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63.1 G #Z 196.2 Gz, EEMANTYWAEZANRAAR 2T, Hep Ml B8R eEsENEd 27.8 kghn”
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%, m1.44 0% 25.8 Cg; ERUAGAH, FEWEEZmALEER, HEF LA, #1816z A F 106
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(P) flows in the crop-livestock system of Fujian Province, and to provide a scientific reference for integrated nutrient management
and green development of agriculture. [Method] Using a coupled NUFER (nutrient flows in food chain, environment and resources
use) model, data were collected and sorted from statistical yearbooks, literatures, and field investigations from 1985 to 2015 to
quantitatively estimate the balance, use efficiency and loss characteristics of P flow in the crop-livestock system of Fujian Province.

[Result] The total P input in crop-livestock production system increased from 63.1 to 196.2 Gg in Fujian Province from 1985 to
2015. The main P format inputs were fertilizer and feed import. The amount of per unit area of P fertilizer input in crop system
increased gradually from 27.8 to 60.4 kg-hm™. Due to the influence of scale and structure change of crop-livestock system in Fujian
Province, local feed supply decreased from 3.33 to 1.65 Gg, while the feed import increased from 20.7 to 70.2 Gg. From the output
perspective, total P increased from 45.0 to 90.9 Gg, mainly including crop main product and animal manure loss. P uptake of crop
main products changed slightly (only from 24.3 to 26.7 Gg), while the P loss in animal manure increased significantly from 1.44 to
25.8 Gg. Soil accumulation is the main loss pathway of P in crop-livestock system, which increased year by year from 18.1 to 106 Gg.
P use efficiency in crop production system (PUE.) decreased from 36.1% to 16.6%, and the change trend of P use efficiency in
crop-livestock system (PUE,.,) was similar to that of PUE,, which gradually decreased and eventually remained at 15.0%. In the
same time, the unit P loss of crop-livestock products increased gradually from 0.3 to 1.3 kg P-kg™". In terms of economic development
and planting structure, there was a significant positive correlation between per capita GDP and fertilizer input when the per capita
GDP was less than 11 000 yuan. When per capita GDP was less than 15 000 yuan, there was a significant positive correlation
between per capita GDP and unit P loss of crop-livestock products, but there was a significantly negative correlation between per
capita GDP and PUE, when per capita GDP was less than 13 000 yuan. The proportion of cash crops planting area was significantly
and positively correlated with the unit P loss of crop-livestock products and P input of fertilizer, and it was significantly negatively
correlated with PUE.. [Conclusion] At present, the cash crops planting area is relatively high, which is one of the structural
characteristics of crop system in Fujian Province. At the same time, the unit area quantity of P input by fertilizer is large, circulation
of animal manure is inadequate, which probably lead to more unit P loss in crop-livestock products, and low P use efficiency.
Therefore, controlling the application amount of phosphate fertilizer and enhancing the utilization level in crop-livestock waste
resources will be the guarantee in improving P use efficiency and promoting agriculture sustainable green development in Fujian
Province.

Key words: phosphorus; NUFER model; phosphorus use efficiency; crop-livestock system; proportion of cash crops
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Fig. 1 Schematic diagram of phosphorus flows model in crop-livestock production system
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®1 EYBERT () BEAMERT () BEHSSEREBEER
Table 1 Proportion of edible part and non-edible part of different crops and their phosphorus content

lRYIEN WERFT () F#B7%> Harvest edible parts WA () 4 Harvest non-edible parts
Crop 143 Et Percent (%) Tl & & P content (%) 143 E Percent (%) Tl % 5 P content (%)

(F) &4 Rice 53 0.300 47 0.130

(F) /I3 Wheat 48 0.370 52 0.080

T kL Oil plant 56 0.305 44 0.163

(f5f) 2% Tuber crop 67 0.020 33 0.045

(f6f) H ¥ Sugarcane 77 0.014 23 0.046

CF) HHM Tobacco 38 0.184 62 0.169

() 7% Tea 100 0.222 — —

(f) 7KR Fruit 100 0.020 — —

() #E Vegetable 100 0.039 — —

() FF6U¥L Forage 100 0.080 — —

() 2 Green manure — — 100 0.057

®2 IZEEWRFRAY. ERBHHEMERBIE (LHLH 72
Table 2 Livestock feeding period, daily excrement/urine and P content (based on fresh)

