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Effects of soil temperature and water nitrogen coupling on the physiologi-

cal, biochemical, and fruit quality of tomato in autumn and winter seasons
Wang Yujie', Cheng Yunxia', Tan Zhanming"?, Yang Liyu', Wang Qi', Cao Man', Li Qi', Liu Ziyu', Liu
Mengfan', Cheng Wei', Huang Sai', Liu Yu'

(1. College of Horticulture and Forestry, Tarim University/Xinjiang Production and Construction Corps Key Laboratory of Southern
Xinjiang Protected Agriculture, Alar 843300, Xinjiang, China; 2. Aksu Naida Agricultural Science and Technology Co., Ltd., Aksu
843000, Xinjiang, China)

Abstract: This study aimed to investigate the effects of soil temperature and water - nitrogen coupling on growth, physio-
logical characteristics, fruit quality, and yield of sand-cultivated tomato in the autumn - winter season, and to determine the
optimal combination of water, nitrogen, and soil temperature. Mingzhu F, tomato was used as the experimental material. A
three- factor (soil temperature, irrigation amount, and nitrogen application rate) five-level quadratic central composite de-
sign was employed with 15 treatments, the conventional cultivation was used control(CK). Growth parameters, physiologi-
cal traits, fruit quality, and yield were measured, and a comprehensive evaluation was conducted using the TOPSIS meth-
od. The results showed that soil temperature and water-nitrogen coupling significantly affected all measured indices. Treat-
ment A5 (H,N,T,) showed the best overall performance, with fruit hardness, elasticity, soluble sugar, soluble protein, vita-
min C, and soluble solids content reaching 83.27 N, 4.97 mm, 3.06%, 33.95%, 14.99 mg-100 g, and 3.33%, respectively,
while nitrate content was the lowest (0.52 mg - kg''). The single plant yield, plot yield, and hectare yield were 2.92 kg,
43.85 kg-m?, and 94.96 t-hm?, respectively. The TOPSIS ranking of treatments was A5>A4>A3>A13>A2>A10>A1>A9>
AT>A8>A11>A14>A12>CK>A6. Soil temperature plays a key regulatory role in water - nitrogen coupling. The combina-
tion of moderate irrigation, relatively high nitrogen application, and an optimal soil temperature of 22 °C(H,N,T.) signifi-
cantly improves tomato quality and yield, achieving synergistic enhancement of productivity and quality.

Key words: Sand-cultivated tomato; Soil temperature; Water-nitrogen coupling; Fruit quality; Yield
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Table 1 Experimental factors and levels

KO iéﬂ(% H Eﬁﬁ% N o %Z.I'Fﬂiﬂ.ziu% T
Level Irrigation Nitrogen application Nighttime ground

amount/m’ rate/(kg-hm™) temperature/°C
1 3100 90 10
2 3690 285 14
3 4560 570 18
4 5430 855 22
5 6020 1049 26

*2 HBAHREIT
Table 2 Experimental scheme design
it 5 R ) b

P T e
Treatment Irrigation , application ground Horlzlonta‘ll

amount/m rate/(kg-hm®)  temperature/°C combination
Al 4(5430)  4(855) 4(22) H.N.T,
A2 4(5430)  4(855) 2014) HNLT,
A3 4(5430)  2(285) 4(22) HN, T,
A4 4(5430)  2(285) 2(14) HNLT,
AS 2(3690)  4(855) 4(22) HN.T,
A6 2(3690)  4(855) 2(14) HN.T,
A7 2(3690)  2(285) 4(22) H.N, T,
A8 2(3690)  2(285) 2(14) HN,T,
A9 1(3100)  3(570) 3(18) HN;T;
Al0 5060200  3(570) 3(18) H;N;Ts
All 3(4560)  1(90) 3(18) H:N/T;
Al2 3(4560) 501049 3(18) HiN;T;
Al3 3(4560)  3(570) 1(10) H:N:T,
Al4 3(4560)  3(570) 5(26) H:N;Ts
CK 3(4560)  3(570) 3(18) H:N:T;

