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Abstract: [Objective] Soil degradation, insufficient utilization of straw resources, and excessive application of
chemical fertilizers are major constraints to sustainable agricultural production in the black soil region of Northeast
China. This necessitates the development of an effective field management practice that simultaneously promotes
the recycling of straw resources, improves soil quality, and increases crop yield. Thus, this study aimed to determine
a suitable combination of straw utilization practice and fertilization regime for maize production in this region.

[ Method] A two-year field experiment was conducted in the black soil region of Northeast China to investigate
the effects of different straw utilization practices and fertilization regimes on soil physicochemical properties and
maize yield. The straw utilization practices included the sole application of pelletized straw (FS), the combined
application of biochar and pelletized straw at a mass ratio of 1:2 (MS), and the combined application of biochar and
pelletized straw at a mass ratio of 2:1 (MB). Full-rate straw incorporation was used as the control treatment (CK).
The fertilization regimes included complete substitution of chemical fertilizer with biogas slurry (N1) and
conventional chemical fertilization (N2). The entropy weight—technique for order preference by similarity to an ideal
solution (EW-TOPSIS) method was used to comprehensively evaluate and rank the treatments by integrating soil
physical properties, soil nutrient contents, and maize yield. [Result] The results showed that: (1) The combined
application of biochar and pelletized straw coupled with complete substitution of chemical fertilizer with biogas
slurry significantly decreased soil bulk density and increased total soil porosity (P<0.05). This combination also
promoted the formation of water-stable macroaggregates (>0.25 mm) and improved soil structural stability. Among
the treatments, the co-application of biochar and pelletized straw at a mass ratio of 2:1 combined with biogas slurry
treatment (MBN1) produced the greatest improvement in soil physical properties. Compared with the sole pelletized
straw application combined with biogas slurry treatment (FSN1), the MBN1 treatment significantly decreased the
two-year mean soil bulk density by 11.40%, increased total soil porosity and the proportion of water-stable
macroaggregates (>0.25 mm) by 9.59% and 19.99% (P<0.05), respectively. In addition, N1 further improved soil
structural stability compared with N2. (2) The combined application of biochar and pelletized straw increased soil
nutrient contents and maize yield, and the improvements under N1 were greater than those under N2. Relative to the
full-rate straw incorporation treatment (CK), the co-application of biochar and pelletized straw at a mass ratio of 1:2
combined with biogas slurry MSN1 treatment significantly increased the two-year mean soil total nitrogen and total
potassium contents by 23.60% and 23.65%, respectively (P<0.05), and significantly increased the two-year mean
maize yield by 22.51% (P<0.05). (3) According to the EW-TOPSIS evaluation integrating soil physical properties,
soil nutrient contents, and maize yield, the MSN1 treatment obtained the highest comprehensive score of 0.805 and
ranked first among all treatments. [ Conclusion] The combined application of biochar and pelletized straw at a
mass ratio of 1:2, together with complete substitution of chemical fertilizer with biogas slurry, improved soil
structure, enhanced soil fertility, and increased maize yield. Therefore, the MSN1 treatment is a suitable field
management practice for maize production in the black soil region of Northeast China.
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Fig. 1 Changes of daily temperature and precipitation during maize growth period
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Table 1 Experimental treatments

LIRS A HERA N & FEFT R A B AT SEb i L
Treatment Application rate of organic materials Straw equivalent conversion ratio Fertilization method
CK AR AFEFTIE H 3:0 NPK {LAE
FSN1 22 t-hme2 AT L 30 TE
FSN2 22 t-hm 2 REFFR0RL 3:0 NPK 1L AE
MSN1 14.6 t-hm2 FEFF TR +2.43 t-hm2 A=W 2:1 THK
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MSN2 14.6 t-hm2 FEFT Wiki+2.43 t-hm? £V R 2:1 NPK {LAE
MBN1 7.3 thm2 5 FHiki+4.86 t-hm2 A=4)5 5 1:2 B
MBN2 7.3 t-hm2 5 F1 iki+4.86 t-hm?2 A5 5 1:2 NPK {LAE

