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Emergy-based sustainability assessment for
protected grape cultivation system
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(1. College of Information and Electrical Engineering, China Agricultural University, Beijing 100083, China;
2. College of Engineering, China Agricultural University, Beijing 100083, China)

Abstract  In order to assess the economic benefit, ecological benefit and sustainability in protected grape cultivation
system,a methodology of emergy analysis was adopted to research the emergy accounting, emergy structure and
emergy-based indicators for protected viticulture system. The data was acquired through statistical data and field
investigation,and the open-field viticulture system was chosen to conduct the comparative study. The results indicate
that the total emergy input in protected grape cultivation is 5.32 x 10" sej/(hm? « a), which is higher than the open-
field system. The emergy consumption in both grape production systems are characterized by more heavily dependent
on the purchased emergy and nonrenewable resource emergy. Compared to the open-field cultivation, the protected
grape system has lower emergy self-sufficiency rate and emergy yield ratio, higher emergy investment rate and
environmental loading ratio, and lower emergy sustainability index. The environmental loding in protected grape
cultivation system is relative higher; it should reduce the purchased emergy and increase the feedback efficiency of
internal resources, so as to improve the sustainability of the system.
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Emergy diagram for protected grape cultivation system
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Table 1

Sample distribution of the emergy analysis of grape cultivation system
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Table 2 Emergy accounting of protected and open-field grape cultivation systems

5 2 Al KPFARETH/ (sej/ Chm® = a))
. Raw data e e Solar emergy
i e Rl T
LS Jids A% Y 5% HbL %K B . e ife 3% b5 % Mo FR B
Item Transformity
Protected Open-field Protected Open-field
cultivation cultivation cultivation cultivation
1)) B3 H AR IR REE & A (R
Renewable natural resource input
K PBH#E Solar energy 3.06X10%" 5.00X 10"~ 1+ 0] 3.06Xx10" 5.00X 10"
T 7K k%2 € Rainfall chemical energy 4.14X10Y" 4,17 X10%" 15 42322 6.39X10'"  6.435X10"
T 7K # € Rainfall potential energy 1.73X10"" 2.19X101"" 8 888 L2 1.53X 10" 1.95X 10"
X e Wind energy 4.08X 10" 3.84x10%" 623 (2] 2.54X10%  2.39X10"
/Mt Subtotal 8.48X 10"  9.12X 10"
2) AR HEH A SR IR BEE B A (ND
Non-renewable natural resource input
F+ 2Pk Top soil loss 2.69X10% 2.90X10%" 6.25x 10" 1.68X10" 1.815x10"

/T Subtotal — — — 1.68x10" 1.815x10"

3 WA B AT B R IR BE A (R

Purchased renewable resource input

1 AK Grape seedlings 1.46X10% 1.61X10% 7.93X 101240 1.16X10% 1.28X10%
A HUIE Organic manure 4.01X107% 3.15X107% 2. 70X 108 1.08X 10"  8.51Xx10"
5% /1 Human labor 2.06X101°  1.28X10%"" 3. 80X 10 ¥ 7.80X10"%  4.86X10"
/Nt Subtotal 9.06X10"  6.22X10"
DA AR ] BB R IR AR E A (F D)
Purchased non-renewable resource input
fi% Bricks 6.92X10°% 0% 1.97 X 10?#= L] 1.36X10" 0.00
A Steel 1.83X10°%  7.61X10%F  4,13X10°F#0  7.58X 10"  3.14X10%
#: Tron 2.0X10°% 1. 74 X10°% 1. 74X 10%#= L2 3.48X 10" 3.03X10"
7k ¢ Cement 1.88X10°# 1.73X10°%  1.97Xx10°7720)  3,69X10"°  3.41X10"
{954 L Heat insulating material 5745% 0* 7.93X 101240 4.56X10" 0.00
B Nitrogen fertilizer 7.64X10°% 8.76X10°* 4. 62x 1077 3.53X10%  4,05X10"
A8 Phosphate fertilizer 3.83X10°%  4.31X10°%  1.78X10"##  6,80X10"  7.65X10"
AR Potash fertilizer 8. 64X 10°% 9.92Xx10%% 2,96 10779 2.57X10%  2.94X10%
4225 Pesticide 8.72X10'%  1.37X10°% 1.62x10°==L] 1.41X10"  2.22X10"
WA # Growth regulators 2.27X10"% 3. 18X 10" 1.62X10°77 3.69X10%  5.15X10"
B Electricity power 2. 24X 10" 7.92X10%" 1.59Xx10° 3.56X 10" 1.26X10"
4% Fruit bag 523. 5% 570% 7.93X 101240 4.16X10"  4.56x10"
¥ kL Plastic film 7.25X10°"  4.01X10°%" 6. 60X 10" L0 4,79%X10%  2.64x10"
L\ ML Agricultural machinery 1 245 1725% 7.93X 101240 9.87X10"  1.39X10%
3 Diesel oil 7.83X10°"  1.44X10""  6.60X10* 5.18X 10"  9.50Xx10"
/Nt Subtotal — — — 4.31X10'%  2.18X10"
HEAEE KA (U) Total emergy input 5.32X10' 2.91X10'
BBEMEZ ) (Y) Total emergy output — — — 5.32X10' 2.91X10'
REH = H (Y)) Energy output 6.15X10""  7.05X10"" — — —