1.3 BEEMNESHE

1.3.1 ARKIAFGNE T 7dEREHIER, €
815 d JEHFaaTabnill e , AN X IE 6 Rk —3K
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Fig. 1 Effects of soil temperature and water nitrogen coupling on plant height of tomato
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Fig. 2 Effects of soil temperature and water nitrogen coupling on stem diameter of tomato
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Fig. 3 Effects of soil temperature and water nitrogen coupling on internode length of tomato
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Table 3 Effects of ground temperature and water nitrogen coupling on fluorescence parameters of tomato

AP Treatment F, F, Fn F.JF, F.JF,

Al 154.00+£54.29 b 510.33+£22.55a 664.33+55.18 abc 0.77+0.07 a 3.58+1.21a
A2 217.33+56.36 ab 473.67+55.73 abe 691.00+109.42 a 0.69+0.04 a 2.24+0.39 b
A3 152.67+£32.15b 482.00+47.84 ab 648.00+47.95 abed 0.74+0.03 a 2.24+1.46 b
A4 189.67+48.27 ab 323.33+102.48 ¢ 579.67£130.50 bed 0.68+0.01 a 2.284+0.33 b
AS 194.33£18.01 ab 427.67+35.30 bed 622.00+21.38 abed 0.68+0.04 a 2.22+0.36 b
A6 178.00+£35.38 ab 378.33+£38.55 de 556.33+73.19 d 0.68+0.02 a 2.16+£0.24 b
A7 191.33+38.89 ab 434.00+14.73 bed 625.334+48.68 abcd 0.50+0.39 b 2.32+0.39 b
A8 197.00£16.52 ab 404.33+48.35 cd 601.33+63.01 abcd 0.67+0.02 a 2.05+0.14 b
A9 184.00+13.45 ab 403.00+39.95 cd 587.00+37.72 abed 0.68+0.03 a 2.20+0.30 b
Al10 182.33+£33.29 ab 374.67+34.59 de 557.00+8.54 cd 0.67+0.06 a 2.13+£0.65 b
All 246.33+8.08 a 436.33+23.12 bed 682.67+23.03 ab 0.64+0.02 ab 1.77£0.12 b
Al2 154.60+122.83 b 417.33+29.37 bed 647.67+76.84 abcd 0.65+0.04 ab 1.79+£0.50 b
Al3 203.00+38.97 ab 454.67+33.83 abe 657.67+70.04 abed 0.69+0.03 a 2.28+0.34 b
Al4 202.67+24.79 ab 431.00+37.32 bed 633.67+53.01 abed 0.68+0.03 a 2.14+£0.25b
CK 214.74+2.53 ab 435.96+2.63 bed 652.09+3.00 abed 0.67+0.01 ab 2.03+0.01 b

RS RNG FRERIRTE 0.05 K2R . R,

Note: Different small letters in the same column indicate significant difference at 0.05 level. The same below.

K (bR K K E A G BRI T B ARG S, i
BRI 2 6 = A

222 WBARKAMBEMTEE SR I
GREEVHAT LA EHNEEOR HRRETE
SR MY EE R E . B3R 4 A, HE A&
KEME TE MMM GRSEEAEEER
Hrhmsg®adTEGEN077~128 mg - g,
A7 A13 AT B ALVA3.A6 A8 AbFEAN, 5L
fib kb PRI T B2 2 R MR b S ERJE Y 0.44~
0.77 mg- g, CK & i1, .35 i1 T By A13 A H AR &b
B SR BV 1.24~2.05 mg-g', A13 4b
P, 5 CK LR R. ML EREH, E4H
TR TE) Hh i e K U B RE AR R ER aHFEk s b K&
SRS R, ERE KPR A TR a
SRR bR SRR B T ek v K Bk 2
IEZEAESS S =

223 HIBBKRABE It R T AR Fe 5T 5
Faseach HES AT, iR OKERE T
E G I RS I AR N S = S S
REER. Kb oM EAEEESEEEA
107.02~350.65 mg - g, A4 Kb FR i, 50 CK & & 48
1 227.64% s ' A MR R B VA E N 30.36~
112.57 mg-g', A10 AL &, 5 AL AbBR TG 2 7%
T8 CK W HEE 77.36%. L L&KM, EY
(1 b iR K 7K R A A R TR MR A T PR R
(AR B, 70 I BT, i KA A 32 vy T s e

R4 WERKEBENENHERSENFTM
Table 4 Effects of ground temperature and water
nitrogen coupling on chlorophyll content in tomato

