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Effects of nutrient and water regimes on paddy soil quality and its compre-

hensive evaluation in the Taihu Lake Region
YANG Chang—Mingl'z, YANG Lin“Zhangz.. YAN Ting—MeiE, OUYANG Zhu' (1. Institute of Geographical

Sciences and Natural Resources Research, Chinese Academy of Sciences, Beijing 100101,China: 2. Nanjing Institute of Soil Science, Chinese
Academy of Sciences. Nanjing 210008,China). Acta Ecologica Sinica,2004,24(1):63~70.

Abstract: Soil quality has emerged as the central concept for examining and integrating relationships and functions among
various biological, chemical and physical parameters of soils. Soil quality is important in the context of sustainable land use and
management. Paddy soil is anthropic hydromorphic soil, and its evolution and formation are affected greatly by cultivations,
irrigation and fertilization. Taihu Lake region is the major distribution area of Chinese paddy soil resource. However, due to
irrational irrigation and fertilization practices, such as long-term submerging and application of exclusively chemical fertilizer.
paddy soils in the Taihu Lake region are undergoing degradation of fertility and environmental quality, which negatively
compact local agricultural sustainable development. The objectives of this study were to compare the effects of different
nutrient and water regimes on paddy soil quality and to give their comprehensive evaluation, aiming to supply scientific and
practical guidance for rational nutrient and water management for paddy soil.

Field experiments were conducted at the Changshu Agroecological Experiment Station (CAES), Chinese Academy of
Sciences, situated in Yangtze Delta (at 31°33'N and 120°42'E) in Jiangsu province from 1999 to 2002. Four nutrient regimes
were as following: CK<{control}; CF: chemical fertilizers only; CM: combination of chemical fertilizers with farmyard manure
(FYM); CS: combined application of chemical fertilizers and wheat straw. Three soil moisture regimes included: (1)
continuous waterlogged (CWL); (ii) alternate wetting and drying (AWD); (iii) controlled irrigation. (DRA). 48 field plots
with each area of 30m?(5X 6m?) were employed in a randomized complete block design with four replications Soil samples were

collected at the depth of 0~ 20cm after rice harvested. Soil physiochemical indicators were determined by conventional
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methods., The chloroform fumigation-extraction method was used to determine the soil microbial biomass C, N and P.

Results showed that in the alternate wetting and drying (AWD) and the controlled irrigation (DRA), the combined
application of chemical fertilizers with organic sources, especially farmyard manure (CM) could not only markedly improve
paddy soil physical characteristics and increase the content of available nutrients, but also enhance soil microbial biomass C. N
and P. In the continuous waterlogging (CWL), organic materials, especially farm yard manure increased soil redox potential
and weakened the effectiveness of the combined application of chemical fertilizers with organic sources in improving paddy soil
phystcal and biological properties.

In view of the characters of gradual change in soil physicochemical and biological indicators. the analytic hierarchy process
(AHP) and the Fuzzy mathematics model were applied to comprehensively evaluate the quality of paddy soils by different
nutrient and water regimes. The results showed that the integration of soil quality factors in combination with application of
chemical fertilizers with organic manure (CM) and alternate wetting and drying (AWD) pattern provided the highest
subordinative degree of 0. 7478. The combination of the chemical fertilizers only (CF) and the continutous waterlogged (CWL)
exhibited the lowest soil quality with the subordinative degree of 0. 4112,

Key words: paddy soil; soil moisture regimes; farmyard manure; physiochemical indicators; soil microbial biomass: Fuzzy

comprehensive evaluation
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TRBRAEMUAFMERAYHEEN. BEURAULSEFHRAR AD-BR-AEEATFEA GRS, 9 H e EIE
EAMBIAHASENNOIFCE. D RAE (Sl qualty) B REASRABTHAERESREEE LGB DB T
EETBRAEERAERENED.RLNFEDR AEREYEER URERZEHFN - L EEIRPIESEK, £
WHRIAFAREERERES I RAFRAETAAMBENXABF)  TEHENEIREBESSR L REIESROE
RTE. T REHRER R IREEFHENEYESTR.FEFME T RARMBA ., FEHREY . SELBEHN
3, (Conventional tillage) 8 Lt + 4 #L (Organic) Ml % 8 (No-tillage ) % R 37 #% B 4 (Conservation tillage) 7] UL A5 8 s % + M M1k #0
HEWERE ATEAA T REREFAER 1,

