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Abstract: Phosphorus is an essential nutrient element for all living things in the wetland
ecosystem, the growth and development of plants are mostly related to phosphorus. The critical
zone of wetland is a complex open system and an important place for material exchange and
energy transmission. There are multiple subsystems such as nitrogen, carbon and phosphorus
cycles, which constantly interact and influence each other. Phosphorus has the function of source
and sink in the critical zone of wetland, and it is constantly undergoing complex physical,
chemical and biological effects. The process includes organophosphorus mineralization, soil
phosphorus adsorption and desorption, biological assimilation, and so on. Based on the basic

characteristics of the biogeochemical cycle of phosphorus in the critical zone of wetland, the
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existence form of phosphorus in the critical zone of wetland was analyzed, the effective process of
soil phosphorus, the migration and transformation of phosphorus between sediments and water
bodies, and phosphorus transport process of organisms in critical zone of wetland were explained.
On the basis of the microbial-mediated process, the synergistic mechanism and quantitative
relationship between phosphorus and nitrogen, carbon cycles were discussed separately, and the
linkage and coupling mode between phosphorus and nitrogen, carbon cycles were analyzed in
depth, and future research directions were proposed. The focus of attention should be to
strengthen the discussion of the biogeochemical mechanism of phosphorus on the time and space
scales from testing means, research methods to theoretical analysis, and incorporate phosphorus
cycle into the global ecosystem model from qualitative description to quantitative evaluation, and
build a hydrological-biological-geochemical theoretical system of phosphorus, nitrogen and carbon
cycles so as to better strengthen protection of wetland ecological environment and water
resources, as well as pollution prevention and control.
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Fig.1 View of Phosphorus Cycle in Wetland

O E S W e R g T TR
K AR ST HEAT P W B e AR P B S R
M P AE b KR ok B 3 RS L B AL R AR T R
P o DAL 300t S5 0l 1 I T 5 i W R PR SR 2 L
Vi P 2R ) BR AL 2 6 IR BF S B SO
R ] KRV M TR AS A RE W B B 2 1 P, o fig
W20 P RS FEUK A DI P SR
5 o AR N H b B KA P oA R
1.3.3 HAMEEFT L

Tt - eI H R Rk Wb ) PR R LA
PUB A B R — MY KRIY i FE . Ken-
nedy 4§ & AL — L2310 b P AT ik 80 %6 (1 BB N A
BLBET R 5 2 78 W B T I Ml L A LB R = )
BB 90265 Ak SR A HLBE FE Ak Sy TC HL B R
(R 2ok AR & 38 3k — R A A 0 Tl O T P Ok 58 B B A T
HT0%~80% M LM AR S 56y . B
b - 9 v A PR S5 R L Y Tt A R R LR il N A TR —
Bkt 6y B A2 7E K i B R AR . & R A0 Ak, A
AT BERT A A R85 A 1 A A - S R R 3
PR R Bk BE (pHD 4% L Wi ™ 1 3 87 11 Al o e - g8 v
(2 A TR 5 Ak R
1.4 HIAMELBKGEREPHWIRSRL

DU 2R AR S R G . 1 —E P
e E R 26 L DURR Y AT DA Wi b 2 /K A b

Pt AT DU Sy 8 J50R RS Ok 38 1 Pk L O BT
R FLBUK Pk B BE TR B2 A2t 2 A L 1k A
Py 1a) A LA A [ S Ak -3 Dt v 457 CE RO 0 8 32 2% A
N HYULTE /A /W B e S A S PR B A £ ) T
2)[53] .

T O B R JZ LAY P P E e R T B

fj PHIA

A

o R \[106CO+64H,0+16NH+H,PO,~
8 Co6H,7,04N,P+1060,
KA 1EH
K [ [E]
g il PR BRI
®
2N
" RS, B
B ——— B R
T
Bl ) i 2 A £
CyoeH 1500 N, P+1060,—~
106CO,+64H,0+16NH,+H,PO,
H AT WUt
FLBR KB R kUK BE (1 —7)

2 REYPHEMSRENXE
Fig. 2 Relationship of Phosphorus Release from
Sediments with Depths



%14

B AR F R XET P L R A EIRIR S48 A HUH 95

BKAR AL R IZTIRY & 1 P BRHCRAR A 7T
RER ORI KRR P& &S CHR AN
Har Ui m KRB P AWM A HE K . — &
TURRW il v 25 Wl A 9 HOPE 5 9 — > 2 R A B
AL R S AL W X B R AR R S . A
PUBE— Bk B DAY 5 KR BT . it 2 Kk
ATAER . H R Z0RY S EE KRS P
IS 5 B Ak 2 0 M OC B R UE B R — > E
o WAL RV Y b P BB G B2 A
Wy b R AL 0 PR Y EE R R I8 23 R A Tk A 26
OB
1.5 BHIXEFEYD P HEHTE
L5 1 MAHAFiT

3 AR W R IR Mt P TS BR Y 4L 4
Turner 5§ & BLGA: W) b A DL & & 4 S A PLIE 1
409655 - SEFN AR B ) Ay K A A R 4 1o A D
W ALAE A SN 3 s b B P A W e
B0 [ A/ ) Ak 2o 72 bl % G S YEAE T . Lockaby
S5 BRAE 3¢ EAAIR S B H DD i R Y Uk X
[) A ik A7 A — 5 W 3l A B L X 55K SCH 3R AT
FHE DL A ) F AR 0 SR A 6P . Bl T BB
PR A ALK S . Silvan 55 & 3%
2 N TR KA 252 1 P gk ik W
FENOT B YRR ) P oaT D3 ek Y8 R AN AR
{1 AR A 0 00 (L I A 0 L P 1 )
B BB R O A A AR T JS P AR 8 1 fi
WA T BT A2 R PR R S PR IR R
1.5.2 BT

