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Comprehensive evaluation of 50 non- heading Chinese cabbage hybrid

combinations and variety comparison trials of elite combinations

LU Rong', LI Cuiping', JIN Anxin', ZHAO Xiaofeng’, CHEN Getao’, LU Minghui', HUI Maixia'

(1. College of Horticulture, Northwest A&F University, Yangling 712100, Shaanxi, China, 2. Baoji Agricultural Technology Extension
and Service Center, Baoji 721000, Shaanxi, China)

Abstract: To select high-quality non-heading Chinese cabbage varieties suitable for cultivation in different seasons and
improve year-round production, 50 hybrid combinations were used as experimental materials. A comprehensive evalua-
tion of their agronomic traits was conducted using multivariate statistical methods, including principal component analy-
sis and the membership function method. The results showed that the genetic variation coefficients of all traits exceeded
10%, with petiole length, plant height, and leaf width exhibiting high improvement potential. Based on market preferenc-
es, 15 combinations with superior commercial quality were selected. Principal component analysis extracted four key fac-
tors with a cumulative contribution rate of 71.43%. Further membership function method identified 14 combinations with
comprehensive traits outperforming the control variety Dongzhixian, among which 7 combinations, including Z2, 723,
Z31, 733, 736, Z37 and Z46, performed outstandingly in both screening stages. Comparative trials revealed that Z21 and
723 demonstrated good commercial traits, combining bolting resistance with high yield, making them suitable for early
spring and overwintering cultivation. In contrast, combinations such as Z31 and Z33, though high-yielding but lacked bolt-
ing-resistant, were recommended for summer or autumn cultivation.

Key words: Non-heading Chinese cabbage; Agronomic trait; Comprehensive evaluation; Elite combination; Variety com-

parison
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Table 1 Scoring criteria for descriptive major qualitative

traits in non-heading chinese cabbage

T AE A 1

Joi PR
Qualitative trait Assignment criteria

£# Growth 1. 59 Weak;2. #' Middle;3. 5% Strong

A 1. i [ Nearly orbicular;2. U5 Ovate;3. K5
Long ovate: 4. {815} Obovate: 5. K51 5§ [5
Long obovate; 6. ff [ Elliptic: 7. ¥ [ Ob-
long; 8. %17 Lanceolate

LN 1. ¥ 4% Yellow green;2. 7% £k Light green; 3. &t
Green; 4. I %4t Dark green; 5. %% Black
green; 6. 28 4% Purple green; 7. %% Purple; 8. /K

Leaf shape

Leaf color

£k Gray green
IS 0. & None; 1. 5§ Weak ; 2. 71 Intermediate ; 3.
Leaf glossiness B Strong
LEsiEs 1. I % Curving upwards; 2. “F Flat and

Leaf margin curving = straight;3. % Curving downwards

AR £ 1. F1 White; 2. 4% 4 Green white; 3. ¥4 Light

Petiole color green; 4. 4% Green; 5. ¥4 %k Dark green; 6. 45 4¢
Purple green;7. %5 Purple
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Table 2 Analysis of genetic variation for major quantitative traits in hybrid combinations of non-heading Chinese cabbage

PR R/ME IE PN} B I 2 5 R
Trait Min Max Average SD CVI%
Pk Plant height/cm 6.50 18.00 10.06 2.52 25.07
FiilfE Plant width/cm 17.17 28.00 21.79 2.63 12.05
I £ Leaf number 11.33 18.00 13.96 1.52 10.88
K Leaf length/cm 10.50 21.67 1472 2.51 17.04
5% Leaf width/cm 5.67 19.70 8.73 2.12 2433
4K Petiole length/cm 2.90 8.67 4.76 1.47 30.84
495 55 Petiole width/cm 1.07 2.97 2.11 0.43 20.16
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Table 3 Survey of qualitative traits in hybrid combinations of non-heading chinese cabbage

