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Analysis of Agricultural System Sustainability in Jilin Province Based on the Emergy Theory

KONG Qing-wen et al (Committee of Changbai Mountain for Protection and Management, Antu, Jilin 133613)

Abstract The agricultural system of Jilin Province during 2005 to 2007 was evaluated and analyzed on the basis of emergy theory. The results
showed that the macro agricultural benefit of Jilin Province during 2005 to 2007 was improved, and the output-input ratio was increasing yearly
as well as the non-renewable assistant emergy, which indicated that agricultural output mainly depended on the fossil energy input. The pres-
sure of agroecosystem was strengthened with the increasing of environment loading ratio which made a negative effect on the agroecosystem. Fi-

nally, some related countermeasures were put forward based on the conclusion.
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Table 1 The agricultural input and output in Jilin

Province and the transformity of solar emergy 2005 —2007

- YR A RE R KFERBIERZ L3R
2005 2006 2007 J/kg B J/kW * h sej/J B, sej/g
ftem Material unit energy Transformity of solar emergy
FKBHRE / sej 1.90E +20 2.13E +20 2.47E +20 - 1.00
KE|//C 5.00 5.60 6.50 -
Pk // mm 726.50 563.30 551.60 - 8 888 (FEsk#gE)
- 15 444 (kAL ¥8E)
RBe/10" ] 6.52 6.52 6.52 - 1.50 E +3
HERIERS /10" ] 4.87 4.87 4.87 - 2.90 E +4
PES AT v VPN 5020 470 4997 961 4921 986 - 3.85 E+5
RAEYIRFER /T hm’ 4953.10 4 984.60 5 040.30 - 6.35 £ +4
RN AIREN S // T7 kW 1471.30 1572.30 1 687.33 3.60F +06 7.50 E+7
LV /i 68.05 71.25 76.71 2.09E +07 1.59 E+5
ani: Y/ 6.32 6.73 7.83 4.31E +07 1.59 E+5
o //JT U 78.11 84.27 84.16 4.27E +07 1.59 E+5
BH /42 kW + h 6.57 7.26 8.72 3.60F +06 1.59 E+5
R/ Tt 159.30 159.60 161.70 1.00E +03 4.62 E+9
BEAE /T 0 38.80 38.90 40.70 1.00E +03 1.78 E+10
BREE /Tt 20. 00 20.90 22.10 1. 00E +03 1.74 E+9
HEm/ Tt 87.90 98.40 107. 40 1. 00E +03 2.80 E+9
HHR/ T 2 009. 00 2059.23 2110.71 9.99E +02 2.70 E +6
RE Tt 1.85 1.89 1.94 9.98E +02 1.62 E +9
i3 - Y/ 2.87 2.94 3.02 1.00E +05 3.80 E+8
KRB/ Tt 478.00 493.00 500. 00 1.40E +07 8.30 E +4
INE Tt 2.68 3.00 2.00 1.33E +07 6.30 E +4
EX YR 1.815.00 1.984.00 1 800.00 1.45E +07 2.70 E +4
BR/Tt 65.99 42.00 31.00 1.47E +07 8.30 E +4
TR/ Tt 152.83 150. 00 92.00 1. 50E +07 6.90 E +4
R/ T 54.45 58.37 43.71 2.99E +07 8.60 E +4
WK/ Tt 0.61 0.12 0.05 1.21E +06 2.70 E +4
/7t 5.97 7.04 6.13 1.43E +06 2.70 E +4
B2/t 3.20 2.87 3.13 5.03E +06 8.51 E+4
& /9T 832.56 813.65 878.46 1.26E +06 2.70 E +4
KB/ Ft 66.20 67.95 65.43 2.18E +06 2.00 E+6
K8/t 118 930.00 130 763. 00 151 600. 00 1. 00E +09 2.00 E+4
BHTR//t 1542.00 1 700.00 2 100. 00 9.61E +06 2.70 E +4
W= 7 759.00 7 500. 00 8 300. 00 1.34E +07 2.00 E+6
R/ 158.00 159. 00 177.90 1.65E +07 1.70 E+6
ERJTt 51.00 55.00 59.30 5.23E +06 4.00 E+6
EX S/ 4.20 4.30 4.60 8.50E +06 2.00 E+6
BR//F 9. 86 96.74 105.72 6.95E +06 1.71 E+6
LS Y/ 29. 40 34.50 47.31 2.26F +06 1.71 E+6
X/ Tt 0.60 0.50 0.69 2.47E +06 1.71 E+6
BE/Tt 100. 00 101.00 113.00 6.70E +06 1.71 E+6
Mol /Fi e 337 720.00 328 534.00 399 004. 00 - 1.20 E+12