O3 AL ) T I, 3 b S K A AL L I
A Wy A A R A AL W A A Dl VA R W TR AR
IF 0 A AR R R, FEAE IR P 2 5 R
TR L B 2 TE S I 7 4 D B [l R st R A
Yy 2 5500 b G BT B0 B 0 O U, BUR e
ST REAR = (A 80 Y0y P el W B s T Y T
7L A5 AN AT P W AL o AT I it T 58 IS Iy R AR A
AFE ST A Y . R B IE A & S
T PO B TR o DA T ol — 26 T8 9 A0 94 76 3 [X
BT ok A P g AJKAIRRS L P Y
BEL 0 T 00 2 TR U A PR A T X L —
SEAT B 1WA CIN R #1283 2 % K AR AR W) A6
7R A TR

2 BRI S RIEIE R EE A

2.1 BHERSEHEIREHEIER
5 73 A P 2 L BR AL 2 1 6 o 4 5 2 ARG

2 5 ) ol B 9 P 1 — S OC B TR - FE Bl AR S
G rh . SR A 1A &K AT DL IR 3T B O 2R BR
SR Ry ] R A 4 8 A 2 K i b ik A9 A 4 R
Fgm Y WEE P AR —FhEENE R IOR . H
A 5 5 20 MR ) 2 i A 2 R G R AE ERT
WA ER =AW UE & gk ik . C 1Y [ &
AR PR i E A R C R
HArEEE Y IR P A A BRI b AR 3 R G TR S ik
ICYIfE. Penuelas 555 T4 4 il -+ 38 2 19 fb 2% 11
EERRE L B TS TR A R A #AN P oK, DAL
S T Ak i G 0 r R ) P L 2 A ERARME AR R
2, KA CO, 1 38 Jin 8K 2l 2 90 9% 26 7= NI
FEAKRAEERRG ™A 0 2 0 0] W A HLE 57
U, AR E SR R R S IR A I 7 B
JHRC T K A AL R R A T 9 B B R AL L DU
SCRFRI L 7= 3 R S 3R R il — 2B AR KT,
P FEm ] 23 /) B C 22 6] i 85 6 RATR A B
IE SRR LS 5 AR R 2 A /Y L B RN SR
BLT A AR T AE o IRt K ol 2t 4 498 20 9 A 3] 42 BR
AR h 25 A 2 R A e e,
2.2 FHEIRS REIE A EER

O F WG P1 R UG 8 2Z 100 1 U IR0 4E L A A
& W b 22 G5 W A A 6 R RS I B G B, 5
i b RAE AR Z ] TR R . Tomassen %5
TRIAR Z A W LLE N SR K P M2k
FEEY L NCRL P 3R] £ AR T R B R R AR R
Uo 24 N FP — & 70 B A R I AT A R B P
v (14 26 K RN, Fay S5t & 3T 35X — &% s il 2k
77 7 Wi A S NS G B RGN T 3 5 L N P2 ) AH
AR AT R 2 08 SR Al 8 R MWl A AT LA
FIA N kA BB IR B AR 32F P A AR, A 4%
e N B e S R S P L X T RS
3 A LB T Ak R B R AT R B, A
FOZ T o 0 2 ) 3 s i T LR 2 R AIK l 1R 6 1Y
Wk, Olander 2 % Bl — H G WL 6 2 1 £ W1 105
SR A Wk 2 5 A o i R I 1 AR PR P R R AT
DA 2o o5 A [ I ) T PR R e N T R A
776 ] G 2E P 4 B 22 A S R HE TR B R s v, Rt
20 P LR AT LLSE 0 B b 2R S RS N AR
N (A ROHESY . Beah o 49 AR A ) 1 4 T B Ah
(NS ™ A B 22 11 i A TR I . DA T 4T 18T 1 3 A AL
Jo HR T A 3 P e R I,
WG 20 55 00 B 6] A P ) 4 T O R R NI 13
15T 538 30 A o iff — 25 i 57 i AR B R E AT 970



96 o B F 5 ox B F R 2022 4
2.3 BHER S EEENRDBE R

Y 25 5% T R B 5 B8 0 B 17 7 76 A¥ AR Y WiEn
FIRARE B0 . 50 CONLP 22 Ho 1L S i+ il | | s
B3R 80« [ 4 % AEL D 1 2 AR L B W 4 . EELEITE FHE M
BEVE 9 7 RO R LA . Y u 6 T 30 3 - eT——— LTRAR
(4 8 AL W ETS L 43 BT e AT CONLP b2 LRSS, f B R AR 1 R
BRI, A CLNLP & Bt 2 ] 77 72 7R 38 10 i % [ maewwn (]
PERS . Zhang %3038 %47 138 £ 4 C NP f £ ozl mis pm;::>
ST HHEAFRFSE . LA T CLP Hfi. NP Ll L L N, ) (PO }— Tk
B CON O 25 th 9] 114 45 R 6 A6 i i 122 N Nl Wi
1P B POy EERRHIE T P ORIN A Yo

