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Application of combination weighting based TOPSIS
model in fruit quality evaluation
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HUANG Shengjia® sRongYi*, WANG Zhihui*®

(a College of Horticulture ,b Institute of Pomology & Olericulture ,Sichuan Agricultural University ,Chengdu,Sichuan 611130, China)

Abstract: [Objective] A comprehensive evaluation model of fruit quality based on combination weigh-
ting was established to provide basis for accurate and convenient evaluation of fruit quality. [Method] G1
method, CRITIC method and entropy weight method were used to obtain the combination weight value of
single fruit quality index. Then TOPSIS method was used to build weighted matrix, determine ideal and
negative samples,calculate relative approach degree,and set up a comprehensive evaluation model of fruit
quality. The model was used to comprehensively evaluate fruit quality of yellow citrus. [Result] The deter-
mination of index weight was a key factor in evaluation of fruit quality. G1 method showed that the highest
weight was sugar acid ratio,followed by TSS-acid ratio, while horizontal diameter,red-green chromatic ab-

erration and yellow-blue chromatic aberration had same values. CRITIC-entropy method showed that solu-
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ble solid had the highest weight, followed by fruit shape index,and TSS-acid ratio was the lowest. The in-

dex weights after combination weighting were in a descending order of soluble solid > sugar acid ratio>

TSS-acid ratio>> total sugar > vitamin C>>single fruit weight > fruit shape index > titratable acid > fruit

brightness values™chromalongitudinal diameter>red-green chromatic aberration>>yellow-blue chromat-

ic aberration™horizontal diameter. TOPSIS model determined order of fruit quality of was positively corre-

lated with most single quality index. The relative approach degree between yellow citrus quality with ideal

samples was 0. 308 3—0. 752 1. [Conclusion)] The established model improved the accuracy of fruit quality

weight indexes,and it was easy and convenient.

Key words: fruit quality; comprehensive evaluation; combination weighting; TOPSIS method; yellow
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Table 2 Composition of 17 materials in three fertilizer formulas (Mass fraction) %
fic s El E2 E3 E4 E5 E6 E7 E8 E9 E10 El1 El12 E13 El4 E15 El16 E17
Formula
A 10 19.6 15.9 2.5 1 19 2 0.02 5 2 2 4 2 3 5 7 0.15
B 10 17 18. 2 2.5 1 19 2 0.02 5 2 3 4 2 3 5 6.3 0.15
C 10 17 9.1 2.5 1 29 2 0.02 5 2 3 4 2 3 5 5.4 0.15

Bl SRR E2. JRZES. B R — s B4, REASHAN ; ES. YRR 40 E6. SRR 1 E7. SRR 5% ES. SR 5 E9. H LM E10. 3R E1L. I ¢ s
El12. HEAB ; E13. MHIE s E14. 358 E15. 2k 7 E16. BEE# ; £17. XHO01,1. 5 mL/t,

Note: El. Ammonium sulfate; E2. Carbamide; E3. Ammonium diacid phosphate; E4. Si-Ca-K fertilizer; E5. Potassium nitrate; E6. Potassium

sulfate; E7. Zinc sulfate; ES. Ammonium molybdate; E9. Amino acid; E10. Turf; E11. Peat moss; E12. Compost; E13. Scarp; E14. Arte-

misia; E15. Rice pericarp; E16. Spent mushroom compost; E17, XHO01,1. 5 mL/t.
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m(P) + m(K)=20:15:20) 1 kg;H M. Z245 01

(m(N) :m(P) : m(K)=15:5* 26) 1 kg; ¥
BB E AR Gn(N) = m(P) + m(K)=17: 17 : 17) 1
k) Xt B, AR BRSO 1 A/ XL R & 3 IR,
W A it A 390 1% it A 3 ) 3 3 B B L CRRIE
10,105 F 2.0 kg/BR. 43 A1 Ar A As st
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Table 3 Specific fertilization schemes at fruit picking period. fruit expanding period and
color changing period of yellow citrus kg/#k
g7 v %%}]E ) _HH%HE _ . LNl _ b ) %%HE ) _’li‘%%ﬂﬂ _ . B _
Treatment ruit .pllckmg Fruit e)FI?andlng Color C'h.angmg Treatment Fruit Pl'Ckll’lg Fruit e)?r?andlng Color clhanglng
fertilizer fertilizer fertilizer fertilizer fertilizer fertilizer
AB Cy 1.0 1.5 1.5 Ay B, Cs 1.5 2.0 2.5
A1 B C, 1.0 1.5 2.0 A2 B3 Cy 1.5 2.5 1.5
A B Cy 1.0 1.5 2.5 A»B;Cy 1.5 2.5 2.0
A1B,Cy 1.0 2.0 1.5 Ay B;C; 1.5 2.5 2.5
A1B;C, 1.0 2.0 2.0 A3 B Cy 2.0 1.5 1.5
A1 B;Cy 1.0 2.0 2.5 A3 B G, 2.0 1.5 2.0
A1 B;C 1.0 2.5 1.5 A3;BC; 2.0 1.5 2.5
A1 B; Gy 1.0 2.5 2.0 A3 B, Cy 2.0 2.0 1.5
A1 B;Cy 1.0 2.5 2.5 A3 B, Cy 2.0 2.0 2.0
A B Cy 1.5 1.5 1.5 A3 B, Cy 2.0 2.0 2.5
A B C, 1.5 1.5 2.0 A3B;Cy 2.0 2.5 1.5
Ay B Cy 1.5 1.5 2.5 A3 B; G,y 2.0 2.5 2.0
Ay B, Cy 1.5 2.0 1.5 A3 B3 Cy 2.0 2.5 2.5
Ay B, Cy 1.5 2.0 2.0 CK 3.5 1 1
2.1.3 REmmegnl e MW FRPFNERRT  HOW S B 73,67 g/kg; Hk b Ak