KELR—FATIKEL . BRARBENER BENRESREYBEESKBLINERANEETRERRER. XRIEE L5
BiN—FNYHE AENEDFRENTEA . BTG KBLAR~EFANHER S, KBLEREBEENLRER. LM
WXEREAKBLSAEAIEIHBR . ZHXEREXHAR . B TENATEAEEMER XS LRFES A HMIEY
LSRN EE . TMARERBREBE . “TEERMZXBMXRIMNAEHITFERE. HRHN KB IR EAHRRTR
AT SR RIEREHCEILERSEIIAAASEREM KB LHEENSSUNATN ESEERRE. & 3CGES AR 3%
AKX TH LRI RABANEYEHRERRERLBE . AT HESFH B EB A AR ENETREEN KB L HR
MEMHLE A REXBLRBRARA RSN RFEARREERKE.

1 REEAMMASHARAZE
1.1 BR#BN

KT 1999~2002 EAEFEMFEREBRRLVESTRE T ZEBAKMF R, RERFPBREAENEE . EEYX
B’15.5C BESE-1C.BHEIAB—11.3C.Z10CHF MM 4933. 7C FRFH 1038 mm. AR +INKRHE L 5
4 4t AT IR R L E 1.

21 HRELTWHERBUEER

Table 1 Selected physical and chemical characteristics of surface (0~20cm) soil used in study

BN L% i pH L& &% £y % S 840 CEC XER &
Clay Sand H,O 1 s 1 O. M. Total N Total P Avail P Avail. K J Amorphous Fe,();
%) (g/kg) (mg/kg) (cmol fkg) (g/kg)
46. 7 15. 4 7. 85 32.1 1. 88 0. 89 8. 26 116. 71 16. 9 6. 23
1.2 #3E A
1. 2.

EAHMARE FRABRBE I HHELIH/AERL. 1 B EVIRCF) N.P.K EF &2 9% 250 kg/hm’(N), 60 kg/hm?
(P,O ) # 80 kg/hm?(K,0); I THLAE+#FH(CS).N.P.K S ERFE1;1 TNR+-EIECM) N.P.K E4ERFI1:N XL
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K CK, 431 #1 FEFABEES N 2500 kg/hm? #1 1500 kg/hm? , EZ K N.P.K #4358, 47 & AR L VLR B
B AFAEANL M YEEERE—REA RICHEESSIEER. 7 ECHMAT. 4 3 KA LB A5 3: 2, F4h3E
®RIKER 12 /XK ADAXERA 30 m? , RFRAMILXHHES.

ASBAXRE RREEINKSFTEREEAL. | TEXHHAWD), AKBEEZFBEYN, BE){FF 3. 0~5. 0cm
KE:HEPHRBRTREIEE(MNMSXKHBIEKES Ocm B Y+ WMEFHFET . I WREZ S KEHHENM KR 709 ~80%5T .
HET WA FBERE.WEH A RFLNIKEAHBEFIKE 704~80% CKRZBREL A 10cm) ; ¢ 5% i B8 A H (8] {7 £ K
2 3.0~5. 0cm B FL B H R £ T3S WodkAT 154 MUKHE., TR AKZEZEBRRYCWL)  BIEKBE AN LB 1R
F491.0~2.0em M KE. T BAERCETEREHEL)DRA),BREHFRY 1.5~2.0cm BKEHN HEAMBHBR AR T KE.
TIAPRFELRBAZTKER 80%~20%,

1.2.2 HEBERRE EABRKIE AHLTHEMO~20m +tBHE . SARKES"HR SR HERBEHE. TR LHET
2mm B —MARATFTE AT ERFIANE .S -2 TRKEARKRUC . <2t L RRFEHME LY R C NP 4
WZH.

