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Comprehensive evaluation of open field large fruit tomato hybrid combi-

nations based on principal component and membership function analysis
BAI Fuhong', WANG Xiaomin"?, HU Xinhua’, WANG Kaibin', GUO Meng"?, CHENG Guoxin"*, FU
Jinjun®’, GAO Yanming"?, LI Jianshe"*

(1. School of Enology and Horticulture, Ningxia University, Yinchuan 750021, Ningxia, China, 2. Ningxia Modern Facility Horticulture
Engineering Technology Research Center/Ningxia Key Laboratory of Modern Molecular Breeding of Dominant and Characteristic
Crops, Yinchuan 750021, Ningxia, China, 3. Ningxia Jufeng Seedlings Limited Liability Company, Yinchuan 750021, Ningxia, China)
Abstract: In order to improve the efficiency of tomato hybrid combination breeding and screen for large fruit tomato
hybrid combinations with excellent comprehensive traits suitable for open field cultivation in Ningxia region. 62 hybrid
combinations of open field large fruit tomatoes were used as materials, with two main varieties Fengshou 128 (CK1) and
Meifen 869 (CK2) as controls. The data of 28 phenotypic traits were processed and analyzed using variation analysis and
principal component analysis. A comprehensive evaluation was conducted on 62 hybrid combinations and control varieties.
The results showed that among the 11 botanical traits, the variation coefficient of the leaf length was the smallest, at
7.73%, and the variation coefficient of sepal shape was the largest, at 46.74%. Among the 17 fruit traits, the variation coef-
ficient of fruit shape index is the smallest, at 6.31%, and the variation coefficient of fruit cracking is the largest, at
43.38%. The cumulative variance contribution rate of the top 10 principal components extracted using principal compo-
nent analysis is 73.31%, which includes most of the genetic information of the phenotypic traits in hybrid combinations.
Based on the combination of principal component analysis and membership function method, a comprehensive evaluation
was conducted on 62 tomato hybrid combinations. Four tomato hybrid combinations with higher comprehensive evalua-

tion values than the two control varieties were selected as AF07, AF46, AF44 and AF55, with comprehensive evaluation
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values of 0.76, 0.74, 0.69, and 0.68, respectively. This study provides a theoretical basis for the breeding of large fruit to-

mato varieties in the summer open field of Ningxia region.

Key words: Tomato; Hybrid combination; Variation analysis; Principal component analysis; Comprehensive evaluation
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Table 1 Survey standards and valuation methods for quality traits

PR WA bR AE S Tk

Trait Investigation standards and valuation methods

TefF M 1=31E, 2=S0 R AE)T . 3=HUHAL T , 4= AL T -

Inflorescence type 1=Single flower, 2= Monotypic inflorescence, 3= Bifid inflorescence, 4= Multiple inflorescences.
LA 1=%,2=H1,3=/b,

Number of leaves 1=Many, 2= Medium, 3=Few.

HRTZR 1="F 8, 2=108, 3=t , 4= 1

Sepal shape 1= Smooth, 2= Slightly warped, 3= Microcircular,4= Curly.

AR 1=55,2="1,3=08,

Growth potential 1= Weak, 2= Medium, 3= Strong.

Eies 1=t L 2=, 3=rh gk, 4= 2

Maturity 1= Very early ripening, 2= Precocious, 3= Medium, 4= Late-maturing.

LZEvUnTE

Comprehensive resistance

1=, 2=, 3=
1=High, 2= Medium, 3=Low.

JRIA S 1=, 2=Hr . 3=50 0

Mature fruit color 1= Light pink, 2= Pink, 3= Bright pink.

R 1=75,2=4% ,3=r1 4=

Fruit surface ridge groove 1=None, 2=Slight, 3= Medium, 4= Serious.
RSB 1=5%,2=105%, 3=, 4=

Fruit glossiness 1=Bright, 2=Micro-light, 3= Medium, 4= Darkness.
R s 1=/ ,2=11,3=%,

Fruit surface sand point 1= Few, 2= Medium, 3= Many.

95| 1=7,2=H.

Fruit surface green shoulder 1=None, 2=Have.

