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CF 1: )
150%(150% FR CF
““ -7 150%) Smx6m 4
6
1x10° kg C )
0.28 kg(0.49 kg)
CK
“< - 77 (622:1:1.2) 45 kg/hm’
1.3 4
1.3.1
(103°41'42.9"E  30°27'22.5"N)
(Oryza sativa L.)
94-11( ) (Triticum aestivum Linn.)
2 X 13.3 cm x 26.7 cm
3 (D 3
(CF) (CFS  CF 135 kg/hm?
F1 RELE/NXERE (kg/hm?)
Table 1  Fertilization treatments
N P,0s K,O N P,0s K,O
CF 93.3 15.0 63.0 - - 163.3 26.3 31.5 - -
CFS 933 15.0 63.0 - 6750 163.3 26.3 31.5 - 8250
FR - 17.2 50.7 9533 - — 28.5 6.9 10 113 -
1.3.2 /
/
3 1 2 1.4
1 1 9:00 11:00 3 3
7:00 2h 1 19:00
7
CH; CO, N),O
( 2
0.5 mol/L KCl 14.1
[3]
Leide SimaPro7.1
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Table 2 Inputs and outputs of different fertilizing modes in
farmland ecosystems
CF CFS FR 5
(kg/hm?) 1.50x10' 1.50x10" 1.50x10"
(J/hm?) 2.80x10* 2.80x10® 2.80x10* 2.1
(J/hm?) 2.79%x10° 2.79x10° 2.79x10° 3
(J/hm?) 2.62x10° 2.62x10° 2.62x10°
(kg/hm?) 0 2.12x108 0
(kg/hm?) 0 0 1.96x10*
(J/hm*)  9.17x10"° 9.99x10" 8.00x10"
[16-17] 3 ( 3 - 5)
(J/hm?) 8.06x10'" 9.86x10" 7.06x10"
(J/hm’)  1.40x10" 1.14x10" 1.11x10" 2.2
[6]
(J/hm?) 1.24x10" 1.20x10" 1.22x10"
5 0.23 0.19 0.22
0.19 0.17
1.4.2 6
2.3
2.3.1 CF CFS
2.86%
1.4.3 10*MJ 6137% FR
1.82x10* MJ
78.45% CF CFS FR
0.84 kg/L
[14-15] FR
SO, NH; (6]
CO, CH; N),O
#3 CFREATRREHERHRYEES
Table 3 Energy consumptions and effluents in the CF mode
(M) 2.86x10* 1.31x10* 4.90x10° - 1.80x10* 4.66x10*
COs(g) 6.82x10* 8.86x10° 1.13x10’ 5.93x107 7.15x107 7.16x10’
CO(g) 2.87x10° - - - - 2.87x10°
CHu(g) - 1.29%x10° - - 1.29%10° 1.29x10°
N,O(g) - - 7.03%x10° - 7.03x10° 7.03x10°
NO,(g) 9.67x10? 2.42x10° 2.42x10° 1.16x10* 1.64x10* 1.74x10*
SO,(g) 5.83%107 3.10x10° 3.10x10° 2.53%10* 3.15%x10* 3.21x10*
NH;(g) 5.34 5.34x10° 5.34x10° - 1.07x10* 1.07x10*
NO3;-N(g) - 6.75x10° 2.09x10* - 2.77x10* 2.77x10*
NH;-N(g) - 1.81x10* 5.18x10° - 2.33x10* 2.33x10*
Cu(g) 2.68x10° 34.77 34.77 - 69.54 69.54
Cd(g) 1.33x10°* 0.23 0.23 - 0.46 0.46
Pb(g) 3.60x10°° 34.88 34.88 - 69.76 69.76
Zn(g) - 99.99 99.99 - 199.98 199.98
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Table 4 Energy consumptions and effluents in the CFS mode
(M) 2.86x10* 1.31x10* 4.90x10° 1.80x10* 4.66x10*
COy(g) 6.82x10* 1.04x10° 1.33x107 1.43x107 1.44x107
CO(g) 2.87x10° - - - 2.87x10°
CH.(g) - 1.03x10° - 1.03x10° 1.03x10°
N,O(g) - - 7.58x10° 7.58x10° 7.58x10°
NO,(g) 9.67x10? 2.42x10° 2.42x10° 4.84x10° 5.81x10°
SO«(g) 5.83x10? 3.10x10° 3.10x10° 6.20x10° 6.78x10°
NH;(g) 5.34 5.34x10° 5.34x10° 1.07x10* 1.07x10*
NO;-N(g) - 7.24x10° 1.96x10* 2.68x10* 2.68x10*
NH,~N(g) - 2.17x10* 9.54x10° 3.12x10* 3.12x10*
Cu(g) 2.68x10°° 26.82 26.82 53.64 53.64
Cd(g) 1.33x10°* 0 0 0 1.33x10°*
Pb(g) 3.60x107 9.39 9.39 18.78 18.78
Zn(g) - 94.49 94.49 188.98 188.98
#z5 FREAXATRHRIFEBEELHEMNERER
Table 5 Energy consumptions and system effluents in the FR mode
- ( -
(M) 5.09x10° 1.31x10* 0.15x10° 4.90% 10° 1.82x10* 2.33x10*
COx(g) 6.82x10* 9.60%x10° - 9.61x10° 1.06x10’ 1.07x107
CO(g) 2.87x10° - - - - 2.87x10°
CHy(g) - 1.29x10° - - 1.29x10° 1.29x10°
N,O(g) - - - 3.08x10° 3.08x10° 3.08x10°
NO«(g) 9.67x10? 7.20x10? - 7.20%10% 1.44x10° 2.41x10°
SO1(g) 5.83x10? 1.13x10° - 1.13x10° 2.26%x10° 2.84x10°
NH;(g) 5.34 2.02x10° - 2.02x10° 4.04x10° 4.05x10°
NO;-N(g) - 4.47x10° - 1.04x10* 1.49x10* 1.49x10*
NH;-N(g) - 1.69x10* - 5.36x10° 2.23x10* 2.23x10*
Cu(g) 2.68x10°° 4.87x107" - 9.04 9.53 9.53
Cd(g) 1.33x10°* 3.98x107* - - 3.98x107? 3.99x107?
Pb(g) 3.60x107 1.15 - 3.16 431 431
Zn(g) - 2.49 - 31.20 33.69 33.69
Fo6 3MEXNTHEDBAHRNMELZIEE 99.9% 99.61% 99.49% 3
Table 6 Environmental impact potentials of three straw recycling
modes
CF CFS FR CO, CF
(MJ/a) 4.65x10*  4.66x10*  2.33x10* CO, CFS
(g COs-¢q) 7.65x107  1.89x107  1.44x10’ CO, N,O FR
(g SO,-eq) 6.44x10*  3.10x10*  1.21x10* CO,
(g PO4-¢q) 2.85%10°  2.16x10°  1.36x10° FR CO, N0 CF
(g1,4-DCB-eq)  8.32x10°  6.16x10°  1.19x10° CFS ( 3~59 CF FR CO,
N,O 85.06% 56.19%
2.3.2 CF CFS FR CFS FR CO, N,O
25.69% 59.37% 6 CES
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CF 7.65x10" g
CO,-¢q 1.89%107 g CO,-eq 75.29%
FR CF 7.65%x10" g CF CFS FR
CO,-eq 1.44x10" g CO»-eq 81.18% 8.32x10° g 1,4-DCB-eq 6.16x10° g
1,4-DCB-eq  1.19x10° g 1,4-DCB-eq Cu
CFS FR « o 7 Cd Pb Zn CF CFS
2.3.3 FR
CF CFS FR 3
98.14%
95.83%  89.66%
SOx NOy CF 3
NO, SO,
77% CFS
NH;
FR
NH; CF CFS FR
6.44x10" g SO,-eq 3.10x10% g SO,-eq  1.21x10% g
SOs-eq 51.85%  81.21%
2.3.4 N
P NO;5-N < > 77
o 7
NH; NO;-N
FR NO;-N CF
13.03 kg/hm? CFS 12.22 kg/hm?
NO;-N NH; NO;-N
FR CF
CFS
CF NO;-N
73.21% CFS NO3;-N [1] Weiss F, Leip A. Greenhouse gas emissions from the EU
52.12% FR livestock sector: A life cycle assessment carried out with
B el s e
53.97% 2] , , ,
CFS FR NH; N>O 0. ,
NO;-N CF CFS 2015, 52(2): 364-371
FR [3] [M].