Z: 5 0 b DG SR ik 0 B o AR L ' A 4R RN 43 il AR
% . Evans tA GG 1 TG B BE -1, 5- B R
TR A SRR b B 1 A 7= A B NP
I, N BR i RT R 23 52 ) AR A BB ) A H A%
U R A A T (I = 8RR IR T NADP i R
W BV 22 55 A0 RN AZ TR OBE -1, 5- — W R 1Y 71 AR AR 22
PUST TR L P BRI 2 B AT O R 0% L HL 1% B
R | U FR A% B 1Y P42 4§ . Harrington 5558 4o
FH [B] 55 DA I 0 B 95 o e DA gk R AR T
OGS E R AAE Y & s m, TR EZEWEN
WKAL B PEEAL R CO, T 3 28 1E 2 B A 2 1) 5%
EBUR L

1T Sk b 3k A= Wy B R R e A RS Ak B e
A TR PR A T 2 B T Ok 2 1 O, A
3 NLC Py A B AR AR Rl A S R Gy C
WS R AE - LA B NP A ) i 3R AL 27 1 26 3 2
¥ LB E U, Mooshammer 48 & 33 A 9
REPE (s NLC. P ARG/ A S % (. 3) , JFIE e 4%
HARG P 2RAED REM I P LB,
IR T — D HIR B RIHESE , ] T 23 Fr bl A 25 &
G v A PR 5 80 B G B I A R A A UYL
X FPHESERG E T 3k AR 1 A R R PO R B B
AR BV A [ AR RO A N0 R L T
AR Rl o555 338 Wl 180 A 280 R R 8 1 B %R
Thum % 42 t — 4> 80 09 fifi 1 A= 25 &R 40 152 A
QUINCY Cit Al fifi b 77 50 97 36 A0 Uik R 48 » B L B
TR B W PR S OB S N F IR T Rl AR IS R
4 rh e i RIK O Y o AR L S W 9 Rl b 2 ) LY B
SRR KBRS TR 96 AL 2 BRI N 355E 1 5k
filit*

3 AREHRFME
X B 1 0 BR A 1 5 MO BT 5 1 1

Wang

B3 ®MEWHANCPHEESEATER
Fig. 3 View of Coupling Effect of Microorganism and

Nitrogen, Carbon and Phosphorus
o RSO I8 b 5C B AP P A1 B B L R B AR B
AP R RS S HLAIEAT T LA R LR B 45 AR
SRR E R R LAF N R R T LR LA 2T
I I T IR A RIS TAE

CI Jon gtz i 38 T B A B AR J5 vk W F 5 . At
JE T O BT 3 MR K M T R A AR AR
TCHLBE A HLBEAFAETE 45 b 5 8L L & CON JE 25
B SR R R R I O HE AT A ) 3 BR AL S R A
14 5 T 2R T e o 19 A A4 s o AN F 9T 7 3 LA
figp R PRI L ATF A K BE R L A IR EL 48 A 8 R 9 AR
i RIBUHER 1B . R S S EEAL S 2 —.

(2){@ R BT P AE I Ja] A2 (8] o A b i 22 4
FRAEBETE o B AN [R) X380, A [ 43 12 AN [ A 25 30
SRR AE LA KA ] 98 B2 b ¢ Bt A7 PO A T 25 %
A R TR = ST AR S () P A A% R s [
F5E PRI 25 S o o Bl 2= 19 A2 4k L A PN A2 AR R A B
AR

(3R BT P A A 1) M BR Ak 2 17 36 52 i [A]
R SRR S RIALRI BT IE . A R A 38 - 38 it
Mo RS R K SCAR AT R BREE L SRAE-E Ji AE E L
Lo A=y b & 45 A7 AU A0 G AL ) T2 25 IR Y 5
fifk W% 3 A% P A R LAY B SRR R AR BRUE
Py AR BT A AR T L AL P AT L R (P H,
(47 A8 A7 LR R IE LK M8 37 Ak 15 R 4R B W ik A2
X FE PR Y R A e R P B R BEE
1.

(4 80 L O R 7 B 00 5 2R BIREG 2 BA R 45 L 1
WH5e. B P RiE A I N CHBEE R 5 %L Bk
8 A ) A7 02 1E s ) B T . A O B 4 A X
SRR HH R BRAE PR B 5 WE R JRE N TS 2 At 2 1)



B AR F R XET P L R A EIRIR S48 A HUH 97

1) A R T S S R 5 R L DA o X A 3
PEATH O A RS IR NLCLP A — A 52 B
AR R BT RS R R AR A A A R
S SR NLC P i B 5L 2 08 5 1T L it
1115 5 B X 4 e 4 BRORJEE B8 77 90 B O B ULAT 5

GOSN REWE 5 ORI FE AT 7S . 3
Jiti HE A5 K HE L S5 N R TE S NP S5 FRIOLR KR
VTR AN HE RS 9 SUSEEONER//E 2 R ERIFS
SEVF 22 A2 A IR AL A T i 0 T 2 I e A 2 R A i
B PRI AR M A A R A I RE RS R
GENAE R A 252 0 R 5 A0 AR L 58 % O/ 37
18 S0 3 A N5 R A A AR R

2% Xk -

References :

[ 1] DISSANAYAKA D,GHAHREMANI M, SIEBERS M,
et al. Recent Insights into the Metabolic Adaptations
of Phosphorus-deprived Plants[ J]. Journal of Experi-
mental Botany,2021,72(2):199-223.