TE: CK: ARFEFFILH+NPKALAL; FSNL: 22 t-hm2 FEFFRIRI+VAT; FSN2: 22 thm2 FEFFBUR+NPK fLHE; MSN1: 14.6
t-hme2 FEATAUR+2.43 t-hm2 W) TR+ MSN2: 14.6 t-hme2 FEFTAUR+2.43 t-hm2 4 5% +NPK ALJIL; MBNL: 7.3 thm2ff
FHRURL+4.86 t-hm2 Y5 HEW: MBN2: 7.3 thm2 F5FT50HL+4.86 t-hm2 A BTR+NPK {LHE. TI. Note: CK: Conventional
straw return combined with NPK chemical fertilizer; FSN1: 22 t-hm™ 2 straw pellets combined with biogas slurry; FSN2: 22 t-hm~ 2 straw
pellets combined with NPK chemical fertilizer; MSN1: 14.6 t-hm~ 2 straw pellets + 2.43 t-hm~ 2 biochar combined with biogas slurry;
MSN2: 14.6 t-hm~ 2 straw pellets + 2.43 t-hm~ 2 biochar combined with NPK chemical fertilizer; MBN1: 7.3 t-hm~ 2 straw pellets + 4.86
t-hm~ 2 biochar combined with biogas slurry; MBN2: 7.3 t-hm~ 2 straw pellets + 4.86 t-hm~ 2 biochar combined with NPK chemical
fertilizer. The same below.
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ARGUELLIEN 0~20 om =2 HHRE,  FFLBUE I 1] 18] b5 5 2hid s .

13755 BD (soil bulk density, g-cm3) HII5E KK )i
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TIELSFLBRETP (soil total porosity, %) JEiIIAJ)ENE HIEAEBDFEIHESR], A
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TP=(1-22) X 100% (2)

A, SDA-HEFIRI A, B 2.65g-cm?S.
1.3.3 HIEARMENE LEKAR BRI RS T E, s R, BT 2
mm. 2~0.5mm. 0.5~0.25mm. 0.25~0.106 mm AlI/NTF 0.106 mm. FHAKEE(EN: ¥ 509 KT
TREETHIRE SR E S CREMZAAAHEKIRY 2 mm, 0.5 mm, 0.25 mm £ 0.106
mm) , CERREFE RS ZE IR R 45K 4 BT (DIK-2012, Daiki A%, HA) o B TF/K¥E
FIERERIR I 10 min, RIESEARJE, FERED 30 min. 43 e R BUR TR T, K02
Rike R 2mE, 60 ClHEM T ZEEFRE, MRS RE G 5 & E IR
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WRozs (%) REAE LA RATE . SHabnitHE AT

MWD=Y" % W, (3)

GMD=exp(XL, W;InX;) (4)

WRO.25: [1 - _M);:_25 ( 5 )

A x5 | RRCPERR, mm; Woax R R AR AR SRR 2L, %;
Myco25 /N T 0.25 mm HIRERIG &, 95 MBI REERE, g.
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H, N 5 mLKERER A 1.85 g VRS HEALTT, 7E 370 TR 4 h, ERFRGHS, o)E,
2 a1 4 E BhiE WAk 22 20 4% (SmartChem 200, AMS Alliance A, EED #HTIE.
SR E AT HIEAE S TE A, FEODN S mL IRERERAN 10 W ERR, $RAT, St 280 ‘CHit
T, BWMIERETIER 370 ClZ 1 h, AAJEER, ik, FBEH4A S ELE ST
POHATINE « A T IR OIS (ICE 3500, JelE ) #EATHE M 734 .
1.35 ENE  BEIIBOR TOKIERI, 728 H/INX rh )k R A AR M AT 3R T 1
o WEREH R E, BT 105 CHAEH AT 30min, BlJE7E 80 CRETZIEE, e
ISR R RIS, BEALGEE— 2 SRR 5 R, AR ORI AR 4 S Ay T R
& (thm?) .
1.4 Z&EFN

K H TOPSIS # A 5IAGEARS &, PPN AR HIRLE Ry IR KA = =1
S . ANFACERZEA PPN AR R IR 2, ZOBVPAN S5 LK 3.