i AR R RO e SR S AR 4% . T CM-2600D il €5,
A RS AR L G va” (L4 25) b
(W22 (CULFRED . TD-45 B I AL 2 o]
Vet E TR ) (CTSS) 5 0 F R L £ 35 0 2 bk
it NaOH v Fl i s 120 00 2 mT i 2 e (TAD
Fri, 2, 6- A BT LY I E 4E A R C(Ve)
Erik, T IRARIIE 3 KL A5 RBCE M,
2.2 AAKEELEERHEIRRNATZESN
H1 3 4 A28 5 AJ 1, AS ] it JIE Ak % 2 2R A 2R
S IR WA R — B0, 55 0 BEAH BE R R AR IR 1 42
s WA REAG, Hoh EE ALBCy R T I
K, R 178,36 g, f 3 i T % B R H A K 2 B ab B

AyB,C, B T 176. 66 g, BRIk, R 7. 06
em fHALEM EE Y & & B EINT ABC % 124
AbEE L HLR SRS s AP AB,C iR E Y &
idm . A 118,33 g/kg HR G R B ERT ABC
S5 201 AL BRSSO A E R LL AR G AL 3
AsB, Co SRS 5 o i o W R LU B R (AT I 1 [T
YR EEMT ABC %10 M B, B @ FS R
AE AP ABC, R L K. O 15,54, B & F
FEA AR, w] DL 38 2ok S 2 A AT R R T AN [
Jit JES Ak 3R X6T B — it BT A A R ) o AR X o R
R LA T .
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Table 4 Comparison of yellow citrus fruit appearance quality with different fertilization treatments
o PRERE R/ W/ RBEK | ‘
Treatment Slngl? fruit Lor'ngltudmal H(.)rlzomal I"rL%lT shape L~ a” b* C
weight diameter diameter index
A1 B Cy 139. 85 ghij 5.98 ef 6.03 f 0.99 ab 56.19 ef 30. 52 abed 56.38 d 64.11d
A1 B Cy 138. 27 hij 6. 14 bedef 6. 34 def 0.97 ab 55.30 f 30. 06 abedef 57.89 bed 65. 23 abed
AB G 169. 15 abc 6. 74 ab 6. 72 abed 1. 00 ab 57.88 abcde  29. 96 abedefl 60. 70 abc 67.70 abed
A1B,Cy 134.12 §j 6.05 def 6.29 def 0.96 ab 58.88 ab 29.07 abedef 60. 44 abed 67.07 abed
A1 B, Cs 170. 62 abc 6.61 abed 6.75 abed 0.98 ab 56. 65 def 29.59 abedef 60. 08 abed 66.97 abed
A1B,C; 148. 36 defghi 6. 44 abcdef 6. 68 abed 0.96 ab 57.87 abede  29.73 abedef 59. 92 abced 66. 89 abced
A1 B;Cy 165. 00 abed 6. 66 abc 6. 45 cdef 1.03 a 58. 72 abced 29. 23 abcedef 60. 66 abc 67.34 abed
A B;C, 160. 38 bede 6. 33 abedef 6.53 bede 0.97 ab 58.01 abede  31.27 ab 61.33 abc 68.84 a
A1B3;Cs 141. 80 ghij 5.95 ef 6. 40 cdef 0.93 ab 56. 74 cdef 29. 26 abcedef 58. 66 abed 65.55 abed
A, B C 142. 25 fghij 6. 42 abedef 6. 46 cdef 0.99 ab 59.02 a 29. 48 abcdef 61.84 ab 68.50 ab
AsBC, 157. 30 cdefg 6. 68 abc 6. 86 abc 0.97 ab 57.95 abcde  27. 83 ef 58.51 abed 64.79 bed
AyB Gy 178.36 a 6.85 a 6.99 ab 0.98 ab 57.98 abede  29.47 abedef 58.52 abed 65.52 abed
A»B,Cy 142. 20 fghij 6. 28 abedef 6. 39 cdef 0.98 ab 58.09 abcde 27.47 { 58. 15 abced 64.31d
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x4 Continued table 4
o PRREE  AEem  BiE/m LAWK | ]
Treatment Slngl? fruit Lor'lgltudmal H(.)rlzomal I*rL%lt shape L~ a” b* C
weight diameter diameter index

