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The evaluation of agricultural eco-efficiency: a case of rice pot-experiment
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Abstract; Agricultural non-point source pollution has been a main pollution source in China. So an indicator system for
agriculture is needed, which can be used in assessing and supervising the agricultural non-point source pollution. Based on
the theory of eco-efficiency and the characteristic of agricultural production, this research designed an evaluation indicator
system for Agricultural Eco-efficiency which integrates different factors on economic profit, resource and material
consumption and environmental impacts. A rice pot-experiment was carried out. In the experiment, two rice genotypes
(Xidaoll and Wuyujind ) of different nitrogen use efficiency were supplied with three N levels (0.05.0.15.0.25 g N
kg™'). Ammonia volatilization, fertilizer dose and rice economic yield were analyzed to evaluate and rank the Agricultural
Eco-efficiency of the six evaluation indicators by using TOPSIS method which is based on AHP. The result showed that the
six evaluation objects varied in economic benefit, resource and material consumption and environmental impacts, and N
levels and plant genotypes had a major impact on the Agricultural Eco-efficiency. The evaluation indicator system will help
China’s agricultural production mode to change from pursuing unilateral output to a comprehensive, balanced and

sustainable one.
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MEE ARSI E ) H #2™ IR, W R R RE A A& EARR K RI T M5 Hir. £BME
(eco-efficiency) W BHTEARFZ IR _ELI AT HF4E HARM BRI A flo 1992 4E B AN SR G B 5K R
KRe b, “HEBRE (eco-efficiency ) " X — HIFER ZRE LI 5SS ERKENL, B2 “WHERRE
(sustainable development) " BEZFE M ZRHRIFZE R, X TR AT, ESBCEREIEE SR, KK
FF B0 PR 2813 25 BB B KAk LA B U8 RE U5 RE AR 8515 Y i/ IMbiX — [ R o 2R3
IR A BRI A8 G — , B m R B L A Resk & e H b BARRE A BIGROW (4lk ) Fdom (7=
W) H&BMRIAEES . ZEEPRLE, EBMERE RN ST 5 S N EES
B, o Aill SEBUA A FNZR B A0 2 P DUBR” SR 4t T B HR K 8

R E &G AR A TS 7 T R I TR BB VR K I AR A5 2 RUERAL B RO R E L BT RE4k R
& R EH S ERER, ASBEEEN RSN, AR RHEE K T R, ZRETT R
RGBT G, LA RERE. HETENAESEEMRCEE T —& WER, 75 REREFE
REEFHRES T HEEEINER. ERENAWAESKEIRAMNHZES T Tk A E, b T WK, m
Xof IR AR B R S AR PR e A A 7= DG 35 B o TR AR SCRIE SR , R0k A= 7= B U TR E B2 55
YR, AV 15 Y T o5 4 B RIS P T (FE LI5S TR TS e R R TS R B 1 173 128, Bk
JE AR 25 F AR R P it P R AR A 7 %o PR B 3 TS e ) R SRR, AT A TS e SR s KR AR B R
HEERM; REREY) P LEEA FRHBA RS SR, 4 SO AR I8 4 B3R IS, IRIBR E
AN A 7= R AR, B H AR AR SRR AR, AT 2 BT Ak (R AR ) 28 7= 1 PR 52 52 1 R0 9% U8 490 5 T #°E 19 ¢
i, F AT X ARV AE 7 I A SRRV AR A R , BTERERIARMAE P BRI 15 3, IRIB R A 7 M 2 B AR
IR AR 2 T MR A g R R . IFis AR AE SN TeRA R , AR KRS 6], XA
[t R AN [RI KR o i Rl A B35 R K- #-AT PR o
1 HARERLZIR
1.1 ABHEEE X

HETA M A SRR E O B R AT R74L R R T3 S5 < (WBCSD) 48 ) 9 : A 2830 3R B30 i 4R L RB 6
JE NS TE BN 5 A T o B 13 S P e v o 5 AR 55, [Tl A i Jo) S ) 2B 25 R ) 5 R 0 B8 T M PR A1
B E A GHERR TR AE S — BRI o X —E A2 R UL T AR AR A . B
A E %55k 41X United Nations Conference on Trade And Development (UNCTAD) 32 H T 25 BlsE X - #aHm
(EDARWD) B AR 8 Y [ B, 382 % 36 55 3R . 2 5 & JB & 1 4141 Organization for Economic
Cooperation and Development (OECD) XAk 253048 5 Ry {87 B B g )™ 3L« AR S0 B AR A5 R s R A28 7SR 3K
R W OB A SRS E TH SRR,

