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Screening and evaluation of the adaptability of Chinese cabbage in the al-
pine region of Huangnan, Qinghai

FAN Luze', BIAN Shuanling', OUYANG Tianyu', ZHAO Qingsheng', MA Jie’, WANG Lili’, REN Yan-
jingl, 4,5

(1. Laboratory of Germplasm Resources Research and Utilization on the Qinghai-Tibet Plateau/Qinghai University, Xining 810016, Qinghai,
China; 2. Huangnan Prefecture Agricultural and Rural Comprehensive Service Center, Huangnan 811300, Qinghai, China; 3. Jianzha
County Agricultural and Rural Comprehensive Service Center, Jianzha 811200, Qinghai, China; 4. Qinghai-Tibet Laboratory of Germ-
plasm Resources Protection and Genetic Improvement, Ministry of Agriculture and Rural Affairs, Xining 810016, Qinghai, China;
5. Key Laboratory of Vegetable Genetics and Physiology of Qinghai Province, Xining 810016, Qinghai, China)

Abstract: Through an adaptability evaluation of 20 Chinese cabbage varieties grown in the open field in the alpine region
of Qinghai, this study aims to provide references for the selection and promotion of superior Chinese cabbage varieties in
this area. Data on 10 quantitative traits and 9 nutritional indicators of the tested materials were collected and subjected to
correlation, principal component, and membership function analyses. The results showed that the agronomic traits of the
tested materials exhibited a wide range of variation and diversity. Correlation analysis revealed 9 pairs of traits with
extremely significant correlations. In the principal component analysis, the cumulative contribution rate of the first 9
principal components reached 89.46%, and the membership function values ranged from 0.32 to 0.53. Based on compre-
hensive principal component evaluation and membership function analysis, Tianqing 75 was found to excel in agronomic
traits such as head height, head diameter, untrimmed head mass, and single head mass, while also exhibiting low nitrite
content in the leaf midribs. Jiaoyan 5869 performed well in plant spread and single head mass, with high total sugar
content in the leaf midribs and high soluble sugar content in the leaves. Gailiang Qingza 3 demonstrated overall excellent
quality with no significant weaknesses. Qiuxi showed high water content. In general, the four varieties (Tianqing 75,
Jiaoyan 5869, Gailiang Qingza 3, and Qiuxi) have good performance in this study, which can provide a reference for the
selection of Chinese cabbage varieties according to different needs in Qinghai region.

Key words: Chinese cabbage; High-cold region of Qinghai; Adaptability screening; Principal component analysis; Mem-

bership function analysis
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B 2 77 2 AR (1) B L AH R 43, i AR
K, AT AR = & 2k —F it #
=T R E A TR R R
FEFRIIAIA 2000 /5 hm’, S22 8 4L t, M= {H
il 2 JiAe e B3 TA R AR RIGUS AR AT 22
TF R e 1) B BSOS AE I 2 ol AR B 2 4 R B
RO R R BEE Y. K 3¢ [Brassica campestris L.
ssp. pekinensis (Lour.) Olsson] 2 J& T+ [F , & 3% [H
5 RBRAAR), SERPRE AR 180 /3 hi® /247, 7E3)
1 117 I R 8L LA E R AN A% AR T TR A B AR
P KBRS SAER 0 YRMAa4ER, BAHk
B T B LT A N 3 e A R A DR A R ) R
AR AN B 5 R E A

AR, R K E SR B 7 A AN D HRGE
0 AR BRSO AR X Y 33 N R E S R AT T
WA, i T HRMZ M. 5RO 47 (ir K
SEAE T VY T MO X IR 3 SV J 2 REVEEAT T A0 AT
iz XK A S R A Rl S iR A 7R
WG EFEFE 17 40 RIFEAS [F] 1) A A4 e He [
V5 VYA AR AN G R 1 5 (078 77 BU2EAT D 38 A0 43 A
NAGERR B 1) 2 A E F AR AR . 2 1H
B Sl b b DA [) i o O 3 R B R B A
FECREIE B L B HEAT T RGP . FhITEERY 5
AN OR F 3 b ) 2 E R AT IE
KSR il BT %8 SRRt 7R 3R .

