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Fig.1 Schematic diagram of phosphorus flow in the food chain system of Hainan Island
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Tab. 1 Figure 1:English-Chinese cross-reference

LIS 5'E Hc P3L HsC 'S
TP E L Plant foods FIEWH P F RS Household consumption subsystem NZEIR Human excrement
YA Animal foods BERMTFRE Food Processing Subsystem JEFARBI Food waste
Y5 Plant products HEFIT RS Livestock and poultry subsystem RHAZIM Runoff erosion
Y77 Animal products VEIHEF* T 2458 Crop production subsystem TR Soil accumulation
HMIRIREL  Exogenous feed A7 TR 5E  Fisheries production subsystem ik Leaching
HEAL Fertilizer k™5 Fishery products
MK Irrigation water 151 Sludge
#HBFEK  Animal manure and urine N Wastewater

x2 EMRSEBSERER

Tab.2 Phosphorus content and fate in crop production subsystem %
REORD o e ) -
, 2 e i Th \
aEEit ARy ke POOMDR
1EY) . Phosphorus ) . Tk e Al .
Fruit (seed) Grass to grain Calorie . Proportion of straw
Crop content . Proportion of straw
phosphorus ratio content . returned to the field
of straw processed into feed
content

/N2 Wheat 1.600 0.08 1.10 301.5 14 78.75
T KMaize 2.000 0.15 1.20 290.0 27 71.50
JKFERice 0.600 0.13 0.90 376.0 16 77.50
4+ Cereal 0.280 0.10 1.00 256.0 58 30.75
fR % Sorghum 0.700 0.14 2.00 279.0 66 28.88
7 2Beans 0.600 0.19 1.00 229.0 34 62.25
& Potatoes 0.460 0.27 0.50 71.0 50 50.00
1£4: Peanuts 0.220 0.16 0.80 517.0 42 49.50
HESucrose 0.170 0.14 0.33 59.0 10 33.13
Hi >k Vegetables 0.050 0 0 24.0 0 20.00
JK R Fruits 0.030 0 0 41.0 0 100.00
4 Rubber 0.180 0.25 0 — 0 70.00
H#B-FCoconut 0.060 0.06 1.30 231.0 10 70.00
A
Btk 2.400 0.22 0 87.0 10 70.00
Areca nut
i #5Peppers 0.017 0.25 0 — 10 90.00

TE: EESHMSOE > I

Note: Referenced to the relevant studies!'” '8~

! and survey.
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Tab. 3 Phosphorus levels in livestock and poultry subsystem and proportion of manure and urine emissions

%

ELiES B

(EEEL

LA B

FEIR BRI LA

Proportion of direct

FEPRWE A LA

Proportion of manure

Livestock Phosphorus content Bone phosphorus  Phosphorus content . .
species of main products content of by-products manl,.lre and urine - and urine phosphorus
discharges returned to the field

#Hogs 0.17 0.33 2.2 10 90
54 Dairy cow 0.09 4.20 0 20 80
[ 2F Beef cattle 0.17 4.20 2.0 20 80
ﬁiﬁ%ﬂ?came 0.17 4.20 0 20 80
I'Donkey 2.83 — 0 5 95
HHorses 2.83 — 0 5 95
$#Mules 2.83 — 0 5 95
“FGoats 0.16 5.60 22 64 36
XY Laying hen 0.23 0 0 55 45

T FESHACHIE 2 b,

Note: Referenced to the relevant studies'”*' ~*! and survey.

R4 NEKHERRAGRMBAMERAYERE

Tab. 4 Phosphorus content and per capita consumption of foods in the household consumption subsystem

o TR/ % Z%H)\i’aiﬁ%%i/kg PN %i/kg
Crop Phosphorus content Annual per ca}plta Annual per caplta
of food/% rural consumption/kg urban consumption/kg
/NAZ Wheat 0.260 6.84 6.67
T KMaize 0.270 3.76 3.49
K FERice 0.120 98.10 54.96
4+¥) Cereal 0.220 1.00 1.00
1 % Sorghum 0.320 1.00 1.00
5 2$Beans 0.480 13.07 5.05
2K Potatoes 0.140 7.46 9.12
AEAHE Peanuts 0.310 5.00 1.00
‘H#ESucrose 0.003 5.00 1.00
#H3¥ Vegetables 0.050 98.00 97.71
7K Fruits 0.030 16.73 39.35
HBFCoconut 0.090 10.00 1.00
P Areca nut 2.700 1.00 1.00
EHPeppers 0.010 1.00 1.00