TE W™ TR (H B TG, BEAERE B A sej/T0. PR THARBEARTBIR AT RSk, HARE 3 4ER AN BERTHIR B #588MH7 | R T 2% 30K

(34 19 %0 -

Note: The unit of forestry products is yuan, and solar transformity is sej/yuan; due to lacking of data, the emergy of wind and earth rotation of Jilin Province in

recent 3 years is quoted from the reference [34].
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Table 3 Emergy output of agriculture in Jilin Province (2005 —2007)

10”sej 10”sej
2K Item 2005 2006 2007
KFIAREME Solar emergy 1.900 2.128 2.470 283 Ttem 2005 2006 2007
P&k F4BE Rain potential emergy 16.434 12.742 12.477 JKAE Rice 35. 633 57.379 58,194
F&IKAL#BE Rain chemical emergy 24.705 19.156 18.758 JNZE Wheat 0.224 0.251 0.167
JUBE Wind emergy 9.790  9.790  9.790 Fk Corn 70.974 77.583 70.388
HFER B ¥5RE Geo-potential emergy 14.080 14.080 14.080 B3 Broomcorn 8.047 5.122 3.780
T EHFEH AR (EmR) 66.909 57.896 57.575 T2 Legume 15.847  15.553 9.539
Renewable source input emergy Rl O_il plants 13.981 14.987 11.223
3% Soil loses 2,030 2.043  2.066 gﬁ i ‘bbre plants 8' ?g 8' 82(7’ 8' ggg
ARTEF RN RBAE FmN) 2.030 2.043 2.066 S PZn:iCO 0.137 0.123 0.134
Non-renewable source input emergy ZEI Vegetable 2823 2.759 2.978
A HIHED S Machine 39.722 42.449 45.554 KR Fruits 28.819  29.581  28.484
JEJE Raw coal 22.650 23.716 25.533 FHEREESH (EmP) 196.510  203.364  184.911
V53l Gasoline 4.333  4.615 5.369 Plants industry emergy
L3 Diesel oil 53.037 57.220 57.145 K= Aquatic product 23.896  26.273  30.460
L7 Electric power 3.760  4.155  4.991 ol BE(E= Y (EmFD Fishery emergy  23. 896 26.273 30.460
SE Nitrogenous fertilizer 73.597 73.735 74.705 BHE Pod 0.004 0.004 0.005
- $&%E Honey 2.085 2.015 2.230

BEAE Phosphorus fertilizer 69.064 69.242 72.446 oAb AR (EmOT) 2,089 2,020 2,936
BFAE Kalium fertilizer 3.480  3.637 3.845 Other emergy
H AR Compound fertilizer 24.612  27.552 30.072 FEH Pork 444.106  446.917  500.041
AR Pesticide 0.299  0.306 0.314 AP Beef 106.739  115.111  124.111
AN Plastic 10.906 11.179 11.458 2P Mutton 7.138 7.308 7.817
AATEFHEIAEE (EmA) 305.461 317.805 331.433 AP Birds 115105 114.958  125.639
Non-renewable assistant emergy 447} Creamery 11.365 13.335 18.286
AL S Manpower 38511 38.338  37.755 244 Mutton chop 0.253 0.211 0.291

o B Fges 114.525  115.670  129.413
B HUE Organic fertilizer 0.542  0.556 0.570 BHOLBEE (EmS) 799. 231 813.510  905.599
W EHREEIREE (EmRA) 39.053 38.894 38.325 Stockbreading emergy
Renewable assistant emergy #lk. Forest 47. 880 53.219 59.499
EHFBIREME (EmTA) Total assistant emergy 344.514 356.699 369.759 MALEE(E = Hy (EmFO) Forest emergy ~ 47. 880 53.219 59.499
EBHAEmD) Total input emergy 413.452 416.639 429.398 B2 (EmO) Total output emergy 1 069.606 1 098.386 1 182.703
R Growth rate 0.77% 3.06% KA Growth rate 2.69% 7.68%

F4 2005 ~2007 F£EHE R RFEBEETN IR
Table 4 The indicators of emergy appraising of agricultural system in Jilin Province (2005 —2007)

