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Regional Livestock Density Under Environmental Capacity Based on Nitrogen and Phosphorus Budget of
Farmland : A Case Study of Yucheng County in Shandong Province

WU Lan—fang, OUYANG Zhu

(Institute of Geographical Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101, China)

Abstract: Livestock manure provides a valuable nutrient source for crop and substitute for chemical fertilizer. However, the environmental
risks of livestock manure have increased in regions where livestock manure is overproduced compared to land capacity. According to the nu—
trients demand and available loses of current cropping system, livestock density under environmental capacity in Yucheng County, Shandong
province was analyzed on the basis of nutrition budget of cropland by different input scenarios of manure N and manure P,0s. Nutrient needs
were calculated by multiplying the output of each crop with the standard mount of nutrients needed for each crop and summing up individual
crops. Nutrients input mainly consist of the amount of chemical fertilizer and the amount of organic fertilizer converted from livestock manure.
When the input of manure N accounted for 100%, 60% and 30% of total input of N in cropland, the carrying capacity of livestock on the
farmland was 13.8 LU-hm™, 8.3 LU-hm™ and 4.1 LU -hm™ and the corresponding load index of the farmland was 0.7.1.1 and 2.2 respec—
tively. When the input of manure P,Os accounted for 100%, 60% and 30% of total input of P,Os in cropland, the carrying capacity of livestock
on the farmland was 22.5 LU-hm™, 13.5 LU-hm™ and 6.7 LU +hm™ and the corresponding load index of the farmland was 0.4.0.7 and 1.3 re—
spectively. Those showed that the carrying capacity of livestock depending on soil-surface nitrogen budget was smaller than the carrying ca—
pacity of livestock depending on soil-surface phosphorus budget; meanwhile the load index by nitrogen budget was higher than load index by
phosphorus budget. Furthermore, the obviously differences were existed among township regions of Yucheng County. Therefore, to prevent en—
vironment from deterioration with respect to livestock manure in the region the livestock density and the quantity manure should be restricted
base on the assimilative capacity of the cropland to nitrogen, also the livestock and manure should be distributed evenly within the region.
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Figure 1 The sketch of location for Yucheng
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Figure 2 Hierarchy of indicators to assess and control the impact of

nutrient loss from agriculture on the quality of drinking

water and ecosystems
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Table 1 Animals and their excreta coefficient

- ‘ ﬁ@ﬁﬁﬂ-ﬁ o ﬁ@ﬁ %@ﬁ 42 4B R B Equivalent coefficient of cattle dung
Animal excretion/kg unit™+a™ N concentration/N% P concentration/P,0s% 3 F N Base on N HTF P,0s Base on P;0s
4 Power cattle 10 100 0.351 0.188 1.0 1.0
A4 Beef cattle 7 700 0.351 0.188 1.0 1.0
Y44 Dairy cattle 19 400 0.351 0.188 1.0 1.0
I, Horse 5900 0.378 0.176 1.08 0.94
IF 32 Donkey and Mule 5 000 0.378 0.176 1.08 0.94
¥ Pig 53 0.238 0.169 0.68 0.90
3£ Sheep 870 1.014 0.495 2.89 2.63
¥ Meat chicken 0.10 1.032 0.946 2.94 5.03
¥ Egg chicken 533 1.032 0.946 2.94 5.03
R 16.3 LU-hm?, M 3 AT, 7 H BT S5 S K 281
Q) LB A F S EME N SRFHMA NS T, ETRH P BCCRILEITTE SRR
B 60%H , B3N X AR H RGN & & ZEE K47 (1) Z#HbitE F P Ry 100%% B ZE (R, B K H

WHTHEN 76.0 t-hm™ 2" AU E . BB ERE  RAAEMNEFSHENHN AR 2248 t-hm?-a”
AENY 8.3 LU-hm?, & SPRHMBEMIFHA T FEGE AP E S REAE 22.5 LU-hm?,
BHFEN 63.3~902 t-hm™ o, IPMABHHIEERE K SERENEFHMERRRIEN SN 158.7~2859
A& 6.9~9.8 LU-hm™, kgP,0s-hm™ 2™ 4226 R, M BB BRBRA
G)UFBLEMEN HRBHBAN BB 30% 8 159~286 LU-hm?, & SEZAFERRESR,
i, EXPYRARGEXNEEEEOPFIENN G DRSS Rk
38.0 t-hm?-a™ 4384 E, MNHHHE ERKBEER (2) 243 F I ZEFE P,Os & BIBHIEA P,Os B &
A 4110-hm?, B SERANEMBEN TR B 60%0, BIEX R HRARESIMERFIIHN S
31.6~45.1 t-hm? o FFE4 R, PHIBEEFETHEY  TREN 1349 t-hm™ a7 4285 8E, WP I8F &
3.4~49 LU -hm*(% 2), BRBA RN 13.5 LU-hm?, & S FHFFEEHN S

