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Evaluation of ecological footprint of straw resources utilization based on emergy
theory: A case study of typical rice-wheat rotation region in Chengdu Plain

HUANG Chun'?, DENG Liangji'?, GAO Xuesong'*, ZHANG Shirong'~

(1. College of Resources and Environment, Sichuan Agricultural University, Wenjiang 611130, China;
2. Key Laboratory of Land Information in Sichuan Province, Wenjiang 611130, China)

Abstract Using Guanghan City and Dayi County as typical regions of rice-wheat rotation system in Chengdu Plain, emergy and
ecological footprint theories were applied in the determination of the utilization status of straw resources based on statistical and
survey data in 2011. Firstly, the emergies of different ways of straw utilization were calculated and the values of ecological footprint
and capacity per capita then estimated and analyzed using the ecological footprint analysis method. The results showed that the
values of per capita ecological footprint of rice and wheat straw resources in Guanghan City were 0.066 1 hm” and 0.034 2 hm® and
the per capita ecological surpluses corresponding were 0.017 8 hm” and 0.008 1 hm?, respectively. As for different utilization ways,
the ecological footprint per capita of rice straws was in the order of fertilizer > raw materials > incineration and other ways > feed >
biogas; for wheat straws, it was in the order of fertilizer > incineration and other ways > raw materials > biogas > feed. The values of
per capita ecological footprints of rice and wheat straw resources in Dayi County were 0.051 6 hm? and 0.020 9 hm® with
corresponding per capita ecological capacities of 0.061 0 hm® and 0.021 7 hm? and per capita ecological surpluses of 0.009 4 hm* and
0.000 8 hm?, respectively. As for different utilization ways, the ecological footprint per capita of rice straws was in the order of raw
materials > fertilizer > biogas > incineration and other ways > feed; for wheat straws it was in the order of fertilizer > incineration
and other ways > raw materials > biogas > feed. The above results indicated that there still existed some room for reutilization of

straw resources in Guanghan City and Dayi County. Specifically, if the unused part of the current straw resources were reused fully, it
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would greatly promote agricultural development which could lead to significant economic, ecological and environmental benefits.
Keywords Straw; Emergy; Ecological footprint; Rice-wheat rotation; Sustainable development; Chengdu Plain
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Table 1 Production statistics of rice and wheat in Guanghan City and Dayi County in 2011
) ) Sowing area (hm?) Crop yield (10*t) Straw quantity (10*)
Region Total grain sowing area
¢ (hm?)
Wheat Rice Wheat Rice Wheat Rice
Guanghan 47 588 13 356 25819 7.993 21.920 7.696 15.465
Dayi 33 088 6 527 16 142 3.282 12.761 3.160 9.003
2011 The data were from the agricultural statistical tables of Guanghan City and Dayi County in

2011.
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Table 2 Utilization status of rice and wheat straws in Guanghan City and Dayi County in 2011 10t
Region Straw type Total Fertilizer Raw material Feed Biogas Incineration Others

Rice straw  15.465 10.551+1.718 2.986+0.438 0.738+0.071 0.065+0.008 0.170+0.012 0.954+0.150

Guanghan Wheat straw ~ 7.696  5.369+0.948 0.239£0.043  0.008£0.002  0.021+0.003  0.393+0.078 1.667+0.322

Rice straw 9.003 1.641+0.340 6.459+1.836 0.254+0.041 0.351+0.048 0.013+0.001 0.285+0.041

Dayi Wheat straw ~ 3.160 1.945+0.331 0.421+0.111 0.003+0.001 0.042+0.007 0.197+0.045 0.552+0.102

s Values in the table are converted from the average
of percentage of different use ways of straw according to the regional investigation samples. The same as table 3.

F3 2011 FOXHAKREERFHARLEL X ABEEMK

Table 3 Emergy composition of straw utilization ways in Guanghan City and Dayi County in 2011 10'% sej

Region Straw type Total Fertilizer Raw material Feed Biogas Incineration Others

Rice straw 99.477 67.873+11.052 19.209+2.815 4.745+0.458 0.418+0.050  1.094+0.080  6.138+0.965
Guanghan

Wheat straw 47.762 33.319+5.884 1.481+0.267 0.048+0.010 0.129+£0.019  2.441+0.482 10.345£1.966
Rice straw 57.912 10.577+2.189 41.546+11.808 1.633+£0.261 2.259+0.307 0.081+0.006 1.836+0.266
Dayi Wheat straw 19.609 12.071+2.057 2.610+0.690 0.020+£0.004 0.261+0.041 1.224+0.278 3.424+0.635
1) [20] ,
N P K ,
, (271 6.880 t,
56%
, ,
” b
, 2000 (1 120 m?,
; 666.7 m’ ,
10551  t 5369 t, 8t ),
68% , 3)
1.945 61%( 2) ,
, ,
,
, ,
2) (
, 0.746 t 0.257 1)
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Table 4 Ecological footprint summary of straw utilization ways in Guanghan City and Dayi County in 2011

10"*xhm*-cap.™

Eco-footprint of different straw utilization way (S
)
. Total .
Region Straw type . Eco-capacity geo-deficit (—)/
Fertilizer =~ Raw material Feed Biogas Incineration Others eco-footprint ©

surplus (+)

. 4.507+0.734  1.275+0.187 0.315£0.030 0.028+0.003 0.073+0.005 0.408+0.064 6.605+1.728 8.385 1.780+1.728
Guanghan  Rice straw

2.383+0.421 0.106+0.019  0.003+£0.001  0.009+0.001 0.175+0.035 0.740+0.143 3.417+0.930 4.227 0.810+0.930

Wheat straw
. . 0.941+0.195 3.702£1.052  0.146+0.023  0.201+0.027 0.007+0.001 0.164+0.024 5.161+1.431 6.100 0.940+1.431
Dayi Rice straw
1.285+0.219  0.27840.073  0.002+0.000 0.028+0.004 0.130+0.030 0.364+0.068 2.087+0.480 2.169 0.082+0.480
‘Wheat straw
s 39.09 s 31.28 s
2012 ; + The ecological carrying capacity per capita and ecological footprint

per capita for straw utilization ways were calculated according to agricultural population, which was 390 900 persons in Guanghan City and 312 800
persons in Dayi County. The data was come from the statistical yearbooks of the two regions in 2012. The total ecological footprint per capita was
expressed as the accumulated ecological footprint for different straw treatment ways with the standard deviation.

“r . 0.051 6 hm?
3 WitE4ie 2 2
0.020 9 hm?, 0.009 4 hm
, 0.000 8 hm?’
S 2011 ,
0.066 1 hm>  0.034 2 hm?, , 2011

0.017 8 hm®  0.008 1 hm?;
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