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Emergy—based Sustainability Analysis of Double—cropping
rice Farming System in South China

FENG Haiyi, CHEN Xiaowei, TAN Kangming, WANG Xiaolong
(College of Agriculture, South China Agricultural University, Guangzhou 510642, China)

Abstract: [ Objective ] Double—cropping rice area in South China is one of the main rice producing areas in China.
It is of great significance to judge the sustainability of current double—cropping rice cultivation mode in South China from the
perspective of eco—economy for the healthy and stable development of agriculture. [ Method ] The typical double—cropping
rice system in Guangdong province was taken as the research object, and its sustainable development ability was quantitatively
evaluated by using emergy analysis method. [ Result ] The input of environmental resources accounted for 44.16% of the
total emergy input of the double—cropping rice system in South China. Among them, the non—auxiliary emergy accounted for
52.40% of the total emergy input, the net emergy yield rate (EYR) was 1.78, the environmental loading rate (ELR) was 1.06, and
the emergy sustainability index (ESI) was 4.07. [ Conclusion ] The comprehensive evaluation index system of emergy value
shows that the current double—season planting mode in South China has less environmental pressure and greater potential for
sustainable development, but its net emergy yield rate is low because it relyes too heavily on natural environmental resources
and human labor resources. If we can standardize the management of double cropping rice system in South China, properly
increase the input of agricultural machinery, and put organic fertilizer into use, the sustainable development ability of rice
planting mode in this region will be improved to a certain extent.
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R: Environment renewable resources; N: Environment non—-renewable resources;
MN: Non-renewable purchasing resources; MR: Renewable auxiliary energy;
Y: Yield; $: Currency. Solid line represents energy flow path, and dotted line
represents money flow path [6’
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Fig.1 Emergy flow diagram of double—cropping
paddy field in South China
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Table 1 Emergy analysis index

AEMELAG bR ESENN bR X

Emergy index Expression Actual meaning
FREEHEIR / SRR (E (R+N)/Y PN R G IR A 3
Environmental resources /
Total emergy
ARl EHHRAE / BN MN/Y VA 22 008 SR I AR A
Non-renewable auxiliary T
energy / Total emergy
B R (EYR) Y/AMN+MR) ik G077 o 2835 51

BRI
(MN+N) / (R+MR)  FEH B 7

Net emergy yield rate (EYR)
WG4 (ELR)

Environmental loading ratio

(ELR)

FIFFEENERRAR (ESD) EYR/ELR P 72 40 T 4 2 e
Emergy sustainability index TR

(ESI)
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Table 2 Emergy analysis of cultivation patterns in double—cropping rice areas in South China

Ve s JE AR AR PHRE AR KIAREME
Resource Item Raw data Transformity (sej /J)  Solar emergy ( sej )

CICiR RS Ae/) HKBHBE Solar energy (1) 4.05x 101 1 4.05 x 101

Renewable environmental resources FRZK#E Rainwater potential (J) 1.53 x 10° 2.18 x 10 3.34x 108

7K Ak2AE Rainwater chemical energy (J) 7.74 % 1010 3.93 x 104 7.11 x 1015

JAfE Wind energy (J) 425 x 1010 3.28 x 103 1.40 x 10

ANATTE AL TR Non-renewable L+ JZ Loss of topsoil (J) 8.79 x 104 1.37 x 10 1.20 x 1010
environmental resources

ANAT A Bl g Bl (RA[ B H#5Y) Electricity (non—renewable, J)  1.48 x 108 2.70 x 10 4.00 x 1013

Non-renewable auxiliary energy A3 (CARAHEHHRSY ) Labor (non-renewable, J) 3.02 x 108 9.83 x 106 2.97 x 1015

431 Diesel oil (J) 1.51 x 10° 1.44 x 105 2.18 x 10

AU Nitrogenous fertilizer (g) 2.40 x 10° 8.29 x 10° 1.99 x 1015

A2l Pesticides (g) 8.27 x 10° 3.50 x 1010 2.89 x 10

K AHE Compound fertilizer (g) 4.80 x 105 6.11 % 10° 293 x 1015

AT hE HLJ7 (ATEEEEGSY ) Electricity (renewable, J) 3.27 x 108 2.70 x 105 8.83 x 1013

Renewable auxiliary energy NJ1 (ATEEHTERSY ) Labor (renewable, J) 4.12x 107 9.83x 106 4.05 x 101

FT- Seed (1) 9.78 x 108 1.44 % 100 1.41 x 101

FRYI5HE System Feedback Energy FEAT Straw (J) 9.53 x 101 7.84x 104 7.47 x 1015

7= Produce LG Early rice (J) 3.42 x 1010 4.72 % 10 1.61 x 1016

A Late rice (J) 3.91 x 101 1.78 x 10° 1.61 x 1016

SRETEHAEA Total emergy input 1.61 x 1016

PRIV A BT Total environmental resources 7.11x 1015

ZEB B RERE A T Total economic auxiliary emergy 9.03 x 1015

A AE(EIT Renewable emergy flow 7.74 x 1015

AT H BT Nonrenewable emergy flow 8.22x 105
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Table 3 Major emergy indexes of double—cropping rice
cultivation model in South China

AEMHIEFR Emergy index BUE Value
IRETRIR 1 RAE(E (%) 44.16
Environmental resources/total energy (%)
AT IRE / SRR (%) 52.40
Non-renewable auxiliary energy/total energy (%)
HREME ™ 2 (EYR) 1.78
Net emergy yield rate (EYR)
IEE U3 (ELR) 1.06
Environmental loading ratio (ELR)
ABH PTHELEHE bR (ESD) 4.07

Emergy sustainability index (ESI)
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