LRTIp ; i T5 i T
\ . e MAES R TN R T2 \ iR
ETREN S S 7Nt Ly - B . ' . ’r. X EIN " .
Leaf margin Petiole Petiole Leaf margin
Number Growth Plant type Leaf shape Leaf color Leaf . Leaf .
. curving color shape undulation
glossiness apex shape
CKl 4 5 7% R - TS i I 7
Strong Compact Ovate Green Strong Flat and straight Light green  Flat spherical Oblong  None
CK2 5§ Bk LRy 2N P hE TS i 5 ] 154 x
Weak  Compact Ovate Green None Flat and straight Light green Flat spherical Oblong  None
Z1 Gy EERE YRR 7@ ¥ R wkak i ] 154 BEIR
Middle Relatively compact Ovate Green None Flat and straight Light green  Flat spherical Oblong  Undulating
Z2 R L5rdii Kop 75 99 - TS i fi] Jt None
Strong Relatively sparse ~ Oblong Green Weak Flat and straight Light green Flat spherical ~Oblong
73 / / S 5N x % S i ] /
Oblong Green None Curving Light green  Flat spherical ~ Oblong
upwards
74 / / Konpl g 7 - e TS it [74 2] /
Oblong Green None Flat and straight Light green  Flat spherical ~ Circle
z5 / / K ORI RS x % SN i B4 /
Oblong Dark green None Curving Green Flat spherical ~ Circle
upwards
z6 / / S RS x hE S i ] /
Oblong Dark green None Flat and straight Light green Flat spherical ~Oblong
z7 / / K OPIR e . - ENE| i 2] i[5 /
Oblong Light green None Flat and straight Green white Flat spherical ~ Oblong
Z8 ol %1% Compact RGP 2N c & kEk i 4 ] 154 x
Middle Oblong Green None Curving Light green  Flat spherical Oblong  None
upwards
Z9 H BB Kmopm e k& S i [ i[5 5
Middle Relatively compact Long Green None Curving Light green  Flat spherical Oblong  None
obovate upwards
VAU BgE KAGHE 2t e £ sk i [ ] 15 PR
Middle Relatively compact Long Green None Curving Light green  Flat spherical Oblong  Undulating
obovate upwards
Z11 EE His K ORIR 7@ BE| hE T i B4 fi [ BEIR
Middle Compact Oblong Green Weak Flat and straight Light green Flat spherical Oblong  Undulating
z12 5 B Kop 7% e i TS i il PR
Weak  Compact Oblong Green None Flat and straight Light green Flat spherical Oblong  Undulating
z13 H Kop o x F 23 i 7
Middle Scatter Oblong Green None Flat and straight Green Flat spherical ~ Circle None
Z14 B K OPIE K& e - TS i ] i[5 PBEIR
Middle Relatively compact Oblong Gray green None Flat and straight Light green  Flat spherical Oblong  Undulating
VAR Kz wopE ks P F EFoN i 54 I 5] AN
Middle Compact Oblong Light green None Flat and straight Light green Flat spherical Oblong  Undulating
z16 B SEIT] 7 TS ¥ & wkak it B4 ] 154 BEIR
Middle Compact Long Green None Curving Light green  Flat spherical Oblong  Undulating
obovate upwards
717 B K opIE RS x % S i 4 ] 154 BEIR
Middle Compact Oblong Gray green None Curving Light green  Flat spherical Oblong  Undulating
upwards
Z18 W Kz YRR ek P F st i ] 154 AN
Middle Compact Ovate Dark green None Flat and straight Light green  Flat spherical Oblong  Undulating
719 BE K ORIE RS BB ot N i B4 ] 154 BEIR
Middle Relatively sparse ~ Oblong Dark green Weak Curving Green Flat spherical Oblong  Undulating
upwards
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Table 3 (Continued)
LNIiipld ; . L LR N,
; g 3tikes T £ AR . L2 32N
il Ko A " & X Leaf margin Petiole Petiole/ K Leaf margin
Number Growth Plant type Leaf shape Leaf color Leaf . & Leaf . &
. curving color shape undulation
glossiness apex shape
720 R Bk KGRI ek x 7 @t i 15 i [ x
Strong Compact Oblong Light green None Flat and straight Green white Flat spherical Oblong  None
Z21 i Bk Rl Rek b 7 S i 15 i [ x
Strong  Compact Ovate Dark green Strong Flat and straight Light green Flat spherical Oblong ~ None
722 o Bk i RS x 7 4N i fi BEIR
Middle Compact Close Dark green None Flat and straight Green Flat spherical Oblong  Undulating
to round
3 B RE% s B& B ¥ i il AE R
Strong Relatively compact Ovate Black green Strong Flat and straight Light green Flat spherical Oblong  Undulating