BHEMAE 1 S 1 FE H HEM 5 22 HL8 & & Daily excrement and P content PR H Hel i K B 7 & Daily urine and P content
Livestock Feeding period (d) Hetit-E: Excretion (kg-d™) Tl % 5 P content (%) HettF: Excretion (kg-d™) T & & P content (%)
A4 Beef >365 18.00 0.095 9.0 0.017

Wy4 Cattle >365 18.00 0.095 9.0 0.017

2 Sheep 243 1.50 0.216 0.5 0.021

¥ Pig 198 2.00 0.245 3.0 0.022

1 Rabbit 180 0.08 0.296 — —

A% Broiler 55 0.09 0.413 — —

N Layer >365 0.15 0.413 — —

(N} 60 0.17 0.289 — —

Duck, Goose

®3 EEEBHHEHHBHE
Table 3 P content of production in animal body

fiif 7 7 & G 44%14> Partitioning of animal body (%) 1 & & P content (%)
Freshweight 5 g jiy s 3k A5y A A 3k HoAl5
(kg) Edible part Bone Other parts Edible part Bone Other parts
¥ Pig 90.00 50 13 37 0.18 33 0.07
= Cattle 477.30 45 20 35 0.17 4.2 0.01
=F Sheep 35.00 55 24 21 0.17 5.6 0.15
] Poultry 2.04 65 20 15 0.16 2.0 0.01
4% Rabbit 1.75 50 7.5 42.5 0.17 4.0 0.21
% Egg — 90 — 10 0.21 — 0.20

5 Milk — 100 — — 0.09 — —
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R4 RFRRSHY BHLE 19852015 4F 117 1 3.9 kg-hm 7+ % 6.9 kg-hm
Table 4 Basic parameters of environment loss (K 2-A) .

L tem P Parameter (04 PR A3 A G A G
WPEZ 4L Leaching parameter 0.6 Clo AR TR A B34y, 1985—2015 4F I [],
PR Runol parameter N MBI FBORARIAE 6.0 ke/LU i o AHb )
12 Z44 Erosion parameter 72 E 30 ﬁzllﬂ %ﬂlﬁ?ﬁ? %%%’ 1 1985 fﬁE’J 0.9 kg/LU

P22 2015 4719 0.1 kg/LU o Bl 25 i H o L 45 2 90 7= i
WA RN L Oy LR, 1985 AEARAE AT BALIT g 3 R A B BRI . i 3 DR D o T g
UL RPN 18.1 kghm™, JFIZAERIIN, 22 2004 43, 19852005 4F WilA R & T 5.0 kg/LU, 2006—2015
AL (59.8 kgrhm™) , ZJSGRFFRGE . MW 4 PR, 2015 48, #iil 3808 4 3.9 kg/LU.
WeARAE RS FTHOE B AL 1985—2015 “EREH gk HogcRsh i s b 5 Lhie /N, BAE 1985
KB, SRR E B B 15.9 kghm™ 0015 4[] S /NIE TR, Bk H 0.8 keg/LU
B4 12,5 kg'hm?, EMRSFTEREEH 6.2 T+ 4 1.0 kg/LU, 277 b i1 0.2 kg/LU F+ 48 0.3 kg/LU
kg-hm? [ % 3.2 kgehm?. #8070 1= BRI PR & 1 (] 2-B) .

= {LJIE Fertilizer %R 34 FH Manure to field
m fEFFEH Straw to field m 3% 2 Soil accumulation
B EPUER Crop harvests u {EYFEFF Crop straw

A 100 2%, Rl kYL Runoff, erosion, leaching

80 - [ |
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Fig. 2 Phosphorus flow in crop (A) and livestock (B) production systems in Fujian Province
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2.2 BREERUAZBREANFLERERES
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Fig. 3 Changes of phosphorus flows of crop-livestock system of 1985 (A) and 2015 (B) in Fujian Province
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2.3 REAMIRIBARRBEMRBRBRETH

