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Evalution of sustainability for farmland ecosystem of
Gaotai County based on emergy analysis

LIU Shui-qin, WANG Wan-xiong, ZHANG Jie-qiong
( Department of Resources and Environment , Gansu Agricultural University , Lanzhou, Gansu 730070, China)

Abstract: Input and output structure and emergy indexes of the farmland ecosystem in Gaotai were investigated us-
ing the theory of emergy analysis and principal component analysis. The results indicated that total emergy input of the
oasis farmland system in Gaotai County was overall increased, whereas went decreased in certain period. The lowest input
value was 325 x 10" sej in 1998, while it reached a maixium of 496.89 x 10" sej in 2012, mainly due to obvious in-
crease of industrial emergy that changed from 180.98 x 10'® sej to 285.14 x 10" sej. Emergy output exhibited a marked
fluctuation pattern. Tt reached a minimum of 240.37 x 10" sej in 2002 and a maximium of 473.37 x 10'® sej in 2012.
Agricultural oasis ecosystem environment load rate was high and it became elevated from 1.11 in 1997 to 1.54 in 2001,
and was then dropped to 1.39 in 2012. Sustainable development index of farmland in Gaotai oasis ecosystem was 0.53,
which was lower than the national average level of 1.23 in 2001. Generally speaking, the comprehensive level of the e-
cosystem in Gaotai area was getting worse, dispaying strong variations during recent 16 years. The ecosystem was good
from 1997 to 1999 in Gaotai, while the environment problems became crucial from 2000 to 2006. Though it had been im-
proved from 2007 to 2009, in recent years, the sustainable development of oasis farmland ecosystem continued to be cru-
el. Agriculture is the basis for the development of Gaotai. Therefore, adjustment of the planting structure, rational explo-
ration for water resources, protection on arable land, and active introducion of advanced machinery and technology should

be implemented in the future to promote economic and social development.
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Table 1  Emergy input structure of Gaotai oasis farmland ecosystem during 1997—2012

WiH ltems 1997 1998 1999 2000 2001 2002 2003 2004
B E R IR
FTHEHT 2B 8.85 8.96 8.80 8.83 8.85 8.90 8.86 8.92
Renewable natural resources
Hr B SRR IR
AT F R BE 2.19 2.08 2.16 2.06 2.06 2.07 2.07 2.08
Nonrenewable natural resources
ANAT B Tl 4 B s

Nonrenewable purchased supplement energy

ALHE Fertilizer

DRJE Nitrogen fertilizer 73.40 75.79 76.05 78.49 86.01 84.44 81.13 81.14
@MW Phosphate fertilizer 79.91 67.22 87.42 90.91 99.10 96.98 107.40 107.391
OEANE Compound fertilizer 20.10 18.66 19.80 20.63 16.85 17.10 18.48 18.50
LI Agricultural machinery 7.59 8.38 8.58 9.16 9.59 10.01 10.59 10.892
/N Total 180.98 170.03 191.87 199.20 211.54 208.5 217.58 217.881
T ST A HLAE Original energy
A7) Human 59.91 60.60 61.411 62.19 62.25 62.06 110.52 63.45
% /1 Animal 54.51 45.00 36.50 29.83 31.30 32.31 35.21 35.61
AHLIE Organic fertilizer 17.591 15.09 11.90 13.70 14.10 14.30 14.852 16.093
T Seed 3.56 3.60 3.60 3.264 2.631 1.983 1.901 1.874
HEMEIK Trrigation water 20.00 19.70 19.80 19.80 19.70 19.70 17.40 18.10
/N Total 155.60 143.97 133.10 128.70 129.88 130.30 179.92 135.10
$EA KT Total input 347.60 325.00 335.90 338.80 352.40 349.80 408.40 364.00
i H Ttems 2005 2006 2007 2008 2009 2010 2011 2012
Efijfbiyfﬁﬁ N 8.90 8.92 9.30 9.30 9.30 9.30 11.79 16.51
iiiiﬁﬁﬁiﬁ esourees 2.09 2.09 2.16 2.18 2.17 2.17 2.75 3.85
AT Tl 4l Bh g