SR, ZESERRRL A, AR BSRCRE F U BA MR E WA EERSEZm, MAaFEt Sk RAER,
Brattebo A Jg R At R E A RE 2T & H A B & 2% FEHTHE LR . FLERNMERE
St IR E SRR IATIEN B, AT 8 kSR BHEHR"S . RMMIZE |, 5L SHBEIRH L,
Mo R BRI EABEA AR EWME, A SBEREE 2 M EHEE R T AL AFR T 58, X
AR RIS E . EI, S8R Pt Fxt 20 AREE B LA T & R R IFIHFEMIA R
HRHARER R R, RRELBENS SR RITEIR . A SCHE B AR A SR IEN TR B AR IETE A
FIHER M , ks Z s DL B At & R B HE bR o
1.2 ABHENGEN

He ZSRRE B BESCHY eco-efficiency , HiP eco B 242 252 ecology HITAIMR , LR A B4 economy HIAIAR , A
BB R eco]®-efficiency' ™ o F8 414 W Wk 5 o7 14 B30 2 25 A0 28 B 3 A T MO8 3R, A2 Al B X4
IR RS R 8 . BAR AR E SRR (R F B W LB LTI E AR ER R Za A . Fik
R E S RE L AE GBS PRI R H (B 7 XL B, 9 4n B (57 B YR PR el ) 26 7= [, B B
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VRIREE O I JRAS , B AR PR B R R, B A R B B 4 . BRTESR 2 A SR E A
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R = o RGeS RE NI T v

B FAESEBRRL A, PP G e — X A7k s Al i SR TR IR FE IR iR 25 T 2 R R R
DATE] B2 (4 i A0 20K SRR T RE A B R R 3k . R, BFSR 3 R Al A B P FE AR R R AT AE 3K
P, AR SR TS, & A TR 23 5 Z 8 Ede AT , s i 7 oo A r= ol A 3R 1)
PR B PG A RS HAT AR S ACERIEN Y ISR R AORH T A SRR PR 4
2 EREERSHE
2.1 RlbAERERE X

R ORI ST TR M , A SCHh BT A M S 85 , K5 BRE TR SCRI AL, BRFAELD o AR R B 26 7 1
FERL BB BRI ST E A SO AR A SRR E SO  ERIER = M E AR E AR T, RER /D
BTSRRI AR, BNRAB—FP LA 3E & BB s TR S S IR A SR & B
2.2 RIVAESBEITFMIEIMER

HRIEA MY A A5 ) 8 UMD A= 7= B R o RV AE R A N = KRBT RE: AR TR A
FIRY RIS RE W T RS
2.2.1 ZHHEIER

TR TR IR AT R RATEAR IR 7 o 7= M AETTIRA R Bk B TS =&, e~ &,
P e POV & e L S N 8 R e S M N R S R S R e R Ay EZ 2 € s NI
i 2 B e R B B AR I & 588 28 PR 8 AR, W FARRIRIEYIN T , &5 838 18R TR X 52
AFIAR. M TREEZSREEYT S, FEFN L7 &, KRGS, FEITPN T g™
&, LB A RER N = B A GG T B, — MR AR AL TE FR & B 7 B AR ARk AR B RCR IR A
i

AR FER B FAROM A = o AR P A B FE W SE AR R 25 Fh 7 bR SR 3%, ALK L3
FMEHA ANTUU RSB T R,

2.2.2 WHEYRIHFEER

HRPEFAE MY S £, K B IR B IH FEFE AR 70 N B K2 W RE TR A FK FEFE W7 . IFE EERIE R A 7= 1E
BRU7K LR BRAR VB A K AR Hr AL B AR 25 Rt B SR ) SR i P & . KFERFERIEW A Kb b 4+
HIE®AKFHERANKE(BEEER BREHRE) . 78S, RS E NP FERKFERBIRE B
B, 3XAE BT IR T FEFE AR A4 - B ThD AL AT e P B PR B R A 28 B oy T AR 25 e P B R 2 R R L
K
2.2.3 FBERWFELR

ANy A 7= A B AL AR 7= MR BR VEAE T A AR 7= B AR IE AN , BRIEMIFE A K BB X AN &
A RN, s B RN A EMY REE BE F AR HE O &R A KRS S E B R
b R B 5 RN 55 Y5 IR AR S IE AR, B 5EE 6 A 1E R A i A = 8RR

M R T S
B A TAL AT SRR B AR TR
—— KPR EVAGS 2

R 7= ER VRV G + X4 B8 BEAY G TSR — X156 0 1F TG

2.2.4 el ABHETNIGHTER
£ 4 ) AMT ST A B FA L A SRR AR R R . IR R AIE RGJR IR R AR 3
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ST, BN SR SR R TN FER R AR TR BRI R . REZ BRI =T R
SRR IHAR. S572 R AR IR R0 AR, MRS MR SRIE S TR (R 1) o