RIFR N 1=/, 2=1,3=K,

Fruit top size 1=Small, 2=Medium, 3=Large.

BT 1=85], 2=, 3=A 355

Fruit uniformity 1= Uniform, 2= Medium, 3= Nonuniform.

FORNE 1=T6,2=A 5% 3=t 4= 2.

Fruit cracking 1=None, 2= Not easily cracked, 3= Medium, 4=Easy to crack.
W 1 R 1=7,2=H.

Malformed fruit

1=None, 2=Have.
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Table 2 Analysis of variation in botanical traits of 62 tomato hybrid combinations

PER IS ON] IR/ ME PR 22 T 5 ZAL
Trait Max Min Standard deviation Average value Coefficient of variation/%
167424 Inflorescence type 4.00 1.00 0.82 2.52 32.51
P Plant height/cm 262.00 156.60 24.20 205.98 11.75
7 Leaf length/cm 48.04 32.32 3.08 39.81 7.73
9 Leaf width/em 52.26 23.28 4.84 38.62 12.54

i A %50 Number of leaves 3.00 1.00 0.56 1.81 31.19

4 [A]# Internodal distance/cm 30.38 17.14 2.69 22.15 12.13
254 Stem thick/cm 1.91 1.07 0.20 1.53 13.01

B2 R IR Sepal shape 4.00 1.00 0.95 2.03 46.74

£ K %4 Growth potential 3.00 1.00 0.80 2.06 38.78
At Maturity 4.00 1.00 0.94 2.82 33.38

LR UM Comprehensive resistance 3.00 1.00 0.76 2.00 38.10

HH% 3 A] 0, ORI 128 7 RN 35.25%,
SPIIME AN 1.87, UM R F . ST TA P 4{E N
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Table 3 Variation analysis of fruit traits of 62 tomato hybrid combinations

PR RKME RME S bRiEZE T IMH A S R AL
Trait Max Min Standard deviation Average value  Coefficient of variation/%
R EAL L Mature fruit color 3.00 1.00  0.66 1.87 35.25
LT #4574 Fruit surface ridge groove 4.00 1.00 059 2.32 25.38
S EETE Fruit glossiness 4.00 1.00  0.71 2.05 34.44
S P 4 Fruit surface sand point 3.00 1.00 058 1.42 41.10
£}J5 Fruit surface green shoulder 2.00 1.00 037 1.16 31.67
ST K/ Fruit top size 3.00 1.00 071 1.81 39.57
BANETEE Fruit uniformity 3.00 1.00 0.5 2.02 27.45
Z4 R VE Fruit cracking 4.00 1.00  0.93 2.15 4338

W 7F 9 Malformed fruit 2.00 1.00  0.49 1.39 35.12
BT 5 Single fruit mass/g 24294 11320 27.78 161.83 17.16
AR ALK/ Fruit stem depression cork size/cm 1.65 0.81 0.18 1.28 14.01
RSLHAZ Vertical diameter of fruit/cm 6.85 479 046 5.74 8.09
FRSLA#AE Fruit diameter/cm 7.64 531 047 6.46 7.25
RIEFE 4L Fruit shape index 1.03 0.79  0.06 0.89 6.31
HLSEAEE Fruit hardness/(kg-cm™®) 3.92 1.09  0.62 2.49 24.94
HPJE Fruit flesh thickness/cm 0.71 0.35 0.08 0.56 15.11
wCR ¥ [ J240) Soluble solids content/% 7.66 540 046 6.22 7.44
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Table 3 Principal component analysis of large fruit tomato hybrid combinations

