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Comprehensive evaluation of Chinese cabbage in regional trials in

Henan province

Zhang He', Lu Cuiling', Ju Zhijun', Liu Xuan', Wei Xiaochun®

(1. Zhengzhou Academy of Agricultural Science and Technology, Zhengzhou 450000, Henan, China; 2. Institute of Vegetable, Henan
Academy of Agricultural Sciences, Zhengzhou 450002, Henan, China)

Abstract: To accelerate the breeding, demonstration, and extension of new Chinese cabbage varieties in Henan province,
16 varieties from 6 regional test sites in Henan province were compared for agronomic traits, disease resistance and yield.
A comprehensive evaluation was performed using correlation analysis, cluster analysis, and principal component analysis.
The results showed that among the 11 agronomic traits, only the growth period showed on significant differences among
varieties, while all others traits exhibited significant variations. The coefficient of variation was highest for head height
and lowest for the growth period. Field disease resistance evaluation indicated that 6 varieties were immune to viral dis-
eases, while the other were highly resistant, the range of disease index was 1.51-6.81; 16 varieties showed highly resis-
tance to downy mildew, all tested varieties had lower soft rot incidence rate (0.93%-3.87%) than the control cultivar De-
gao Chungiu 69(6.27%), achieving a high resistance level. Cluster analysis results showed that at a euclidean distance of
15, the 16 tested varieties were divided into four groups, with the first group comprising 10 varieties, most of which were
carly-maturing cabbage with crisp and tender texture. Principal component analysis indicated that the first five principal
components accounted for 90.359%. The first principal component contributed 42.034%, primarily reflecting information
related to plant type index, downy mildew resistance, and yield. In summary, this study identified the top five comprehen-
sively ranked varieties: Jincai 3, Xinchang 3, Yuxin 10, Zhengbai 76, and Improved Qingza 3, which are suitable for pro-
motion and cultivation in Henan and similar climate regions. The results of this study provide data support for the demon-
stration and promotion of new Chinese cabbage variety and for guiding farmer in variety selection.

Key words: Chinese cabbage; Regional trial; Agronomic trait; Correlation analysis; Cluster analysis; Principal compo-

nent analysis
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Table 1 Specific information of tested varieties

Iz LY K Bt
Number Variety Source Type
1 /M, 23(CK D WL IREFMLA R AT b s 0 51 B4 4 T
Xiaobao23(CK1) Xinxiang Yuanfeng Seed Co., Ltd. Early-maturing, overlapping-heading, obconical
2 WK ="5(CK2) L P SRl B A R A A BRI (RSP
Jincai 3(CK2) Shanxi Junshi Seed Technology Co., Ltd. Medium-late maturing, closed-heading, long
cylindrical
3 B 69(CK3) L AR A AL AT R 2 ) S A
Degao Chungiu 69(CK3) Shandong Degao Seed Co., Ltd. Early-maturing, overlapping-heading, short
cylindrical
4 BRER=F(CKE  FHHERREA R AR AR KRR

Improved Qingza 3(CK4) Qingdao International Seed Co., Ltd.

5 B4 196 Xinhe 196
6 K =5 Xinchang 3
7 HrlE =5 Xinfeng 3
8 JFi#% 65 Kaishu 65
9 FH 15 Kaibai 1
10 FB1 21 Zhengbai 21
11 FB 76 Zhengbai 76
12 081 13 5 Yuxin 13
13 BEE3T
Yuchunhuang 3
14 i 10 5
Yuxin 10
15 BERE45
Yuchunhuang 4

16 B 125
Yuxin 12

Medium-late maturing, overlapping-heading,
long cylindrical

A IF S 2 = RS R T

Xinxiang Academy of Agricultural Sciences Early-maturing, closed-heading, short cylindrical

B2 iR R BRLE e (IR SEY

Xinxiang Academy of Agricultural Sciences Medium-late maturing, closed-heading, long
cylindrical

RS ZE e Hh A S HLK R

Xinxiang Academy of Agricultural Sciences Medium-late maturing, closed-heading, long
cylindrical

TFER R AR A R A 2 10 A5 B HE T

Kaishui Seed Technology Co., Ltd. Early-maturing, overlapping-heading, obconical

TFEF R AR 22T T B b s 0 151 [ T

Kaifeng Academy of Agricultural and Forestry Sciences Early-maturing, overlapping-heading, obconical

