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Abstract: In recent years, the excessive input and inefficient utilization of nitrogen and phosphorus in cropping systems has led to
significant losses of these elements. Lake Poyang Basin has led to significant losses of these elements, resulting in persistent
nitrogen and phosphorus levels exceeding the legal limit, as well as other environmental issues. Therefore, tracing the
spatiotemporal patterns of nitrogen and phosphorus metabolism in the Lake Poyang Basin cropping system is crucial for ensuring
the basin's ecosystem sustainability. This study used the Material Flow Analysis (MFA) method to investigate the spatiotemporal
variations in nitrogen and phosphorus fluxes in cropping systems across the Lake Poyang Basin from 2000 to 2022. Four scenarios
were designed based on the current status of nitrogen and phosphorus pollutant emissions: a baseline scenario; a scenario with
reduced fertilizer inputs for arable land; a scenario with increased straw recycling rates; and a scenario with comprehensive
measures. The emission reduction potential was calculated for each scenario, and the optimal strategies for reducing and preventing

nitrogen and phosphorus pollution were then proposed. The results show that nitrogen and phosphorus inputs to the basin initially
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increased and then fluctuated stably, peaking around 2015. In terms of spatial distribution, the total nitrogen and phosphorus inputs
were highest in the coastal lake district, reaching 281000t of nitrogen and 64000 t of phosphorus respectively. Chemical and organic
fertilizers accounted for over half of the total inputs. In terms of nutrient use efficiency, the combined use rates of nitrogen and
phosphorus were 48.5% and 31.0%, respectively. Since 2010, the utilization rates of nitrogen and phosphorus for all crops have
declined, as has the ratio of nutrient inputs of nitrogen and phosphorus, with an average N/P ratio of 3.9. Scenario analysis suggests
that reducing chemical fertilizer use could decrease nitrogen output by 150000 t by 2050 and reduce nitrogen and phosphorus
emissions by 159000 t, which would reduce pollutants by 53.4%. Compared with the baseline scenario, the N/P ratio discharged
into the environment could rise to 6.5. Reducing fertilizer application accounts for 75.7% of the emission reduction, demonstrating
its effectiveness as a mitigation strategy. Quantitative analysis of the nitrogen and phosphorus structure of the cropping system,
and tracing nitrogen and phosphorus inputs over the past 20 years in the Lake Poyang Basin, has allowed us to identify and judge
the trend in the nitrogen and phosphorus ratio. This analysis enables us to evaluate the key processes of the agricultural system
systematically, providing a scientific basis for developing effective, integrated nitrogen and phosphorus management measures in
the Lake Poyang Basin, and evaluating the potential outcomes of future scenarios.
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Fig.1 Overview map of the study area

12 HiR7G*

T AR SR E A E SRR 2 26N XPRIEMIRORIE . B SRS e R T 4 a8 M
RIFVE B — B ERRANT %, BB RS NI REA RN EBHEAERE, SRR Brh It . A
HUIEHIA . BRI E S BN, AR R Pl 3 KR RS S P s P
PrEch KRS MR HE . BRESAEEM BRI, RN 7AW I AR R A S 2 TR
YEMIE I RS AW TCRIEREER, BREMRX A 11 AR, & EREGE. RIEWE =, RIE
VoA RIER . AAERE S, WEBhKPEEESRIE T 2000-2022 4F (TLPHESIHEE) (AT ST E%)
CULgit %) CPERWGTHFEE) LA MREE. M TRER AL ZE TR BUAXT %S
Bitiz% (FEGIHES)  (EERPRRAKE RHL R ) AT RF ISR ™ . RSB A



TR AR

20204 M8 BH IR 22 S ST R A 4 b

TOATE TR UR
(35.21)

R R
(94.12) LE:Na (21.64)
(52.95)

GHIE (0.99) i ‘ IR ;. SRR
ASEHAE . 1 i | AP ey

BT 0o IR R bk TN
LEITEN p (5.21) (10.28) (25.68)

RAPSER Aty SR 10Tg N/yr
NH; NO N,O f&ifEk (4.88) (1.22) I
(12.59)€0.62) (0.67) (11.8)

i 104 tyr
20204F B BHF L R ZE 0% o KA 4 b
L LA T
(63.55). o ﬁ'.h(:‘/‘i-‘g/;/) b URH
s fopeb K et
AR g 2600 (238.90) e 2330) v
(59.75) @) 69.68): & :,&‘.‘-»,
; A&/ “
#edij fm% la.éa.
e ® (46
. K71
DHIE (4.24) O 4(JBI.BE§4 IR (13.43)
AXHAT e 1032 (12.60)
(7.46)
RN
(79.13) . L&
Hikrigm (29.33)
azsn @
o uu). \
WK FIZSA A7 b #
(7.02) €9.66) (148.52) (2055