F 4> Principal component

IR Trait
1 2 3 4 5 6 7 8 9 10

1672 Inflorescence type -0.15 054 -0.17 0.19 -037 -0.28 0.10 -0.13 0.16 -0.21
P& Plant height 0.06 -0.24 0.22 0.60 -0.13 0.14  —0.05 0.14 0.19 0.31
I Fr i Leaf length 042 -041 0.23 024 031 012 019 —043 0.07  -0.07
M} % Leaf width 0.18 -0.58 037 -0.02 045 -0.03 -005 -0.19 -0.09 -0.10
I Fr % Number of leaves -022 046 -0.15 -051 021 0.14 0.5 032  -0.12 0.07
A1) B Internodal distance/cm -0.05 031  -0.40 036 -0.01 042 025 0.06 0.43 0.04
Z5H Stem thick 0.18 005 -0.19 -0.06 —0.03 025 059 -0.11 -024 -0.10
2 TR Sepal shape 0.06 033  -043 011 008 -0.16 -0.03 -0.36 021  -0.10
A K34 Growth potential 0.10 -0.48 0.05 051 006 -0.14 0.8 0.11  -0.13 0.07
#PE Maturity 0.40  0.23 0.56 -0.13 -0.04 -034 -0.16 0.22 0.07 0.13
25 PUIF M Comprehensive resistance 040 026 033 -038 -0.13 0.11 0.36 0.01  -0.04 0.04
AR Mature fruit color -0.15 -0.58 -041 -0.15 -023 -0.12  0.00 0.08 0.39 0.08
ST BEIE Fruit surface ridge groove 049 028 0.07 0.11 013 -037 017 -0.27 0.15 0.19
FIEPENE Fruit glossiness 0.01 057 0.49 027 036 0.02  0.03 0.07 0.03 0.08
LY 14 Fruit surface sand point -020  0.50 0.42 043 025 0.07  -0.06 0.23 020  -0.07
#3%JH Fruit surface green shoulder -0.13 022 041 036 051 0.15 014 -0.05 -020 -0.13
ST K/ Fruit top size 0.64 027 -0.10 -0.11 0.03 -0.08 -0.05 -028 -0.21I 0.20
HEANHESEE Fruit uniformity 034 039 -0.02 0.07 -025 -026 028 -0.34 0.11  -0.10
ZY 8% Fruit cracking 054 0.1 025 -0.19 -0.11 0.09 -0.02 0.15 0.06 -0.38
WA 5 Malformed fruit 0.13  -0.24 0.38 0.08 -029 -0.02 036 0.18 021  -0.55
LR A Single fruit mass 082 006 -022 -0.06 0.15 0.07  0.12 0.17 0.00 0.07
JR AR AL K/ Fruit stem depression cork size 074 -0.10  -026  -0.18  -0.07 0.16 -0.21 0.16 0.16 0.13
242 Vertical diameter of fruit 0.77 -0.02  -0.17 035  -0.26 0.05  0.03 024  -0.18 0.06
B 92ME4% Fruit diameter 081 -0.09 -0.28 0.02 027 0.00 -0.04 0.27 0.17  -0.05
FAHEHL Fruit shape index 0.07  0.09 0.08 043 -0.66 0.07 011 —0.03 -0.43 0.14
FSWEE Fruit hardness -023  -0.04 033  -025 -0.10 010 045 —0.12 0.29 0.49
H P45 Fruit flesh thickness -024 006 026 0.16 016 058  0.16 046  -0.13 0.07
A S A F5 & Soluble solids content -0.02 021 0.11 0.03  -0.12 070 -0.43  -0.02  -0.02 0.00
BFAEA Characteristic value 437  3.04 2.48 218 1.86 1.67 138 1.37 1.12 1.06
77 ZETTHR# Variance contribution rate/% 15.62  10.85 8.85 7.79 6.65 5.95 4.93 4.89 4.00 3.78
BT ZETTHR R 15.62 2647 3532 4311 49.76 5571 60.64 6553  69.53 7331

Cumulative variance contribution rate/%

.92.
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Table 5 Comprehensive evaluation and ranking of tomato hybrid combinations