#2 FRBEZEETNERER

Table 2 Types of indicators for comprehensive evaluation of different treatments

RbRE | R KLY g et

Indicator category Evaluation indexes Indicator type

LUBEE R A Gt

Physical MFLBR K2

indicators MWD Nt

GMD Nt

WRo2s Nt

Ky Nt

g Nt

FE o FabR Eoe- Nt

Nutrient e Nt

indicators e Nt

FEE bR [Ep oA Nt

Yield indicators TEATHL Nt

TR Nt

FeE Nt

E: MWD, FHEREHE; GMD, JUATTFHER; WRozs, >0.25mm Ktk HRA SR BN ERARRER IR bR B AT
CEA VPN SRR T, R FR AR AR R P AR BB A o 25 & VPN BOR T - Note: MWD, Mean weight diameter; GMD, Geometric mean
diameter; WRo 25, Water-stable aggregate proportion of particle size > 0.25 mm. Smaller-the-better indicators denote that lower values
represent better comprehensive performance; larger-the-better indicators denote that higher values represent better comprehensive
performance.

&3 WRITFNIRE

Table 3 Effectiveness evaluation criteria

T 5 VA RS 5 2
Closeness degree Evaluation effect grade

0.8~1.0 it

0.6~0.8 R

0.3~0.6 Hr

0~0.3 %

15 BUREABS S5
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W ERARRNG F R R RO A B 22 7 5 3% (P<0.05) , F[Al. Note: Different lowercase letters indicate significant

differences among treatments in the same year (P< 0.05). The same below.
K2 20232024 AR LA E (BD, a) MHHEALEREZ (TP, b)
Fig. 2 Soil bulk density (BD, &) and soil total porosity (TP, b) for different treatments during 2023-2024
212 FIEEACRMIRIRE 2PN, BR L 20232024 AL IR KR AR
MEFHEI e NEETHEE TR A% (8 3a) o EV)FUR IR AT BRI it AbBE /Y
TIEEKEET FS AL CK 4B . 5 FS ABEARLL, JRMALIE M IR S KR PI 8 T
3.22%~26.95%. {HFifA= 453 it fin B ARG 0 ons 888 5 /K A AR THRORA P« e, MR
HLPRHAS NG, N1 AREER) SR+ N2 Ab#E, MSNL % MSN2 AP 242 i
2.15%. [Klitk, MSN1 ACF 23 KR RCR R IR AL -
AR, &AL P R AR B I R DT RS B S, RN 1

RIS RN, 2 J5 28N R (&1 3b) o AW B AR AT RIURL VR It Ak BELLE BE AN A= 5 ST A 4 38
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BEYET FS A CK AbHE., 5 FS ACEEAHLL, VR ME AL BE A 4 3580 P 38 n 7
4.83%~22.84%, HBEAY)R R L EIE R, IR B ORI 5E, MBN2 . MSN2 &b
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T N2 4b#, MSN1 % MSN2 AbEE ) 35835 T 4518 = 7 8.43%.
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K3 2023—2024 FEAFIAL B IR SRR (2) MR (b)
Fig. 3 Soil water content (a) and soil temperature (b) for different treatments during 2023-2024

2.1.3 TBOKFRPER TR AT AR R AL BN T Bk R R B A oA (o sg e WL 4. 5 FS
AEFEAREL , A4 T R FHAS ISR Vit Ak % = 338 K A SR Ak (> 2 mim) AT [ 44 (2~0.5 mm)

HAREZERIPHR (P<0.05) . 5 FSN2 &AL, MBN2 ACHXT K B4R Hh A1 5 4k o
PLM SR ) B 25 B e 1 15.49% A0 14.72%. AHFEAHLYIERAINT, N1 J5 it — D et + 45
KRBT, A5 N2 ALBEATC R E 2R MEREAET T, BEAEY R IR i LGk,
Xf 3R BB AR o AR O THACR B35 1 9%, MBN1 B2 MSN1 Ab P 438K A1 R A4 A
FR R R T 12.43%1 12.67% (P<<0.05) . B4k, 5 CK AL, JRitidbEEf
R B RURL o BB PEIG T 11.32%~32.36% (P<<0.05) , HLBEZEWFRIEHE LIk, dt—5
B FAK TRRIRL S B (P<<0.05) o FEAH R AR IN LB T, PR A T 2R B4k
FUOR ROBURE (5 EEPRARRCR TR 2 7
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CK FSN1 FSN2 MSN1 MSN2 MBNI MBN2 CK FSNI1 FSN2 MSN1 MSN2 MBNI MBN2
A3 Treatment

