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Analysis on sustainability of farming system in farming-pastoral

ecotone of northern China based on emergy theory
— A case study in Zhunger County
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(1. College of Social Development and Public Administration , Northwest Normal University , Lanzhou 730070, China;
2. State Key Laboratory of Earth Surface Processes and Resource Ecology , College of Resource Science and Technology ,
Beijing Normal University , Beijing 100875, China)

Abstract: The theory and methods of emergy were adopted to evaluate the impact and contribution of environmental
resources to farming system in Zhunger County based on NPP, so as to reveal the material basis, operating efficiency and
development direction of farming system. The study showed: (1) Environmental resources, especially renewable re-
sources were the main driving factors of farming system productivity in Zhunger County. Optimizing the emergy input
structure and improving the utilization and transformation efficiency of environmental resources would be the strategic ori-
entation to improve farming system productivity in Zhunger County. (2) The sustainable scale and yield of farming system
in Zhunger County depended mainly on natural capital and ecosystem services that were provided by environmental re-
sources. The best way to maintain the sustainable scale of farming system in Zhunger County would be promoting agro-
forestry systems including woody fruits and woody grain and oil crops, accelerating the pace of ecological construction,
and thus enhancing the capacity of natural capital and ecological services supplied by environmental resources. (3) The
key development direction of farming system in Zhunger County could be implementing the strategy of farming and stock-

breeding promoting mutually, improving the coupling degree and overall productivity of farming-stockbreeding system,
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particularly supporting the development of animal husbandry by farming, and enhancing the additional emergy value of a-

gricultural products.

Keywords: emergy theory; farming system; sustainability; environmental resource; Zhunger County
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Table 1 The energy and emergy conversion ratio of

agricultural products

o ﬁﬁ%?ﬁ:ﬁ%%& ' ﬁﬁﬁ%%ﬁ;ﬁ '
Products Energy conversion ratio Emergy conversion ratio
(10°J-kg™") (10* sej+J1)
/N Wheat/10°kg 16.3 6.8
K Potato/10°kg 4.0 8.3
Fk Maize/10°kg 16.3 2.7
BEZE Broomcorn/10°kg 15.1 8.3
B9 Millet/10°kg 15.1 8.3
5% Buckwheat/10°kg 16.3 6.8
1528 Beans/10°kg 20.9 8.3
Mk 0il/10%kg 26.3 8.6
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Table 2 The emergy indicators of farming system in Zhunger County (1991—2010)

1545 Indicator F4AR Formula 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
REfH 0 45% ESR/% ESR=1/T 69.48 68.90 59.38 69.36 61.21 71.98 58.46 69.22 58.25 58.00
RE(HI R EIR/ % EIR=U/I 43.93  45.14  68.41 44.19 63.38 38.93 71.06 44.46 71.68 72.40
FRE(E” 13 EYR EYR=Y/U 0.07 0.14 0.08 0.12 0.08 0.15 0.12 0.16 0.04 0.05
PR ELR ELR=(U+ N)/R 1.08 1.11 0.8 1.06 0.85 1.38 0.94 0.9 0.8  0.81
ﬁﬁﬁ@,ﬂjﬁ{g ED ED=T/S 223 245 1.78 2.4 2.03 2.89 1.85 2.4 1.8  1.68
(10" sej-km™=2)

AR R SRR EST ESI = EYR/ELR 0.07 0.13 0.09 0.11 0.10 0.1 0.12 0.16 0.05 0.06

1845 Indicator FAR Formula 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
REMH H 4% ESR/ % ESR=1/T 63.33  65.80 75.79 75.65 67.45 69.61 71.38 76.79 72.08 79.65
REMEH P EIR/ % EIR=U/I 57.89 51.98 31.95 32.19 48.25 43.66 40.10 30.22 38.74 25.56
FRE(E ) A EYR EYR=Y/U 0.02 0.09 0.16 0.19 0.16 0.12 0.16 0.17 0.20 0.20
PR R ELR ELR=(U+ N)/R 0.96 0.98 1.03 0.97 0.77 0.81 0.8 0.96 0.67 0.85
ﬁﬁﬁﬁﬁﬁﬁ{g ED ED=T/S 2,02 212 252 237 1.79 1.9 2.0 240 1.70 2.2
(10" sej-km™=2)

A RRE K SRR EL ESI ESI = EYR/ELR 0.02 0.10 0.16 0.20 0.20 0.15 0.18 0.17 0.29 0.23
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The dynamic changes of emergy input and NPP of farming system in Zhunger County

P2 UL RS K ORI R GEHE 7™ 1IR3 2 3h
BRI, U HAF K B 52

1or  —*fEfi/ il Emergy yield  —e—NPP - 10
2 o8t 18
E %
5 06 [ 16 &
5} O
L 14 =
E 0.4 4 =
.“\.IJ
S 02 f 12
00 : ' . S
1990 1995 2000 2005 2010
A Year
——fit {8 I} Emergy yield —e—#F [47K & Annual precipitation
1.0 7 600 <
By 1550 E
[} ~
o 0.8 4500 E
S, 0.6 1450 E
> 0.
Ed 1400 5
. o
g 04 1350 2
o 4300 18
= 0.2
# 1250 R
&
0.0 ! ! ! ! 200 =
1990 1995 2000 2005 2010
AR Year
—— {7 I Emergy yield —m—4E 7-3/< i} Temperature
1.0 110 £
o =1
g 03 |78
= 18 m=
Eﬂ 0.6 | ﬂr,g
) T2 §
g 04 R
5} 16 B8
292 ] &%
qm E=
=
0.0 . ! L . 4 <
1990 1995 2000 2005 2010
AR Year

B2 ERRRIEFEL RS EEE H 5HEH NPP,
FRKE FTHREMNTEN
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Table 3 The correlation between emergy indicators and NPP

ECIa REH A 245 % REfEA T HFREAE™ & R e e REEL (PR 12 TSR AR R
Indicator ESR EIR EYR ELR ED ESI
FLBE NP 0.74" -0.756" " 0.506" 0.528" 0.863" " —

Vegetation NPP

T » FRTE 0.05 /K ERFEANR; » * FRIRTE 0.01 /KF R FARK ; —FRARIEARRE

Note: * significance at P <0.05; * * significance at P <0.01; — no significant relationship.
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Fig.3 The dynamics of emergy indicators and annual precipitation
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