Mk 4= F 4 Principal component D1 HEFE
Material number Fl V) 3 F4 F5 F6 F7 FS F9 F10 D value Rank
AF07 1.81 4.76 0.29 3.24 -2.52 0.64 2.04 1.61 1.58 0.55 0.764 1
AF46 3.09 -0.85 2.70 2.43 0.12 1.29 0.45 0.84 0.56 -0.45 0.737 2
AF44 1.96 1.32 3.02 1.19 0.00 -0.36 1.42 -2.27 1.67 -0.56 0.688 3
AF55 3.33 0.60 2.18 -0.77 1.81 -1.37 0.36 0.95 -0.25 -0.36 0.682 4
CK2 351 -1.13 0.87 1.49 1.14 0.03 -0.65 -0.18 0.24 0.19 0.669 5
AF53 3.43 1.54 0.72 -0.33 -0.63 2.32 -0.39 -2.91 0.58 0.93 0.662 6
AF58 3.01 0.57 -0.81 -1.29 0.25 -0.31 0.91 1.66 1.13 1.66 0.656 7
AF02 2.78 1.87 -0.06 -0.69 0.02 -0.78 0.45 0.53 0.28 1.02 0.648 8
CKl1 303 -1.84 0.21 0.51 0.56 1.75 0.43 -0.91 -0.51 0.61 0.635 9
AF20 3.19 1.04 -3.05 -0.43 1.46 1.41 0.42 1.59 -1.57 0.56 0.633 10
AF08 1.38 0.39 0.23 1.53 -0.42 -0.98 -0.68 2.72 -1.22 1.56 0.626 11
AF23 2.88 0.48 -3.55 -0.27 2.85 -0.53 1.33 0.54 0.34 0.05 0.618 12
AF34 -2.99 0.04 0.99 2.90 1.50 1.64 2.15 0.77 -0.36 -0.05 0.617 13
AF19 0.60 0.06 1.79 -0.33 1.74 0.23 0.89 0.98 -0.14 -2.33 0.613 14
AF54 3.42 0.49 0.38 -2.68 0.13 0.58 0.73 -1.26 0.72 -0.72 0.605 15
AF51 2.79 0.65 0.36 -2.38 0.18 -0.83 0.06 -0.79 0.62 1.05 0.594 16
AF03 -1.12 2.33 1.63 1.96 0.16 -0.57 -3.10 1.95 -0.12 -0.49 0.589 17
AF39 -0.19  -0.30 2.15 -0.38 0.05 -0.04 -0.90 0.06 222 0.24 0.587 18
AF43 210 -1.73 0.30 0.44 -0.90 0.82 -1.22 -0.38 -0.61 1.75 0.578 19
AF29 -0.75 2.06 -0.06 1.66 2.37 -0.48 -1.68 -0.01 -0.91 -0.53 0.577 20
AF49 0.79 -2.46 2.02 1.76 -1.22 -0.76 1.29 -0.94 -0.80 0.79 0.576 21
AF10 0.16 -2.28 0.51 1.35 0.39 0.37 -0.23 0.96 1.19 -0.59 0.574 22
AF01 .19  -1.14 1.70 -0.40 -0.25 -0.54 1.00 2.15 -2.88 -0.66 0.573 23
AF21 -1.32 2.54 -1.18 2.01 1.60 -0.09 0.67 -1.33 -0.97 -0.12 0.568 24
AF56 091 -0.26 -0.81 -1.04 0.82 -0.36 -0.53 1.78 0.04 0.96 0.566 25
AF52 .17 -2.23 0.41 -0.30 0.18 0.66 0.31 -0.63 1.95 -0.76 0.565 26
AF35 -325 -0.15 0.25 1.32 1.31 1.75 0.56 0.55 -0.70 1.42 0.557 27
AF59 -0.17  -0.93 -0.26 -0.20 0.52 0.02 -0.06 0.41 0.31 1.57 0.554 28
AF22 -0.21 1.68 -0.65 -0.62 225 1.04 -0.71 -0.43 -1.24 -1.05 0.552 29
AF41 -2.24 2.77 2.26 -0.69 -0.76 -0.49 -0.73 0.17 0.80 -0.36 0.543 30
AF47 0.55 0.00 0.84 -1.90 -0.96 1.72 0.11 -0.33 0.79 -1.60 0.541 31
AF60 0.01 0.55 -0.19 -1.35 0.07 -1.08 0.27 0.87 0.48 0.42 0.540 32
AF14 032 -0.93 -2.32 2.33 0.13 -0.23 -0.93 -1.03 0.55 1.23 0.533 33