A EEUKEAVE FR AR TR IRED g s [/ — BN FERLAR 20 43 b7 ARE AN R NS - BARERAZ AL B P B [ SR 1 5 &
5% (P<0.05) . Note: Soil water-stable aggregates were measured using the wet sieving method. Different lowercase letters above
distinct aggregate fractions within the same treatment indicate significant differences in aggregate proportion among particle size classes
for that treatment (P< 0.05).

B4 2023—2024 A I AEEET LKA TR AR ) A5 AiE

Fig. 4 Distribution of soil water-stable aggregates for different treatments during 2023-2024
214 IBPIRMATGEN 5 CK ARHAHLL, AR ARE AT RSORL VR i AL HH 0T -+ 338 [ ZR A 11
MWD. GMD }% WRozs B RFEIHER (P<0.05) , #Em 1 LRI RARENE: (k4 .
5 CK ALHEAHLE, AWFURAFEAT BRI AL PR 25 52T 1 HIRHU R AR, 8 MWD,
GMD #1 WRozs 735l & #2511 7.57%~34.17%. 15.49%~62.00%F1 14.62%~40.94% (P<
0.05) o AWFURAFEAT BRI AL P, BEZEY) R it FH L8, 33 B 3R A AR E PE Y
%%ﬂ%z%ﬁ%ﬂ% (P<0.05) . fEAHFEIAHLAEHHEIN L] T, 5 N2 AbFEAHLEL, N1 AbHE
BTG E TR T ROR IO R 22 5 Horh, MBNL A3 338 ] S AA A e MRS TH R R
f)uﬁaﬂi, MBN1 #Z FSN1 422 MWD, GMD Al WRo.zsﬂﬁE?i@wz}m% 17.80%. 30.33%
1 16.36% (P<<0.05) »
T4 20232024 AR T HIRARKIREM
Table 4 Soil aggregate stability for different treatments during 2023-2024

fe{ﬁ Trfgl\t}n%en t MWD/mm GMD/mm WRo.25/%

2023 CK 0.678+0.019c 0.196+0.012c 39.00+0.81e
FSN1 0.71940.007b 0.222+0.004b 44.80+0.57bc
FSN2 0.71840.009b 0.218+0.012bc 43.70+0.49d
MSN1 0.73940.005b 0.23240.007b 45.80+0.31b
MSN2 0.7304-0.010b 0.22740.007b 44.70+0.10cd
MBN1 0.807+0.012a 0.26740.010a 49.70+0.36a
MBN2 0.786+0.014a 0.2584-0.009a 48.80+0.61a