1.223 MEMBRA %

MEEGE FTENETEIZTE.LRMARXRKANEERSRE.FRANMNEFERKRKIRTE BEERNITRE
< SN

fhFHiR T pH.Eh M MHEE FXHBCECO . £ WFNASTEG. O M) 1 REFEFBRANEEY R ABRHETH
BEFH,

AR TRREMESRARRE . UR ng/g. 240,37 CH AR T EIAEER 0- 1mol KMnO, 1§ 5 %, U
KMnO, mi/g.24h.37 C B F AL MM E 3, AW 308 mg /g 240, 37 C AR RIS HE I R R A8 LA NHY -N mg/g.
24h,37 C KB fipted,

TR CN BRAEYMT L MFEHLESH TREATIHERESTREP AN ETRBARABEH MK
BN IS EEEO RS T RSN BRE 25 C TR 24h, B E%45,0 0.5 mol/L K,SO, B (+ : K=1:2).7
ARARFV LIRS 30 min . SHEH, AEHLEHEEEMA 0. Smol/L K,SO, B . kB, BBEFT CHMEHR
ERRA RN E R TR EE ;N W ERARISI TN MEN NH,-N FINO;-N F#, I WMEPHC.N IRLEE
FARKZELH 0. 5mol/L K,SO, BT C.N ZRZERLUKKREK KEC 538 .BC=2.64EC.BN=EN/0. 54, K9 EC
EN A RELHSRBEELHC NZE MAEYRP ZAHEG KA. 0. 5mol /L NaHCO; (L : K=1: 1) BREMEM
SREMEYRCN, REBESP PRORNEHEMRE- AN AK . BP=EP/0. A(XP EP hRALHERATH P HEER
BELHERAPOP),

2 BRE5GWH
2.1 AEFESHASEANKE L ERAEW

TR RFEN T RERNEDEKBEGEEEH NEERERALRE 2. TR F 4 MK E B L Y B R vl dE
S AEANECHERPELTHLREEH B TANLILERECM # CHR L RP<0. 05 F P<T0. 0121 1~
0. Olmm P FH B Pk i & M AI4E BB M I CM 1 CS 8y 3R r BT 29 53 518 /D 16 - 20680 21. 704 (P<C0. 08), I LT & + 4F 9
EFSAEEECHT R EERKEERTIAB(P<0.05), BAFIEHME £ TBEHAWD) #4E K ¥ B (DRA)
KABBERXT . ARAESIERENH LMY BFERANEREYVBRXTEEEE KCWL) KB iR ELEE KRS
MISE T BN S LB RN R, RURRA VK AEKS PE T MW IR P 48 M (Puddling)t'), Wi KX
S T A LY R 0 o 3 1+ 3R B0 4R 89 IE i SR
2.2 RE RS AK B KR 05 3 4 5 R e
2.2.1 FEHESFMKIEAGABLAVNESENLINEAE FEHBCEONER 1IRAVNARRELRERN —TF
Eikbx., BWECK 3 MEMEATEIRENESEEATREE D AEFARFELISAAEN LI REAENRIRETEETH
BARAHEHERECM AICOHONTREINEERETFHER THEMELE CPH K LINP<0.05) EBEMELERRET £

MEVES SAPFRAT EIRE R 3.5 (CLW)HFI 3. 1% (AWD), B K (CLW)HIRHBT BT ANENYHEED®
KRR . SHIRENFSEVBERF TELSEAWDEKREER (DRA)T K LM (P<0. 01 B P<C0.05),
PH B 7 A5 N REERSEINERSE, - BRESLRAENRBEEX, AEBRAEREE 2). VXD

JEAEMER M CEC S S % FREAEA LB (P<0.01 3 P<0.05) HHP U FBAZEH (AWD) HI B + 4k 58 (CM) ) K 4+ 1
ESBAUAYEE MAECEZEKCWLIEEE+HEBOCMIBASRFESIBREETIRE RHAAEARERET LR
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BEYESBREHASERE LI CEC K.
X2 FARIKRSUAN KB LWENLEEMR -

Table 2 Effect of soil nutrient and moisture regimes on physical properties of paddy soil