724 L5l Kop Ko T F et [ ] 7
Strong Relatively sparse ~ Oblong Gray green Middle Flat and straight Light green  Semicircle Oblong  None
725 G Bz S %t Green G fintc R i fi] ¥
Strong Compact Oblong None Curving Light green  Flat spherical Oblong ~ None
upwards
726 ik Rk Kop Lk 5 - EN=| F fi] b
Strong Compact Oblong Yellow None Flat and straight Green white Semicircle Oblong  None
727 i Bin K N 7 F S| it I P
Strong Compact Oblong Light green None Flat and straight Green white Flat spherical Oblong  None
728 i "% Compact Kyp Zk R ot c: s it I PR
Strong Oblong Green Strong Curving Green white Flat spherical Oblong  Undulating
upwards
729 i %% Compact Ky Lk o F S i I 7
Strong Oblong Light green None Flat and straight Green white Flat spherical Oblong  None
730 GE %% Compact Kyp Zk Gt st ok it I o
Middle Oblong Green Strong Curving Light green  Flat spherical Oblong  None
upwards
731 i 1% Compact Ky REE R F &t 2} fil BER
Strong Oblong Dark green Strong Flat and straight Green Semicircle Oblong  Undulating
732 LY 1% Compact R[] WKER fi F £ i Il PR
Middle Ovate Gray green Strong Flat and straight Green Flat spherical Oblong  Undulating
733 ¥ Compact R[5 5N R & 7 i 52 ] 154 x
Middle Ovate Green Strong Curving Green Flat spherical Oblong  None
upwards
VAT %% Compact S RE x hE kx $ i x
Strong Oblong Gray green None Flat and straight Light green  Semicircle Oblong  None
AR %1% Compact S K& x hE wkEk 3 i x
Strong Oblong Gray green None Flat and straight Light green  Semicircle Oblong  None
736 G i1 ol EEES G 7 N i fe [ x
Strong  Scatter Ovate Black green Strong Flat and straight Green Flat spherical Oblong  None
737 5 PR K gp REk G 7 SN Bl i [ x
Strong Relatively compact Oblong Dark green Strong Flat and straight Green Semicircle Oblong  None
738 G LR Kop Rak i R N Bl i [ x
Strong Relatively compact Oblong Dark green Strong Flat and straight Green Semicircle Oblong  None
OB ¢ KR wE W F sk + i ®
Strong Relatively compact Oblong Dark green Strong Flat and straight Light green  Semicircle Oblong  None
40 B T 7 S ¥ % il MR E
Middle Scatter Ovate Black green Strong Flat and straight Green Flat spherical Oblong  None
741 H B Kop o e i TS ¥ fil 5
Middle Compact Oblong Green None Flat and straight Light green  Semicircle Oblong  None
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Table 3 (Continued)
DG 5 T 3 YL
” " . . g Siike A7 £ AR . 2R CR
S5 KB K W b g WE T PR .
Leaf margin Petiole Petiole Leaf margin
Number Growth Plant type Leaf shape Leaf color Leaf . Leaf .
. curving color shape undulation
glossiness apex shape
742 K% Ky o 7 F PR S i fi AZIN
Middle Compact Oblong Green None Flat and straight Light green Flat spherical Oblong  Undulating
743 E Kop BURES H F o i fi] pn
Middle Compact Oblong Dark green Middle Flat and straight Green Flat spherical Oblong  None
744 G B Ko RER P ot cs S| i il T
Strong Compact Oblong Dark green None Curving Green white Flat spherical Oblong ~ None
upwards
745 R L Ky e S 5 F RS i fi 5
Strong Relatively compact Oblong Light green None Flat and straight Light green Flat spherical Oblong  None
zZ46 ik Kop TRGk £ & £ Ji ] 7
Strong Compact Oblong Dark green Strong Curving Green Flat spherical Oblong  None
upwards
z47 Rz Gz IRGE h s o i [#4] i 1] AEIN
Middle Compact Ovate Dark green Middle Curving Green Flat spherical Oblong  Undulating
upwards
748 S U RS x hE ek i ] x
Middle Compact Ovate Dark green None Flat and straight Light green Flat spherical Oblong  None
749 Bz B RE% B st Lk [ i 1] PR
Middle Compact Ovate Dark green Weak Curving Light green  Semicircle Oblong  Undulating
upwards
750 Gk Rk K HpIR RS x et Hak 4[5 i 124 7
Strong Compact Oblong Gray green None Curving Light green  Semicircle Oblong  None
upwards