KB T AL BT 5 LB RN T

Zhengzhou Academy of Agricultural Science and Technology —Early-maturing, overlapping-heading, short-
statured

RPN T AL BB T BRI (RSP

Zhengzhou Academy of Agricultural Science and Technology Medium-late maturing, closed-heading, long
cylindrical

TR A AR e LA H A5 O 5 7

Henan Academy of Agricultural Sciences Early-maturing, closed-heading, obovate

THE A AL e LS H R IR R Y

Henan Academy of Agricultural Sciences Early-maturing, closed-heading, obovate

TR AR A TG R

Henan Academy of Agricultural Sciences

TR OB AR

Henan Academy of Agricultural Sciences

TR OB A

Henan Academy of Agricultural Sciences

Medium-late maturing, closed-heading, short
cylindrical

LS @Y

Early-maturing, closed-heading, cannon-shaped
bulb

RS IR

Early-maturing, closed-heading, cannon-shaped
bulb

[ A E AT B B, SR SPSS 26.0 # Rt iT 2
B LA AR S AT ISR BT A 2 B4y AT o

2 RS0

21 SHKBEFEAEMREMEREEE
KSR 16 DK F SRR 2R AT T 2
Ir T AN B L, A R UNER 2 . 11 MREER
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Table 2 Comparison of agronomic traits of Chinese cabbage varieties in regional trials
e e R 4% ¥ TRIH¥ o o - e Y
'S ERH fiinjt FRE ilaii ﬁ(:ad ill\u;‘fi:r T\intfsr FOER TOER I?n?jriised jr‘::;i
Number Gr(?wth height/ Spread/ height/  diameter/ of frame of wrapper ore C(.)re vegetable yield/ vegetable yield/
period/d cm om cm cm leaves leaves length/em width/em (kg-667m?)  (kg-667 m*)
1 65.90a 38.32efgh63.71gh 25.18g 21.21b 8.96 h 36.61 f 3.66c  4.52abc 9730.77 cd 6 746.25 be
2 73.40a 548la 68.17a 5246a 15.12¢g 10.87ef 3125¢ 498a 4.39cd 11 806.96 a 7 765.04 a
3 69.80a 38.87 efg 63.98 fg 29.141  17.92e 11.35cdef 49.68 be 342c¢d 4.39cd 8232.07h 5723251
4 72.70a 4230d 67.56ab  30.06f 19.17cd 11.76 bede 44.32 de 3.66c 4.28de 8584.39fch  5803.36f
5 67.00a 37.89fgh 64.19efg 30.12f 17.90e 10.75f 42.05¢ 412b 4.15e 8312.92 gh 5919.19 ef
6 72.30a 55.18a 6631bc 51.19a 14.60g 9.79¢g 30.57 g 3.79bc 4.11ef 10983.89 b 6 870.41 be
7 71.00a 45.06c 6555cde 3798c 16.68f 11.81bcd 36.99f 2.62e 380¢g 9649.35 cd 6 589.89 bed
8 67.70a 37.57gh 6531 cdef 24.16gh 22.22a 9.38 gh 3251¢g 3.77bc 4.11ef 8 775.06 efgh 6 081.51 def
9 69.90a 39.66ef 6585cd 2543g 22.00ab 9.06h 31.54¢ 351c  4.15e 9 756.76 cd 6 546.60 bed
10 66.30a 36.67h 62.43h 2473 g 20.01c 9.08 gh 3281 ¢g 489a 3.88fg 9026.61 defg 6 316.51 cdef
11 7140a 4522c 64.54defg 39.52b 16.72f 11.14def 33.20¢g 3.64c 38lg 9813.71¢ 6 515.26 bede
12 69.70a 39.77e¢ 64.63 defg 29.32f 18.18¢ 9.80 g 50.86 b 345cd 442bcd 928896 cdef 6947.46b
13 64.10a 31.061 54911 23.12h  15.55g  9.21¢gh 44.09 de 3.03de 4.63ab 5374.671 3804.11¢
14 74.00a 47.58b 68.64a 36.12d 16.73f 16.25a 5431 a 36lc 469a 10 563.77b 6 689.06 be
15 67.80a 38.57efg 67.29ab  30.00f 18.42de 11.97 bc 55.52a 4.59a 431cde 9509.66 cde 6 862.70 be
16 68.40a 39.82¢ 6550cde 31.63e 1837de 1233Db 46.47 cd 349c¢ 4.50abcd  9567.29 cd 6 726.76 be
KA 74.00 55.18 68.64 52.46 22.22 16.25 55.52 4.98 4.69 1 1806.96 7 765.04
Maximum
wAME 6410 31.06 5491 2312 14.60 8.96 30.57 262 3.80 5374.67 3804.11
Minimum
i 2.89 6.44 3.16 8.95 2.31 1.86 8.72 0.62 0.28 1414.13 850.75
SD
¥ 69.46 41.77 64.91 32.51 18.18 10.84 40.80 3.76 4.26 9311.05 6369.21
Average
BRFH 417 1543 4.87 27.53 1273 17.12 21.37 16.55 6.46 15.19 13.36