Ay B, Cs 161. 45 abed 6. 34 abedef 6.75 abed 0.94 ab 58. 32 abed 29. 22 abedef 57.46 cd 64.47 d
AyB, Cy 156. 77 cdefg 6. 40 abcedef 6.75 abed 0.95 ab 56. 96 abedef  30. 83 abce 57.85 bed 65.55 abed
A, B;C 160. 01 bedef 6. 37 abedef 6. 75 abed 0.94 ab 57.00 abede  27.95 def 58. 21 abed 64.57 cd
AsB3;Cs 143.12 efghij 5.95 ef 6. 40 cdef 0.93 ab 58. 22 abede  28.33 cdef 58. 94 abed 65. 39 abed
Ay B3 Cs 154. 83 cdefgh 6. 56 abcde 6. 68 abed 0.98 ab 57.54 abede  28.43 cdef 59.19 abed 65. 66 abed
AsB Gy 159. 83 bedef 6. 46 abedef 6.69 abed 0.97 ab 58.00 abede  29.71 abedef 59.49 abed 66. 50 abced
A3B,Cy 161. 91 abed 6. 60 abed 6.57 bede 1.00 ab 57.44 abede  30. 31 abcede 59.99 abed 67.22 abed
A3B;Cs 153. 83 cdefgh 6. 32 abcdef 6.67 abed 0.95 ab 56. 86 bedef 29. 30 abedef 58.52 abed 65. 45 abed
A; B, Cy 131.13 ij 5.94 6. 40 cdef 0.93 ab 57.49 abede  29.29 abedef 57.72 bed 64. 72 bed
A3B,C, 165. 58 abed 6. 32 abedef 6.59 bede 0.96 ab 56.91 bedef  28.94 bedef 57.94 bed 64. 77 bed
A3B,Cs 153. 42 cdefgh 6. 12 cdef 6.67 abed 0.92 b 57.70 abcede 31.57 a 60.51 abc 68. 25 abc
A;B;Cy 128.17 ; 5.98 ef 6.15 ef 0.97 ab 57.63 abede  29.42 abedef 59.52 abed 66. 40 abed
A;B;C, 161. 24 abed  6.51 abedef 6.43 cdef 1.01 ab 57.44 abede  29. 33 abedef 57.76 bed 64. 78 bed
AsB;Cy 176. 66 ab 6.67 abc 7.06 a 0.94 ab 57.66 abcde  29.45 abcdef 59. 41 abed 66. 31 abced

CK 137. 92 hij 6. 14 bedef 6.33 def 0.97 ab 58. 76 abc 29.51 abcedef 62.22 a 68. 86 a
T« [/ 50800 J5 AR [ /NG 7 1 7R 45 b B[R] 22 5 W 3% (P<<0. 05) . T[] .

Note:Small letters refer to significant difference between treatments (P<C0. 05). The same below.

®5 TEEMRALEERMRLEFMXKERRB LR
Table 5 Comparison of yellow citrus fruit nutrition and flavor quality with different fertilizer treatments

Trftifcnt TSS/(g+ kgD TA/(g-kg)  Ve/(mg- ke Mii/t(fl{ ;ulglr i Sugfz%iﬁtmio TSS%I{%dLEatio

A1 B Cy 118.33 a 8.94 be 382. 32 bedef 70. 79 ghij 7.92 kl 13.24 f

A1 B, Cy 111.33 cd 9.27 a 373.13 ef 91. 40 be 9. 86 efg 12.01;