T 23~27 B/ FoR R AERAE A BBz .

Note: The "/" after Z3- Z7 indicate unable to collect effective indicators.

%4
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Table 4 Principal component analysis and vector relationships of major agronomic traits in hybrid combinations of

non-heading chinese cabbage

VEIR Trait TR 1 Ty 2 T3 T 4
PC 1 PC2 PC3 PC 4
Pi& Plant height 0.821 -0.042 -0.287 0.098
PRI Plant width 0.809 -0.378 0.093 -0.123
It %1 Leaf number -0.009 0.077 0.864 -0.135
K Leaf length 0.924 -0.071 -0.167 0.059
%% Leaf width 0.573 -0.251 0.209 0.392
%K Petiole length 0.823 0.127 -0.403 -0.079
458 Petiole width 0.213 -0.175 0.799 0.015
K34 Growth 0.590 -0.220 0.462 -0.123
IH-7¥ Leaf shape -0.103 -0.581 -0.138 0.521
I Leaf color 0.160 0.804 0.077 0.185
T Y63 FE Leaf glossiness 0.562 0.549 0.155 0.061
2% Leaf margin curving -0.188 0.098 0.165 0.833
-4 € Petiole color 0.169 0.794 0.059 0.120
FFE{H Eigenvalue 3.994 2.239 2.003 1.240
TTHkZ Contribution rate/% 30.724 17.224 15.411 9.538
2t 5Tk Accumulative contribution rate/% 30.724 47.948 63.359 72.897
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Table 5 Analysis of membership function for agronomic traits in hybrid combinations of non-heading Chinese cabbage

g DORREL ) e BRI e RRERE ) e REREGE
Number Mem'bershlp Rank Number Mem'bershlp Rank Number Mem?:)ershlp Rank Number Mem'bershlp Rank
function value function value function value function value
Z39 1.565 5 1 Z44 0.8333 14 735 0.457 4 27 Z16 0.1369 40
746 1.457 8 2 CK1 0.781 4 15 Z19 0.436 8 28 727 0.1147 41
738 1.437 6 3 721 0.780 6 16 734 0.423 4 29 720 0.098 5 42
737 1.2803 4 749 0.762 6 17 Z11 04153 30 Z9 0.0363 43
724 1.2313 5 750 0.722 1 18 z17 0.3913 31 CK2 0.0255 44
Z31 1.2214 6 725 0.655 8 19 726 0.3529 32 742 -0.058 0 45
723 1.1479 7 732 0.644 7 20 714 0.333 6 33 z7 -0.058 2 46
Z2 1.094 0 8 743 0.598 4 21 722 03138 34 Z6 -0.081 6 47
747 1.016 8 9 748 0.5957 22 729 0.269 1 35 z5 -0.1859 48
733 0.9295 10 Z3 0.563 2 23 Z1 0.2590 36 Z12 -0.2156 49
Z45 0.862 4 11 Z40 0.518 1 24 Z10 0.189 1 37 Z15 -0.2255 50
736 0.8514 12 Z8 0.5157 25 741 0.1833 38 Z13 -0.4153 51
728 0.8370 13 730 0.479 1 26 Z18 0.156 3 39 74 -0.4253 52
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Fig. 1 The field phenotypes of the finally selected excellent combinations
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Table 6 Analysis of bolting traits in superior combinations of non-heading Chinese cabbage
2024-11-11 2024-12-17 » N
G5 REERE e RRERE e (G
Number  Dyarf stem FIAEZETEAR Dwarf stem FIAEZTEAR Difference in dwarf
length/cm Dwarf stem shape length/cm Dwarf stem shape stem length/cm
CK1 2.57 Jii [ 7 Flat ovate shape 333 Jii [ 7% Flat-spherical 0.76
z2 3.05 J& Sphericale 3.73 J& Spherica 0.68
721 3.52 [ 7% Spherical 3.60 A% Spherical 0.08
723 3.04 # Spherical 3.30 # Spherical 0.26
731 3.10 Ji [ JE Flat-spherical 4.10 HETE (5 1£7E) Conical (with flower buds) 1.00
733 3.08 HEJE Conical 3.90 HETZ (5 4£78 ) Conical (with flower buds) 0.82
736 2.10 Ji [ 7 Flat-spherical 3.76 [} Spherical 1.66
737 2.10 J# A 7% Flat-spherical 4.07 HEJZ Conical 1.97
740 2.20 [ Spherical 3.56 HEF Conical 1.36
746 3.57 HEJE Conical 4.67 HETE (CH1E7E ) Conical (with flower buds) 1.10
92.471% (3K 8) o R T HL 0 HriR B BURFAEAE a2, T A b DX IR ] F /N BR SR B0 6352 5 [R]I