CVi%

T F AT G AN E NS FHRERIRAE 0.05 KT Z5R7 5

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

AN SRR AAFAE BB 2. BREIEME N 32.51 cm,
Mo RS K = S B, N 52.46 cm, BB R 3 S RAK,
4 23.12 cmo BRARICEIME R 18.18 em, H A FF B
65 e K, N 2222 em, HrK =S5/, N 14.60 cm.
HERMHECEI A 10.84 1, B8 10 552, N 16.25
X IR/NEL 23 B2, N 8.96 Fro HERERIM-HF-H41E
940.80 i, BEE 4 5%, N 5552 o Kk =5 &
b, 30.57 Fro WEERIHODAEK A 2.62~4.98 cm,
SFEMEN 3.76 em; HULAETE A 3.80~4.69 cm, - 35{E
N426cm. ERFFETIIEN9 311.05 kg-667 m”,
IR S = S i s, N 11 806.96 kg-667 m?,
FE 3 SHK, N 5374.67 kg 667 m?>. K= &)
A N 6 369.21 kg - 667 m*, XF 1 T3 = 5 iy
W, N 7 765.04 kg 667 m?, BEFEE 3 SR, N
3 804.11 kg-667 m”, 11 MR EMIRIAL F REAN

T 4.17%~27.53% 2 [A], F A BRE AL 7 /AR K
A E AR A R R AN
2.2 HERFEEEN
ZINIXAXH 16 K EE dn A Pus M VT4 4
WL 3 Frow , 3 56008 3 15 15 2UEE 0.00~1.49 2 [8] , /)N
A 23VHT K =5 JHiE =5 JFER 65 8 H 21 A
12 555 6 AN IR IA B G KT FAD O R
BRI B S PR o B B0 T TR ELE 1.51~6.81
2, R BEE3 5 I 1 SHHE 21 %534
A MPE 6.0 LA E L (H 16 AN d Ak B S P K. K
JE 99 RGN 0.93%~6.27% , Fe bt R 8 2 22 K 69
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Table 3 Disease index of virus disease, downy mildew and the incidence rate of soft rot in different tested

varieties of Chinese cabbage

SR Variety TR I R 2

Disease index of viral disease

TR TR 2L
Disease index of downy mildew

LN VRS

Soft rot incidence rate/%

/ML 23 Xiaobao 23 0.00
=5 Jincai 3 0.01
27 #K 69 Degao Chungiu 69 1.49
% K 7 4% = Improved Qingza 3 0.43
& 196 Xinhe 196 0.03
B =5 Xinchang 3 0.00
Bi& =5 Xinfeng 3 0.00
FFi#% 65 Kaishu 65 0.00
JFHE 15 Kaibai 1 0.03
#1421 Zhengbai 21 0.00
HBH 76 Zhengbai 76 0.01
¥ 13 5 Yuxin 13 0.06
%4 5 3 % Yuchunhuang 3 0.56
¥ 10 5 Yuxin 10 0.13
%42 4 5 Yuchunhuang 4 0.23
#¥r 12 5 Yuxin 12 0.00