F1 RUESHERTMNERER
Table 1 Evaluation indicator system for agricultural eco-efficiency
Z4i)2 System layer ¥#fE)Z Characteristic layer J5F5)Z Indicators layer
ZUF B 45 VP M 48 A5 4k R Economic

benefit Indicator system

23U Income 295 7= & Economic yield

ALRE R T 4 245 Hb I 45 i 4% The cost for fertilizers,

seeds, pesticides, plastic films and so on

B T AR A 2 b6 & Applied amount per unit

area of fertilizer, pesticide and plastic film

ZF AR Cost
YEUR ) R T #EVEM T FR 1k R Resource

and material consumption indicator system

Y 5 14 %€ Material consumption

JK#E Water Consumption BN T FRHE IR Irigation of per unit area

PREERY W I 4 15 454K R Environmental ESNIHERN Positive exteral effect AR IR RCR A BRI RS Photosynthetic

effect indicator system efficiency, Noise absorption rate, Toxic gas absorption rate

HERAMIER A FWRIE R %E) MAK G, +
P A2k B & . Amount of toxic gas volatilization

Noxious material ( fertilizer, pesticide) flowed into water,

T ANP R Negative external effect

plastic film and pesticide residue in soil

TEAON TR A ST BR T AR AP AR 20 P 0L OV 45 2 VAR A 72 B EL A 2, T8 PP AR IR 2R, 3k
BUE B ISR , Xt % E WA MY AR 72 B A 2SR HEAT VA & BT , SRR BIMIX R R 9 T R 48, N TR A 4
XAt B A
3 MRS
3.1 SIS

S A R K RS IR I R A o iR T6 T 2005 4F 5 ~ 11 A 7E RS HUAR L A2 R 2 kAT, AR L4 v
SEAE 1 AT 4, R B LA BT RV ATk . BHRIEY J 2004 4E 356 H e SR B B AR
R RE SR ERE 4 S AN EURAR AR RS A ERAE 11 5, 2005 4E6 A 25 HKF4 M 1 O04hE, A RIRR TRAE
3 kg HESRHE P EERRAAL 3 X, X3 R, BANEUKFER 3 K, 3 3 M EUKF, NO N1 N2 435I &
FE90.05,0.15.0.25 g N kg ™' SACERE AL FIEAER, 23514 0.07 g P kg ™' 0.13 g K kg™, fEIEHE—
WHEF o HHUKAME T, FUIEH IR LA SEAE : A BEAE . BB AE J 433 MBI . B/KREZBE IS
FIsEH E AR B . KBUGREIE R =8, 257’ AR B R B i
PEFE 2. N BRI, M Rl — AT S, R B AR B MEE A UK PR TR, S AR =R
g R , o BRBE B A R 0 K, XA U BT F UK T T, A BB A B S Bkt SR K IR
BRI FERI R o
3.2 fEbRpEHE

2B BRI AR 25 R AR UK RS IS BT AR, B BB T R B A 5 hn 5K
o M TARBILR 256 FI R D, BB RA AR, B 25 A 24 7T 208, T BB BUK R &5 - &
Ve T GBS FEFRER , 3 BT R EUIE R SR 25, B4 249 1500 7T/t I N1 N2 N3 3 ZbF43 378 1.5 x 10 455,
4.5x10756.7.5 x 10 75, BEAR AR AE BRA L 9. 0 x 10 ~* 55 ; BT F AR 24 g Bl 1 36 P L F) YR A3 T 2L oy, iF 40
0. 09 J&/ml, F# 3000 f5{d (8 7d, FIERIE EIRAEMBRARA LS, RAEZ K 2.1 x107° ~5.0 x
10 7 J0 ; BERE /K 4% L 0. 05 Jo/t 3 ARFEA R S AR RIAL 3R 9 AR B R], HOR AR M 5.5 x 107 ~ 1.5 107
ToIKFEMHELL 3.5 To/kg 1, MK R 6.3 x10 7 ~ 1.7 x 10 7' 55 ; ML AT 35 18 B 4% A0 B8 9 2 35 BUAS o5 2 3%
WAKER 5. 1% ~5.8% ,JR A ELEE B/ H AR BRI 22 SR K, BOATKE 850 A Z %, B K R 2 35 7 oA
ZBRAETENTE IR o TR A TE7E K H A P 3743 B R R FIC A KR B3 e B4, R KR F
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JE I R R I PT LA R R /K R A K P it PR 7= A i ) R U 5 iR o x4 A0 FK 43 P LK SR E
BB ] Dy S, DR G A5 A B ) B VR R T e 7 T P 25 5 T B AR BRI T T Fh e ORI it
& B3R E O AWE R RIRY) BOEFE RS R =T RGN 18R, WA LB T 2 AR AR
b A BB IR BEAT VAN