2024 CK 0.669+0.014d 0.194+0.010d 39.00+0.73d
FSN1 0.728+0.029c 0.224+0.004c 4513+1.72¢
FSN2 0.728+0.022c 0.22140.005¢ 44.03+£1.25c
MSN1 0.79440.014b 0.25940.009b 49.57+0.63b
MSN2 0.78440.027b 0.253+0.005b 48.38+2.02b
MBN1 0.898+0.011a 0.315+0.010a 54.97+0.98a
MBN2 0.874+0.019a 0.303+0.012a 53.96+1.11a
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VE: FPIAFRNG FREFRRE—FE4 02 5 8% (P<0.05) . FA. Note: Different lowercase letters in the same column
indicate significant differences among treatments in the same year(P< 0.05). The same below.
2.2 EYMFRRSETTADRERKSBEN TIESEFR TR
221 BIEAE WSO T A A R AR F YY) 2T B A AT R, K
AT BTl T a4 (B 5a, & 5b) o 5 CK ORI FS AbBRAHEL, A4 50 R FIRS FT0RL TR it Ad
HEERS T HIEAESE (P<0.05) , {H7E 2024 4E1H#], MBN2 4b#E5 CK Fl FSN1 4t
N TC R 22 5o (EVRMACEE R, VA AACARS , A=) 0 R RIS A 0 T it P i v v Ak 2
5 CK Al FS Ab#E TR S ' AR R ERIAME (P<0.05) , 5 FS 4bFAHLL, MSN1
AT MBN1 b3 435 4 5 P AE 3 7 B 32T T 12.23%~22.89%F11 14.81%~25.71%(P<<0.05).
222 TIEAWE 20232024 AEA A IR AR S B A A RIS ST
Fermiasy, H 2024 44 & 8 2023 A A Frits (B 5c, Kl 5d) o Hh, 7£ N2
MAE T 0, 5 FS AbEEAHLL, MS AbERR) T IEARE S BT EER S T 60.78% (P<
0.05) . 7£ MS 4bBHrh, N1 jifEA e m 7 LIRS &, FIgiEA 17.36%~24.13%
(P<0.05) , {H7E 2024 23 MSN1 A1 MSN2 4b3 ) 6 B &2 7. MR TR T, B
AW TR TR It EL 3G, ok a4 B S B AR T SR
223 LIEARPT BEAH WIHERE, PR &AL PR IR e PR B R LB T R,
HBEERRALFZ I BFRN, WK Se. & 5f. 5 CKAHEL, FS AbFEANVE jfidb BRI 2 12 TF
TR ERE (P<0.05) o AEMEUR SFEFRURR AL A CK AbFE ) L3P0 5
FRE, FIIE N 16.72%~24.98% (P<<0.05) . [EIN, fEFHEIMAE 7T, AR R IR
Tt EEAGI 3G R, 0 3 A PR B T R A PSS, AHAN[] B A5 A= 40 J5 2R FHRS T AORE Vi Tt Ak B
o 2. EiRiEdE Y, 5 N2 FAEACEEAE LG, N1 fAEAb 3 158 4 & g it — D4
T+ 3.43%~4.17%, {E AN AH RVt bb 3] () A 1) O 28 3 22 5 o
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e BRARFE/NG FREFOR A0 W R RIS N R RS B2 R R (P<<0.05) . Note: Different lowercase
letters in the figure indicate significant differences in soil nutrient content among treatments within the same year and the same growth
stage(P<<0.05).

K5 2023—2024 FEAFAALE R LEAR (a~b) . 2B (c~d) I (e~f) i

Fig. 5 Soil total nitrogen (a-b), total phosphorus (c-d) and total potassium (e-f) content for different treatments during 2023-2024
2.3 =W FUR SFREFTERDR MK S BB K= 28 K EAR A0

%5 JEIR T 2023—2024 FEAACIE N FOK B A . A0 RORIATHG ATRIE. PR AL AR
A B EMFEEIETTAXT, 5 CKALBAE, MS Al MB KB 8 25 5 w7 B A B 3R S
HP 1) TG 2 28 530 N2 AR 77 20, MSN2 A MBN2 AR~ B CK AL -T2 54 1 1 15.17%
A115.62% (P<<0.05) , N1jiftrr Uitk —Ltm 77 &, 5 CK AL, MSN1 A MBN1 A& 2 4 K i
5379129 18.15%~26.86%F1 19.17%~24.72% (P<<0.05) . fEAH[EIAHLYENAINELE] T, N1 At s 208 N2 jits
FE 7 BN T 7 e S A EE R, MSNL A FEA: MSN2 ACER 17~ B 7E 2024 4F 48T T 9.02%. 45 b, 5
CK ACFEAHLL, MSN1 AT MBNL ZbERR 548 1758, W4T 1 22.51%/1 21.94% (P<<0.05) .
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5 2023—2024 FAELIETERKZER AR
Table 5 Yield and yield components of maize for different treatments during 2023-2024