A1 B Gy 111.33 cd 8.69 ef 424,37 a 89. 40 cd 10. 29 cde 12.81 g

A1 B, Cy 106. 00 oghi 8.76 cde 384. 25 abedef 68. 11 hij 7.77 kl 12.10j

AL B, Cs 105. 30 i 8.31 hij 418. 08 abe 67. 63 hij 8. 14 ik 12. 68 gh

A1 B, C; 112.00 ¢ 8.2114j 421.95 ab 66. 87 ij 8.15 jk 13.65 e

A1 B;Cy 110. 67 de 8. 72 def 374.58 def 67.39 hij 7.73 kl 12.70 gh

A1 B;C, 112.00 ¢ 7.21 0 381. 35 bedef 91.06 be 12.64 a 15.54 a

A1 B3;Cs 111.33 cd 8. 90 cd 387. 63 abcdef 81.87 ef 9. 20 fghi 12.51 ghi

A B G 102.33 k 7.99 kl 383. 77 abedef 81.13 f 10. 16 de 12.81 g

AyB Gy 96.33 m 6.52 p 325.77 gh 83. 05 def 12.75 a 14.79 b

Ay B Cy 107. 00 fg 7.61 m 375.07 def 73.67 ghi 9. 68 efgh 14. 07 cd

Ay B, Cy 107.33 f 9.28 a 377.48 cdef 65.78 ] 7.091 11.57 k

Ay B, C,y 111.00 cd 7.99 kl 379. 90 bedef 73.06 ghi 9. 15 fghi 13. 89 de

Ay B,Cs 106. 00 ghi 7.75 m 420. 98 ab 81.87 ef 10. 57 cde 13.68 e

Ay B;Cy 103.67 j 8.42 gh 358.63 {g 66. 06 j 7.85 kl 12.31

ArBsCs 107. 00 fg 8.73 def 371,68 ef 70. 60 ghij 8.08 k 12. 25 ij

A2 B;Csy 105. 67 hi 8. 46 gh 305.95 h 70. 97 ghij 8. 40 ijk 12. 48 ghi

A3 B Cy 102.67 k 8.2114j 385. 22 abedef 73.46 ghi 8.95 hij 12.51 ghi

AsB,C, 106. 67 fgh 8.38 ghi 372,17 ef 90. 78 be 10. 83 bed 12.73 gh

A3 B, Cs 116.33 b 9.08 b 413.73 abcede 88.13 cde 9.70 efgh 12.80 g

A3 B, Cy 111.67 cd 8.17 jk 416. 15 abed 81.81 ef 10. 01 def 13.66 e

A3 B,C, 110.00 e 7.971 381. 83 bedef 102.90 a 12.92 a 13. 81 de

A3 B,C; 104.00 j 7.31 no 350.42 {g 83. 43 def 11.41 b 14.23 ¢

A3B;C 106. 00 ghi 8.54 fg 406. 00 abcde 77.05 fg 9.02 ghi 12. 41 hi

A3 B;C, 111.33 cd 8. 77 cde 410. 35 abede 96.68 b 11.02 be 12.69 gh

A3 B;Cs 106. 33 fghi 8. 35 ghij 384. 73 abedef 96.30 b 11.53 b 12.73 gh

CK 101.33 1 7.43 n 371.93 ef 74.11 gh 9. 98 def 13.64 e

2.3 ERNERNHE
(DRI B 4 bn . AR 3R
AR S i TS s 1) S A P B 95 s 22 T8] Y A L SC B

2.3.1

G1 %

SO DL J2 SR 5% 2 o ST TR AN SR S A ROV
MR AR R R ANE 1 R . IR RN 3 )2 5
L JZ HARJE (S) 2 B AR R 52 dh 258 B PE A A L L 26
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2 JZUMENJZ CT) RS A R E R 50 3 24842 (U)
O R A HAR i TR R

OREIHR . WK 6 1AL LXK —BOANE R
sty O R DI it J R A0 UL it o B L X R i S
SR A L BN R RO o AP P R K —

HOA N R T R A8 OB SR AR T 2 B TR
JRAE AR P Al A 1T W) f B LR O B L T
T DRUR i J52 757 18T > 22 8008 2N 0 W IR B A I TR L T
22,

TR R I R A TR EEEL(S)

Comprehensive evaluation model of Huang guogan fruit quality(S)

[

AR (T 1)
Appearance quality(T1)

I [ [ ]

H I b R(T2) JRBR i J5(T3)
Nutrient quality(T2) Flavor quality(T3)

T T 1

[ R EIZ
iU D | A U2 B U3 S0

Single “| Longitu- Horizo- Fruit L* a* b*

. diameter|diameter|
weight index
(Ul) (U2) (U3) (U4)

fruit | dinal | ntal | ogpan0 sy | (U6) | (U7)| (US)

ROBE MR | ERL

(U12) (U13) | (U14)
TSS | Ve | TA |Total Sugar acid| TSS-acid
(U9) | (U10)[(U11)|sugar ratio ratio

(U12) (U13) | (U14)

FL B SRR S OO 0 18 R AR R

Fig. 1 Evaluation index system of yellow citrus fruit quality

*6 ERMBRREZNEREHEFRE » BE

Table 6 Yellow citrus quality element and index level order arrangement and reference of r;