®2 EFRENKZHEHMEERRRETE
Table 2 Carrying capacity of livestock on the base of nitrogen budget in Yucheng farmland

- AIT44N2EE R Manure N can be  WJH4N2(H & (#7428 )Manure BB ERBE R Carrying

s ﬁg;kﬁdll\l &AﬁN inputted/kgN - hm2-a™ (converted to cattle dung)/t-hm>+a®  capacity for livestock/LU +hm™
y2 eman input’kg - - - : . : ; ; ;
KN btea bt BT ARB2 KBS WET RB2  WE3 W1 RB2 A3

Scenario 1 Scenario 2 Scenario 3 Scenario 1 Scenario 2 Scenario 3 Scenario 1 Scenario 2 Scenario 3

EIRTT Yucheng 294.5 444.5 444.5 266.7 1334 126.6 76.0 38.0 13.8 8.3 4.1
T HF#p Shizhongban  293.8 443.8 443.8 266.3 133.1 126.4 75.9 37.9 13.7 8.2 4.1
+H 2 Shiliwang 3122 462.2 462.2 2773 138.7 131.7 79.0 39.5 14.3 8.6 43
(= Anren 283.4 433.4 433.4 260.0 130.0 123.5 74.1 37.0 13.4 8.1 4.0
{245 Lunzhen 353.5 503.5 503.5 302.1 151.0 1434 86.1 43.0 15.6 9.4 4.7
E4H Jvzhen 2739 4239 4239 254.4 1272 120.8 725 36.2 13.1 79 3.9
Z=1i Litun 377.6 527.6 527.6 316.6 158.3 150.3 90.2 45.1 16.3 9.8 49
2% Xinzhai 332.0 482.0 482.0 289.2 144.6 137.3 824 41.2 14.9 9.0 4.5
J55F Fangsi 281.0 431.0 431.0 258.6 129.3 122.8 73.7 36.8 13.3 8.0 4.0
7K FE Zhangzhuan 271.8 421.8 421.8 253.1 126.5 120.2 72.1 36.0 13.1 7.8 3.9
2K Liangjia 275.2 425.2 4252 255.1 127.5 121.1 727 36.3 13.2 79 3.9

3JE Xindian 220.2 370.2 370.2 222.1 111.1 105.5 63.3 31.6 11.5 6.9 3.4
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Table 3 Carrying capacity of livestock on the base of phosphorus budget in Yucheng farmland

ERBEP0; AR FIHSIZEERE Manure P05 can be  FITHABERER (74735 )Manure & S REA R Carrying

W demand/  P,0s input/ inputted/kgP,0s+hm?-a™ (converted to cattle dung)/t-hm?-a®  capacity for Livestock/LU -hm™

kgPOs kgPOst kL4 RBLS dkele  tkl4 RS RMe  RBL4 RS HRile

hm?-a”  hm®-a™"  Scenario 4 Scenario 5 Scenario 6 Scenario 4 Scenario 5 Scenario 6 Scenario 4 Scenario 5 Scenario 6

FE IR Yucheng 154.3 184.3 184.3 110.6 553 224.8 134.9 67.4 22.5 135 6.7
T HJp Shizhongban  154.6 184.6 184.6 110.8 554 225.1 135.1 67.5 22.5 135 6.8
+ B8 Shiliwang 166.0 196.0 196.0 117.6 58.8 239.0 143.4 71.7 239 143 72
2Z{~ Anren 138.1 168.1 168.1 100.8 504 205.0 123.0 61.5 20.5 123 6.1
1245 Lunzhen 161.9 191.9 191.9 115.2 57.6 234.0 1404 70.2 234 14.0 7.0
B4 Jvzhen 128.6 158.6 158.6 95.2 47.6 193.5 116.1 58.0 19.3 11.6 5.8
=i, Litun 185.9 2159 2159 129.6 64.8 263.4 158.0 79.0 26.3 15.8 7.9
£ Xinzhai 204.4 234.4 234.4 140.7 70.3 285.9 171.5 85.8 28.6 172 8.6
JB5F Fangsi 153.6 183.6 183.6 110.2 55.1 2239 134.4 67.2 224 134 6.7
8¢ FE Zhangzhuan 156.2 186.2 186.2 111.7 55.8 227.0 136.2 68.1 227 13.6 6.8
BK Lijia 154.9 184.9 184.9 111.0 555 225.5 1353 67.7 22.6 135 6.8
2 JE Xindian 100.1 130.1 130.1 78.1 39.0 158.7 95.2 47.6 159 9.5 4.8

TR 95.2~171.5 kgP,0s-hm2-a™ 4221 5 AR Y
P& & RBAEE N 9.5~17.2 LU -hm?,

(3) 47t FH 9258 P05 T FEZBIBF IR A P05 B
B Y30%0T, B4 XA HSEH5 & & 2 TH N
HA 67.4 kgP,0s-hm?-a™, XF 0 FE I #H L E B R &
HA 67 LU -hm?, % S EMF IS 1T 2
47.6~85.8 kgP,0s-hm?-a™ 42 4 B MM EHLE &
RBAEWAFA 4.8~8.6 LU-hm?2,