AT H (AR R FRLE
FEh Lb 3 Feh
Kernel row Kernel number Hundred kernel
Year Treatment Yield/(t-hm2)
number per row weight/g
2023 CK 14.81+0.48c 35.61+1.49¢ 31.50+0.66d 8.87+0.27d
FSN1 15.8340.32ab 39.20+1.50b 33.41+0.84bc 9.73+0.36bc
FSN2 15.42+0.41bc 37.52+1.73bc 32.12+0.67cd 9.34+0.34cd
MSN1 16.45+0.53a 43.21+2.04a 36.42+1.09a 10.48+0.42a
MSN2 15.81+0.39ab 40.13+1.42ab 33.44+0.97bc 10.11+0.30ab
MBN1 16.21+0.43ab 42.63+1.81a 34.85+1.08ab 10.57+0.40a
MBN2 15.92+0.44ab 40.84+1.05ab 34.23+1.13b 10.16+0.34ab
2024 CK 14.90+0.41c 35.91+1.42¢ 33.27+0.48¢e 8.86+0.37d
FSN1 15.62+0.40bc 39.82+1.80b 34.43+0.72de 9.89:+0.28hc
FSN2 15.51+0.53bc 38.10+1.58bc 33.76+0.47e 9.42+0.29cd
MSN1 16.53+0.52a 44.13+2.10a 37.29+0.61a 11.24+0.40a
MSN2 15.90+0.38ab 40.81+1.81ab 35.18+0.60cd 10.31+0.28b
MBN1 16.30+0.39ab 43.54+2.03a 36.74+0.74ab 11.05+0.34a
MBN2 16.0040.43ab 41.30+1.87ab 35.85+0.73bc 10.34+0.29b

2.4 FEAIEAEZIEREXRM

Kl 6 JEx T S AL B IR BRRAR . TR FRARAI B M R (B ARG R R RIRAE 5 AR AR
BEIEEALR MR, fLEE. MWD, GMD 5 WRo2s 2 (8] 2% 53 EM 5% (P<0.01) , &A@
ARG - 398 2 B A 45 1 39 B SR AR 5 MR v« MWD . GMD . WRo 25 3 5 - 3383 B 1] S 9L 55 3% TE AR 22 (P<<0.01),
FW L EARER S LEOKSRE DR, A, &% &5 R 2PN EE IEHAX (P<
0.01) , HACPUEL K LR, A TEERS A KN, W IEY =&,

BD | Bp ok | ok & kk Rk kk
we. 000000000000 M-
MWD |[-0.82 0.82 M¥D . . [ ] . . ] . . . . . 06
GMD |-0.88 0.88 0.97 & . ) . 00000 .
WR0.25 |-0.93 0.93 0.94 0.99 wko.25 () . . ® . . . . . 04
SWC |0.76 0.76 0.39 0.56 0.67 sic (@) . @ . ® . o . 02
ST |-0.95 0.95 0.95 0.95 0.97 0.60 ST )
TN [-0.98 0.98 0.72 0.80 0.86 0.83 0.89? o ::::: ’
TP |0.590.59 0.14 0.8 033 0.64 03907 T @ @ @ @ @ -2
TK |-0.930.93 0.72 0.50 0.87 0.57 0.88 0.95 0.53 = (@ . . . oy
HKW |-0.87 0.87 0.70 0.70 0.75 0.63 0.87 0.91 0.64 0.87 HKW . . .
KRN [-0.91 0.91 0.72 0.76 0.83 0.78 0.89 0.94 0.55 0.98 0,95 KRN . . oo
KNPR |-0.95 0.95 0.79 0.82 0.87 0.74 0.93 0.97 0.61 0.95 0.97 0.98 KWE . -0
Y |H0.98 0.98 0.81 0.87 0.91 0.79 0.94 0.98 0.60 0.97 0.91 0.96 0.99 ¥ L1,

O QR P W P E SR E S &S
A YF:\@‘Q_Q.%@ ‘85@-@

<
* P<0.05 ** P<0.01
VE: SWC: HIEEIKE; ST: HIEREEE, TN: HI4A%; TP: T34 TK: HI4M, HKW: FRiE; KRN: RT3
KNPR: 17HRIEL Y: &, * I8 P<0.05, MAXRMEEZE; * R8 P<0.01, HAXLMEMREZE. Note: SWC: soil water content;
ST: soil temperature; TN: soil total nitrogen; TP: soil total phosphorus; TK: soil total potassium; HKW: hundred kernel weight; KRN:
kernel row number; KNPR: kernel number per row; Y: yield. * represents significant correlation at P<<0.05, and ** represents extremely