FeoEK E B (g/em) 1 ~0. 0lmm I RF (20D EEBTZRECH

Nutrient Volume weigh Microaggregate 1 ~0. 0lmm No-capillary pore space

regimes CWL AWD DRA CWI. AWD DRA CWL AWD DRA
CK 1. 3ba 1. 26b 1. 24bc 68. 4d 71. 7¢ 74. 2b 3. 4f 5. 2d 5. 4cd
CF 1. 40a 1.28b 1.27b 67. 3d 70. 8¢ 73.2b 2. 8g 4. 5e 4. Ge
CM 1.27b 1.21cd 1. 17de 72. 1bc 76. 8ab 75. 2b 4, 7e 5. 8be 6. lab
S 1.19d 1. 14e 1. 111 73.0b 79. ba 76. 3ab 5. 1d 6. da 6. 9a

« FHHARERERABRE.FHAREFR P<0.05 K¥RE ¥ ER Means followed the same letter are not significantly different at 5 ¥

level by Nuncan’s multiple range test

w0
< 401 oow 4y L OCWL
= 8 AWD T i AWD
ESE-IDRA %ef 20 | WDRA
u T o g 18 F
16 F
= R T
= 25T H 4 ~iI
z N
12 s L b | ] N
¥ 20 L L1 RN CcK CF CM  CS
CK CF CM S /4 X Nutrient repi
#4rH Nutrient regimes PR, UTER IEBImes
Bl AEFTAAKIRAM KB LA ASRKER M2 AFEFSAKBEENKE L CECHER
Fig. 1 Effect of different nutrient and water regimes on paddy soil Fig. 2 Effect of different nutrient and water regimes on paddy soil
organic matter CEC

2.2.2 ARFHMASTELMKBENPKFLSSROEE SHEIHERRD.BRUYBCK A EHIRASELHR
FIEERE LXK NPHERP KASE.BRARRESAKSEABEEMBELAABRLER . ATHIIERKAFEHER A +
BMHES MR ANAEINEBIEEEAD S FHRMEAIE(CF)(P<C0.01 B P<<0.05), K L FREH(AWD) M FELEE K
(CWLHTESFENUE., HEE S EMERP MBRABURERTHRA HLIERECSHESER . WL WFERK K 380
SRR (CS H B TREAE +H LR (CMOW AL, HEBAK T CWL) . S REAILTHLIERREHEI K
AT FHUERNPHIRHER T TFEXEMEARBHEA(P<0.01), X[ AR FTEER . AETITEREEE KSR + 1
KM FERRE MEBHIEARBRNEIR BTN PR ER TP AR, S —FEA T K EKFRFH
FRENER . BETHY ERNAEEPHRK. RS ETRIA, TEXHAWVDIE TRA TN EX KSR EHEER
FHAERBCOHFMMMATHLIRER K SRBFLWINNT 36.3%.

X3 ARARDASRANKELETERSTBOEN «

Table 3 Effect of soil nutrient and water regimes on contents of N, P, K of paddy soil

E T2 §: 2% (g/kg) =% (g/kg) R (mg/kg) W (mg/kg)
Nutrient Total N Total P Avail. P Avail, K
regimes CWL AWD DRA CWL AWD DRA CWL AWD DRA CWL AWD DRA
CK 1. 82 1. 74 1.78 0. 85 0.73 0. 81 7. 11 6. 45 6. 12 86. 2 91.4 81.6
0. 11 +0.15 +0.13 +0.12 + 0. 05 1 0. 04 +1.12 +0.55 + 0. 67 +10.7 +8.75 +6.79
CF 2.01 1. 91 1. 55 1.13 1. 09 1. 11 9. 12 8. 57 8. 82 125. 7 131.2 123. 2
+ 0. 21 +0.11 10.17 +0.14 + 0. 08 +0.10 +1.78 + 0. 45 +0.59 +15.7 +9.75 +10. 8
CM 2.12 2. 01 2.05 1. 17 1. 13 1. 15 13.12 11. 8% 10. 32 138. 9 143. 2 133, 7
+0.19 +0.12 +0.17 +0.13 + 0. 07 1+0.09 +2. 02 + 0,74 41,20 £ 23. 2 L11.5 1+ 15.9
C35 2. 18 2. 09 2.11 1. 16 1. 15 1. 14 I11. 78 10. 59 9, 82 149, 7 163, 2 137. 9
t O “I“ 0,17 3 0. 24 1 0. 22 + 0. 09 +0.15 + 2. 8% + 0. 87 41, 33 +21.7 122, 4 +10.8