E A EAR A« BB R ]/ (hm? « @) 5AJ6/(hm? » a); % .g/(hm® » a); *x ,sej/J; AA.sej/TT; £ .sej/g.
Note: The unit of “ * ” is “J/(hm? « a)”,“A” is “Yuan/(hm? « a)”,“ £ ” is “g/(hm? « a)”;" *x 7 is “sej/J”.“AA” is “sej/ Yuan”,“ £ 7 is

“sej/g”.
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Fig. 2 Proportions of different emergy in emergy input structure in two grape cultivation systems
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Table 3 Emergy indicators for protected and open-field grape cultivation systems

[ ERERA it AR
Emergy indicator Protected cultivation Open-field cultivation
AGREE LA Tr/ (sej/D 8. 64> 10° 4.13X10°
HEfH F 4% ESR 0.02 0. 04
HHAE(E ™ R EYR 1.02 1.04
AE(H # % &R EIR 51.33 25.63
W 3K ELR 4,37 3.08

] R K 8 E EST 0.23 0.43
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Table 4 Emergy indicators for fruits cultivation systems

RE(H 15 45 B Bk 4 Al R T AN
Emergy indicator Protected peach Grapefruit Apple Banana Orange
REH I 47 % ESR 0.25 0.04
HrRE(E 7 2 EYR 0.72 1.34 2.69 1.04 1.50
AEfR % % R EIR 2.93 3.40
BB 6133 ELR 0.48 2.56 4. 83 10. 01 43.00
] R4k & R B EST 1. 50 0.52 0. 10 0.03

TRl 2 R B R G RR(E 7 R R 1. 02, B AIK
FEEHARR . NE 4 LR, 5 H ALK R A R
B8R L o TR 4 28 1 RE B 23R TR Ak iR T
oAt 528 K SR AR 7, AR B R G BB AR R AIK
TR G, 2 BB Al A 7 2R G B 26 U R
T BB B 15 A BT 7= 5 BE B A0S 3R B8 10 AR PR R
BAIG 5% FL D PR 2 o X AR B U A R R RS
[P A R S UE A&

Vit 5 8 b 8 4 AR 15 2R G 1 BB (R4 9 3R 4 5 Ky
51.33 Fil 25. 63, L iy T30 S AU A Al AR 7 (R )
RO T A 4 A 7 0 R A AR BT R OK R, — T T R W
WA RGNS KRR BB R 5y — 5 Tk
WAL RGN R A RAMZE . 5 58 HAR R
Ll o 3 L35 it 4 28 26 7 3R 8 B A U R R KT B L R
7 AN it A T B A I A MEREA R £, 7
ANEGHIE ST,

it # 4 2E 7 FR R 0 IR B R T Rk
B o M T HAL K R A P R G0 (3R 4 A A 1Y
IBE B RAR TR A A T T T Ak AN
HAIAN . 5 AR R AR b i A AR R R
R A AP S AT SRR 9 U B (E . bR R ik 81, 0500,
SEEAE R K, R AR KR — LI kA
FH 98 FIREAR . R B, R0t A 2 2k = R Gl ok T
Xof A BILAE 4 T SR T B R A A DT X AR IE L
2 S5 AN ] TR I N 9% R ) T FE R T RIS X R
JE 1A — 8 B e DR R BE RN TR R
RS,