Uik REAFRE REFAERS %% 1Tg P/yr
(2.64). RWwATEH Ao (6.65)  (1.66)
(4.30) (16.25)
WL 103 tyr

2, EMUEZRT KIS RE R AR R N ) I

LA 2000-2022 9, o T ESRHIA AR A G b R R, A A T R e A R R A T
RG GBUFREWE TR HABRIEM A T RGN LU 7RG, LS AFH R
FHR:

Nip = Ny 7% + Nz + N ©
Nout = Ngg + Nggp + Nitg + Niys + Nég + 271 Nigss; (2)
NI 3 =AAXK; + AAX K, + ¥, CP; X N; 3)
N3 = Neo X K3 + Neg X Ky + Nogner €))
N&3 =0, x Ks + 0, x Kg + (RP + UP) X K; X Kg + Y71 AP; X Ko X Ky (5)
N =Y, CP; X K; X SF; (6)
Ngge = Xty CPy X K; X SFy @)
N =31, CP; X K; X SF3 )
Nbs =", CP; X K; X SF, (9
Nl =Y, CP; X K; X SF; (10)
P Njss; = AAX K1 + AA X K13 + Ny X (NVHs  NN20 4 NDEN) (11)

Horp, A4 BB, K ONEEMKEIGREE, K NRUIREREL CPOSTEY) i (0778, N R %0E
s Noo NENETHAER, Na NEGIEHFER, Nome MHAEEIEIAN, KAKILE S E, K ARIEEE
B OV AFSATHE IR, Oy AUIILIHAER, RP ONRF NI, UP ASHINTIEL, APONYEEAAFEL, K
MR ARG, Ko ABHIERE R, K7 Ko AANRESRE RS, PEEHR RS, Ksy Kio AFEIRH AR, Ky



BRI REL Ko NFHMRIETTRE REL Ko ABRXRBUR REL KONEMIR S &, SFOMEYMRIEZ
FOT 7 A L], NNHS, NN20 0 NPEN 735O NOIERE A, NoO HE, B RE R E KT RE
LA
GRS SEOT R RHAT IS, BT SRS B G TR A E I N BRI 7, TS AT 46
R HOFARAT e, IR AT R A L 77 Al AT TH 55, i R G P T 5 S AT SR,
AICAEEGR . R RSy 250

EN
2 L EA HE RIE
AR 0 KoMt ﬁ%:ﬂ'wﬂ;gi:gm u
KM RE (KD kg N/ (hm? <) #77: 3.64L77: 55 (20, 26]
M () N/ (2 (00-10S):19.5 e
(10-20S):24.1
N20 HEi (NN20) kg / (hm? @) 5.1
JREHER (NPEN) kg / (hm? &) 132 20
BIFER (NNMB) kg / (hm? g) 44
RRARH (KD kg / (hm? &) e 1329 B 2.1
MERL (K2 kg / (hm? a) . 5 B 2 )
BRI R (Kis) kg /ha a 0.255 o
£ 2 PR,

TR A R B R AR IR A S E B RS, — R CLECRI R 23 (Nitrogen use efficiency,
NUE) . BF|HZZ (Phosphorus use efficiency, PUE) 3Rr, FRAEPINIC AL 555 BT e A B AE W) B Bk
GUFPE R, FROFIRZCRTE, N 3P 2 R M EYRAE R TN 50 TP N, Bkt Sk T
Fis:

NUE =22 x 100% (12)
N

PUE = ‘I’—" x 100% (13)
P

Hep, I NEFMEDRRS R BB N R, AERRAGALAE. FHUE. AR Op NERMEYF=
TR, BFEEMIENEY . R MR IR BRIRFS I IR SR, RIS REYFE R H
R Ja kBT R G R R R

1.3 ERSH

HAT, o r B AR G “ s N mre AR, FAREN & L A BT 17K

136.7% ", {EREP= RGN RN, KEGYIMEEZ ok, R TR R RS0 B S Yo,
AW TSR 2025-2050 SEVE AT,  FRIAS [F) B RS 0E X5 YePrHE R R . 15 S s 1 3 uEs 5
(S fefrsmEE s (S2)  RFFERERREEE R (S3) MEGEREER (SO L 3.

® 1 MHEAGEBR S Z



Tab.1 Parameters of nitrogen and phosphorus fluxes model in planting systems
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Tab.2 Ratio of straw to grain, and nitrogen and phosphorus content in grains and straw of different crops
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Tab.3 Characteristics of different preset scenarios
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