®2 ABEMBE
Table 2 The basic data of the experiment

) 43 e SR (g) % (mg)
Genotype Treatment Economic yield N fertilizer dose Ammonia volatilization
578 11Xidao 11 N1 18.08 0.15 5.73

N2 30.25 0.45 7.84

N3 36.73 0.75 11.01
BB 4 Wujin 4 N1 30.18 0.15 7.49

N2 41.06 0.45 10.2

N3 47.44 0.75 14.35

3.3 A

FETIAMER BIEH 527 20 o EVE B2 WL E AR K26, /i & AT R AHP ¥k, J5 2 7] R R AL
B TS, BT A SCREZEVEM 28 s Ak TR T5 G i B B0, BOK R IR T AHP 35 @ AU
TOPSIS %347 ¥EHr » TOPSIS (technique for order preference by similarity to ideal solution) ¥ X 44 AR, /B
THEBLZEWEN T, EEGEETFMEE R A= E 2 Bl 0 5, Bl e e i SR e 2
HEAEAR R PR TES A D E 1 278 1, BRI A ORI A A R AR TR & HEA A B S2% RN EE g
FEAHT PR . TOPSIS ¥ A R A5 B T 42 B Aok 55 15 A1 A FHAR A0 07 BRAB AR R IEATHE RS , AR E &8 7
RIS . BARMRIE A Te bR U0 (EAE SR ERAR 7 58 , 0 AR DU IE S AR S o R 4% 5 58 5 B AR e P 17 B AE A
PEHE, BRI N A5 S i — BT 8 3 R BAR e A o7 JEAEL A, {ELSE 5 150 LB A P 01 AR, 5 T T R
B AR, (R SO RS S AR, W R R WA R .
3.3.1 mEH—k

WA n DRI om DIR853 R IR BOE AT A AL B, BART X (BB GF ) AR
(B/INBREF) FEFR R R (1) TG , 73 5135 3047 5 — 4k 283k , (EEUEII7E 0 i 1 Z (8], JE BR B 49 A Rl FI e X
{ELZE SRR AR R X = (X3)6,, (K 3)

*=3 EMIEREMELIER
Table 3 Standardized matrix of evaluation indicators

RG= BN 3 € B IRY BIE FE BB
System Layer Economic benefit Resource and material consumption Environmental effect
iz SV RUIE it "R
Indicators Layer Economic benefit N fertilizer dose Ammonia volatilization
B3R5 11Xidao 11 N1 0.209 0.659 0.591
N2 0.349 0.220 0.432
N3 0.424 0.132 0.307
B 4Wujin 4 N1 0.348 0.659 0.452
N2 0.474 0.220 0.332
N3 0.547 0.132 0.236
X, /X,
Z, = —‘—dz, = —1— (1)

/;X,?j 2{ (1/X3)
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3.3.2 fnBUEFG

TER AL KRB IL AR |, X 258048 SHR M BRI #E FREER N 3 T R AEPIM LB, 15 5]
PR (R 4) , 53K HPITE HUBE R4 — 51 S A, B DTS FLBR I 43— ST R BR DUHAH LS ) 8L A, B4 B T
BB B AR I PR 2 ARV G LB R, B SRARE P  EU BRI B — AT P ME. BRI 3 TR
GAEAR A SHCERIEN R R X EE AL, AIARUE AL 1) 8 (0. 429,0. 142,0.429) To X5 P LU AR
W B — SRS 06, e B 1P LA i 2 — SRR SR, FOAR RESR AR AL 1) B A 2K

®4 ITRIERILBER

Table 4 Compare matrix of evaluation indicators

S ttom VR B L
Resource and material consumption  Environmental effect Economic benefit
YEURY) [T I #E Resource and material consumption 1 1/3 1/3
35 5E 0 Environmental effect 3 1 1
25538425 Economic benefit 3 1 1