i EESHHHR > R IH0T

Note: Referenced to the relevant studies''*! and survey.
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Tab. 5 Phosphorus levels in fisheries production subsystem, phosphorus content of feeds, and edible proportions %
Bk A B S Tl Wl ﬂ@ﬁ.ﬁ el
Types Phosphf)rus content of  Phosphorus content of  Feed phosphorus Edlbl.e
main products by-products content proportion
%7K fiFreshwater fish 0.170 0.27 0.26 50.1
1R 7K MR8 Freshwater shrimps and crabs 0.220 0.10 0.30 41.2
1Rk I 2Freshwater shellfish 0.001 0 0.31 39.0
RIKHES Freshwater algae 0.300 0 0.29 98.0
Rk H AthFreshwater other 0.270 — 0.30 98.0
17K ffiMarine fish 0.160 0.01 0.91 57.0
57K HF 8 Seawater shrimps and crabs 0.290 0.77 0.27 58.8
1§k U1 2 Marine shellfish 0.100 0.17 0.32 41.0
7K #EJEMarine algae 0.170 1.32 0.34 98.0
W7k HiAth Seawater others 0.140 — 0.30 98.0

T Rtk B A SCHIETR ™ > K R,
Note: Refenced to the relevant studies®™ > and survey.
i HR-HA YL H
Bk R G R A HRCR A,
VERIHE 7= R GEWE R A AR (PUEC) (%) =
(T2 b th VR A P A < 100 ®)
BB REBERFIHIZCE(PUEa)(%) =
(Bl &L i) x 100 (6)
FHETH 28 R G R A AR (PUEh) (%) =
CRAT . 3T N B R i A
ST N i A ) % 100 (7)
EYHERE 2 A IR (PUED (%) =
(BB R/ BER AT B A) X100 (8)

2 #BR5H5H

21 EEHEBRVHERZTHRTEINEASHHT
% RIEA T H RS U OGS
W, WA MR, Lk 54800 E, HE
ALK, MmO K B A &, (R e TS 2
K& o —J7 i, B ARSI, R & R
Bt o5 —J7 i, BEAR AR A AR T
ity DR A AT e 15 DA BB 9% 5209, 1990—2020 42,
B 2 28 G AR A T A RR SR R, B0 A B
W Z 3G, W AR R, FEAFEE . SME
TkL, ZEIR MRS . T S B RS
B A 1990 4EAY 32.46 kt B 2020

AR 47.43 kt, K T 46%; AR ARl & A
T 1990 4EAY 13.70 kt #4112 2020 474 19.23 kt,
HIRK T 40%:; ZEPRBER Hr A 1990 41 3.39 kt
HAINZE 2020 4R 11.55 kt, B4 T 2.40 435 Nk
i A B 1990 4E 11 129.99 kt 4 hin % 2020 4
i) 369.06 kt, 34K T 1.80 1% (5] 2—a) .