4.65 3.87
2.90 2.82
455 627
236 3.86
5.17 0.97
1.51 1.91
2.93 1.43
430 1.56
631 0.93
6.24 235
1.76 1.55
522 1.34
6.81 211
3.54 1.36
5.80 3.09
5.04 243
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BHEMEE EAS HFRESAE B e 25K
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K, HEHEWRREEREEZE G R E
HE JFEE . EEEEREEEHX, 54F
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E, 2 R IR B DU PR Z IR 22 T AR
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B WAL B USE IS BERL S Y Sk F 3K
PR
24 B KBEXGMPRLESH

PL 16 NSk B8 A I 14 AN 2R N
Bt T R BT, SR E 1 R . ERRIREE 5
NS B, 16 NS T 4 28, BB IEEEALEE 10
ARl 3 AT 13 5 08 12 5 O A 19614
HFEREA4S MERERE=S HFFE 65 IHA 15/
23 K 21 EAK 69; SEIRFF LTS 4 S dhFh,
SRRNEIE=S A 76. X3 5 K=
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19.54 cm; O KK, 3578 3.86 em; FE i K
TR, T HIN 2.67%. SHIERERR E R, T3
N 50.07 cm; BR e m, YN 45.29 em BRI S Gy
D SF350R 33.00 Fr s i BRI 1 4R R AR, A
0.01; 78 &2 J0i i 15 TR HUB AR, T 35008 2285 1 3 7 &
HeE PN 693515 kg 667 m?. BSR4 E
WK, N 74.00 ds I REFE A K, N 68.64 cm; ARt
%, 1625 Jr s BRI B £, 8 5431 Jr 3 3K
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B LA T R L A B BR B B 1 T
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Fig. 1 Cluster analysis of tested Chinese cabbage varieties
F5 ANABRAEEMHEZERZMHER
Table 5 Main agronomic traits of four groups of Chinese cabbage varieties
KE WA EH M 73 TFIeEE B BRiz PO EE
Group  Item Gro.wth Ple.lnt Spread/ Head H-ead Number Number of
period/d height/em cm length/cm diameter/cm of frame leaves wrapper leaves
I Y1 Average 68.52 38.94 65.05 27.98 19.54 10.44 4224
5 R CVI% 2.83 3.80 2.33 9.39 8.28 12.13 19.21
i i Average 72.03 50.07 66.14 45.29 1578 10.90 33.00
5 R CVI% 1.48 11.37 2.32 16.77 6.87 7.71 8.73
I M Average 74.00 47.58 68.64 36.12 16.73 16.25 54.31
AR CVIY% 13.90 0.22 0.72 2.40 8.39 7.53 5.05
v i Average 64.10 31.06 54.91 23.12 15.55 9.21 44.09
5 R CVI% 13.46 0.95 0.71 1.82 2.19 2.73 321
= =
. BB hoibE wEE et sk CFTE TR
Group  Item Core C(.)re Dlsejase 1r.1dex Disease 11.1dex of Incidence rate vegetable yield/ vegetable yield/
length/cm  width/cm  of virus disease downy mildew of soft rot/% (ke 667m® (kg 667 m)
I i Average 3.86 427 0.23 4.96 2.67 9078.45 6 367.36
5 R CVI% 12.63 4.45 194.43 21.83 59.37 6.03 6.85
I M Average 3.76 4.03 0.01 228 1.93 10 563.48 6935.15
5 R CVI% 25.73 6.98 115.47 32.80 32.63 9.66 8.28
11 i Average 3.61 4.69 0.13 3.54 1.36 10 563.77 6 689.06
5 R CVI% 12.62 3.95 55.47 46.79 55.16 4.52 6.48
v 18 Average 3.03 4.63 0.56 6.81 2.11 5374.67 3804.11
5 R CVI% 5.75 8.82 25.00 53.11 44.94 8.09 6.34

FRAEE KT L0 M EH A 54, Bt mmkE N
90.359% . 5 1 F B FFAE{E Ny 5.885, TTER & N
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I S50 R A 58 118 38 A 448 %o R 5 K, = T s e 7 I
BRI ARG R . 5 4 TR0 M ERE N