IﬁiEI ?%zﬁ% ﬁl:r?_ ra r3 ry rs rg ry rg
Item Expert number Ranking
1 T2>T1>T3 1.3 1.1
R & 2 T2>T3>T1 1.2 1.2
Quality elements 3 T2>T3>Tl L1 1.2
4 T2>T3>T1 1.1 1.2
1 Ul>U4>Us5>U6>U7>U8>U3>U2 1.5 1.4 1.1 1.1 1.1 1.2 1.1
SN 2 Ul>U4>U2>U3>U5>U7>U6>U8 1.5 1.2 1.1 1.2 1.1 1.1 1.1
Appearance quality 3 Ul>U4>U8>U5>U7>U6>U2>U3 1.5 1.2 1.3 1.1 1.1 1.1 1.1
4 Ul>U4>U8>U5>U2>U3>U6>U7 1.4 1.1 1.2 1.1 1.2 1.2 1.2
1 U9>uUl12>Ul10>Ul1 1.1 1.2 1.6
S R 2 U9>uUl12>Ul1>U10 1.5 1.5 1.2
Internal quality 3 U9>U12>U10>Ul1 .3 1.5 14
4 U9>UuUl12>Ul0>Ul1 1.4 1.6 1.3
1 Ul4>U13 1.2
KU B 2 U13>Ul4 1.2
Flavor quality 3 U13>Ul4 1.2
4 Ul13>Ul4 1.3

G1 2 SAHE 55 T & 45 b1 )2 (T) AT 3 L X 1
WRZEDRE., MR 7 8ds al LU 5 s R Al
R B AE AR G BEALE A, 43512 0. 070 (.
HFR ) 0. 028 (HAF2) . 0. 026 (KE42) . 0. 047 CHRIE
5% .0.033(L").,0.026(a”),0.026(b"*),0. 033
(a”).0.145(TSS),0. 074 (V) 0. 059(TA) 0. 110
CEOB 0. 17T1CHERR 1) .0, 153 (R L) » ool
L AN B (R B R LU [ R BE s AR LB A2 a” b7
MR (A AR, EACE A ZE A K,

2.3.2 CRITIC #=W &% HFE 3 ATLIEFEIH,

CRITIC WAL 25 R RN FIE AR BALEAE S 0. 099,
A AR B B AR XA L /N 0. 080 5 5 AL T
R85 32 B A W IR b AN R A f R, HEAR Oy A A E
TSS AT H /Iy CRITIC ¥ 2% i1 0 2 B4 1 %5
Pl it 0 o S L AR 25 08 T B Y B EORE L
oA E (B 70 4 S W B 15 S K 3k W 1k
FAZE A 7 3 & 45 Ar AT N R B /MR W 3R B
TSS>RIBHEE >V >L >di>a =b >Cf
D) > A8 = i e > R i i = TAS B IR [ = [
R L .
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Table 7 Weights of elements layer and index layer in the evaluation index system of yellow citrus fruit quality
BRIZIRR R % % Expert -2 {E ERZHRRE %% Expert RECL
Element layer or Average Element layer or Average
index layer 1 2 3 4 value index layer 1 2 3 4 value
T1 0.312 0.275 0. 284 0.284 0. 289 ur 0.101 0.091 0.097 0.077 0.092
T2 0. 405 0. 396 0.375 0.375 0. 388 uUs 0.092 0.075 0.139 0. 146 0.113
T3 0.283 0. 330 0. 341 0. 341 0. 324 U9 0.318 0.403 0.378 0. 399 0.375
Ul 0. 257 0.238 0. 250 0.226 0.243 ulo 0.241 0. 149 0.194 0.178 0.191
U2 0.070 0.132 0. 080 0.111 0.098 Ull 0.151 0.179 0.138 0.137 0.151
U3 0.077 0.120 0.073 0.092 0.091 Ul2 0. 290 0. 269 0.290 0. 285 0.283
U4 0.171 0.159 0.166 0.161 0. 164 Ul13 0. 455 0. 545 0.545 0. 565 0.528
Us 0.122 0. 100 0.107 0.122 0.113 Ul4 0. 545 0.455 0.455 0.435 0.472
U6 0.111 0.083 0. 088 0.077 0. 090
*8 ERMEZRFIBRM CRITIC EMBEHGENNER
Table 8 Weights of CRITIC method and entropy weight method for yellow citrus fruit quality index
IR (EIR7S PSR Y1z [ g ESIZ
Assignment Single fruit Longitudinal Horizontal Fruit shape L a* b*
method weight diameter diameter index
CRITIC 0.069 0.075 0. 060 0.099 0. 069 0.062 0.066
KA . 0.076 0. 094 0. 054 0. 089 0.047 0. 055 0.061
Entropy weight method
CRITIC FE AL
CRITIC method and entropy weight 0.065 0. 066 0. 066 0. 084 0.079 0. 069 0. 069
method
. ; . BEIR L R L
I b =N K
. W FL Ty i Bl Sugar TSS-acid C TSS Ve TA
Assignment method Total sugar X . .
acid ratio ratio
CRITIC 0.079 0.074 0. 060 0.077 0.078 0.075 0. 056
HAL . 0.095 0.105 0.070 0.099 0. 046 0. 050 0.058
Entropy weight method
CRITIC A4 4L
CRITIC method and entropy weight 0.071 0.063 0.063 0.067 0.092 0.082 0. 065
method

