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Emergy analysis and ecological compensation standard of the runoff nutrient recycling system in rice—wheat

rotation systems
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(1.College of Humanity and Social Development, Nanjing Agricultural University, Nanjing 210095, China; 2.Center of Circular Agricul-
ture, Jiangsu Academy of Agricultural Science, Nanjing 210095, China)

Abstract: To investigate the sustainability and ecological compensation standard for the runoff nutrient recycling system in rice=wheat rota-
tion systems, the environmental safety and sustainability of operations was analyzed based on emergy analysis and evidence of ecological
compensation was proposed based on energy and material flow analysis over the entire life cycle of production practice; The payment stan-
dard based on the net emergy benefit difference was also calculated. Emergy analysis suggested that the environmental loading ratio was re-
duced by 39.62%, while the emergy sustainability index and environmental safety index were increased by 64.89% and 36.73% under the
nutrient recycling system, respectively. Energy flow analysis showed that the biological auxiliary energy input was increased by 42.16%,
while energy output through pollutants was reduced by 70.09%. Material flow analysis showed that the recycling system decreased nitrogen
and phosphorus output to the surrounding water environment by 34.85% and 30.43%. Likewise, the net emergy benefit was lower by 2.15x
10" Sej-hm™+a' for the recycling system than for the conventional system. These results suggested that the recycling system improved envi-
ronmental safety but reduced economic profit, which thus required ecological compensation for its ecosystemic services, and the payment
standard was estimated to be 4 153.78 yuan-hm™-a™".
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Figure 1 Diagram of nutrient recycling in runoff for rice—wheat

rotation system(Dotted line represent system boundary )
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Table 1 Comparison between runoff nutrient recycling system and conventional cropping system based on emergy analysis (Sej)

PEAEL Recycling system

{53455 Conventional system

S REMH AN H] BT RE(E

Total emergy

Al B REAE AL REMH

N bl
onrenewabe Renewable emergy(Py) Total emergy

emergy (Py)

PE AT B RE( Al B RE(
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HA AR T R
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A H AT T O
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Bl 3.02x10" 1.59x10"
12 NJIE 1.96x10" 1.03x10"
1b2= PR 6.75x10" 3.55x10"
b2 KR 1.18x10" 6.21x10"
2y 3.37x10" 0
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N} 4.03x10" 3.63x10"
i (i) 0 6.67x10"
17 1.80x10" 7.68x10"
At 3.68x10" 5.23x10"
i FERL
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T PE
BIK#E
&t

3.27x10" 0 3.24x10" 3.24x10"
1.65x10" 0 1.63x10" 1.63x10"
8.87x10" 0 8.80x10" 8.80x10"
1.68x10" 0 1.67x10" 1.67x10"
6.30x10° 6.30x10" 6.30x10"
1.04x10" 1.04x10" 1.04x10"
7.34x10" 7.34x10" 7.34x10"
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2.06%10" 3.00x10" 1.58x10" 3.16x10"
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Table 2 Emergy evaluation indicators

$8F5 Indicator ﬂﬁ%iﬁﬁ ﬁgéﬁ*ﬁﬁ
Recycling system Conventional system
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I A AR L EnSI 0.67 0.49
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e (10.20) e AE S =X (7.54) 17 35.28% , 7 W46 P45
K HEA R RE R A FHRCE

Wi i (3 3) R, S pa s AH L, 720

http://www.aed.org.cn



RUKEE , A5« R 22 P B TR 0 AR A SR R0 BT -5 A8 A M s i 53

2019%9A4

R3 BERSYRIN

Table 3 The energy and material flow analysis

R4 IHE 2016 FRFNERERELE
Table 4 Emergy input for the economic and environmental system

in Jiangsu Province in 2016

i H Ttems ﬁﬁmﬁﬁ ﬁééﬁﬁiﬁ
Recycling system Conventional system

B L) 6.29x10° 4.42x10°
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225 Category I H Ttems HE(H/Sej
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Gt 1.42x10%
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