x - H1{H + 7 (2 The data in table were expressed as means 1= SE

2.2.3 A3 AN ABLENHESEEAEDALBHER AERZFISIKSGEXTHIMELFAES ESH L E
EF(P<0. 058 P<0. 0. 5RBEECHHAK. AU LIRS FHEEESLIER SR (CM) T ] B R+
HMEhAHBEESEEXCWL THREYHE . XEH . EEXEEBEKT.FIEBALTRMB T ERAERIR. L0 R
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MTFBAZ L RMFHAEIDHRIREATIARAFTIEREY R . E, FLE S8 E LR X ERY K Fe!* Mn®”
VR B T PRI SR T,

KBELPHEEE YR Fe* M* )WL R I ROEYILEBAAAETA HARIBR T KB LEEL
(Soil gleization) A MBI EE. B4 MFFEFLMKGEATEREEYEESRWEE AR 1407 FE REFT KSR
ATHEREFEYRSEMTAGE S5 EMEL FEFAR EFEZEBAKRCLWOT &R S0E LB T IEEEFYHE AR
KARTFTEXHEAWDHHEKER ODRAKHFESER. FARFLBALEAIZN FHL VLN L EEEFEY RS
REHEE FTREBABHIESBACHP<0.01 B P<0.05) KPP SAERBECMIMNEIRESEERDREHLE
SRR REIBELCHRIREFBEREP<C.OD . RHEASZEBK T . RESHKEREN L IEHREYRORER
FEALAEE) - @ik 66. 3% . X EH THESELEB K THEAENE FHNEBEE . MET LRALRELTE NMEE NP EER
FYRCREEMMN,

300 w 20
OCWL B DRA D AWD ?ﬁg 0O CWL
55 | mawp
_ 600} E£ 15T mDRA
£ w2 g |
£ o = 3
B 0S|
3
00 | I ; i o E} 0 ] ) 1
CK CF CM CS CK CF CM CS
729y ¥z Nutrient regimes # 5 81.0 Nutrient regimes
B3 FRAKSMATEATNKELEHER W4 ARFSHAIERIMKB LR L RAER
Fig. 3 Effect of different nutrient and water regimes on Eh of Fig. 4 Effect of different nutrient and water regimes on total active
paddy soil reducing substances in paddy soil

2.3 AEHESMKGBEAMNKE L LXEEHEERREYEDROEH

2.3.1 ARFSFKMRAT LMY EEOTEY THE251I0DTEEENEPUEIBR —RARKN SR T 5
ALY BERAMEDRENIMERELE . SLMEHRREDHEXY, R4 ZEFRHIAKLIBRAT L
EMUENAHEZE R (P<0.01 B P<0.05), AYIEHUERC R MMM . SR LB ARNOENTER TER
IR (CCPypab 8 Rep LE K DRAOKE AT B EFAWDIEKX THEZBR IR E , 4 MER B F (P<0. 058 B ¥ KFE P
<0.01), M FEALATEE , EREKSEEET A RE I H AT L 008 1538 & R BUR B ASR , B % 28 9 K (CWL) I K
AT EESEERBEHYAESELCMIMN I AMEREREETHEFSHBEBCOHREBN AR SHRBETELH
(AWD)BIX T . FRENXHEEN T NBEM dRLEN X IUHARSAELEZERBEIABREEKFE (P00, HKE

HEEAFTH BN,
R4 FERSAIERAN LMMEEILAE -

Table 4 Effect of soil nutrient and molsture regimes on enzymatic of activities paddy soil