5k, 55 A KA KR ARG

R

X ISR 5T

#=6 TESRAXBFERMERS D
Table 6 Principal component analysis of different Chinese cabbage varieties in the trial
IR Agronomic trait F 4 1 PCL T 2PC2 S 3PC3 i 4PC4 FRSY 5PCS
4= H #1 Growth period 0.823 0.421 0.051 0.044 -0.201
Pk Plant height 0.721 0.644 -0.153 -0.075 0.105
FFE ¥ Spread/ 0.967 -0.051 0.103 -0.044 0.106
Bk Head length 0.543 0.803 -0.146 -0.070 0.141
1k4% Head diameter 0.025 -0.960 -0.192 -0.001 0.054
A4 Number of frame leaves 0.511 0.199 0.686 -0.019 -0.286
BRI-%1 Number of wrapper leaves -0.040 -0.117 0.905 0.192 -0.146
FL K Core length 0.187 0.000 -0.055 0.009 0.886
FLHERE Core width -0.173 0.050 0.781 0.168 0.157
993 29393 1575 5L Disease index of virus disease -0.243 0.036 0.249 0.871 -0.215
FEE W 554U Disease index of downy mildew -0.647 -0.535 0.291 -0.103 0.282
% K9 % Incidence rate of soft rot 0.022 -0.057 0.110 0.954 0.144
37~ 1 Unprocessed vegetable yield 0.862 0.199 -0.118 -0.203 0.331
#3527 & Processed vegetable yield 0.817 0.025 -0.068 -0.221 0.417
FEEME Eigenvalue 5.885 2.684 1.726 1.334 1.022
TTHAZ Contribution rate/% 42.034 19.169 12.332 9.527 7.298
i IIEk % Cumulative contribution rate/% 42.034 61.203 73.535 83.062 90.359

1.334, TTHRHE R 9.527% , o Hh 3 #5903 995 17 T8 BN 4 3 7 "I, SRE 15 o0l E , 2l A R B
998 T 2 R B ar A 0 B K, 2 B St T 750 f@ﬁ% KAZEZ MM LG N-0.21~2.85, 458
AR SRR G S 28 5 ERIRHIEE N 1.022, - HEAET 5 ISR OB R =9 K =
TURREEAN 7.298% , Forbr b AR K PR A8 (L B K vm%%ﬁ 10 541 76 MM RFR =5
#7 BRAEXSMNEETNSHSR

Table 7 Comprehensive evaluation and ranking of tested Chinese cabbage varieties
S FHSY T ERS2 EW3 O BES 4TRSS GAlS i
Tested variety PC1 PC2 PC3 PC4 PC5 Comprehensive score Rank
/M, 23 Xiaobao 23 1.80 -0.72 0.78 0.30 1.38 0.93 13
=5 Jincai 3 4.68 1.86 0.44 -0.13 1.94 2.85 1
3Kk 69 Degao Chungiu 69 1.74 -0.06 1.79 1.78 0.68 1.33 9
o K7 4 =5 Improved Qingza 3 2.93 0.28 1.16 0.68 0.76 1.79 5
4 196 Xinhe 196 1.78 -0.20 0.90 -0.16 1.15 1.01 11
B =% Xinchang 3 4.20 1.94 0.02 -0.25 1.26 2.51 2
HiE — % Xinfeng 3 3.19 0.82 0.36 -0.27 0.54 1.78 6
TP 65 Kaishu 65 1.92 -0.79 0.28 -0.14 1.13 0.87 14
FFH 15 Kaibai 1 2.15 -0.75 0.33 -0.33 1.22 1.00 12
FFE 21 Zhengbai 21 1.53 -0.79 0.18 -0.09 1.68 0.71 15
FFE 76 Zhengbai 76 3.37 1.01 0.07 -0.24 0.91 1.90 4
39 13 5 Yuxin 13 222 -0.12 1.36 -0.04 1.06 1.32 10
%45 3 %5 Yuchunhuang 3 -0.86 -0.66 1.62 0.70 0.45 -0.21 16
#5910 5 Yuxin 10 3.93 1.01 223 0.04 0.83 2.50 3
#%% 2 4 5 Yuchunhuang 4 2.41 -0.29 1.72 0.36 1.47 1.48 7
B# 12 5 Yuxin 12 242 -0.03 1.50 0.09 1.08 1.46 8
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