AF09 0.20 3.35 -2.24 0.44 -3.40 2.09 -1.76 1.39 1.38 -2.34 0.530 34
AF32 -3.61 2.25 1.03 0.08 -0.98 -1.54 2.10 0.05 0.25 1.90 0.529 35
AF04 -3.30 0.45 2.60 0.69 1.47 0.85 -2.12 -0.86 0.55 -0.57 0.526 36
AF06 0.98 0.85 1.26 0.56 -1.48 -1.28 -2.21 -1.29 -0.68 -0.38 0.523 37
AF31 -4.16 0.36 0.42 -1.27 0.90 1.21 1.56 1.04 0.82 0.95 0.519 38
AF48 042 -1.80 1.20 0.14 -1.32 2.87 -2.05 -0.94 -2.32 0.48 0.518 39
AF42 .11 -1.88 -0.18 -1.19 -1.26 0.10 -0.03 1.01 0.77 -0.93 0.516 40
AF26 0.06 1.48 -1.98 0.67 0.24 1.62 0.42 -1.15 -1.78 -2.58 0.515 41
AF62 0.47 1.42 -0.91 -3.09 1.15 -0.27 0.39 -0.58 -0.50 -0.37 0.513 42
AF50 -0.66 -0.73 2.08 -1.48 -0.45 -1.10 1.18 -0.26 -0.57 -0.71 0.510 43
AF57 0.81 0.70 -0.97 -1.30 0.45 -1.47 -0.63 -0.29 -0.59 0.01 0.507 44
AF15 0.61 3.13 -1.84 -0.18 -1.98 -0.85 0.22 -2.57 -0.84 0.75 0.505 45
AF24 -2.06 0.61 -2.17 2.54 2.74 -2.35 0.85 -1.25 0.45 -1.23 0.504 46
AF40 -1.62 0.39 1.29 -0.91 1.49 -2.05 -1.80 -0.38 1.45 -0.11 0.502 47
AF33 -5.15 1.57 2.33 -1.79 0.39 2.26 1.42 -0.34 -1.67 0.94 0.500 48
AF28 0.53  -0.68 -0.73 1.16 -0.35 -1.44 -1.16 -1.50 -1.71 1.18 0.495 49
AF25 -032 274 0.12 1.42 -2.78 0.15 0.76 0.42 -0.84 -0.18 0.490 50
AF18 -1.77  -0.73 -3.37 2.60 -0.32 0.26 -0.25 -0.59 1.89 0.46 0.489 51
AF16 0.83 -0.47 -0.40 -1.42 -1.00 -0.56 0.15 0.95 -1.36 -1.54 0.487 52
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Table 5 (Continued)
R g £ % Principal component DAt Hev
Material number F1 V) F3 F4 F5 F6 F7 F8 F9 F10 D value Rank
AF61 -020 -08 092  -128  -131 066 023 0.05  —0.69 068 0479 53
AF13 -0.69 -5.12 0.18 111 0.63 -1.14 0.41 0.27 026 040 0476 54
AF05 -2.06 0.8 034 236 066 080  -2.62 1.68 0.08 038 0463 55
AF45 -026 240  -027  -047 120 -134 0.73 -2.11 -0.12  -124 0461 56
AF11 -0.72 343 -0.69 044 052  -040  -0.83 0.87 0.87  —0.83 0460 57
AF38 -2.71  -0.09 0.67  —0.93 -2.00  —0.07 137 -0.03 -0.11 -0.88 0452 58
AF37 299 032 072 -0.95 -0.24 026 022  -0.50 0.42 1.03 0.447 59
AF17 -1.69 -1.73 -3.60  —0.66 0.31 264  —0.98 0.49 090  -0.17 0444 60
AF36 234  -190  -1.09  -1.83 -0.61 1.55 0.13 -0.90 0.69 0.89 0431 61
AF27 -1.09 -042  -238 0.11 269  -1.85 1.92 0.78  —0.53 -1.69 0418 62
AF12 -1.15  -0.09  -0.52 074 258  -317  -076  -0.78  -1.01 0.13 0.413 63
AF30 264 -129  -140  -164 032  -132  -0.01 -0.37 0.75 0.45 0.397 64
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