HATEAL PN FERE Z = (Z;) 60 M TEFRALE W AT HEIBUERE Y = (V) o0, HHF Y, = W, x Z;
(£5),

RS ITMIERMAUER
Table 5 Weight matrix of evaluation indicators

S LR VEIRY BRIH #E B
System Layer Economic benefit Resource and material consumption Environmental effect
iR LY IR HHER
Indicators Layer Economic benefit N fertilizer dose Ammonia volatilization
B3R5 11Xidao 11 N1 0.089 0.094 0.253
N2 0.150 0.031 0.185
N3 0.182 0.019 0.132
BB 4Wujin 4 N1 0.149 0.094 0.194
N2 0.203 0.031 0.142
N3 0.235 0.019 0.101

3.3.3 FEEME
TENABERE Y = (V) 6., HEFIBK B/ MEM BB B B T BHICHN D7 = (Yo s Yiwes>
Yiuwn) s D7 = (Yaiars Yoz =05 Vo) o 56 1 DEMXI R ST IR T7 RIVBERS 73510 -

Dt+ =\/Z(Ymaxj_Yij)2$uDi_ =
j=1

E{(Ymif - Y’ (2)
3.3.4 ZEE5TEH j

HEIPM N R 55K T ROEERE C,([EM KL EREMBET) N C, = D7 /( D} + D), WKABEAHX NS
ERE C, IR/, AT AXTIRM X ST 1T, e HAR S (R 6) .
3.4 ZERGE5T®

RPN R AT BRI, B A — M S, R A SBORMEE AR T REmigs, e 3 M &S, &I
0.05g N kg 'AbHE T ,2 SR /K REHIA A B AR A RRK T, BB 0. 05g N kg ™ it BUK AR X B 2 i AUk
AW AT IR R AR R R, RE R BB, BEERESHRER G, HEAE
FTHE 2 MAKF. MR, BAARE LB , & B NERAK R TR 3855 0 FEY S Fp g TiE i
FER—HEAKE T, BRSO 11 ABBERS R TR SRR R 4, £ 2 HAEPALH T HRECK
FRBE 4 ME AL, YR A SRR AMUZ AT W, T H S RSB AERARR, mFARFH
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RERWVAETHREA—EEMRIE. FIL, A KB, 3R I 0 M A (RS B R NA T &, iE
B PR R 20 A AR B IR B

x6 ZETMER
Table 6 Results of synthesized evaluation

e b N c LR
Evaluation Sample Evaluation results
B3R5 11Xidao 11 N1 0.021 0.029 0.577 2

N2 0.016 0.011 0.407 5

N3 0.023 0.009 0.290 6
BB 4Wujin 4 N1 0.011 0.018 0.621 1

N2 0.017 0.015 0.462 3

N3 0.029 0.021 0.423 4

DR N BTN B, XA F RGN 8 bR A E i PR YR 5 7 KR B A T TR 4T
PER TR , NI AE P SR 6 SEhR, W R A FZE R K LIKHEAKREE UG, KR T RGN EEIE
BN IS R AT IR MALIER 2 B KRB & A EEHRES, BH TRIIS R AR 2 B X,
TEEAE RS, R AHR R T B SANE . XAE T2 BB 8RNI, £ 5 7= 8 UK FEE W ORFER LA
RCEPEH G PR R AL .

Bl 3 L M T R Y5 T8 S B, R AR A SRR TEM MR B R EE MBS E Lo ASTEN R
WA BSECRE MR BB AR A SHCRIEN R IR —EMENS% . BRI EHFR N EYEE T € &
T8 AR MY A 7 Fp R IR ) B0 2R B IR TS e W O HE R ARG IF R 3 b . BMER , R X e — e T K
WisE , iR = AR R B B R B4, A SCrh BT A SE ok B /K RS ARk SE 3, IR, 2 TR R

M55 G g BT R TR E ARl A S RCRBEF Al TR 5 Juda ] Ui B EUR AL
4 Hig

Bl AR TR TS G T S AN BT IR, 6 75 B L — B R = S R A BT FR bR R R, X AR
Z AR AR b A 77 0 B 58 R W) R R A0 TR T R (R LA T B AL A AR RV AT RS R B . A SGE AR SRR 3
W ARSEAR A = RS R BCE BAE AR, B L T EIE AT R IR IS AL AR =5 T AR AR S
IR AR . ASCRAZEET AHP ) TOPSIS X A RIRALIE T A FIKRE & A A S SCREST T IFT,
VAR Tl B R0 S A B R0k A= SRR I e, 7 kT B 2, HL AT AR PR T SR A AN

BESLARM AR SR IRIR MR R T AR AR ST BB A5 S ARl AR 7= LRI A Ry 32 BE BB AR B , 1R
M= A AL, B R T 2B E 58 R T8 K 7= & AR A 7= Jr =X, #Esh R B ARk 1 “ 3E & PR R8s LY
U8 AR AT Hp S & R T 10 K o
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