P

1985—2015 4FJH IR, A g4 P bk o % = A
M % (PUE) &R, H 1985 4E11) 36.1%F 2
2015 4E[) 16.6%. FREDNH, & PO R FH %
(PUE) ZAbAK, 158 THAGKT, 2015 424
4.7%. RWMARFENBEREFHZE (PUE,) L%
L PUE. AT, {F 1985 “ERf B, 2 i 2 N,
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(&4 .
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il A O 2 TR S 2 IEAH OGO R, M A GDP>1.5
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7

Ll

X ZRIESE : 1985—2015 SEARIE A RBCR ZUBE R U AN L M S W A 31

1427

(AR EPIN
Fertilizer input (P) (x10* t)

AT ZIIN
Fertilizer input (P) (x10%)

PUEc (%)

PUEc (%)

16 o
g
14 2
o
2
12 KL~
= £y
10 EoR
uE %
8 i g =
6 y=62575x+54656 (< 1) iﬁ_ %
4 y=117505 (x>1) = é" &
R*=0.93** 3,
2 2
g
=)
0 1 1 1 )
0 2 4 6 8
i B ABIGDP
Per capita GDP of Fujian Province (10000 yuan/person)
40 c
35
30
25
20
s | 09
10k y=-11.4x+29.9 (x<<1.21)
»=16.1 (x>1.21)
5t R*=0.81%*
O 1 1 1 ]
0 2 4 6 8
taE N¥IGDP
Per capita GDP of Fujian Province (10000 yuan/person)
16
A e
Q
14 F 2
o
2
12f K5
B £
10 | %f% %’ 5
8| Lg
£, 8
6F X 23
HE
4t & g =
<
o
r E
-
0 1 1 )
0 20 40 60
LR A E
Proportion of cash crop planting areas (%)
40 -
35t A
30+
25+ A
2T A
15+ AR
10 y=-0.4416x+38.449
R’=0.85%*
5k
0 1 1 )
0 20 40 60

SRR IR & L

Proportion of cash crop planting areas (%)

@ .”0’

3=0.44x+0.61 (x<<1.36)

04 y=1.21 (x>1.36)
R’=0.90%*
0.2
0 1 1 1 ]
0 2 4 6 8
Fsdt s NBGDP

Per capita GDP of Fujian Province (10000 yuan/person)

**: P<<0.01

E5 BEEANEFZEGDP) SRR AA),
B RYF=RBEIRK (B) #PUEC (C) ZEHY

KE
Fig. 5 Relationship between per capita GDP of Fujian
Province and input of fertilizer P (A), unit

phosphorus loss of crop-livestock products (B)

and PUEc (C)
Lo6r
B
141
£
121 A
y=0.043x+0.053
1LOF R*=0.94%*
08
0.6
04F
02
0 1 1 )
0 20 40 60
VR R A Y E
Proportion of cash crop planting areas (%)
**: P<0.01
6 ZFEYEMEARAL L SEHBHBHIAN (A) |

B RBFERBEIK (B) # PUEC (C) ZERY
KE
Fig. 6 Relationship between the proportion of sown
area of cash crops and input of fertilizer P (A),
unit phosphorus loss of crop-livestock products

(B) and PUEc (C)



1428 H &k B2 53 %

T B PO IR 358X 10° LU K JEZE 1 455
X 10* LUM®,  SEpl Ak B m . SR, TR
RSG5 R R A, FREAED PR TAR TR, AT k)
FEREAN A, BT LA ARDRL A SR S s, % 2015
ERBO AR AR R N A 70.2 Gg, £1°4 1985
EIG 36 (B3, ATEE Rl R A R
MR 2 — o X 2RIk L IR A5 R SR 2 b X F 51 4
R, kit L EROL R R, R
S HTEEBZET D, N 92.8% 4% 53.0%, AME: &
FREERFEL AR T B &R IR 144 Gg M2
258 Gg (K 3) , JnRys G xbs . DAk, s da
A ES AR, oM RIZ o, 0 s i 2= A
MR BAFEEAE .
3.2 EEARWEFRABENAETIIFE