AR5 2 e FE S AN 2 T 7= R R 8 R g 2 O T

RMERGH al R 8 R JERE T . A3k 3 M 4 ]
R I i il e R B R T B0 AT R 2 K AR RO
0. 23 K T Hr Mo # 45 A2 7= R G 0. 43, AR T il
PR A ARG B TR EME T A" R, B
Btz oh AR R A 7= R G ESTER/NT 1,38
B 3o K SR A 7 2R U O i T FR IR Bl 9 R BT T
LrRERETIA Rt

KA DO A R G T Tl A fiE
F18 HROR P DR 5 & I 6T I AR AN T B 9 DR (1 1 A
KZ . FBOLREH A 43 REE)™ R IL T 8 14
IR ARG TR R4 B R RN IR BT ORI & TR
Mo Az 7= 2R G AT G ] 5 65 2 Jg fiE 0 1% T R b
ARG 5 HAACR A7 R G H Bt A A Y
] RFEE K e RE T Ak T R AR LA

Xt Tt A A ARG, — T A B AT
FEr M B AR BT UR O 2 ) AL st 45 4 e AR O
T YRR B S J 4 BB AR fe 1) Dl B A A0 O 3R 7
3o 7R 2E 748 B P R A g A0 4 28 5 X LA 2 55 3l
TITHHFESE AT B2t REAH A 45 5, BR AR R BT R 1 I
AN TN AL RE M BEA LS L 4 i 2R G 9 A] R 42
KJEIK- o o5 —T7 Tl R B R A (e ik R 4L
PN B R PRI S 5% B i R S R R R
GEW RS R IRERE I E R, A R
KBRS SR R R SRR 2R (25D
ARG — A 7 R GE N R] A 2 TG R A AL
ARG AR A A TR R G L R R ER
B ) B e TR R R KO L ik oy i i R A
ARG RS A RERE S BRBE T AT 4 15



230 O kL K %

EE 4 2015 4F 55 20 &

1) REAEL 23 Mr 7 3k T AARE D 2345 DA B0t 4 480 2
FRR G A TR A RS A AT Sk KR RE T Y
AR, vi MR Al G 75 1k v Ik v 1 A e 2R B AQ
LRG58 248 T 5 AR A 8 4 (Y BRBE

2) VN # 4 A R GEREE LA B RO 5. 32X
10" sej/Chm® « &), BEAHAEA GG H P & HE 4] 4 K
Je AN TR A BB AR » 28 406 B AR TH A6 4 o 2 B 3
W\ R AFL A 361 1. 25 5 1 % 1 4R B 5 B L A AR
X AN T 9 R B A 99 < S 25 58 T T R R
{ELAY ML

3) Ui 7 4 5 5 M A 4 A R GEAH L L RE (R
AR 2 W AR B B (E A AN R SR B R BE (ELAY
B LLH @ TR ST R REAE A 45 5 BB ME™ Hh R A
K BEAELBEHE R IR BT T BOR =, RGN T F5 22 K i
AE S A

) VLI AR 1 22 G T LA B ARG I A P R 31 #E
P AR 8 A TR B S B RN B I 80R 2 D7 T I Ak LB
EBCAGEH R n] FF e K JRAETT .