WYNGAARD N,CABRERA M L,JAROSCH K A,
et al. Phosphorus in the Coarse Soil Fraction Is Relat-
ed to Soil Organic Phosphorus Mineralization Measu-
red by Isotopic Dilution[ J]. Soil Biology and Bioche-
mistry,2016,96:107-118.

[ 3] SCHEERER U, TRUBE N,NETZER F,et al. ATP as
Phosphorus and Nitrogen Source for Nutrient Uptake
by Fagus Sylvatica and Populus X Canescens Roots
[J]. Frontiers in Plant Science,2019,10:378.

ZINKE R K, WERKHEISER W H. Mineral Commo-
dity Summaries[ R]. Virginia: USGS,2019.

YUAN Z W,JIANG S Y,SHENG H. et al. Human
Perturbation of the Global Phosphorus Cycle; Chan-
ges and Consequences| ] |. Environmental Science and
Technology»2018,52(5) : 2438-2450.

[6] HUANG J,XU C C,RIDOUTT B G.et al. Nitrogen
and Phosphorus Losses and Eutrophication Potential
Associated with Fertilizer Application to Cropland in
China[ J]. Journal of Cleaner Production, 2017, 159
171-179.

[7] NIZK,WANG S R,WANG Y M. Characteristics of
Bioavailable Organic Phosphorus in Sediment and Its
Contribution to Lake Eutrophication in Chinal[ J]. En-
vironmental Pollution,2016.219:537-544.

ELSER J,BENNETT E. A Broken Biogeochemical Cy-
cle[J]. Nature,2011,478:29-31.

ABDULKAREEM ] H,SULAIMAN W N A,PRAD-

[8]

[9]
HAN B.et al. Long-term Hydrologic Impact Assess-

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

ment of Non-point Source Pollution Measured Throu-
gh Land Use/Land Cover (LULC) Changes in a
Tropical Complex Catchment[J]. Earth Systems and
Environment,2018,2(1) :67-84.

BARCELLOS D, QUEIROZ H M,NOBREGA G N,
et al. Phosphorus Enriched Effluents Increase Eu-
trophication Risks for Mangrove Systems in North-
eastern Brazil [ J ]. Marine Pollution Bulletin, 2019,
142.58-63.

SHARPLEY A,JARVIE H P,BUDA A,et al. Phos-
phorus Legacy: Overcoming the Effects of Past Ma-
nagement Practices to Mitigate Future Water Quality
Impairment [ ] ]. Journal of Environmental Quality,
2013,42(5):1308-1326.

MUENICH R L,KALCIC M,SCAVIA D. Evaluating
the Impact of Legacy P and Agricultural Conservation
Practices on Nutrient Loads from the Maumee River
Watershed[ J ]. Environmental Science and Technolo-
gy,2016,50(15) :8146-8154.

NANDA M,KANSAL A,CORDELL D. Managing Ag-
ricultural Vulnerability to Phosphorus Scarcity Thr-
ough Bottom-up Assessment of Regional-scale Oppor-
tunities[ J ]. Agricultural Systems,2020,184:102910.
TILMAN D,CLARK M. Global Diets Link Environ-
mental Sustainability and Human Health[ ] ]. Nature,
2014,515:518-522.

ZHU J,QU B, LI M. Phosphorus Mobilization in the
Yeyahu Wetland: Phosphatase Enzyme Activities and
Organic Phosphorus Fractions in the Rhizosphere
Soils[ ] ]. International Biodeterioration and Biodegra-
dation,2017,124:304-313.

FEOF B A P BRI R LT . oK AR R
4% ,2004,18(4) :193-195.

WANG Guo-ping. Character of Phosphorus Biogeo-
chemistry on Wetlands[ ] ]. Journal of Soil and Water
Conservation,2004,18(4) :193-195.

DUNNE E J,COVENEY M F, HOGE V R, et al.
Phosphorus Removal Performance of a Large-scale
Constructed Treatment Wetland Receiving Eutrophic
Lake Water[J]. Ecological Engineering,2015,79.:132-
142.

ZHAO S,ZHOU N Q, SHEN X P. Driving Mecha-
nisms of Nitrogen Transport and Transformation in
Lacustrine Wetlands[ J]. Science China: Earth Scien-
ces,2016,59(3) :464-476.

HES E M A, VAN DAM A A. Modelling Nitrogen
and Phosphorus Cycling and Retention in Cyperus
Papyrus Dominated Natural Wetlands[J]. Environ-



98 ok A ¥ 5 ;o B OF 4R 2022 %
mental Modelling and Software,2019,122:104531. [J]. Ecological Informatics,2016,31:83-90.

[20] SINGH S K,REDDY V R,FLEISHER D H, et al. [31] JIA X Y,OTTE M L,LIU Y, et al. Performance of
Phosphorus Nutrition Affects Temperature Response Iron Plaque of Wetland Plants for Regulating Iron,
of Soybean Growth and Canopy Photosynthesis[]J]. Manganese,and Phosphorus from Agricultural Drain-
Frontiers in Plant Science,2018,9:1116. age Water[]]. Water,2018,10(1) ;10042.

[21] PUJARIP R,JAIN V,SINGH V,et al. Critical Zone: [32] CAIS,SHI H,PAN X H,et al. Integrating Ecological
An Emerging Research Area for Sustainability [ ]J]. Restoration of Agricultural Non-point Source Pollu-
Current Science,2020,118(10) ;1487-1488. tion in Poyang Lake Basin in China[J]. Water,2017,9

[22] LV &g B O SRR I o 3 2 Al R0 31 0 5% (10):745.