(mg-g")

e w43 a) w43 b) w4 30)
Treatment Chlorophyll a Chlorophyll b Total chlorophyll

content content content
Al 1.02+0.03 cd 0.48+0.01 d 1.50+0.02 f
A2 1.16+0.01 abecd ~ 0.59+0.01 b 1.75+0.01 de
A3 0.99+0.02 d 0.45+0.01 d 1.444+0.02 £
A4 1.20+0.01 ab 0.60+0.02 b 1.79+0.02 cde
A5 1.24+0.01 a 0.63+0.01 b 1.8740.02 cd
A6 1.04+0.00 bed 0.44+0.01 d 1.47+0.01 £
A7 1.2840.01 a 0.64+0.01 b 1.9240.02 be
A8 0.77+0.39 ¢ 0.48+0.12 d 1.24+0.27 g
A9 1.19+0.01 abc 0.58+0.01 be 1.76+0.02 de
A10 1.20+0.05 ab 0.51+0.08 cd 1.71£0.04 ¢
All 1.19+0.01 abc 0.64+0.03 b 1.83+0.04 cde
Al2 1.214+0.02 a 0.62+0.03 b 1.8340.06 cde
Al3 1.2840.04 a 0.76+0.08 a 2.05+0.11 a
Al4 1.18+0.01 abc 0.59+0.01 b 1.7840.02 de
CK 1.2440.00 a 0.77+0.01 a 2.01+0.01 ab

TR BRI R R

2.3 R RKEBE N EMRI MR
231 MR R K RABA M F A SN S R 69 R ok
B 6 R, HiR SR BRE G N & AL BEE Al AU
AR EESR. Hrf, RELBEATEEA 51.99~
65.82 mm, A7 A HER K, 5 A2 A5 A13 b EE R
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Table 5 Effects of soil temperature and water
nitrogen coupling on soluble sugar and soluble

protein content in tomato leaves (mg-g"
bE wCrATE IR wCAIEEER )
Treatment Soluble sugar content Soluble protein content
Al 169.35£4.19 ef 30.36+£20.21 d
A2 223.09+18.57 be 43.82+41.45 bed
A3 236.82+17.21 be 56.35+£12.28 bed
A4 350.65+63.70 a 70.49+£7.24 b
A5 257.30£5.94 b 72.03£18.24 b
A6 218.29+14.40 ¢ 40.33+17.68 bed
A7 208.77+£17.79 cd 64.44+17.24 be
A8 147.17+9.89 efgh 62.68+15.90 be
A9 175.35+25.80 de 32.98+29.53 cd
A10 157.78+13.39 efgh 112.5749.16 a
All 137.00+21.92 fghi 110.4742.08 a
Al12 129.89+6.73 ghi 35.52+4.39 cd
Al3 119.81+12.41 hi 56.48+22.17 bed
Al4 167.53+25.99 efg 61.39+16.05 bed
CK 107.02+16.83 i 63.47+14.49 be

FER B CK BEIN 18.21%: RLHMRILE AN
38.77~53.39 mm, A2 b H A K, 5 A3. A5 A7 A9,
A3 KhPETE 5 72 5, B CK BB 1 N 27.18% 5
FEAE BTG N 0.73~0.88, A4 AbFE K, B A6.A7.
A10.A11.A12.CK 4b, 5 H AR A ER Y 0 B35 2 57,
5 CK W EHIN 17.33%. LA g5 RRH, & M1
T S KBRS G LL A R T4 & 3 ik R ez A