2 £ X W

[1] DR B PR A5, 20 i IR Bt Al 5 b 3 PR B8 300
(I Pk BH A MY R 2 4 42, 2004, 35(5) : 580-582

[2]  FAUKE. FOUH Ut 3% A AR B 0 L e i PR B Hovh B R B 5T
[DJ. A M « i A AR K 2, 2009

[3] Reith C C, Guidry M J. Eco-efficiency analysis of an
agricultural research complex[J]. J Environ Manage, 2003, 68
(3):219-229

[4] Gabzdylova B, Raffensperger F J, Castka P. Sustainability in
the New Zealand wine industry: Drivers, stakeholders and
practices[ ] ]. J Clean Prod,2009,17:992-998

[5] Pahlavan R, Omid M, Akram A. Energy use efficiency in
greenhouse tomato production in Iran[ J]. Energy, 2011, 36
6714-6719

[6] Burhan O,Cemal F, Feyza C K. Energy and cost analysis for
greenhouse and open-field grape production[]]. Energy, 2007,
32:1500-1504

[7] Heidari M D, Omid M. Energy use patterns and econometric
models of major greenhouse vegetable productions in Iran[]].
Energy.2011,36:220-225

[8] Odum H T. Environmental accounting: Emergy and environmental
decision making[ M]. New York: Wiley,1996

(9]  WEBEDF KW . B 05 . A S AW R HrIMI. b st fb 2
Tolk i At 2002

[10] #EFExk . m nE R PG . 45, JL 7 A O Al LB P R G Y B

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[26]

L], 5 X BT R 5 FR5E, 2006, 20(4) : 78-82

Zhang L. X, Yang Z F,Chen,G Q. Emergy analysis of cropping-
grazing system in Inner Mongolia Autonomous Region, China
[J7. Energ Policy,2007,35:3843-3855

Edward L, Torbjérn R. Emergy evaluation of three cropping
systems in southwestern Australial J]. Ecol Model,2003,161:
195-211

Lu Hongfang, Bai Yu, Ren Hai, et al. Integrated emergy,
energy and economic evaluation of rice and vegetable
production systems in alluvial paddy fields: Implications for
agricultural policy in China[]J]. ] Environ Manage, 2010, 91
2727-2735

Zhang L. X, Ulgiati S, Yang Z F,et al. Emergy evaluation and
economic analysis of three wetland fish farming systems in
Nansi Lake area, China[J]. ] Environ Manage, 2011, 92; 683-
694

Li Linjun, Lu Hongfang,Ren Hai,et al. Emergy evaluations of
three aquaculture systems on wetlands surrounding the Pearl
River Estuary,China[ J]. Ecol Indic,2011,11:526-534

/I L R T G S R T RRAE ST 14 18 it A A T R 2
WA RGBT 5 S LT ). A AL 1R, 2013, 44 (5) :264-269
B DY WO ST, AR U AN I g K R R R SR RE(E & OF
5 s S L) ] AR IREE 241, 2009,18(6) - 2230-2236
FLLLL RKIR A RbR. W m I A R P R AR S RS
REAE A BT DL VG b e bk Bl K5 42 . H AR B2 i, 2008, 36
(7):64-70

HUANG Shou-bo, CHEN Zhi-yin, SHEN Chao-dong, et al. A
study on climatic subdivisions for the viticulture in Chinal[J]. ]
Zhejiang Univ-sc A,2000,26(6):670-674

Wei X M,Chen B,Qu Y H,et al. Emergy analysis for‘Four in
One’ peach production in Beijing [ J ]. Commun
Nonlinear Sci,2009,14:946-958

FEaML MR IT, ERS L BAb R Se gk PR R AES R
GEREAEL AT . Al 22 3F,2010(3) - 94-98

B At WYL geolk A= 52 LML dbat . i AR H A, 2001

Lagerberg C,Brown M T. Improving agricultural sustainability;the

system

case of Swedish greenhouse tomatoes[]]. ] Clean Prod.1999,7
(6):421-434
Bastianoni S, Marchettini N, Panzieri M. Sustainability
assessment of a farm in the Chianti area (Italy)[J]. ] Clean
Prod,2001,9:365-373

Lu Hong-Fang, Kang Wen-Ling, Campbell D E, et al. Emergy
and economic evaluations of four fruit production systems on
reclaimed wetlands surrounding the Pearl River Estuary,China
[J]. Ecol Eng,2009,35:1743-1757

Rosa La, A D, Siracusa G, Cavallaro R. Emergy evaluation of
Sicilian red orange production, A comparison between organic

and conventional farming[J]. ] Clean Prod. 2008, 16: 1907~
1914

FAE A, WA