2.3.3 EuasEs FHAARXADEE %
WA EAE 2RI 2 . BE 2 Al LLEH, TSS 73
ST S B R o R R B R L R L

0.044 0.123
I

0.045

0.046

0.072

P2 2R R BN /MK R Ry bR > Ve > B i > IR
JEARE>TASL >CUIFED) > P E>a =b" >
Bz,
® TSS;
» BEMR tt Sugar acid ratio;
© [E B Eb TSS-acid ratio;
KB Total sugar;

u Vc;

0.110

= BB & Single fruit weight;
R F I8 H Fruit shape index;
B TA;

[ WA

mC,

¥ 212 Longitudinal diameter;
u b¥;

woa*,

» 4% Horizontal diameter

P2 BRSO A B AR Y 3 WA A A

Fig. 2 Subjective and objective combination weights of yellow citrus fruit quality index
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2.4 MBGEMEEREE AEEEXANHRE

2 QLD A9 35 I ACPE 56 4 BRE A o f S
AL A 5 1 2 v i A (R AF 3f L A5 3 AR AR A T AR
PHARREA 5350 4

Z"=1[0.072,0. 046, 0. 044, 0. 067, 0. 054,
0.045,0.045,0. 049, 0. 123,0. 082,0. 065, 0. 094,
0.110,0.104];

Z = 1[0.043,0. 028, 0. 026, 0. 040, 0. 032,
0.027,0.027,0. 030,0. 074,0. 049, 0, 039, 0. 056,
0.066,0.062],

2.5 RIEMRE/ITEN

THE A REPEAN FE A 20 B ARURE 7S 0 £ 33 ARRE AR 119
FRES D Dy o DL & 7 3 AR AR AS (1 A X 42
FE H ARG AR R 42 30 2 AT HE P, 45 SR An 3k 9
N o A it AT Ak P SRR SR S R G T R AR

fE B H, BROK, R SLZR G S ik Af . 3k 9 af
AL AL AB,C, 5 OB AR R AR Y R R e,
0.752 1; R ZEAFE A, B,C, . 0. 632 5, Fi ik & Ab
A B Cy oo 0,579 05 5% B BRARFEAS (1) 8230 FE N
0. 460 3, F23 B KTt B H Ay 11 414 BEAR YK O
=R h AB.Cy. AB,Co. ALB Gyl ALBCo
A,B,C L ASB Gy VA B, Gy AB Gy VA B, Gy VAL B, G,
FAB,C U B X 14 S Ab AN [5) 78 B Hb 4R & T 9
AR IR G S 0T 5 53 Ah o AS TRl it JE 7 =0 S 5
J A K REBEAIC Y 13 4L A B 35 EUIRAR Ul AL B G |
AB,C, . ABC . ABC . ABC .ABC .ABC,.
A,B,C, . A,B,C A B,C .A,B,C, .A,B,C, Fl A,B,C,,
A D32 I PF D7 vk BT DA A 0 T A Ak R SR
Sy A€

R9 TEEELEHERMEISRNESITN

Table 9 Comprehensive evaluation of yellow citrus fruit quality under different fertilizer treatments