0 AR 2005 2006 2007
Ttem Formula
FEL BRI 2R/ % Planting industry output ratio EmP/EmO 18.372 18.515 15.635
Bl RBEF=H# /% Stockbreading emergy ratio EmS/EmO 74.722 74. 064 76.570
Yol REE =2 /% Fishery emergy ratio EmFI/EmO 2.234 2.392 2.575
Mok REE =2 // % Forest emergy ratio EmFO/EmO 4.476 4.845 5.031
HAbBRE = 2R/ % Other emergy ratio EmOT/EmO 0.195 0.184 0.189
RIEHARBIEL /107 sej Environment input emergy (EmL) EmR + EmN 68.929 59.929 59.631
HIETIERR // % Environment contribution ratio EmL/EmT 16.672 14.384 13.887
T EFHRERBERAR /% Renewable Environment input ratio EmR/EmT 16.183 13. 896 13.408
AATEFHRERBERAR /% Non-renewable Environment input ratio EmN/EmT 0.491 0.490 0.481
SEEIRRE LR/ % Assistant emergy ratio EmTA/EmT 54.843 56.496 57.404
AAEFHBIREE =R/ % Non-renewable assistant emergy ratio EmA/EmT 48.626 50. 336 51.454
T E S BRI L2 // % Renewable assistant emergy ratio EmRA/EmT 9.450 9.340 8.930
REAE= H &R Net emergy yield ratio (EYR) EmO/EmT 2.587 2.636 2.754
REEBAR Emergy investment ration (EIR) EmTA/EmL 4.998 5.952 6.201
HRIERFER Environment loading ratio (ELR) (EmTA + EmN) /EmR 5.180 6.197 6.459
BRAESREE// 10" sej/m’ Emergy density EmT/A 2.520 2.508 2.619
ABBBERAR /10" sej/ A Emergy inputs per capita EmT/P 8.235 8.336 8.724
A= & /10" sej/ A Emergy yield per capita Em0O/P 2.130 2.198 2.403
N R RIEE Sustainability index EYR/ELR 0.499 0.425 0.426

T A SRR AR MR TETAR, SR m’ s PO TS — =Ml A 0 B A

Note: A is the area of agricultural, forestry, stockbreeding and fishery use land, P is the total population engaged in the first industry, and the unit is person.
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B THRARKR, 7= A LR 1h 2. 587.2. 636.2.754,
R EH B EERALN A2 2 BT S R R T
EHEAMET FSE. XE5RYREERBHER, &
g R A E IR S 0 T A 6.
2.2 BEERANERSEERANESH 2005 ~2007 4, &
BB EEBAGFE TR RRERA AT EHIHRE
BEEBRA AT EN B RRERA AT B R ERA .
X BRFMFEREN I 3 S P E R REB AR
AT IR RRE AR A SRR AR A E R BN R S
2K 16.183% 13.896% 13. 408% , AN B FH IR EREME IR A
FRANH 0. 491% 0. 490% 0. 481% ; A~ 0] 58 1 %8 B BB AE #%¢
AR, 435124 48. 626% 50. 336% 51.454% ; W] B
HERERAEZFEHD 451K 9. 46% 9. 335%
8.925% . MEARE, HHE R BEBAMEKERR
AT B B R R A K BB
2.3 geEHEARSEEESHESHR 2005 ~2007 £,
A Al BBAE T A 1B R AR ™ Mol BBIE = B
BOl REAET™ H Al BEAET™ Hh AN A b BRAET™ - FiiEL
REAET™ 2B 3HAE4L , 2007 4B B 4>, MW R R iR
B EEZERBFE. BHOL X EE MR GEE
7= i 2006 £EH%A T [, H 2007 423U S Aol Al fE I8
FEHERE LI ABTLRRE S AT ILBIRE . B
Bolk BB 7 b Bl B K, 2005 ~ 2007 443 5l 5 74. 722%
74.064% \76. 570% , FYRFFE N, Aholk BEE™ Hm T -
2.4 geEFRAKT MBEEE ABEFHR AYBE
PR 3 HE AT DR B — M X R AR SR SRk K
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WE AMRERA RS ARE™ HBERFE ETHER
R EH B R RGEHT MK B AR R R E
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TURRER R85 07 AR AN BRAE P Fp 8 RRTE BE X LL 810 B
BRBARVAESR ARG M R KRR, FIRR
FRF RN RRIE S BAREB AR LR, IR A BB R AT
A BBME-SZNAT B3 5 IR RRAR ) B A0 5 7T SE R SR S IR AR
A LA, RBAE AT P42 R B 1R SR BRME™ th S IR M A 1L
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RIBVEREA ES WS, 2007 425 frgkss, (H 25 2005 4£48
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Fig.3 Desertification ratio in studied counties (cities) in 2005
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