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GIS-based Analysis of the Land Suitability for Manure Application in the

Northeastern Provinces
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Abstract: As an important industrial and grain production base of China livestock and poultry industry have been rapidly developed in
the northeastern provinces. With the rapid increasing amount of animal production how to handle the huge amount of animal manure
has become a critical issue for local government. A quantitative analysis based on geographic information system (GIS) combining the
biophysical environmental social and economic factors was applied to determine the land suitability for manure application in the
northeastern provinces. The results show that a farmland area of 211 942.7 km® accounting for 78. 9% of the cultivated land in three
northeastern provinces is estimated to be suitable for manure application. The suitable farmlands are mostly distributed in Heilongjiang
and Jilin provinces. Proximity to residential area water body and roads are identified as the primary factors influencing the manure
application while rainfall is the main factor to generate discrepancies in different areas. Furthermore the future potential capacity for
animal production in three provinces was forecasted based on the areas of suitable land and the population of existing livestock
production. Among 36 cities of three provinces the big variation is observed Siping City is overproducing 1. 813 million heads of pig
unit at present but Qiqgihaer City still has the potential to rear 11. 203 million heads of pig unit. Overall eastern region of the study
area holds the high potential for animal production with a surplus capacity of 2. 842 million heads of pig unit the potential of the typical
mountain and forest areas is only 10% of eastern region however. In contrast in half of western region (central Liaoning province and
central Jilin Province) their animal populations have exceeded the land carrying capacity. Therefore we sirongly suggest a site—
specific animal production and manure application guide to achieve a sustainable development of livestock production in the northeastern
provinces.
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Table 1 ~ Exclusionary criteria applied to input factors to avoid risks (1)
involved in animal waste application in sensitive agricultural fields R R
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Table 2 Determination of the weights of input factors using an objective oriented comparison
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Fig.2 Distribution of suitable lands for animal manure application in the three northeastern provinces

65 ~95).

2(a)

0.01%) 3.
2(b) 36

3(b)

(r
51.7% ;



1096

31

ez

KMy

S 3

S i A L
AN

(a) FAEHRN

HFHT

MR
KK

LBEH
L
Hir By
Zit
praE)
£ R

F1 ~F5

il
i

#ah

f=4s]

K#H

|

Py ]
e

(km?)

;F5 ; F6

Fig.3  Cluster analysis of removing cultivated land area according to various factors in cities of the three northeastern provinces

76% .

(¥3)

~

250 m(F4)

18 658.9 km®
13. 1%

3

107 987. 7 km’

2.8% ;
100 m
5126.6 km’
3.6% ;
25 m(F5)
14209 km’
10%

24

26

(b) BT B 0 e T A7k

0 400 800 1200 1600 2000 2400 2 300 3200

IFl IF2 HF3 EF‘I E]FS

I SRR
KK
tE&m

H ) ;F3 ;F4
3(h)

22

V 23'

25

100 m



4 GIS 1097
QD)
¢ D
30.7%. ) (F4)
o )
100 519. 5 km® 82.3% . (F5)
(F3)
(F4)
6 983.2 km’ 5.7% ; (F6)
100 m
(F3) 12278.9 km’ 2.3
10. 1% ; (F5)
11.4% .
2(b) « 1 N.P,O0, 3
170 kg* (hm*+a) ™" ( N ) 80
I ( N ) kg« (hm® + a) ~'( P,0, )
(
) 34 . 3.
3.8% ; (F4)
185. 8 km’ 4.2% ;
(F5) 13.7% ( 603.3 km?) ;
100 m (F3) (
3960. 8 km’ )
90. 1% . > >
(3435.6 km’)  3).
78.2%. 3
N 36
I} 1]
. ( 1 ( 18.8
2 249 ).
P,0; 2 P
« D
7T p,0, 36
11
( 9 I
( ) ; 1 1l 1 I}
; ) )
2 4697



1098 31
3
Table 3 Estimation of maximum carrying capacity of animal production in cities of the three northeastern provinces
N C ) P, 05 (

608. 8 359.6 249.2 387.6 544.3 -156.7

259.8 148.9 111.0 165. 4 273.6 -108.2

251.3 138.0 113.3 160. 0 232.3 -72.3

213.0 52.3 160. 7 135.6 90.3 45.4

143.6 48.6 95.0 91.4 84.2 7.2

299.1 56.7 242.4 190. 4 101.2 89.2

415.6 176.2 239.4 264.6 319.0 -54.4

164.4 56.3 108.0 104. 6 86. 1 18.5

507.0 84.9 422.0 322.8 154.2 168. 6

139.7 43.8 95.9 89.0 78.3 10.7

142.2 19.2 123.1 90.6 37.7 52.9

414.9 147.8 267. 1 264.2 286.6 -22.4

474. 1 151.6 322.5 301.8 245.1 56.7

247.5 101. 6 145.9 157.6 172.8 -15.2

4281.0 585.5 2695.5 2725.6 2705.7 20.0

305.8 113.3 192.5 194.7 193.3 1.4

C / ) 7.9 2.9 5.0 5.0 5.0 0.0
1176.5 499.7 676.9 749. 1 928.7 -179.7

619.5 276.7 342.8 394. 4 515.1 -120.6

733.3 372.9 360. 4 466. 8 648. 1 -181.3

91.5 72.7 18.8 58.2 135.1 -76.9

299.7 92.2 207.5 190. 8 170.5 20.3

72.4 46.3 26.1 46.1 80.5 -34.4

1080. 0 165.2 914.7 687.6 277.3 410.3

789.17 143. 8 645.9 502.8 225.2 277.6

378.0 58.3 319.7 240.7 107.2 133.5

5240.6 727.8 3512.8 3336.5 3087.7 248.8

582.3 192.0 390.3 370.7 343.1 27.6

C / ) 8.3 2.7 5.5 5.3 4.9 0.4
1773.8 335.9 1437.9 1129.3 620.5 508.8

2530. 1 281.1 2249.0 1610.8 490. 5 1120.3

904. 1 54.1 850.0 575.6 94.2 481. 4

533.2 18.7 514.6 339.5 34.2 305.3

953.4 55.2 898.2 607.0 100. 9 506. 1

682. 1 140. 8 541.4 434.3 240.1 194.1

240.5 37.2 203.3 153.1 59.8 93.4

1429.9 84.4 1345.5 910. 4 162. 8 747.6

269.1 30.3 238.8 171.3 54.3 117.0

666. 5 78.2 588.4 424. 4 142. 6 281.8

1598.6 44.6 1554.0 1017.8 72.0 945.8

1802.8 292.3 1510.5 1147.8 543.1 604.7

60. 4 15.0 45.4 38.5 21.8 16.7

13444.5 467.8 11977.0 8559.8 2636.8 5923.0

1034.2 112.9 921.3 658. 4 202.8 455.6

« / ) 8.9 1.0 7.9 5.7 1.7 3.9

- )103.0 N
( )284.2 | *
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