i o > 0 FIE YT . > 0 Y
Treatment Ranking Treatment Ranking
A1 B Cy 0.080 3 0.061 4 0.433 2 19 Ay By Cs 0.086 2 0.038 7 0.309 7 27
A1 B G, 0.074 0 0.057 3 0.436 7 18 Ay B;Cy 0.056 7 0.062 9 0.5257 8
A1 BiCsy 0.052 8 0.072 6 0.579 0 3 Ay B; Cy 0.087 7 0.039 1 0.308 3 28
A1B,Cy 0.086 5 0.047 5 0.354 6 25 A:B;C; 0.083 1 0.044 6 0.349 5 26
A1 B G, 0.075 5 0.059 7 0.441 7 17 A; B Cy 0.074 0 0. 050 6 0.406 3 20
A1B;Cy 0.068 2 0.064 1 0.484 8 12 A;B G, 0.058 1 0.061 3 0.513 3 11
A1 B;Cy 0.080 0 0.054 6 0.405 8 21 A;B G, 0.061 3 0.067 7 0.525 1 9
A1 B;C, 0.030 1 0.091 3 0.752 1 1 A3B,C, 0.066 7 0.059 2 0.470 4 14
A1B;Cy 0.074 1 0.049 7 0.401 5 22 A3 B, C, 0.046 7 0.080 3 0.632 5 2
AyBCy 0.067 0 0.056 9 0.459 4 16 A3B,Cs 0.060 0 0.063 3 0.513 4 10
AyB G, 0.067 4 0.074 7 0.526 0 7 A3 B;Cy 0.077 8 0.0517 0.399 0 23
AyBCy 0.058 0 0.067 3 0.537 3 6 A3B;C, 0.058 2 0.068 4 0.540 5 )
AyB, Cy 0.082 4 0.047 6 0.366 2 24 A3B;Cs 0.055 2 0.070 5 0.560 7 4
AyB; Cy 0.064 5 0.057 8 0.472 7 13 CK 0.068 6 0.058 6 0.460 3 15

H¢ F TOPSIS 3545 21 (14 A [7] it E AL 7 35 5 A 5
S £ A it BUHE P 5 B — b 5 ¥ 2E 4T Spearman
FHEAE M A 5R W3R 10, 3% 10 AT 2584 il IR
HEP 5 R 2 R — g TR bR B IR A Hoh 5 B
BERR LU 18T LA o (i 52 AR 35 IE A OG5 R

AT E R R I IE A OC L T LR TOPSIS
00 E W9 BORRZR G dh T HEY 5 K 2 B0 — fn A
Bl 5 00 HE PP 25 R BEAR — B B T R R AL S
AL TOPSIS #E8 5¢ 42l LT T2 5225 4 il i Y
PR

®10 TEEEBLEERHERIE-RRERS H HEXHE

Table 10 Correlation between single quality index and H; of yellow citrus fruit under different fertilization treatments

i AR AR 5 H; #21E i AR A 5 H; #2&1E b A A 5 H; #%E
Quality index Correlation with H; Quality index Correlation with H; Quality index Correlation with H;
I E=X
MREE 0.463" a* 0.532* TA 0.447%
Single fruit weight
%14‘ | . /%\% * %
Longitudinal diameter 0. 344 b 0. 136 Total sugar 0.728
B2 o . R H .
Horizontal diameter 0.336 ¢ 0.276 Sugar acid ratio 0.829
RIE 85 - X 5] 2t -
Fruit shape index 0.095 TsS 0.209 TSS-acid ratio 0.705
L —0.121 Ve 0. 246

TE BT RART * 7FRR BF ML (P<<0. 05) HUT AR * * "R B #F MG (P<<0. 0D,

” ”»

Note:“ * ” indicates significant correlation(P<C0. 05) ,* % *

indicates extremely significant correlation(P<Z0.01),
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BEAR—30, W PCA-TOPSIS 7k /& — Bl i 36 % 2 fif
I Y ORSUR 0T 9 IR A v . A TEIRE
MBI FE 2R B, TOPSIS 2502 — Rl 250 HE P Jr s, vf
DAAG A5 Hi o FH F i 2 SR S R T S A R 2 o 1
PR . BRYE ST N AHP 2 A TOPSIS 244
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m R KR 3 AN R . AW A GL 3 CRIT-
ICR AL IRAL ) TOPSIS #6551 X5f AN [m] it A A 24 1
B LN AR ST S ST HEAT O 25 HE T L 3R T D A 5 T
FHF S 52 5 B vE A s FE AR08 25 4 T it R SR
1.0 kg HARAE 2.5 kg AL AL 2.0 kg B . B R A R
SELEA R T AT DA B ek

TOPSIS #3155 #2 @& 68, A H A DL B £ H
T T AL G AR R A AT IR K e A
P B A AR PE A 2 R b A EE A B A 2 I
Wa RN R, RILBTITPNTHEETERN
Bl HURI 28 50, T B2 RS VT A 4 AR S
B BT B W 1 55 8K T AUEE L A BB B A 5 SR
AT . AT R RIS AHP R
BOEAL G IF 0 T8 7t i S48 AR A L R W4
BIRAE i 4s R A, A5 R G 3R
CRITIC-fi Ak 47 4 A WAL, BE % 18 T ek & 1)
F WA LT o A 7855 R T A S PE A 48 bR =2 (R R
Fb a8 32 e 5 1 R OB B SR S T R — 4 AR AN R
FIh TSS>>WEIR Lk > [ R b > Bobl > Ve > i
i > RILFR B >TA>L >CU ) >4 %>
a” =b" >,