S]], B 2E R .2014,59(18) : 1688-1699. [33] GASSMANN G,GLINDEMANN D. Phosphane (PH;)
SHEN Xin-ping, ZHOU Nian-qing, ZHAO Shan. Ni- in the Biosphere[ J]. Angewandte Chemie Internation-
trogen Cycle in the Hyporheic Zone of Natural Wet- al Edition,1993,32(5) :761-763.

lands[ J ]. Chinese Science Bulletin, 2014, 59 (18): [34] HAN C,GU X Y.,GENG J J, et al. Production and
1688-1699. Emission of Phosphine Gas from Wetland Ecosystems

[23] CHOROVER J, KRETZSCHMAR R, GARCIA-PICH- [17. Journal of Environmental Sciences,2010,22(9)
EL F,et al. Soil Biogeochemical Processes Within the 1309-1311.

Critical Zone[J]. Elements,2007,3(5) :321-326. [35] MACKEY K R M, PAYTAN A. Phosphorus Cycle

[24] BROOKS P D,CHOROVER J,FAN Y,et al. Hydro- [J]. Encyclopedia of Microbiology,2009,3:322-334.
logical Partitioning in the Critical Zone: Recent Ad- [36] KEHLER A, HAYGARTH P, TAMBURINI F, et al.
vances and Opportunities for Developing Transferable Cycling of Reduced Phosphorus Compounds in Soil
Understanding of Water Cycle Dynamics[J]. Water and Potential Impacts of Climate Change[ ] ]. Europe-
Resources Research,2015,51(9) :6973-6987. an Journal of Soil Science, 2021, DOI:10. 1111/¢jss.

[25] PUJARIP R.JAIN V,SINGH V,et al. Critical Zone: 13121.

An Emerging Research Area for Sustainability [ J]. [37] MORTON S C,EDWARDS M. Reduced Phosphorus
Current Science,2020,118(10) :1487-1488. Compounds in the Environment[ J]. Critical Reviews

[26] ZRAE.Z= NIk H . 2. L824 M ER ey in Environmental Science and Technology, 2005, 35
FIEBRGMR S [T] H B 24 . 2015, 70(12) : 1859- (4):333-364.

1869. [38] REDDY K R,WETZEL R G,KADLEC R H. Biogeo-
ZHU Yong-guan, LI Gang, ZHANG Gan-lin, et al. chemistry of Phosphorus in Wetlands[J]. Phosphor-
Soil Security: From Earth’s Critical Zone to Ecosys- us: Agriculture and the Environment, 2005, 46 (9) .
tem Services[ J]. Acta Geographica Sinica, 2015, 70 263-316.

(12) :1859-1869. [39] WORSFOLD P, MCKELVIE I, MONBET P. Deter-

[27] LIU M, HOU L J, YANG Y, et al. The Case for a mination of Phosphorus in Natural Waters: A Histori-
Critical Zone Science Approach to Research on Estua- cal Review[ ]J]. Analytica Chimica Acta,2016,918: 8-
rine and Coastal Wetlands in the Anthropocene[ ] ]. 20.

Estuaries and Coasts,2021,44(4):911-920. [40] NAFIU A. Soil-phosphorus Extraction Methodologi-

[28] BUNEMANN E K. Assessment of Gross and Net Mi- es: A Review[ ] ]. African Journal of Agricultural Re-
neralization Rates of Soil Organic Phosphorus: A Re- search,2006,1(5):159-161.
view[ ] ]. Soil Biology and Biochemistry, 2015, 89 82- [41] ZHAO Y,LIY L,YANG F. Critical Review on Soil
98. Phosphorus Migration and Transformation Under Fr-

[29] BAIJ H.YU L, YE X F, et al. Dynamics of Phos- eezing-thawing Cycles and Typical Regulatory Mea-
phorus Fractions in Surface Soils of Different Flood- surements| J ]. Science of the Total Environment,
ing Wetlands Before and After Flow-sediment Regula- 2020,751.:141614.
tion in the Yellow River Estuary,China[ J|. Journal of [42] VAN DER BOMF J T,MCLAREN T I, DOOLETTE A
Hydrology,2020,580:124256. L.et al. Influence of Long-term Phosphorus Fertilisa-

[30] GAO Z Q.FANG H J,BAI J H.et al. Spatial and Sea- tion History on the Availability and Chemical Nature
sonal Distributions of Soil Phosphorus in a Short-term of Soil Phosphorus[J]. Geoderma,2019,355:113909.
Flooding Wetland of the Yellow River Estuary, China [43] RUGAIKA A M,VAN DEUN R.,NJAU K N,et al.



B AR F R XET P L R A EIRIR S48 A HUH 99

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[52]

[53]

Phosphorus Recovery as Calcium Phosphate by a Pel-
let Reactor Pre-treating Domestic Wastewater Before
Entering a Constructed Wetland [ J ]. International
Journal of Environmental Science and Technology,
2019,16(7):3851-3860.

GUPTA R K,SINGH R R.TANJI K K. Phosphorus
Release in Sodium Ion Dominated Soils[J]. Soil Sci-
ence Society of America Journal, 1990, 54 (5):1254-
1260.