Pk 2 MR 3 ATA1, EF N Wk HEEE
THAEE I B SRR A RHBMTET Pk

RELHIR HZEEE N T E B RBE R,
22 BEERHESHHIEH

RARY, BREX PP EEREEN 9.0
LU-hm?, $EHAIZFBRK, HEERRER/NRER
A 35LU0-hm?, EERBEEHR KN FFET 18.2
LU-hm?, %t Hh3% 2 7501, B X & SRR E
AFARBL 1 AR 2 Z 8], WAEHE 11 NS 8P, F 2
M ENBEERBEETRE 3, E3NSENESR
ARBRENTROL 2 f13 Z 0,5 S HNEERER
TR 1 A2 ZH],1 NS ENEERBRBENLHE

R4 BHEBREFEREE
Table 4 Carrying amounts of livestock and excretes in Yucheng farmland

¥ = e 2 = ¥ ;
PRI BRI WEARAIL st (comorie 1y et domg 10 1" st of exr et
iR Farmland Livestock Carrying amounts of
area’hm® amounts/x10°LU  livestock/LU-hm™ EFN BT PO EFN BT PO
Base on N Base on P,0s Base on N Base on P,0s
BT Yucheng 53 246 48.07 9.0 440.7 480.2 82.8 90.2
T H 7 Shizhongban 7 428 4.66 6.3 432 44.9 58.2 60.4
+H#H Shiliwang 2 893 3.26 11.3 31.2 335 107.7 115.7
4Z{= Anren 3233 3.71 11.5 34.1 36.4 105.3 1124
{245 Lunzhen 6223 221 3.5 21.4 22.9 34.4 36.8
E4H Jvzhen 3107 1.77 5.7 15.3 16.3 49.4 52.5
Z=fi Litun 2718 1.20 44 9.3 11.1 343 40.7
2% Xinzhai 5485 6.33 11.5 55.0 66.5 100.3 1212
P55F Fangsi 8394 15.28 18.2 1423 154.1 169.5 183.5
BKFE Zhangzhuan 3 159 3.17 10.0 31.5 32.0 99.6 1014
2K Liangjia 5360 2.96 5.5 29.5 30.6 55.0 57.0
3¢JE Xindian 4 580 3.60 79 28.6 33.0 62.5 72.1
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Figure 3 Loading index of livestock in Yucheng farmland on the base of nitrogen budget

N

A

4 BFREPWXZHHHES AHEN

Figure 4 Loading index of livestock in Yucheng farmland on the base of phosphorus budget
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Figure 5 Comparison of livestock density between representative countries and areas

E R SIX ARHTH Formland IR Animal mumber/] 000 AR /LU-hmin 1996  /LU-hm™ in 2003
area/x1 000 hm? 4= Cattle ¥ Pig LU/x1 000
a7 2% Netherlands 1933 3735 10 766 6 965 44 3.6
HAFIBT Belgium 1390 2 684 6 366 4594 3.7 33
#i[E Korea 1 846 1998 9230 4767 2.7 2.6
F+% Denmark 2 694 1 681 12 969 5572 2.0 2.1
HZs Japan 4 726 4 563 9725 7 481 1.5 1.6
fEE Germany 17 038 13 386 26 495 21335 1.3 1.3
E USA. 215 676 96 100 59 513 113 954 0.6 0.5
BAFIT. Australia 461 486 27215 2 940 28 097 0.1 0.1
H[E China 122 067 159 475 503 348 310 479 1.9 259
B Yucheng of China 53 3315 285.3 417.1 6.3 7.8%
H:(DFSRAL(LOITHE RN 1,54 03;(2)2 2005 S50
Note: (1)Livestock Unit is calculated as counting cattle 1, pig 0.3 and the number of poultry is not considered here. (2)Data in 2005.
& 6 N0 P,0; WEITFHAEAEMHRKE (kg hm>+a™)
Figure 6 Maximum application rate and loses of N and P,05 (kg-hm?-a™)
Wi H 1998 4F In 1998 2000 4F In 2000 2002 4F In 2002 2005 4F In 2005
P,0; 43 it arable 100 85 80 80
P,0s supply Bl grassland 120 85 80 80
POs 1% #hith arable 40 35 30 20
P,0s loss Eil grassland 40 35 30 20
N4 #hith arable 190 170
N supply Eili grassland 300 250
N #i%k #EHiJe % + arable peat 175 150 110 100
N loss Friks + arable clay 175 150 150 100
BEHYP+ arable dry 175 150 100 60
Eil grassland 300 275 220 180
Eikh+ grassland clay 300 275 220 180
¥Hivb+ grassland dry 300 275 190 140
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