14 PUE, A 1985—2000 H LA 2 i) R,
T 2000 FZEE T PRAYERRE 17.5% (Bl 4) , 57
AE=AAARMEL, (HEEAC TR =4 AL 35%) B9,
1X 5 GDP IR e & SRR MR o LA DG (8 5.
Kl 6) . BEFEMmEA AL GDP b, &) 41k
R EFENEZ FLIREE, 5 PUE. MK, X5
BAI 2 v 4 i — 3. BB R . SRS
FEANIAR S LE R N, ELBERIZE IR R, AR 15
TERALTIAR T3 R BN TE 2 AL RE, 1X 330 PUE, &
HENBE, X R SR ISR B AR AR R SR oy
WA AIETTES R — 3

fHEE PUE, 2I/NIEEE BT, X5 MBIEILA
IS &5 AL, 32 2R ] B2 & O BB Ak 72
FESGIN, AR TR K EHFE T, B FR
i B4 0 R GEINFR 40 6 BRAG I, [R] I 2 6 16 4 k)
W B, {§43 PUE, #27H0Y. 4884 PUE., i}
LR B, HiashdA S PUE M8 (B 4) , £
AR FR G 2R 26 B A T 52 3 B e M 5 e A
K UBAh, BT 1985—2015 FEE, KRG H
REEY - & RGN0 L LS A = RS
Az, AEAF BN FENE ) AL ER R LSS kb, iX
JEF 8 PUE., FEEMY —JRIN, 5 MA 20795t
SR —H LR b, R R AR R GE R R H 2 ) OC B
TE 10 5 28 G VE W) 3% 43 8 B0 & Ol 1) 1 5T )

LE AL T B 1 SRR
3.3 XTRBERERKEFREBEHAEY
iy

R4 1985—2015 FAREEE RIAR SR LS)D
FCRFIERF I 45 BT, AR A R R G 2 A

HRFFE BRI = 25 R AN SR BB AR BUR
A AEE, JRtiR I DU

PR A SN SR A 700 A8 B, 42 B AL 1) Tt
o AR AT IR AT A, S NAR AR
YRy iR, FERMEIE R, M i AR AR
L AR K WIURY], W R R
BRI, AEORRE IOKAH A 52 10 [ N RE A 02>
AL & 50% LA 1P, Sl 2 A Rk g 45 3k
WY, AP MR R R DRl DA 7 R 8 45% 1)
AT, B E =,

B O N e R SR SRR M RS . Ty
17, JE IR AR BRI S R, R AU
o FEDCIRIE], NOINSRAR M EE SR, i < gk
AR A" “IRR-F -7 B A LRED
By K P v AR, G R AR HEAR I Ak
W, NOEERIIR B, W i) DeMarke 4%
Yy, WA AZE SN IR BN K P, AR
TP AEARAR RIS W] BEARIA R, 38 29k Sh IR 5
BN e Sy — g i, B N R R
R R P IR B o A DR RS N A W
BRI, S AL InyS A AL FE AR L S R R IR B
ARG, WRFCAR WL, 0 R i S X 3 A A
7] U 5 e R AT L 700 (0 48 A ) D 3R ) i i 2>
PRI,

4 i

1985—2015 4F, a4 ARBUA 14 R R iR,
PR, AL B N, Rk R BB AR
W, WERFHE T, EEZ PG TAEY R L
B RIS g s FRE g, P RbE LR
IR, BEEAERBE IR, 3R 2 A B
B, FEEHTAEYI R S5 R SO I R ALY
A, CARCARCR G oy s R B R s . 455 b,
SR RGN TR, PR, B
BEMEIEHF TR, R E RIR G =
R, WAEH, R R BOL T RFSEER (R
1) FE LR

References

[1] SCHACHTMAN D P, REID R J, AYLING S M. Phosphorus
uptake by plants: From soil to cell. Plant Physiology, 1998, 116(2):
447-453.

[2] CORDELLD, NESET T S S. Phosphorus vulnerability: A qualitative



KRS 1985—2015 SEA 4 AR BUR SR T B 7 L Mo i DY 3%

1429

B3]

(4]

[3]

(6]

(7

(8]

(]

[10]

(1]

[12]

framework for assessing the vulnerability of national and regional

food systems to the multi-dimensional stressors of phosphorus scarcity.

Global Environmental Change, 2014, 24(1): 108-122.

KOPPELAAR R H E M, WEIKARD H P. Assessing phosphate rock
depletion and phosphorus recycling options. Global Environmental
Change, 2013, 23(6): 1454-1466.