ZHANG L,DU Y,DU C,et al. The Adsorption/De-
sorption of Phosphorus in Freshwater Sediments from
Buffer Zones: The Effects of Sediment Concentration
and pH[J]. Environmental Monitoring and Assess-
ment,2015,188(1):26638155.

BARIK S K,BRAMHA S,SAMANTA S, et al. Phos-
phorus Sorption Behaviour of the Largest Brackish
Water Lagoon, South Asia[ ]J]. Journal of Earth Sys-
tem Science,2021,130(1):1-12.

YANG Z X, LIANG J, TANG L, et al. Sorption-de-
sorption Behaviors of Heavy Metals by Biochar-com-
post Amendment with Different Ratios in Contamina-
ted Wetland Soil[ J]. Journal of Soils and Sediments.,
2018,18(4):1530-1539.

CUI Y. XIAO R, XIE Y, et al. Phosphorus Fraction
and Phosphate Sorption-release Characteristics of the
Wetland Sediments in the Yellow River Delta[]].
Physics and Chemistry of the Earth, Parts A/B/C,
2018,103:19-27.

LUO L,YE H Y,ZHANG D H,et al. The Dynamics
of Phosphorus Fractions and the Factors Driving Pho-
sphorus Cycle in Zoige Plateau Peatland Soil[ J]. Che-
mosphere,2021,278:130501.

KENNEDY C D,BUDA A R,BRYANT R B. Amou-
nts, Forms and Management of Nitrogen and Phos-
phorus Export from Agricultural Peatlands[]J]. Hy-
drological Processes,2020,34(8):1768-1781.
KELLOGG L E,BRIDGHAM S D. Phosphorus Re-
tention and Movement Across an Ombrotrophic-mine-
rotrophic Peatland Gradient [ J ]. Biogeochemistry,
2003,63(3):299-315.

HEUCK C, SPOHN M. Carbon, Nitrogen and Phos-
phorus Net Mineralization in Organic Horizons of
Temperate Forests: Stoichiometry and Relations to
Organic Matter Quality [J]. Biogeochemistry, 2016,
131(1) .229-242.

HAYNES R J. Active Ion Uptake and Maintenance of
Cation-anion Balance: A Critical Examination of Their

Role in Regulating Rhizosphere pH [J]. Plant and

[55]

[56]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

Soil.1990,126(2) . 247-264.

RIH 6 B AR, S BK A DU
HoER AL 24 A [T ). 7K B} 27 #E i L 2003, 14 (6) : 714-
719.

ZHU Guang-wei, GAO Guang, QIN Bo-qgiang. et al.
Geochemical Characteristics of Phosphorus in Sedi-
ments of a Large Shallow Lake[ J]. Advances in Water
Science,2003,14(6) :714-719.
AL, SRR L BT A AR K IR-DTER W 2 AR B T
TR R YR ] Se B MR s [T 1. o 0 Sk ik 5 AR
Bl 24 ,2010,18(1) :61-70.

HUANG Ting-lin, CHAI Bei-bei, QIU Er-sheng., et al.
Microbial Effects on Phosphorus Release from Sedi-
ments on the Multi-phase Interface of Water Sedi-
ment-biofacies[ ] ]. Journal of Basic Science and Engi-
neering,2010,18(1) :61-70.

WANG J P,WU Y H,ZHOU ],et al. Carbon Demand
Drives Microbial Mineralization of Organic Phospho-
rus During the Early Stage of Soil Development[]].
Biology and Fertility of Soils,2016,52(6) :825-839.
SPOHN M,KUZYAKOYV Y. Phosphorus Mineraliza-
tion Can Be Driven by Microbial Need for Carbon[]J].
Soil Biology and Biochemistry,2013,61:69-75.
TURNER B L, BLACKWELL M S A. Isolating the
Influence of pH on the Amounts and Forms of Soil
Organic Phosphorus[ J]. European Journal of Soil Sci-
ence,2013,64(2):249-259.

LOCKABY B G.MURPHY A L,SOMERS G L. Hy-
droperiod Influences on Nutrient Dynamics in Decom-
posing Litter of a Floodplain Forest[ J]. Soil Science
Society of America Journal,1996,60(4):1267-1272.
SILVAN N, VASANDER H,KARSISTO M, et al. Mi-
crobial Immobilisation of Added Nitrogen and Phos-
phorus in Constructed Wetland Buffer [ J]. Applied
Soil Ecology.2003,24(2) :143-149.

JOHNSTON C A. Sediment and Nutrient Retention
by Freshwater Wetlands: Effects on Surface Water
Quality[ J]. Critical Reviews in Environmental Science
and Technology,1991,21(5/6) :491-565.

BERTRAM P E. Total Phosphorus and Dissolved Oxy-
gen Trends in the Central Basin of Lake Erie, 1970 —
1991[ J]. Journal of Great Lakes Research, 1993, 19
(2):224-236.

DAMON P M,BOWDEN B,ROSE T,et al. Crop Resi-
due Contributions to Phosphorus Pools in Agricultu-
ral Soils: A Review[]]. Soil Biology and Biochemis-
try,2014,74.127-137.

ITELIMA J U,BANG W J,ONYIMBA 1 A, et al.