AT SRR R B X S MR TR A HE SRR
bR EE R K, Y0 A 25 A M R DU T, BGE
HZHX M. B3R 5, R IE 8 ek Bk
%5 bR 236,240 HEA KT X IR CK1 240, bk
BIm X AR R BT mr= s st el

3 WS4

AN TR DX A 358 R o 2 A SR AN G B S
T 5 RAFAE R 2 22 5 o 840 X LR WSCORBR S
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Table 7 Statistical analysis of yield traits in superior

combinations of non-heading Chinese cabbage

P BRI AN He4
Number Single plant mass/kg ~ Plot yield/kg Rank
CKl1 0.402 20.10 3
Z2 0.440 22.00 1
721 0.380 19.00 6
723 0.385 19.25 4
Z31 0.435 21.75 2
733 0.363 18.15 8
736 0.220 11.00 9
737 0.372 18.60 7
740 0.211 10.55 10
746 0.384 19.20 5
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Table 9 Membership function analysis and ranking of
agronomic traits in superior combinations of non-heading

Chinese cabbage
e RIRIEL -y
Number ul "2 u3 Mem?;)ershlp Rank
function value
746 1.000 0.302 1.000 0.791 1
Z31 0.933 0.572 0.678 0.790 2
737 0.609 0.590 0.981 0.655 3
733 0.893 0.100 0.478 0.598 4
Z2 0.307 1.000 0.515 0.543 5
721 0.907 0.032 0.149 0.541 6
723 0.676 0.114 0.283 0.454 7
CKl1 0.321 0.647 0.000 0.374 8
Z40 0.000 0.000 0.822 0.113 9
736 0.020 0.007 0.662 0.104 10

Table 8 Principal component analysis for agronomic
traits in superior combinations of non-heading Chinese

AP A0, Bz H T 2 M AR 255 it
FU, MRARIE ISR AR K eI R

AR R, FE AR R R B E R TR R U T
PRI BRI &, A e o= & X A KR br
B FE EENE R E R,

gE LT, 50 N AZ A T 3 R R SR JE pR
Lk A AT, g tHE A B CK 1 14 AN 22
e, AN A G MRKERIG P ik, K 2i
A 721,723 WHETR, GPRFELT , 7 VAR, B 4ih 2
MR E P K ZE S AT RhR, 4 731
733 % B AN FhEE R O K AR
KRBT — Y KR A EGELEEARNFAES
X % 2571 1 51 P , 07 328 HH O . 2 FEAG T 3 75 oK

cabbage
PR F A1 FWy2 WS 3
Trait PC1 PC2 PC3
¥k Plant height -0.911 0.104 0.065
¥R Plant width -0.098 0.844 0.426
i 53 Leaf number 0.899 -0.014 0.248
K Leaf length -0.971 0.179 0.074
%5 Leaf width -0.653 0.54 -0.425
4 Petiole length -0.967 0.065 0.027
IH473 95 Petiole width 0.485 0.787 -0.179
FPRJF H: Single plant mass  0.653 0.684 -0.294
667 m* & Yield per 667 m* 0.870 0.162 -0.444
VL ES SIS 0.543 0.067 0.773
Dwarf stem length
/NX 77 Plot yield 0.243 -0.937 -0.228
FEAEAE 5.724 3.048 1.399
Eigenvalue
TTER# Contribution rate/% 52.039 27.713 12.720
Rl vrmiEs 52.039 79.752 92.471
Acumulative

contribution rate/%
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