¥ A ¥ M B Phosphatase it AL B M Catalase 551k B§ Ivertase BE M Urease
Nutrieat Phenol(ug/g>+24h,37 C KMnOy(ml/g),24h,37 C {mg/g).24h,37 C NH;(mg/g),24h.37 C
regimes CWL AWD DRA CWL AWD  DRA CWL  AWD DRA CWL AWD DRA
CK 0., 68 0.73 0.72 €.12 6. 98 6. 64 4. 21 5. 12 5. 07 0. 58 0. 64 . 65
+0.12 +0. 05 +0.10 +0. 82 + 0. 72 + 0. 47 + 0. 64 + 0. 38 + 0. 59 +0.11 + 0. 07 +0.12
CF 0,72 0. 87 0. 78 6. 98 8.02 7.23 4.43 5. 87 o. 57 0. 67 0. 72 0. 69
+ 0. 14 1+ 0. 05 + 0. 05 + 0. 07 +1.25 I 0. 87 + 0. 5% +0. 42 +0. 77 +0.10 + 0. 08 + . 06
CM 0. 81 2. 01 1. 65 R, 12 14. 5 B. 87 6. 74 0. 15 8. 23 0. 84 1. 33 1. 18
+0,12 +0.15 +0.18 1 1. 44 + 2. 05 10, 04 +1.12 +0. 55 +0. 67 +0.11 +0.07 + 0. 09
C8 0. 98 1. 49 1. 35 9, 28 11.2 i1. 8 5. 33 7. 23 7. 01 0.79 0. 98 0. 92
+6.11 +0.17 0. 09 + 1. 31 +1.37 +0. 98 + 0, 88 + 0. 67 +0.57 +0.10 +0. 07 4+0.13
* 1 he data in table were expressed as Means +SE
2.3.2 REFMAKSESNLNEEDEDRCNPHEHE +TREEDAYERINEYESANLIRHAEY— 18R
i3 7 N O - MK SERNES S, CR T RPHEEFRFSED, MPEAFFAKIEAT LR

MAEMEBCN.PHREEREHWED AV LHEERES LA C N. P EE TREAECHREFETHEL. EiE
HSHAKCWL T EFSERCOHOREEY I N EEYEDRETFRES/LEAECMAFESRX: RIS AL ACH (CM) 3
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SEIAEEARREORANTELHEAWDEAT . EAA TRE X EDEYR . SHIEBEY PR AFPUETRER
HFAWDHKKSEATHRRERHB(P<O0. 0D WMEFHERKA . ETEZH AWK KSR T, BE 5 1L IE R K & - M
£ C NP RILBEIECE 58 62.8%.86. 1% 111.7%., EWARERH T TEXBMNEBERLAAANE T L NBLK
BWONA R T LR R,

XS5 FEXGHKSMAN L WWMEWEWR C.N.P RN (mg/kg) *

Table § Effect of different nutrient and water regimes on microbial biomass C, N, P in paddy soil

Fr LK mEkC MEHRN WEDRP

Nutrient Microbial biomass C Microbial biomass N Microbial biomass P

regimes CWL AWD DRA CWL AWD DRA CWL AWD DRA
CK 112. 3g 523. 7ef 188. 7f 23.7g 31, 7ef 28. 71g 19. 8f 22. 11 21. 6f
CF 454, ofg 587. 1d 537. le 29. 6f 38. 9d 34. Be 31. Oe 35. 9e 33. 6e
CM 585, 5de 955, 9a 853. 7b 35. bde 72.4a 63. ba 53. 3d 70. 0b 79. 8a
CS 643, 2ed 778.7b 676. 4¢ 42. 8c 50. 1b 45, 7bhe 52. 6d 58. 7¢ 51.7d