100 ok A ¥ 5 ;o B OF 4R 2022 %
Bio-fertilizers as Key Player in Enhancing Soil Fertili- analysis[ J ]. Global Change Biology, 2006, 12 (11):
ty and Crop Productivity: A Review[ ] ]. Direct Re- 2077-2091.
search Journal of Agriculture and Food Science, 2018, [74] ABRAR M M, XU H.AZIZ T.et al. Carbon, Nitro-
6(3):73-83. gen,and Phosphorus Stoichiometry Mediate Sensitivi-

[65] % B.BR¥ 7. PEBEMA RGN R o] ty of Carbon Stabilization Mechanisms Along with
i B 2R 5 Bl 2%, 2006,26(2) 1 238-242, Surface Layers of a Mollisol After Long-term Fertili-
LIU Yi, CHEN Ji-ning. Substance Flow Analysis of zation in Northeast China[]J]. Journal of Soils and
Phosphorus Cycle System in China[ J]. China Envi- Sediments,2021,21(2) :705-723.
ronmental Science,2006,26(2) :238-242. [75] PENUELAS J, POULTER B, SARDANS J, et al. Hu-

[66] X B, MR 7. 1E th i kB 0 20 28 58 W0 0 o 3 40 b man-induced Nitrogen-phosphorus Imbalances Alter
[J]. BRI .,2006,27(8) :1549-1553. Natural and Managed Ecosystems Across the Globe
LIU Yi, CHEN Ji-ning. Substance Flow Analysis on [J]. Nature Communications,2013,4(1) ;1-10.
Phosphorus Cycle in Dianchi Basin, China[ J]. Envi- [76] ANDERSON O R,JUHL A R,BOCK N. Effects of
ronmental Science,2006,27(8):1549-1553. Organic Carbon Enrichment on Respiration Rates,

[67] FHsm,¥FHT I, & o062 R AE XK R E & Phosphatase Activities, and Abundance of Hetero-
FEALRE A i L) ], B KA IE 5K FRHE: L 2010, 8(6) - trophic Bacteria and Protists in Organic-rich Arctic
82-85,97. and Mineral-rich Temperate Soil Samples[]]. Polar
WANG Zhen-giang, LIU Chun-guang, QIAO Guang- Biology,2018,41(1):11-24.
jian. Effect of Nitrogen and Phosphorus Cycling Cha- [77] ANDERSON O R. Evidence for Coupling of the Car-
racteristic on FEutrophication of Water Body [ ] ]. bon and Phosphorus Biogeochemical Cycles in Fresh-
South-to-North Water Transfers and Water Science water Microbial Communities[ ] ]. Frontiers in Marine
and Technology,2010,8(6) :82-85,97. Science,2018,DOI1:10. 3389/fmars. 2018. 00020.

[68] STROKAL M, KAHIL T, WADA Y, et al. Cost-ef- [78] SUN Y,PENG S S,GOLL D S,et al. Diagnosing Phos-
fective Management of Coastal Eutrophication: A Case phorus Limitations in Natural Terrestrial Ecosystems
Study for the Yangtze River Basin[ ] ]. Resources, in Carbon Cycle Models[J]. Earth’s Future, 2017, 5
Conservation and Recycling,2020,154:104635. (7):730-749.

[69] WIEDER W R,CLEVELAND C C,SMITH W K,et al. [79] REED S C.YANG X, THORNTON P E. Incorpora-
Future Productivity and Carbon Storage Limited by ting Phosphorus Cycling into Global Modeling Ef-
Terrestrial Nutrient Availability[ J]. Nature Geosci- forts: A Worthwhile, Tractable Endeavor [ J]. New
ence,2015,8(6) :441-444. Phytologist,2015,208(2) :324-329.

[70] ZAEHLE S.FRIEND A D, FRIEDLINGSTEIN P, [80] GRUBER N.GALLOWAY J N. An Earth system Per-
et al. Carbon and Nitrogen Cycle Dynamics in the spective of the Global Nitrogen Cycle[J]. Nature,
O-CN Land Surface Model: 2. Role of the Nitrogen 2008,451:293-296.

Cycle in the Historical Terrestrial Carbon Balance [81] TOMASSEN H B M,.SMOLDERS A ] P, LAMERS
[J]. Global Biogeochemical Cycles, 2010, 24 (1). L P M,et al. Stimulated Growth of Betula Pubescens
GB1006. and Molinia Caerulea on Ombrotrophic Bogs:Role of

[71] VICCA S,STOCKER B D,REED S, et al. Using Re- High Levels of Atmospheric Nitrogen Deposition[ ] .
search Networks to Create the Comprehensive Data- Journal of Ecology,2003,91(3):357-370.
sets Needed to Assess Nutrient Availability as a Key [82] FAY P A,PROBER S M, HARPOLE W S, et al.
Determinant of Terrestrial Carbon Cycling[ J]. Envi- Grassland Productivity Limited by Multiple Nutrients
ronmental Research Letters,2018,13(12):125006. [J]. Nature Plants,2015,1(7) :1-5.

[72] LIUJ R.PENG J,XIA H Q.et al. High Soil Availa- [83] HARPOLE W S,SULLIVAN L L,LIND E M.,et al.
ble Phosphorus Favors Carbon Metabolism in Cotton Addition of Multiple Limiting Resources Reduces
Leaves in Pot Trials[J]. Journal of Plant Growth Re- Grassland Diversity[ J ]. Nature,2016,537:93-96.
gulation,2021,40(3) :974-985. [84] NIINEMETS U, KULL K. Co-limitation of Plant Pri-

[73] DE GRAAFF M A, VAN GROENIGEN K J A N, mary Productivity by Nitrogen and Phosphorus in a

SIX J, et al. Interactions Between Plant Growth and

Soil Nutrient Cycling Under Elevated CO,: A Meta-

Species-rich Wooded Meadow on Calcareous Soils[ J].
Acta Oecologica,2005,28(3) :345-356.