BOUWMAN L, GOLDEWIJK K K, VAN DER HOEK K W,
BEUSEN A H W, VAN VUUREN D P, WILLEMS J, RUFINO M C,
STEHFEST E. Exploring global changes in nitrogen and phosphorus
cycles in agriculture induced by livestock production over the
1900-2050 period. Proceedings of the National Academy of Sciences
of the United States of America, 2013, 110(52): 20882-20887.

SUH S, YEE S. Phosphorus use-efficiency of agriculture and food
system in the US. Chemosphere, 2011, 84(6): 806-813.

OTT C, RECHBERGER H. The European phosphorus balance.
Resources, Conservation and Recycling, 2012, 60(3): 159-172.
SRR, ARG X PR R TR A WA SE[D]. KK H Ak
KRR, 2017: 22-34.

ZHANG X M. Study on characteristics of nitrogen and phosphorus
nutrient flow in food chain in northeast China[D]. Changchun: Jilin
Agricultural University, 2017: 22-34. (in Chinese)

FRAETT . AL R P AR R R SR 2 TSI AL R 7 18 42 D]
PR bAoA, 2013: 15-30.

ZHANG H F. Nitrogen and phosphorus flow in agro-livestock system
and strategies of optimization in Hebei Province[D]. Baoding: Hebei
Agricultural University, 2013: 15-30. (in Chinese)

TREEA, FOREE, TKk—T, TROR. VU AR AR R B S )
AR, P E AR AL 2R, 2016, 24(5): 553-562.

ZHANG J J, GUO C X, ZHANG Y G, ZHANG Q. Spatial
characteristics of phosphorus flow in crop-livestock production
systems in Shanxi, China. Chinese Journal of Eco-Agriculture, 2016,
24(5): 553-562. (in Chinese)

SMIL V. Phosphorus in the environment: Natural flows and human
interferences. Annual Review of Energy and the Environment, 2000,
25:53-88.

SENTHILKUMAR K, MOLLIER A, PELLERIN S. Regional-scale
phosphorus flows and budgets within France: The importance of
agricultural production systems. Nutrient Cycling in Agroecosystems,
2012, 92(2): 145-159.

MAL, MAW Q, VELTHOF G L, WANG F H, QIN W, ZHANG F S,

OENEMA O. Modeling nutrient flows in the food chain of China.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Journal of Environmental Quality, 2010, 39(4): 1279-1289.
V5, MJRHE, M, ELSIL, VLSRR, Thbk. AT R -tk
BN RGP BN S IR N ——LLAE R S . [E R R

%%,2018, 51(3): 430-441.

WEI S, BAI Z H, WU D M, XIA L J, JIANG R F, MA L. Nutrient
flow and environmental effects of “soil-feed-livestock” system in
metropolis: A case study in Beijing. Scientia Agricultura Sinica, 2018,
51(3): 430-441. (in Chinese)

BAI Z H, MA L, MA W Q, QIN W, VELTHOF G L, OENEMA O,
ZHANG F S. Changes in phosphorus use and losses in the food chain
of China during 1950-2010 and forecasts for 2030. Nutrient Cycling in
Agroecosystems, 2016, 104(3): 361-372.

T, KA, AR, AR, BHEE, EUEER, MR, 2k
S T DO M b 3 A DL S M E VAR . AR, 2014,
51(6): 1270-1281.

LONG J,ZHANG LM, SHENJ Q,ZHOU B Q, MAO YL, QIU L X,
XING S H. Spatial interpolation of soil organic matter in farmlands in
areas complex in landform. Acta Pedologica Sinica, 2014, 51(6):
1270-1281. (in Chinese)
WHRAG U R, WAL,

1986-2016.

B30 g A,

Statistical Bureau of Fujian Province. Fujian Statistical Yearbook.
Beijing: China Statistics Press, 1986-2016. (in Chinese)

TR EE, FIRHE, AR, BRI, VLORX. ZRIRIRRE AR B R S TR
S E) S IS HEB I SR, E AR, 2018, 51(3): 493-506.
MAY F, BAIZH, MA L, NIE Y Q, JIANG R F. Temporal and spatial
changes of nutrient flows and losses in the peri-urban crop-livestock
system in Luancheng. Scientia Agricultura Sinica, 2018, 51(3):
493-506. (in Chinese)

BAI Z H, MA W Q, MA L, VELTHOF G L, WEI Z B, HAVLIK P,
OENEMA O, LEE M R F, ZHANG F S. China’s livestock transition:
Driving forces, impacts, and consequences. Science Advances, 2018, 4
(7): eaar8534.