SR H AT %75 1 5 5 i XK S it A A
I LA, HEEA R 2R BRI LR &0t
FARIE . FE T XK S S P 2 AR, 2
AT RS, A FUN T 1 5 R e S XOMPAELIY 20
AN KR B AT B9, I A S L R VS
RS RG R RTE T R E bR R TR
510 A TR ZMR KK B S 5 A e
B ATV P S AR O THUE FRAR AR HEAT 23 M, X R
I S AN [R] it A ) A 2R ot B POPR AN E 5% o B )
Z2 5 BEAT 2, LI D9 75 M 1 X PR S et b %
SRS EKIE

[ P RS DARE

1.1 LG R

PRI b A7 T 75 AR 0 R U B A M RS T R
AL RN 2 324.6 m, M A AT R AR 45 T
A1, JE T R KRG A, LA VLR & (w,
Ja 272 g kg, pH 8.16, & & & & 1.66 g-kg', 4=
& & 2.55 ¢ kg, AHHE E 20.03 g- kg, AR AT

166 mg kg, AU & 72.4 mg kg, HAH
338 mg-kg'.
1.2 R

TR ok [ 4 [ A4 20 A LA K E
s KPR IE W& 1, WA RS REE WLE 1,
KB WM T, T 2024 4 6 H 18 HEE 3L,
T 2024 59 H 25 Hb TR ZEHARFE .

1.3 R

K FH L DR R BE ML IX 2 1520, SR FH P B A, A
1THE N 45 cmx50 cm, BN X AN 9 m?, K 9 m,
B 1 m, FAE K 2% 36 &, AN LAl 3 IRE K.

14 RZMRKIPE

T 2024 9 A, SR E LW RS KA
SRR SRR ER v ER T BR R BRI
A E L BRI R G 2 s AR 10 AR
SYRIREATIE 3 IRE K
1.5 FREMRKIPE

Z I GB/T 19557.5 —2017" 2 K [ 32 % 5
£ AR o i | I ERTOPR R i 3R B AR 0 R
fE,3 IREH
1.6 MA . .HEEFRRIERNE

SEAGIE I TR AR O T, BEANFE SR 3 IKE
AR SRE ATV YERE AT R B TR R S
YerE R CORHAE PR AR E N A4S =
S IK &

KRG & L R EREA R A FD W E
KA M A5 AR OB (BC 2715) 1] v M B
(BC 0035) . AI A M A (BC 3185) . 44 & C(BC
0225) KB E b &R (BC 4335) WA R £ & & (BC
1495) 5 5K AR & (O M BHG A M E R B IR A A
W 5 B AR A & BE & & (SPT-1-W) ; 2 6 GB/T
5009.10 — 200320 52 ¥H £F 2 & & 5K B4 T

RN E E KR
1.7 RS

K F Excel 2013 4b P4 I 3347 2 AF M 45 40
Sy AT SR eR A BT s SR SPSS 25.0 HEAT 3 Ak
G353 BT RIAR SR AT, DARFIEE K T 1.00 J9brifEde
W By 15 21 J5 06 H 08 A OG 30 BE B REAEAE 7 22
TURRER R 7 Z DT R4 s SR A UPGMA vE 4T
BRI EHIAE.