significant correlation at P<<0.01.
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Fig. 6 Correlation analysis of soil physicochemical properties and yield for different treatments
25 TRIAENGEFNER
FET B TOPSIS HA7 X - AL BRI - IV PRAEHR L TR 70 T RA R AR bR B AT ER 5 P
ERIA 6, fE N2 HEIETT AR, MSN2 ARSI AL & 2% v T FSN2 Al CK AR, 735~
)i 0.252 A1 0.295. EARFA ARG T, N1 %t N2 HEAL 7 SR X Wi B2 i 3 8, 3%
H MSNL ARER AT I S i i, O 0.805, PN “AL7 5.
*6 ANEIEMGITEFIN FR
Table 6 Fit and effect grade of different treatments

puseil Here RN EE2
D* D~ Ci
Treatment Ranking Effect grade

CK 0.467 0.124 0.210 7 %=
FSN1 0.264 0.154 0.368 5 EN
FSN2 0.450 0.153 0.253 6 %
MSN1 0.096 0.399 0.805 1 i
MSN2 0.305 0.311 0.505 4 i
MBN1 0.117 0.341 0.744 2 R
MBN2 0.174 0.260 0.599 3 EN

VE: DY: IEFEMRIE; D SOMUEAREE: Cio AN SE . Frh &b BEEE AW . Note:D*: Distance to positive ideal

solution; D™: Distance to negative ideal solution; C;: Relative closeness degree. Data in the table are the average values of two years.

39 it

3.1 EYIBURFIFEFTFURLR MEBX & 7B Uit A X AR A3 1 R A 2 M)

SRR 5 S e RSN R ST AR A RO 0 B R AR A SR I, AHALT
G FEFHEH, AEVFUR B A — € LOBI RS R I 3 PR T LI A 8 L 3 T LR
(K 2) 5HPBIRERENE (R4, X R SEE SR T AT RUR S i A B . 1T
REVR T LA JUAN BT AT s 4 0Kt N\ 398 Jm T W K I I bs BRURS A, (2 AT HLBRAR
RN T B, FEAE S it A v 5 3 LR G ), 10 A 00 o U R AL 7 B AN 22 LA
A DRI R RALBERE, IR B T RS e o, G R IRAS i 230 AT
R R CH WUREE IS, DOERGZE AR, TR ORISR, AW o v ELAR T AR AT 55
VB S P VB B T BB B AT R 5 0 5 384 9 R 8 7R R 45 AN S 5T RE T, W93 P ) et Aol 141 56
AR TR) K A1 SRR A e AR 0 240, R, AR5 3 BT PT E By — e KM, 5 LB AR AT L
Bl 5 RECEHOK S AL, FFEI 59 TR BERARTE Bt Gt 11 HIRSY, RS AT R0k
St HFI R, BV ORI S S WOA T, —F b R et e s s, 2D it R
A1 SR ARG E RS, PRI, i 4B RO AT RIORE 5 2B 0 S5 I It 5E A R A B R RS, AT
SEFPRTE LB ARAE E VR o BeAh, AHETCR BB ACALIE 5 LR A by 5 RUR i — 2D 3
Tt (KA oI5, HBOE PR E . SRR UL (RIS, (ARG R S
021, 53— 51, S BV BORAVREFROR P AR, (A HUR AL SRR, B itk
T IRET Y G SR LR P

THOKBGE MDA B R KT AT TR, R R MRS AT AL ke it 4 2 12
e 1 RIE KIS T IR, ORI TR (18] 3) o XA i T A ATRIRLIL
HIBE S i IR B IR R E 1, Bb R HOK Y 2%, A R 5, BIAEYIFUR ik 2 L
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gik . R IR DL BRI RE D, TR A AR A Rk, R AL,
NI — 04w AR K Rk e 7J 5 281, b5 [ e, R It A A o s H S, RIS
T SRR, S R E A, HEMTRRAR T b, B2 T IR 1 BT, gkt
W UR SRR, TN S TR P AR S A, SR ROR BRSO, T
IR ECO, TR AL S, TR S A HUIEHE A 5 AT B b 78 R0k 7y, $tmt
LR, (SR PR ARG R, BT UK, i R S 3,