%18 B&F S B XET PHL R OB RIK I 436 HUh 101

[85] HEUCK C,SMOLKA G,WHALEN E D,et al. Effects (6):1043-1051.
of Long-term Nitrogen Addition on Phosphorus Cyc- [94] EVANS J R. Photosynthesis and Nitrogen Relation-
ling in Organic Soil Horizons of Temperate Forests ships in Leaves of C; Plants[]J]. Oecologia, 1989, 78
[]7]. Biogeochemistry,2018,141(2) :167-181. (1):9-19.

[86] WIDDIG M,SCHLEUSS P M, WEIG A R,et al. Ni- [95] WANG J,WEN X F,ZHANG X Y,et al. Co-regula-
trogen and Phosphorus Additions Alter the Abun- tion of Photosynthetic Capacity by Nitrogen, Phos-
dance of Phosphorus-solubilizing Bacteria and Phos- phorus and Magnesium in a Subtropical Karst Forest
phatase Activity in Grassland Soils[J]. Frontiers in in China[ J]. Scientific Reports,2018,8(1):1-9.
Environmental Science,2019,7:185. [96] FARQUHAR G D,VON CAEMMERER S, BERRY

[87] OLANDER L P,VITOUSEK P M. Regulation of Soil J A. A Biochemical Model of Photosynthetic CO, As-
Phosphatase and Chitinase Activity by N and P Avail- similation in Leaves of C; Species[]J]. Planta, 1980,
ability[ J . Biogeochemistry,2000,49(2) :175-191. 149(1) ;78-90.

(881 R ML RIEMGXI 7k, 45 W17 20 6 36 19 OC # 1 [97] HARRINGTON R A,FOWNES ] H, VITOUSEK P
P 5o w R TR L], db st R i CA R BHE IO | M. Production and Resource Use Efficiencies in N-
2018,54(1):218-228. and P-limited Tropical Forests: A Comparison of Re-
WU Zhen, WU Si-feng, LIU Yong, et al. Key Proce- sponses to Long-term Fertilization[]]. Ecosystems,
sses and Mechanisms of Nitrogen and Phosphorus 2001,4(7) .646-657.

Cycling in Lakes[J]. Acta Scientiarum Naturalium [98] POEPLAU C,HERRMANN A M,KATTERER T.
Universitatis Pekinensis,2018,54(1) :218-228. Opposing Effects of Nitrogen and Phosphorus on Soil

[89] REED S C,SEASTEDT T R.MANN C M,et al. Phos- Microbial Metabolism and the Implications for Soil
phorus Fertilization Stimulates Nitrogen Fixation and Carbon Storage[ J]. Soil Biology and Biochemistry,
Increases Inorganic Nitrogen Concentrations in a Re- 2016,100.:83-91.
stored Prairie[ J]. Applied Soil Ecology, 2007, 36 (2/ [99] GUIGNARD M S,LEITCH A R, ACQUISTI C,et al.
3):238-242. Impacts of Nitrogen and Phosphorus: From Genomes

[90] MCGILL W B,COLE C V. Comparative Aspects of to Natural Ecosystems and Agriculture[ J]. Frontiers
Cycling of Organic C, N, S and P Through Soil Or- in Ecology and Evolution, 2017, DOI: 10. 3389 /fevo.
ganic Matter[ J]. Geoderma,1981,26(4) ;267-286. 2017.00070.

[91] CHEN X,JIANG N,CONDRON L M,et al. Soil Al- [100] MOOSHAMMER M,HOFHANSL F,FRANK A H,
kaline Phosphatase Activity and Bacterial Phod Gene et al. Decoupling of Microbial Carbon. Nitrogen, and
Abundance and Diversity Under Long-term Nitrogen Phosphorus Cycling in Response to Extreme Tem-
and Manure Input[]J]. Geoderma,2019,349:36-44. perature Events[ ] ]. Science Advances, 2017, 3 (5):

[92] YUMPF,LIUT Y,XIA W Z,et al. C,N,and P Stoi- el602781.
chiometry and Their Interaction with Different Plant [101] WANG Y P,HOULTON B Z,FIELD C B. A Model
Communities and Soils in Subtropical Riparian Wet- of Biogeochemical Cycles of Carbon. Nitrogen, and
lands[ J ]. Environmental Science and Pollution Re- Phosphorus Including Symbiotic Nitrogen Fixation
search,2020,27(1) :1024-1034. and Phosphatase Production[ J]. Global Biogeochemi-

[93] ZHANG Z S,SONG X L,LU X G,et al. Ecological cal Cycles,2007,21(1).:GB1018.

Stoichiometry of Carbon, Nitrogen,and Phosphorus in [102] THUM T,CALDARARU S,ENGEL J,et al. A New

Estuarine Wetland Soils: Influences of Vegetation Co-
verage, Plant Communities, Geomorphology, and Sea-

walls[ ] ]. Journal of Soils and Sediments, 2013, 13

Model of the Coupled Carbon, Nitrogen, and Phos-
phorus Cycles in the Terrestrial Biosphere[ J]. Geosci-
entific Model Development,2019,12(11) :4781-4802.