Table 6 Effects of ground temperature and water

nitrogen coupling on appearance quality of tomato

wm e R
Treatment T.ransverse L.o ngitudinal Fruit shape index
diameter/mm diameter/mm
Al 53.15+1.14 de 44.5442.03 cd 0.84+0.03 abc
A2 64.87+1.27 a 53.39+0.71 a 0.82+0.02 abed
A3 59.69+1.40 ¢ 50.96+7.40 ab 0.85+0.10 ab
A4 53.44+1.20 de 47.14+2.12 be 0.88+0.04 a
AS 64.82+1.42 a 53.26+0.57 a 0.82+0.02 abed
A6 60.32+1.75 be 47.24+2.87 be 0.78+0.05 bedef
A7 65.82+3.37 a 50.5242.96 ab 0.7740.01 cdef
A8 51.99+2.55 ¢ 42.00+2.23 de 0.81+0.07 abcde
A9 61.09+2.34 be 51.38+1.68 ab 0.84+0.01 ab
Al10 60.85+1.40 be 44.86+1.29 cd 0.74+0.04 f
All 52.04+0.93 ¢ 38.77+£3.25 ¢ 0.75+0.05 ef
Al2 53.53+1.63 de 39.23+1.18 ¢ 0.73+0.04 f
Al3 63.20+0.31 ab 51.12+0.87 ab 0.81+0.02 abcde
Al4 53.8142.17 de 44.39+3.00 cd 0.83+0.05 abc
CK 55.68+1.17d 41.98+0.55 de 0.75+0.01 def

J R TE AR HL IR mr K AR ik SR S 4E M AR
J RTINS = AR A A

232 HIBR KRB EF A LSRN H R
B 7 TN, iR S /K A G % Ak 2 TR 2 56 o A4
et BAREZER. Hd, R IEH N 48.55~
78.72 N, A2 Jb¥RF K, 5 A3 AR 2% 5%, B CK
S E RN 30.87%; N R MEVE N 0.14~0.19, % 4b 2
)G i 25 22 s B M PEJE BN 0.19~1.34 N-mm',

®7 HIRRIKEEE X BRI IRHIR I

Table 7 Effects of ground temperature and water nitrogen coupling on tomato texture index

W R PR B T HpE BBt b
Treatment Rupture force/N  Cohesion Adhesion/(N-mm™) Hardness/N Elasticity/mm Adhesive viscosity/N  Chewiness/mj
Al 53.85+1.14 h 0.17+0.05 a 0.20+0.05 h 50.99+3.76 fg 2.33+0.07 fgh 11.60+0.17 de 29.57+£3.77 gh
A2 78.72+1.61 a 0.14+0.05 a 1.34+0.09 a 60.84+1.89 d 3.06+0.09 d 11.7140.94 de 36.06+1.06
A3 77.43+1.77 ab 0.16+0.04 a 0.73£0.14 b 74.52+1.90 ¢ 4.56+0.08 a 16.80+£0.59 b 76.55+1.55 ¢
A4 69.05+1.27 ¢ 0.15+0.05 a 0.29+0.03 gh 54.32+4.03 ef  3.50£0.22 ¢ 12.27+1.23 cd 44334224 ¢
A5 68.12+3.21 ¢ 0.19+0.01 a 0.42+0.06 def 83.27+0.45 b 4.97+0.28 a 21.31+1.53 a 93.54+0.74 a
A6 48.55+0.47 i 0.15+0.03 a 0.29£0.01 gh 37.33+1.67 k 1.93+0.15 h 8.43+143 g 16.64+0.16 1
A7 64.14+1.17d 0.14+0.04 a 0.39+0.07 efg 43.85£0.05 hij ~ 2.12+0.26 h 9.16+0.81 fg 20.18+1.06 kl
A8 63.15+1.89 de 0.14+0.04 a 0.38+0.03 efg 45.66+2.24 hi 2.60+0.17 efg 10.09+0.12 efg 26.51+1.71 hi
A9 55.91£0.50 gh 0.14+0.01 a 0.49+0.01 cde 40.27+0.10 jk 2.20+0.01 gh 9.17+£0.21 fg 22.07+1.57 jk
A10 67.70+2.44 ¢ 0.17+£0.03 a 0.38+0.04 fg 55.17+2.82 ¢ 3.16+0.55 cd 13.48+0.94 ¢ 43.47+3.44 ¢
All 60.76+0.05 def ~ 0.15+0.02 a 0.29+0.02 gh 43.15+3.46 ij 2.29+0.46 gh 10.64+0.10 def 24.84+0.74 ij
Al2 74.03£3.89 b 0.16+0.05 a 0.37+0.05 fg 71.16+£3.48 ¢ 2.94+0.35 de 16.12£0.12 b 51.58+3.24 d
Al3 67.71+0.42 ¢ 0.17+0.02 a 0.1940.03 h 88.87+3.55a 4.02+0.13 b 20.04+2.64 a 83.55+4.75b
Al4 58.42+4.26 fg 0.15£0.01 a 0.51+0.13 cd 47.75+0.60 gh  2.75+0.15 def ~ 10.38+0.15 ef 30.95£2.39 ¢
CK 60.15£1.11 ef 0.14+0.03 a 0.56+0.08 ¢ 45.11£0.64 hi 2.3140.29 gh 9.70+0.47 fg 23.78+1.68 ijk
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TR 4 ¢ bl S K SRS B X K A 2 i 2R B AR A B SR S it B SR