WAL, MEET SRR

1, 1986-2016.

AR AR N R AR

Statistical Bureau of Fujian Province. Fujian Economic and Social
Statistical Yearbook. Fuzhou: Fujian People’s Publishing House,
1986-2016. (in Chinese)

[H KGR . RS E A, bt h EST R
#t, 1986-2016.

Ministry of Environmental Protection of the National Bureau of



1430

doOE kW R %

53 %

[21]

[22]

[23]

[24]

(23]

[26]

[27]

[28]

[29]

Statistics. China Environmental Statistics Yearbook. Beijing: China
Statistics Press, 1986-2016. (in Chinese)

WRARSC. s R Skl ez, 2 W dest: PRk H L, 2015:
107-304.

CHEN D W. Animal Nutrition and Feed Science. 2nd ed. Beijing:
China Agriculture Press, 2015: 107-304. (in Chinese)

B, EEER AWM. dent o AR R, 2012:
360-365.

YANG Z G Main Crop Fertilization Technology. Beijing: China
Agriculture Press, 2012: 360-365. (in Chinese)

ZHH, ks, EAFKIEAR HIRSMmA L Rl S
Ak RFE, 2011, 44(20): 4207-4229.

LI S T, JIN J Y. Characteristics of nutrient input/output and nutrient
balance in different regions of China. Scientia Agricultura Sinica,
2011, 44(20): 4207-4229. (in Chinese)

AN ABASET MR S5 b, EAHULETRE. Jeat hER
bt RRAL, 1999: 5-142

National Agricultural Technology Extension Service Center. China
Organic Fertilizer Nutrient. Beijing: China Agriculture Press, 1999:
5-142. (in Chinese)

MR, FROTI. R BB IR R AR AR R A ROR
Jitt, 1991: 4-40.

LIN B Q, CHEN K C. Fujian Food Nutrition Composition Table.
Fuzhou: Fujian Science and Technology Publishing House, 1991: 4-40.
(in Chinese)

B, MK, Wdde. EEMBIA R AE P EOR. At
AR A BOR B R, 2015: 12-21.

LUO W H, ZHOU Q F, YANG J L. Efficient Production Technology of
Moderate-scale Meat Rabbit Farm. Beijing: China Agricultural
Science and Technology Press, 2015: 12-21. (in Chinese)

PRI, LR PSR R IR, KN IR R R
JiAt, 2014: 88-112.

HUANG Y K, JIANG D F. Broiler Farm Standardization Demonstration
Technology. Zhengzhou: Henan Science and Technology Press, 2014:
88-112. (in Chinese)

SO MRS I AR ). ARASFRIEECR, 2011(19): 49.

JIA J. Best time for ducks and geese out of the bar. Rural Breeding
Technology, 2011(19): 49. (in Chinese)

RN FE I il RSO AL, 1997:
265-272.

China Agricultural University. Livestock Manure. Shanghai: Shanghai

[30]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

Jiaotong University Press, 1997: 265-272. (in Chinese)

KRB, kT, DEIR, ZBR5. S I Wm0 5o ey . B
FARRRIBTST. ThE K8, 2008, 30(6): 24-26.

ZHU J F, ZHANG D H, PANG G, QIN C L. Change of calcium,
phosphorus and potassium contents inside the mallard eggshell in the
marsh of the Yellow River during different periods of hatching. China
Poultry, 2008, 30(6): 24-26. (in Chinese)

Rk, WEMEE 2 M. bt AR HRAL, 2000: 11-277.
PENG K M. Livestock and Poultry Anatomy. 2nd ed. Beijing: Higher
Education Press, 2009: 11-277. (in Chinese)

MA L, VELTHOF G L, WANG F H, QIN W, ZHANG W F, LIU Z,
ZHANG Y, WEI J, LESSCHEN ] P, MA W Q, OENEMA O, ZHANG
F S. Nitrogen and phosphorus use efficiencies and losses in the food
chain in China at regional scales in 1980 and 2005. Science of the
Total Environment, 2012, 434(18): 51-61.