Nonrenewable purchased supplement energy

ALHE Fertilizer

DA Nitrogen fertilizer 80.59 81.19 98.24 100.16 100.96 102.87 104.96 108.26
QWAL Phosphate fertilizer 115.48 119.13 115.17 118.32 129.91 124.96 133.94 141.47
@K AN Compound fertilizer 19.71 21.99 18.00 17.38 17.25 21.02 17.65 19.73
AV HUBK Agricultural machinery 11.25 11.86 11.96 12.58 13.09 13.28 14.96 15.67
/NI Total 227.03 234.17 243.36 248.49 261.21 262.14 271.54 285.14
A EHI A HLAE Original energy

A 77 Human 64.23 64.70 66.24 67.65 68.92 70.00 70.09 68.85
%1 Animal 35.86 36.54 26.83 28.12 28.62 30.53 39.28 49.16
HHLE Organic fertilizer 17.23 18.34 18.65 29.01 31.07 43.94 47.07 49.15
FhF Seed 1.78 1.85 1.66 1.65 2.23 2.64 3.26 3.36
WEBE/K Trrigation water 17.86 19.18 19.44 19.44 19.44 20.262 20.45 20.87
/Nt Total 136.981 140.65 132.80 145.86 150.26 167.37 180.17 191.39

A BIT Total input 375.00 385.80 387.63 405.81 422.94 440.97 466.23 496.89
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Table 2 Emergy output structure of Gaotai oasis farmland ecosystem during 1997—2012
1EY Crop 1997 1998 1999 2000 2001 2002 2003 2004
/% Wheat 86.32 80.671 82.576 62.352 56.11 41.68 40.34 35.88
H A Summer cereal 80.741 82.842 94.887 99.388 97.26 71.771 64.46 67.221
FoK Com 71.052 73.65 72.18 66.491 49.52 41.94 38.99 42.87
4 Potato 0.022 0.028 0.03 0.04 0.03 0.03 0.02 0.03
K. Soybean 34.48 53.951 47.32 75.742 81.53 18.34 30.15 25.89
Fi4E Cotton 41.06 70.619 32.351 57.43 126.23 32.46 80.32 101.43
KL Oilbearing 20.31 31.418 34.603 44.01 34.01 33.79 25.64 8.95
3£ Beet 10.65 9.032 3.149 3.27 7.11 5.15 2.39 0.42
2K Vegetables 3.721 6.02 4.969 5.11 5.03 14.76 17.12 22.21
JKZ& Melons 0.361 4.51 0.52 0.69 0.75 0.429 0.61 0.249
7= H BT Total output 348.697 412.76 372.62 414.57 457.58 240.37 300.04 305.16
YE¥) Crop 2005 2006 2007 2008 2009 2010 2011 2012
/N Wheat 27.95 21.00 28.66 25.72 31.831 31.15 41.632 48.69
M Summer cereal 86.241 96.24 98.40 92.91 99.609 106.15 120.11 117.33
FEK Com 46.649 54.90 41.44 44 .46 61.63 80.71 97.42 98.79
- Potato 0.02 0.02 0.03 0.03 0.05 0.07 0.09 0.079
K. Soybean 25.748 18.02 24.78 7.67 19.29 12.68 13.261 1.161
Hi4E Cotton 128.492 188.12 230.98 254.27 174.51 155.52 145.23 161.769
JH#E Oilbearing 8.161 9.721 10.31 7.44 27.51 35.38 20.248 12.85
3% Beet 0.222 0.729 4.61 3.76 5.04 2.93 2.03 2.121
oK Vegetables 23.018 23.652 23.92 24.181 26.96 28.12 27.87 30.27
JRZE Melons 0.26 0.14 0.17 0.178 0.18 0.23 0.181 0.30
7= BT Total output 346.74 392.55 443.29 460.62 446.61 452.94 468.07 2 473.37
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