X ISR 5T

A2 AR R, B CK SR 35 1A 0 139.29% ; A 5 3 [
N 37.33~88.87 N, A13 AbH fx K, 8¢ CK & 3 34 1
97.01% ; #APETE 4 1.93~4.97 mm, A5 &b ¥ %k,
5 A3 3G RE = R, B CK B 115.15%;
F2 0 1 0 Rl Ay 8.43~21.31 N, A5 AbFR & K, 55 A13
AL FHTC 25 25 T e CKO2 35 1 119.69% ; MH g
Y5 N 16.64~93.54 mj, AS kPR F K, 8¢ CK 3%
#4900 293.35%.

FHEE 8l A, Hhiff X K B & T & b B R 2
WERFAGEEES. L, arEtps &iuE
0.91%~3.12%, A11 Zb B 5y, 1 CK 2 & 2 15 0.34

5 s iR E A =GN 0.92%~33.95%, A5
Ab PR R, B CK BB PR 1 24.17 By sl AR C
S EVEHEN 0.81~14.99 mg- 100 g, A5 Kb FH &,
5 CK B3 228.73%; iHIR 5 & Y5 FIN 0.52~
2.12 mg - kg'', AS Kb HE AR, B CK 2 3 FEAIK
50.94% ; A HLER & &6 N 0.08%~0.16% , A8 AbHH
A, B ATVA3VAL2 AbERAh, 5 Al AL 335 T 6 3
ZE5, B CK FRIK 0.04 H 4 s B R & 20
N 0.94~2.68 mg- 100 g', A2 AbHH &% i, B¢ CK B2
FEmr 185.11% 5 AT ¥ 14 [E T 40 % 25 Bl A 2.33%~
3.83%,A13 AbHE i, 5 A2 A4.A5.A9.A11.A12

*8 MIRKKRMBAEXENAERRAZI

Table 8 Effects of ground temperature and water nitrogen coupling on the intrinsic quality of tomato