MRS, VEEAE, JSEATC, MR, RS, SRR, XIRIE, RR
SR AR A SR EL S Ao el 9 A P BRSO AR
A HERI, 2018, 43(3): 5-12.

LINRK, XU X Z, ZHENG C Y, YE D L, ZHANG S C, YAN X J,
LIU D H, WU L Q. Present situation of phosphate fertilizer use and
soil phosphorus balance in Pinhe County, Fujian Province. Fujian
Science and Technology of Tropical Crops, 2018, 43(3): 5-12. (in
Chinese)

MRAERE. 8 HOK R AL BUR « i) 85 % 5k

2006(3): 56-57.

A A B E

LIN H Z. Present situation, problems and countermeasures of rice
fertilization in Yongding County. Fujian Agricultural Science and
Technology, 2006(3): 56-57. (in Chinese)

LI H, HUANG G, MENG Q, MA L, YUAN L, WANG F, ZHANG W,
CUI Z, SHEN J, CHEN X, JIANG R, ZHANG F. Integrated soil and
plant phosphorus management for crop and environment in China. A
review. Plant and Soil, 2011, 349(1/2): 157-167.

FRIR, EB, RHL, MEE, mek R XRBCRGA. #iR
TANRHE. PEARAERE, 2018, 51(3): 417-429.

ZHANG X M, WANG Y, YAN L, FENG G Z, GAO Q. Characteristics
of nitrogen and phosphorus nutrient flow in farming and animal
husbandry system in northeast China. Scientia Agricultura Sinica,
2018, 51(3): 417-429. (in Chinese)

MA L, WANG F H, ZHANG W F, MA W Q, VELTHOF G, QIN W,
OENEMA O, ZHANG F S. Environmental assessment of management

options for nutrient flows in the food chain in China. Environmental



7 34

KRS 1985—2015 SEA 4 AR BUR SR T B 7 L Mo i DY 3%

1431

[38]

[39]

[40]

[41]

Science and Technology, 2013, 47(13): 7260-7268.

ZHANGF S, CUI Z L, FAN M S, ZHANG W F, CHEN X P, JIANG
R F. Integrated soil-crop system management: Reducing environmental
risk while increasing crop productivity and improving nutrient use
efficiency in China. Journal of Environmental Quality, 2011, 40(4):
1051-1057.

VAL BRI BN P A O LA RN A 4525 O [D).
FAM: R, 2019: 32-46.

XU X Z. Comprehensive evaluation of carbon emission and optimum
fertilization in Guanxi pomelo production[D]. Fuzhou: Fujian Agriculture
and Forestry University, 2019: 32-46. (in Chinese)

Y. AR A X e A AR TR S BRG] L
HEREDL. A E F A0, 2018(20): 24-26.

LIU Y. Eastern coastal area: The promotion of the utilization of
livestock and poultry manure resources in Fuqing City, Fujian
Province. China Animal Industry, 2018(20): 24-26. (in Chinese)

SRR I TR B RSB JE Rt v E AR K A

[42]

[43]

[44]

2010: 92-102.

ZHANG F S. List of Best Nutrient Management Technologies. Beijing:
China Agricultural University Press, 2010: 92-102. (in Chinese)

BOSI P. Feeding strategies to produce high quality pork. Asian
Australasian Journal of Animal Sciences, 1999, 12(2): 271-281.
B, TR FETR BERHLR S B 2 A [D]. s
RK2E, 2014: 99-111.

i E

JIA W. Studies on the evaluation of nutrient resources derived from
manure and optimized utilization in arable land of China[D]. Beijing:
China Agricultural University, 2014: 99-111. (in Chinese)

EwE, W, M, e, £ Ba &g T
HEM: AR R AR, 2006: 21-58.

WANG B Y, DENG T W, HUANG Y K, XIANG R P, WANG Y W.
New Poultry Diseases Handbook. Zhengzhou: Zhongyuan Peasant
Press, 2006: 21-58. (in Chinese)

(SRR A




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