«FHHARTIERARE . FEHARESR P<0.05 KEH B EF L H Means followed the same letter are not significantly different at 5%

level by Duncan’s multiple range test

2.4 AFEFAMAMRAT KB LHENEGSEN

BT+ BMARMERENHR LRERO T NDE AEAEREERTEEENTTHE . REFR KB LHEBEN
TRABMGSIFAC AN I MFES KSR EA, B MG AN+ EEEK MG2, B 1L+ TR X #:MG3,
BREACAE+ KM MG4, A SLIE R+ K MG5, BIESILERCHE + T8 35 8 s MG6, AL 5 1L B8 RS BE + 35 K 3
B MG7 R SMERCHE + EEB K MG B SRS+ TEZEH MG BITSHERE+ZE KRR T L NERH#
frifdr.
2.4.1 WHHEFHNERERNENBHE IRERENEGERNOGE L EDE LENEYEEGF . ZXRBAAPHE.H
ZEKBLEEGHNE . RS L MAENAEXD . LW CECX,) . 28 (X,), T M Olsen-P(X ) . #HH KX, LR REY K & &t
(X)) EMABX)) L1~ 0. 0Imm A REHFTROG) BB XOMBLBESE X)) MAEYRCX,)) . MEDEN
(X )DBEEEIKESLHERAFNIEE. SBAERSHEAHPED NS ZIT WIS B E &SR0 8 E B a2
iR I E BB ) B (B),B=(0.124,0. 043,0. 132,0. 092,0. 082,0. 049,0. 055,0. 078,0. 089.0. 073,0. 101,0. 082),
2.4.2 IFMERRBRN AR EEMREENHE BESERHERGES B8RS 2RSS CEC, & MM A K
KT . THEEEREDEDRC NERRAAEYRESANREREBY: T MEFEYREBN L MAEISHRAMREE
R mMeEy ., EHERE REAHBEKBHNESTRKBESFREFARMEBR (R ). R 6 AWM AREXK

B &I ERKRRE (R 7).
£ 6 FRIFHMRERMEN

Table 6 Subordinate functions for different evaluation indexes

0 r=.15 f 0 r<< 1o
X, 1 p(X)=< (r—15)/20 15<a< 35 Xo|pg{X) =< (x—10}/20 10<Cx<30
| =235 { 1 r=30
0 r<1 ( 0 5
Xslp(X) =< (xr—1)/3 1<<r<4 Xolp(X)=< (x—5)/15 5<x< 20
1 xr=4 L 1 =20
0 T30 ( 0 r=1.0
Xl X)=<(x—30)/100 30<"xr< 130 XelpplX) =+ (1.0—x)/0.85 0.15<<xr<C1.0
1 =100 ! 1 r<.0. 15
0 r=1.35 ( 0 I5.30
X pm(X)=<(1.35—2x)/0.15 1,20<<xr<1.35 Xalp(X)=< (x—30)/45 30<x< 75
1 x<.1. 20 q 1 =75
0 0.5 ( 0 <3
Xol gt X)=<{xr—0.5)/2.5 0.5<r<3.0 Xl ptX)=< (xr—3)/9 3<<xr<12
[ 1 r=23.0 L 1 r=12
0 <300 ( 0 <210
X1 | 1€ -300) /600  300<7xr< 900 Xl p(X)=< (x—10}/70 10<x<I80
L 1 122900 L | =80
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X7 EZENEENRRE

Table 7 Subordinative degree of indexes

ﬁﬂ:fﬂﬁ XI XZ X'i Xi XE Xﬁ X? Xﬂ Xﬂ' Xlﬁ Xll Xl::’
MG (. 909 0. 370 . 337 0. 275 . 957 0. 128 0. 000 0. 696 ), 088 (159 0. 258 0, 280
MG 2 0, 877 0. 435 0. 303 0. 238 1. 000 0. 788 0. 467 0. 798 0, 148 0. 3196 0.479 0,413
MG3 0. 886 0. 385 0. 317 0. 255 (3. 932 1. 000 0. /33 0, 738 0.112 0. 286 0. 395 0. 354
MG 1. 000 (. 420 0.373 0. Hh4l 1. 000 0. 000 0. 533 0. 980 0.124 0.416 0.476 (), 364
MGG 0. 962 {). 530 0. 337 0. 458 1. 000 0.6}12 0. 833 t. 000 (. 604 . 683 1. 000 (. 891
MG6E 0. 979 (. 465 0. 350 0. 355 1. 000 0. 865 1. Q00 1. 000 0. 640 0. 581 0. 923 . 766
MG7 0. 981 0. 445 0, 360 0. 452 I, 000 0. 000 I. 000 1. 000 0.192 0. 259 0. 572 0. 169
MOGR 0.943 0. 455 0. 393 0.373 t. 000 0.725 I. 000 i, 000 . 396 0.470 0. 798 0.573
MGS {. 056 0. 475 0, 370 0. 321 1. QD0 0. 588 1, DOGO 1. ODO 0. 34D 2. 446 D, G27 0. 510