3.2 HYIBURFIREFTRRLR MEBX & 7R iR A X LR 5 0 K - B RIS/

TGRS R R AT R IR KT R BIE RE 0 I B AR AREA . AT TR IR
HREFBRRE R 7 B aRNemEE (K5 o wk, AR
R 1 RIRA ) St LR R R eV, AR TR kR, 2 et HIRAE 1K
EE R, K, AR AR AT RR A 5 5 R LAy, SRR B R LA
HIEHE, BEHEA 7o HIRE AP R 34, R, AEMIBR BATRGR N S B ERE T, W]
T VYRR PR AL 25 5 T e RS R BRRAR S 1, B DR A A, AT 48 g -3 5%
oy BRUKFER, SR, 5 v LB RS T RURL IR Mt AL BEAR EL, e LB A= P o TR i Ak B XS - 3585
T FERRIU 2 R ROR o KR N E TR S F R e » 0P X AR A, BRI 57 00 RO
SRR, SRR ETRRTIRCR TR, VBRI EACENLA AR B AEE
AU, ATRIE KN TS H SRR RTR R . AT RN E VORI S T IS AT LR
fesdt H IR AN IE S, DAL FT R S TR 7> FEAC I REDS 30, [RIS , JE R ISR 2 T
YOI oR WM 5 [ , I8 SRR R Rp L fitan, 1) 3cdEsh 1 iR e s IRy 10 A5 AT A,
AP« REATRURLAT I R = W [ Y AT Al 3857 2 A 5

AW FUR SRSATRURLIR i 351 KA ANTR 7 SR AR M P R i, #E—B R
ERE TRETHL TR ERLE T EE, A AR S BT T iR
TR RENIAE ST, A VRIS AL B I BUA IR 00 T SR IB8L. 0 A AL AR BT oK 7 B S A Al
FREATE R R (R 5), 2 l WO BE RR - e A N R s A DI fE
RO IR BN (VSR AN R, AR RURLAN AL W FOR BC e, Y TBRT T RS AT R
R, (RdEAS AR MRS TR R RG AV BOR M W] B R R R B 1559870, Rk
FFHEPEALIT 6], =F PR PEm 1 HIROLALRE 7y, B (e HERPRIR & A R e 300, 45 &
AL TOPSIS ZRE PN EE R (R 6) » EWIBUR SAATRURL 1.2 IR MfC ity AL B LR 54500
fry, B D BRI AR SR SR T 3 7 5 SRR 8 T R 2 ROR

AT FE I K TR0, ARG « RS AT RURE S W RO 5 i FH O JR A A Tt
AT G AL S I D BE ARSI R i 1 AN B, LA R AL ) R ) A k36 3 .
G AREGABERE B — AR SN S BCEURB R AR T8 7025 FEAN TR M AN S 2% 1 T B IE P,
H DI GRS 763 o ARRIT TN AT, &R Gei] B =F R 0 B e )
FIFFSEE IR N, T R 2 G RCYERT T, Dy R £ XA ML B ORI A gt ol
JE AR MU SER BIR SRR S

4 75 1%

AT U I AR AL R A DS P A T 8)E 18, RGURTT 7 AR « RS ATRORL 5 7
N [ P A 2T - SR AL o e K= B R AR RN . A5 SRR, AR BUR SRS AT RURL R
R PR R o, SR LR RE (R K B SRR B 1 5 B R AR R E 1, RN 24k
B HURARIL, BA S R AR EZN T EERAE N AT se s it — 2t
IR EERE , SESRAT HUPRHEC I ) 50 R SOR ARV IR 5 RS R RURL VR Tt 45 S VAU AL,
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AR T A e A AR, R BERDIR L, R T R B e R OK AT R
ATRIECS PR E A P A AR AR, SEBLTORIE ™ . JE TR TOPSIS B ER & VP4, £V
BFIREFTRIURL 1:2 TR I A T8 it F AL BEAE e 25 M st . A D 2 K3 7= Jy THI R B 3¢
DL, T ARG R T DX T KL B o € e R FH A B F 45 SR T D R Bkt o R R T
LAERT R i A IR BB IR K e 5 K S %
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