g VOTRED womisteen VORRC R g B it
Treatment Soluble sugar ~ Soluble protein content/ content/ Organic acid content/ Soluble solids Sugar acid
content/% content/% (mg-100 g") (mg-kg") content/% (mg-100 g") content/% ratio
Al 3.03+0.17 b 14.37£1.67 ¢ 6.77+0.73 ¢ 0.66£0.03 g 0.16£0.01a  1.83+0.75b  3.00+0.50 bedef ~ 19.54+1.50 d
A2 0.91£0.13 j 10.39£1.22 ef 4.95+0.44 efg  0.87£0.01 f 0.11£0.04cb 2.68+£0.02a  3.67+0.76 ab 9.57+3.79 ¢
A3 1.22+0.07 i 10.90+£2.35 fde ~ 5.25+0.97 defg 1.02+0.02 de 0.16£0.01a  1.80£0.14 bc  2.67+0.29 def 7.49+0.46 ¢
A4 2.09£0.02 g 23.38+1.47b 10.31+0.59 b 1.354£0.04b  0.09+0.01 ¢ 1.51£0.23 bc  3.50+0.00 abc 22.1242.41 cd
A5 3.06+0.20 b 33.95+1.31a 14.99+0.52 a 0.52£0.02h  0.11+0.01 bc  0.99+0.05bc ~ 3.33+0.29 abed 28.89+2.50 abc
A6 1.74+0.02 h 11.95+1.02 de 5.44+033 fde 0.68+0.15g 0.09+0.01 ¢ 1.52+0.27 cd  2.33+0.58 f 19.69+2.01 d
A7 2.63+0.33 d 3.54+0.59 h 1.924£0.26 i 1.01£0.03 de 0.10£0.03 bc  1.25+0.36c de  2.83+0.29 cdef 29.31+8.84 abc
A8 2.47+0.11 ¢ 9.34+1.24 fg 4.44+0.54 gh  1.21£0.01¢c  0.08+0.00c  1.36+0.11 cde 2.67+0.29 def 29.53+0.21 ab
A9 2.59+0.04 d 12.85+0.88 dc 5.89+0.34 d 0.65+0.01 g 0.10+£0.02bc  1.28+0.32 def 3.17+0.29 abcde  26.22+4.61 bed
A10 2.18+0.05 0.92+0.94 i 0.81+0.41 j 0.994£0.02 de 0.10+£0.03bc  1.65+0.18 efg  2.83+0.29 cdef 24.20+6.99 bed
All 3.1240.20 a 10.58+0.29 ef 5.03+0.14 defg  0.96+0.02¢  0.09+0.01 ¢ 2.02+0.29 efgh 3.17+£0.29 abcde  35.14+3.83 a
Al2 2.46+0.33 ¢ 8.08+1.24 g 3.9240.51 h 1.2440.09 ¢ 0.15£0.06 ab  1.09+0.30 efgh 3.50+0.00 abc 19.06£7.08 d
Al3 2.81+0.08 ¢ 11.9540.68 de 5.65+0.28 de  0.67+0.04 g  0.12+0.03 abc 1.71+0.07 fgh 3.83+0.58 a 24.95+5.61 bed
Al4 2.15+0.83 f 9.01+0.98 fg 438+0.44 gh  2.1240.03a 0.12+0.03 abc 1.21£0.20 gh  2.5040.50 ef 19.04+3.58 d
CK 2.78+0.41 ¢ 9.7840.51 efg  4.56+0.31 fgh  1.06+0.01d  0.12+0.02 abc 0.94+0.23h  3.00+0.00 bedef  24.05+3.42 bed

AbFRTE B B CK BE IR 0.83 T 40 s hE
TR LG YU Ly 7.49~35.14, A11 AbFE 5 i, [ ASLA7.
A8 4h, I AMA Y R B E =R, DL RKR,
I 2 1 R K K B A LA A R T 3 R S R
PeFt, i B AR SE 2 7 AR A R
24 HIRRKEBENEMTERFMN

H# 9 I, AR EVE Y 127.16~214.62 g,
Ad Wb, 5 A3 B E R E £ R, B CK B3
PE R 49.67% ; PR = B U N 2.03~3.43 kg, A4 kb
Hgm, 5 A3 REEREER , RCK BERS
55.20%; /NX = B HIN 30.52~51.51 kg-m?, A4 Ab
Hgm, 5 A3 EREER , RCK BERA
55.24% ; 1 & 77 = 0 HI A 66.09~111.55 t-hm™?, A4
WER R, S A3 M EREER B CK BERS

55.23%. LA BS5RERA, 1E Y K B A b
il GE $2 T+ 2 0 77 ', AR AR A R R KRR
Py Re AT At =, i ok v B ) b I 22 K U
A e b 23 o B R R
2.5 TOPSISEZE M IFMN

T HLFE G S A KRR AR BLFR AR 5 TR AR
o= B A SR R RS, D A T2 VT 3 A 45 B AL
a, ARG IR IR = 2R T SRR SR VRS
T 2o = 55 33 M E RN AT, K
F TOPSIS 24} % Ab BEF i 5 A 8 i b AT VP4

3R 10 T 50, 7% A 326 i 25 6 30 i VT 43 M i
FULAR N A5>A4>A3>A13>A2>A10>A1>
A9>AT>A8>A11>A14>A12>CK>A6, H
AS JEIR 55 3R PEAY Be s, N 0.65, A6 b FR LA
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Table 9 Effects of ground temperature and water nitrogen coupling on tomato yield