AR s AR AENERMNITSH . BAEMXRZEREWRR).
(0,900 0.877 0.866 1.000 0,962 0.979 0.981 0.943 0. 9581
0.370 0.435 0.395 0.420 0.530 Q0,466 0,445 0.45H5 0.475
0.337 0.303 0.317 0.373 0.337 0,350 0,360 0.393 0.370
0.275 0.238 0.255 0.541 0.45% 0.355 0,452 0.373 0.321
0.957 1,000 0.632 1.000 1.000 1,000 1,000 1.000 1.000
R 0.12% 0.788 1.000 O0.000 0.612 0,885 0,000 0.72% 0. 988
0.000 0.467 ©.533 0.533 0.933 1.000 1.000 1.000 1.000
0.696 0,798 0.738 0.880 1.000 1.000 1.000 1.000 1.000
0.088 0.148 0.112 0.124 0.604 0.640 0,192 0.396 0.340
0.159 0.319 0.286 0.416 0.683 0.58] 0.259 0,470 0,446
0.258 0.479 0.395 0.476 1.000 0.923 0.572 0.798 0.627
L0. 280 .413 0.354 0.364 0.891 0,766 0.469 0.573 0.510
2.4.3 HAWH KREBELTRGL NEEEREREER
C=h8+R
C = (Bl\rBz&"'iBm) (1)

KB, = D W, or,(i = 1,20 am;j=1,2,+,m ) B, RABASHRRE MERME LK/ TTRERRFHDRAKMER
P TRFERBMG SRR S FMEERENEN AR RBEFRALSRDE C = (0.4112. 0.5166.0. 5042,
0. 5486,0. 7478,0. 7387.0. 5772.0. 6705.0. 6487), A B FF MK A B SRR E B IEREE K/DBToE & 9% 7 FK
AERASMESFEHRIEK R MC5>MGE>MG8>MGI>MGT7>MGA>MG2>MG3>MG], HiiER (3 # A P E VLR
REEANAITERNBAEARRERXTRABAENFELSRL B —-FRoRAT . TRZEHEKERERANRREEXTES
MAKERL  HPNTESEANEESHPRENELSHES MG HERER AN 0. 7478, LMKk B EHE TR N
BHEREFNESRARE EAEBREAKZ BEESAERENEAMEERKBEIHSMGOHRRER ST K2
BMAHSHN NZERRESTHRERE T MG IMG. XAV EVNBRERFESHEMNKSEEREI T A EEXE L
RBEREFRIEE OB LA EEB KNENHSORBRER 0. 1633, AR/ EHEFSAKIEXAE T H LR
BRIERNEERARE.

3 K&

AEHESMADERERAGHABLHERNEWEEVENER . ARG EXA.FULLINERE . FHERIE S
ENAGEAS TREXSENFIAKSIRARBITASKE L NYE LEFEMRE L REYEBE ATMARERE 7 LHE
HFAFR OMEEEKWBRBELDHSE TENLYEY LIRAOYEAETEYESERNRBRR IR —PRAAILIAL
RAARFESENASEERATASESENRB KB LERT RIEE XHRN.

VA F R EREEE KA+ BEENTER T, EEZEEKT . 2HFMABH FHEEE BERXMEYE LA
UBEETRANEME S SR EHETEPREARKEZH TARZETEZANERYE. WA UL, R 28 Y5 Fet',
Mn?* 5 FEHLIE 54 0% 5 3BT, AR T A A 0 AL SR SR R S 3 T -+ R TR T 5t B 3R S 98 . AL T -+ SR
BAKE AT IHERNXESER?Y . BTERERBEFFFOERE BRXRAAVEY R CELEME ML
MK EHEERANEEN A LER S EN IRUFSEYERENERIBEARG THE LR AR, XHXM X
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