1990—2020 45, ¥ERg A 2w, 7= b g5
PEACTE R, Y R A by 2 24 MR IV b, e A4 15 A U
FHRNZ , XA AT ) B 75 2R I 38,
mHABSECT#ERE A B, fERIK
R B AR IR T X — R XTSRRI A B
7 T SR RESE RN, Shi I T 2 PR 4
Kb TR s, iRk, %
LG B, B Rk AR Rk R -4
U o MR S B R R G Y R R R
1990 4F1Y 6.20 kt 34 i1 2 2020 4F- 1) 48.23 kt,
BT 6.77 4% B B EWEE R B BE R
T 1990 4EAY 13.52 kt #4112 2020 4EA4 30.13 kt,
WK T 122 45%; W B B EE R G P GE . AR
12w 2%y 1990 4EAY 3.16 ke B4 N = 2020
£ 10.06 kt, BK T 2,18 15 1 H B W R S
rh - 3 SRR K B 1990 4R 1Y 112.00 kt 3
HNZE 2020 4Ry 356.42 kt, 34K T 2.18 £5(1& 2-b) .
22 BERBYHZSFRTENBRRER
1990—2020 4, M /g 5 B EE R RSN T RS0
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Fig.2 Changes in phosphorus flow in the food chain system of Hainan Island
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28 2020 4E1% 10.17 ke, 4K T 2.20 f35; FEIRIEE
] 7K R B 45 2 B 1990 4F (1) 3.43 ket 38 & 2020 4F
) 7.82 kt, B4 T 1.27 4% Ul 256 % K B 2 )
KR B35 B 1990 4F- A9 1.38 kt 34 2 2020 4F ()
15.66 kt, ¥4 T 10.34 £5 (51 3-b) . &R 5 A
ORI, 4 T R AW A DX
ok, YT Bt SE S AR, R
T L I8 | AR U B B HE G A UK AR, S
T ESG A K KR, KA A R



56 3

FFHFIEE: W & 1990—2020 F BV RBER WS T 955

700

600 | #EIHT R biLivestock an
w il A R4 Fishe
o i T & SFood

500
400
300

200 [ =

il Z 1 J<Phosphorus loss/kt

100

0
Q IV o
‘\QQ\QQ\QQ

DA A S AR
D A AR A A AR AN A AN AN P
4EA5y Year

I > O E 2D > O 1B D

[w]

WUk, 72, fZhliLeaching, runoff, erosion b
[ m3%JKManure and urine
K354 7K Aquaculture wastewater

NOW Wb
hn S O

—_ [
S
T T

UAHBEIESTES
Phosphorus losses to water bodies/kt
3}

S

S W

Q XD DXL DO XoDD

D D OO TR R R QRN DN LD N )

DR AR AR AR AR A AR AR AR AR AN D
AFA)y Year

a T RGN b BER RIRHHI R

a. Phosphorus loss from each subsystem; b. Phosphorus loss to the water column
E3 BEEAmEReEHIk

Fig. 3 Phosphorus loss from the food chain system in Hainan Island
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Analysis of historical changes in phosphorus flow within the
food chain system in Hainan Island (1990—2020)

WANG Dandan'*, LI Zichen'?, MA Jiyong’, ZHAO Hongwei'*"

(1. Eco-Environment Restoration Center of Hainan Province, Haikou, Hainan 570228, China; 2. School of Ecology, Hainan University, Haikou, Hainan
570228, China; 3. Haikou Marine Geological Survey Center, Haikou, Hainan 571127, China)

Abstract: The characteristics of the changes in phosphorus flow from 1990 to 2020 were quantified in the food
chain system of Hainan Island based on the NUFER model to explore the sustainable use of phosphorus. The
results demonstrated that over the 30-year period, the phosphorus input to the crop production subsystem of the
Hainan Island food chain system increased from 135.92 kt to 390.63 kt, with fertilizer input representing the
primary source of phosphorus in this subsystem. The phosphorus input to the livestock and poultry subsystem
exhibited an increase from 13.70 kt to 19.23 kt, while the phosphorus input to the aquaculture subsystem
demonstrated an increase from 6.32 kt to 49.75 kt. All these findings demonstrate that the inputs and losses of
phosphorus in the food chain system of Hainan Island in 2050 can be reduced through the implementation of
comprehensive and optimal management measures. In order to ensure the long-term sustainability of the food
chain system on Hainan Island, it is essential to implement measures that will control the excessive inputs of
phosphorus nutrients, optimize farming methods and technologies, and strengthen management measures to
improve the efficiency of phosphorus utilization. This will help to reduce the loss of phosphorus in the various
subsystems. Concurrently, it is imperative to foster a harmonious interdependence between the disparate
subsystems that comprise Hainan Island's food chain system. This will ensure the sustainable phosphorus

utilization.
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