AL R LR R ANXE R FoE
Treatment Single fruit mass/g Single plant yield/kg Plot yield/(kg-m™) Yield/(t-hm™)
Al 140.46+2.84 g 2.25+0.05 g 33.7140.68 g 73.00+1.48 g
A2 169.89+16.12 ¢ 2.72+0.26 ¢ 40.77+£3.87 ¢ 88.30+8.38 ¢
A3 206.93+2.47 a 3.31£0.04 a 49.66+0.60 a 107.55+1.28 a
A4 214.62+5.63 a 3.43+0.09 a 51.51+£1.35a 111.5542.93 a
AS 182.71+0.92 b 2.92+0.02 b 43.85+0.22 b 94.96+0.48 b
A6 158.45+3.95 de 2.54+0.07 de 38.03+0.95 de 82.35+2.05 de
A7 166.39+6.51 cd 2.66+0.11 cd 39.93+1.56 cd 86.48+3.38 cd
A8 167.79+0.70 cd 2.68+0.02 cd 40.27+0.17 cd 87.20+0.37 ¢
A9 167.82+1.40 cd 2.69+0.03 cd 40.28+0.34 cd 87.22+0.73 ¢
A10 163.91+0.50 cde 2.62+0.01 cde 39.34+0.12 cde 85.19+0.26 cd
All 147.30+5.19 fg 2.3620.09 fe 35.35+1.25 fg 76.56:2.70 fe
Al2 127.16+10.29 h 2.03+0.17h 30.5242.47 h 66.09+£5.35 h
Al3 154.734£3.26 ef 2.48+0.06 ef 37.13£0.79 ef 80.42+1.70 ef
Al4 163.34+0.05 cde 2.61+0.00 cde 39.20+0.01 cde 84.90+0.03 cde
CK 138.26+8.64 g 2214014 ¢ 33.18+2.08 g 71.86+4.49 g

£ 10 TOPSIS M ER
Table 10 The results of TOPSIS evaluation

ghEL IEBARIEE AEAMEEE  ZeXEITEs

Treat- Normal ideal Negative ideal ~ Comprehensive iiﬁ{
ment  solution distance solution distance benefit score

Al 3.78 3.19 0.46 7
A2 3.40 3.31 0.49 5
A3 3.18 3.59 0.53 3
A4 3.00 3.72 0.55 2
A5 2.31 423 0.65 1
A6 4.10 2.56 0.38 15
A7 3.68 2.97 0.45 9
A8 3.76 2.87 0.43 10
A9 3.55 2.96 0.46 8
A10 3.35 3.10 0.48 6
All 3.93 2.96 0.43 11
Al2 3.90 2.73 0.41 13
Al3 3.25 3.49 0.52 4
Al4 3.62 2.58 0.42 12
CK 3.94 2.74 0.41 14

A VE AR, N 0.38, CK 48 305 v 0.41, 3%

BIZE HLNG T KA & A FE R B A 45 & R3S T o

3 1w

3.1 B RIKFIBEMNEME KL BRI
BT = e o ) & N - & - W - R ORI IR

3, Horp bR I8 I S AR R 06 71 TR AR K

FEICERAE W, AW R RN, & TR & TP K

FKF B F AEBE R bR AE K, THRIR B S K E R %

136+

ojn

I H AR RN, 3X 5 P A T AL IR AT T A
R, SEREBE TR L RAH, A
W 7 R B IR 2 5 J5 5 35 1 0 /K 06T 25 M 1) 3%
1B F 6 B b R T e e o g kAR 2 AR 2 K R
T, AT TR K R G R o IE A, 2803 % I THT AR
[ A7 7538 B Va ), i & e R i AR K, &
AR AR B 75 AR AR T K B4 500 % 214 1 P
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3.2 B MK ERIBA B IR AN
HaR R EAN SR TS BOL SR
F R M B Z A bR AR I, & BKEK
SRR FuFa A FJF,, T s SO i 35 7= A 40 1)
TER, 5 EIR TSR 7T 45 B — B, Mo 20
S 5200 B oA B S, U B IR A R e R RIS
PEFI G B e 3 s R ) R R 7, 1IX — S5 SR S ko
FO—B. EMSRREENI, AMAESEEN
L RAEER RR S K P EK TSR
R, T AESE H TR P AR K R, ATk
LRI G Z R AR, RIUONMI A R . AT PR A T i
PR B 5 10 AR b s WA AR KT PR 555 11 33 9L SR S o
AHF TR, it AR LA R B R IR RN
2T AT VA PR S A2 R S Ky W IR
Wt B 7 0 38 3 R T B AR P A DS B AN [R] K
M.
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RS E RS2 K R SIRE SR AR, &
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