus in
the soil microbial biomass[J]. Soil
Biochemistry, 1984, 16 (2): 169—175
Trasar-Cepeda M C, Carballas T, Gil-Sotres F, et al.

Liming and the phosphatase activity and mineralization

Biology &

of phosphorus in an andic soil[J]. Soil Biology &
Biochemistry, 1991, 23 (3): 209—215.

Giardina C P, Huffman S, Binkley D, et al. Alders
increase soil phosphorus availability in a Douglas-fir
plantation[J]. Canadian Journal of Forest Research,
1995, 25 (10): 1652—1657

Xie H, Zhang Q F, Chen T T, et al. Interaction of soil
arbuscular mycorrhizal fungi and plant roots acts on
maintaining soil phosphorus availability under nitrogen
addition[J]. Chinese Journal of Plant Ecology, 2022, 46
(7): 811—822. [Mf¥k, KEKTF, BRIESE, . HHSM
A 4t NS TR R LT AR AR D A s e AT S (]
A, 2022, 46 (7): 811—822.]

Bourdon K, Fortin J, Dessureault-Rompré J, et al.
Mitigating decomposition in agricultural peatlands :
Influence of copper and polyphenol on C N P dynamics
and enzyme activities soils[J].

Geoderma, 2023, 439:
Yang Y. Effects of tillage treatments on soil aggregate

in two contrasting

116694.

characteristic and phosphorus components[D]. Harbin:

[ 70 ]

[ 71]

[ 72]

[ 73]

[ 74 ]

Northeast Agricultural University, 2018. [#%#i. #F{EH
X A R o P 3R A R 5 Ll W A7 T 265 B9 2 Wi [ D).
MR : ARAbLO R, 2018.]

Touhami D, Condron L M, McDowell R W, et al. Effects
of long-term phosphorus fertilizer inputs and seasonal
conditions on organic soil phosphorus cycling under
grazed pasture[J]. Soil Use and Management, 2023, 39
(1): 385—401.

LiuJ S, Ma Q, Hui X L, et al. Long-term high-P fertilizer
input decreased the total bacterial diversity but not
phoD-harboring bacteria in wheat rhizosphere soil with
available-P deficiency[J]. Soil Biology & Biochemistry,
2020, 149: 107918.

Khadem A ,

phosphatase to biochar amendments: Changes in kinetic

Raiesi F. Response of soil alkaline
and thermodynamic characteristics[J]. Geoderma, 2019,
337: 44—54.

Tian J H, Kuang X Z, Tang M T, et al. Biochar
application under low phosphorus input promotes soil
organic phosphorus mineralization by shifting bacterial
phoD gene community composition[J]. Science of the
Total Environment, 2021, 779: 146556.

Liu Z Q, Lan Y, Yang T X, et al. Effect of biochar
application pattern on soil fertility and enzyme activity
under limited fertilization conditions[J]. Journal of
Agricultural Resources and Environment, 2020, 37 (4 ):
544—551. [Xar, =5, Bk, % WIEKMAETAE
W) 5t FH J7 2R A SR NE 07 K I P B S e 7] Al BE
TR 5B E4, 2020, 37 (4): 544—551.]

(REHE: © HF)

http://pedologica.issas.ac.cn