WIS F L 3 F G 3 A CRITIC- A% %
WAL ) TOPSIS B {8 5.5 47 i F T 2R L2545 il i
PEAY 64 J5 OB 5% v n) 4k 2 5 B 1 5 bR TR &R, B
K SRS T JB L DG A BT S 45 A R ke s R S
S BHFR R LR T AL, b, T
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Reproductive development characteristics of Tibetan
wild Allium hookeri Thwaites

WANG Zhonghong' , WANG Luzhou' ,GUAN Zhihua' , CHEN Shuangchen'**
(1 Xizang Agriclture and Animal Husbandry College ,Linzhi, Xizang 860000 ,China;

2 College of Forestry, Henan University of Science and Technology ,Luoyang . Henan 471003, China)

Abstract :[Objective] This paper explored the reproductive development and seed characteristics of Ti-
betan wild Allium hookeri Thwaites. [Method] Through field observation,asexual reproduction,flowering
characteristics, morphological characteristics, water absorption and seed germination of A. hookeri were ex-
amined. Effects of temperature (4,10,15,17.5,20,22.5,25,30,35,and 40 ‘C) and storage time (14 months
and 2 months) on germination rate of A. hookeri seeds were also investigated. [Result) (1) Tibetan wild
A. hookeri withered during the winter, and reproduced asexually by tillering and sexual reproduction
through seeds. (2) The flowering and fruiting period was from August to October. There were 56. 33 flow-
ers per inflorescence with setting rate of 98. 72% in open pollination status. There were 1 to 4 seeds per
flower,83. 48% with 1 seed,15.42% with 2 sceds,and very small amount with 3—4 sceds. The setting per-
centage was 18. 35% with bagged self-pollination method. There were 1 to 5 seeds per flower,73. 17 % with
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1 seed.23. 78% with 2 seeds,and very small amount with 3—5 seeds. (3) The seeds were oval,and the
transverse and longitudinal diameters were 1. 93 mm and 3. 41 mm,respectively. The weight per 100 seeds
was 0.987 7 g. (4) Optimum duration for seed presoaking at 20 °C was 4 hours. The maximum time for
seed presoaking should not exceed 30 hours,otherwise the hydroquinone extracts would infiltrate and seed
germination was affected. (5) Germination rate declined sharply after 1 year in storage at normal tempera-
ture, while short-term storage for no more than 2 months had no significant effect. The optimum germina-
tion temperature was 15—25 ‘C ,and storage at 10 C for a long time also had highly positive effect on ger-
mination. [Conclusion] Tibetan wild A. hookeri can propagate both sexually and asexually. Both cross polli-

nation and selfing through bagging can produce seeds. Optimum temperature for germination is 15 to 25

C.

Key words: Allium hookeri ;tillering reproduction;flowering;seed characteristics; water absorption rule
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Fig.1 Habitats and characteristics of Allium hookeri
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Table 1  Flowering and fruiting characteristics of Allium hookeri
B bR BAL T /INEEL TR NE S T % BAEASMELE TR/ %
Index Each inflorescence flowers Open pollination flower seed rate  Bagging selfing flower seed rate
W4 Average 56.33415. 70 98.7241.68 18.35+12.03
AR BY ZZ K 0,
| ESRRBUA 27.87 1.70 65. 60
Coefficient of variation
F2 EHE2HERAXNTNEETFRELSHF/NEDER SHLLE
Table 2 Ratios of different seeds per flower in total seed flowers of
Allium hookeri between two pollination methods %
k7= B E Seed
Pollination 1 2 3 4 5
I
IR 83. 48 15. 42 0.88 0.22 0.00
Open pollination
P e
ERAX 73.17 23.78 1. 83 0.61 0.61

Bagging selfing
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B AL S R BOR . B RS LU (AL S R BB R .
ol B2 2 I A

x3 EHEMFRHERSY
Table 3 Seed characteristics of Allium hookeri
_ B/ mm 4% /mm Y1/ AR /g ,

v H i A e L/ 0)
i Transverse Longitudinal Longitudinal/ Hundred- Ak %
Index . . . . Water content

diameter diameter Transverse grain weight
HI{H Average 1.9340. 30 3.41+0. 22 1.76+0. 28 0.987 7£0.033 0 6.94+0.21
e B 22 e /0
225t AR % 15. 50 6. 44 15. 95 3.34 2.97

Coefficient of variation
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Fig. 2 Water absorption and inclusion of Allium hookeri seeds
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Fig.3 Effect of storage and germination temperature on seed germination characteristics of Allium hookeri
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