CF 2.85x10* g POseq
1.36x10" g PO,-eq

2.3.5

2.16x10* g PO,eq
2421%  52.28%

(4]

(3]

,2002: 105-115
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Life Cycle Assessment of Three Typical Straw Recycling Modes
in Farmlands of The Chengdu Plain

GAO Xuesong'?, DENG Liangji'?, ZHANG Shirong'?, XU Anqi'?

(1 College of Resources, Sichuan Agricultural University, Chengdu 611130, China; 2 Institute of Natural Resources and
Geographic Technology, Sichuan Agricultural University, Chengdu 611130, China)

Abstract: In this paper the life cycle theory was applied to assess the environmental impact of three straw-recycling modes
in farmlands in the Chengdu Plain. The results showed that the total CO, equivalence of greenhouse gas(GHG) emissions from
the rice-wheat rotation with mushroom residues applied(the FR mode) was 1.44x107 g CO,-eq, and was the lowest amount among
the three straw recycling modes. While, the CO, equivalence of GHG emissions from the rice-wheat rotation fertilized with crop
straws applied(CFS mode) was the highest. Compared with the traditional agricultural production mode (chemical fertilizer
application (CF mode)), the environmental acidification potentials of the CFS and FR modes were decreased from 6.44x10* g
SOs-eq to 3.10x10* g SO,-eq and to 1.21x10* g SO,-eq, and decreased by 51.85% and 81.21%, respectively. The water
eutrophication potentials of the CFS and FR modes were also decreased by 24.21% and 52.28%, respectively. The sequence of
the soil toxicity potentials were in the order of CF<CFS< FR. However, the residual heavy metals induced by the applications of
agricultural residues in three straw-recycling modes were still high. It was proven that the farming systems under the three
straw-recycling modes were closely subjected to the potentials of global warming, environmental acidification, eutrophication and
soil toxicity. It is concluded that the rice-wheat rotation with mushroom residues applied (the FR mode) is propitious to energy
conservation, global warming mitigation and environmental degradation reduction.

Key words: Life cycle assessment; Straw; Utilization modes; Environmental impact; Chengdu Plain