2 SR
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- 105 -



K B R 5T hOH N #38%
#F1 HiAKBEXmRAKIE
Table 1 Sources of the 20 Chinese cabbage varieties tested
i PTRIE Vs
No. Germplasm resource Source
Bl %75 8 5 Cuiqing No. 8 KA BN 4 BR A 5 Tianjin Gengyun Seed Industry Co., Ltd.
B2 K% Dajiangjun WA IRVE 4 e 4 4 BR 24 5] Harbin Jinlong Agriculture Co., Ltd.
B3 YR HZ 3 5 Gailiang QingzaNo. 3 H SR A R A 7] Qingdao Jiaoyan Seedling Co., Ltd.
B4 £t B1102 Huanai B1102 Jb s B Ak K Jé 4 BR 23 7] Beijing Huanai Agricultural Development Co., Ltd.
BS Jii i k2= F Jiaoshu Autumn King JE M 1T 2= 7% 55 320 9T T Jiaozhou Dongmao Vegetable Research Institute
B6 JHTF 5869 Jiaoyan 5869 BB A FR A 7] Qingdao Jiaoyan Seedling Co., Ltd.
B7 Jge 5 Jiaoyan No. 7 BB A BR A 7] Qingdao Jiaoyan Seedling Co., Ltd.
B8 JBEHJF =5 Jiaoyan No. 3 H B IR A4 PR A 7] Qingdao Jiaoyan Seedling Co., Ltd.
B9 Wi+ )\ T Keke Shibajin 15 e R A PR 22 7] Shijiazhuang Xianfeng Seed Industry Co., Ltd.
B10  #i%% 2 5 Menghuang No. 2 L A Al & A5 TR /A 7] Beijing Huanai Agricultural Development Co., Ltd.
B1l i (3% Pibang Chinese cabbage Je B IS5 M7 A7 IR A 7] Beijing Sibeiqi Seed Co., Ltd.
B12 & ® Qiuxi M A FR A 7] Qingdao Jiaoyan Seedling Co., Ltd.
B13 KM Dagingmaye 7R M = F5 Rl A PR /A 7] Qingzhou Yunshou Seed Industry Co., Ltd., Shandong Province
Bl4 K75 55 Tianging 55 KR T B E R 40 A PR /A 7] Tianjin Gengyun Seed Industry Co., Ltd.
B15 K75 75 Tianging 75 R T B E R4 A PR /A 7] Tianjin Gengyun Seed Industry Co., Ltd.
B16 XX 60 Jinshuang 60 R T B AR 4 A PR /A 7] Tianjin Gengyun Seed Industry Co., Ltd.
B17 ¥kl 3 5 New Beijing No. 3 VF A H AR T A BR A 7] Jinan Shenmeng Seed Co., Ltd.
B18  #i3% 034 Xinmei 034 bt RAEH A BRA 7] Beijing Xinmin Technology Co., Ltd.
B19  #i3E 159 Xinmei 159 b5 RAEHE A BRA 7] Beijing Xinmin Technology Co., Ltd.
B20 X% Ziyi A [ 3 1 FfF- Imported seeds from Republic of Korea
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Fig. 1 Images of the 20 Chinese cabbage varieties tested
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b, SRk 2 Fos , A 3 MRZHR I E 7
RBOKT 030, IR B/IMK K R 56 4 258 B 52K
B E BRI ERTE PR E R s AR R
REBAN . ZFEVERRBO A R, F 7 MR
CBRIH PRI BR 58 L BRI & 40 25 L
BRE S AR ED B 2 IR RO R T B T 8
H(1.28), WX 7 MEREFREE 2.
FHIGE 2 B 4 RNk 3 B, BR 98 5 BBk i =
T R BRI T R A A B R A L BR
5 b mt A R TR S AR A S RER
JR B AR 2 v T S Bk 7 IR R ) 2 R 2 AR
K, HERERE SRR R E SRR ERE
BIRMRE A . SRS MR m B UK.
22 AEGMAKEXAREMERTH

X 20 AN KSR SRR S N i MR AT
M, 85 RN 4 Pros, ZFREVEIREUYTE 0.64~1.02 2
(6], Frp p it i SRR A 3k B ag (A RR i 2
FEPER R, A B 45 58 IR ER I b o 43l o
FhEL) 60%5%-35% , FFERFEAR N SLBRTE T T L K
T TR A ST (1) it A 43 ) o ek i o 48 ) 20%30%
30%7H1 20%, I Fr N SR LR S8 T B At Bk B st
P2 DN F R ) it b 20l o o R R 50%
20%AH1 25%.
23 ARISMABRWEFRESHT
231 KaXrthF 8T RSASAN 320 A
K E S S BR v &5 IR S AR AR EAT R, &5 3R
WL 5 fros, i b 8 8.26~34.88 mg - g,
I B Rl BSURGAKEE 1) s nlVEERE & &N
2.30~19.45 mg- g, & & = A APy BOCEUR )\
JT s AR AR & RN 0.93~6.02 mg- g, 7 i
SRR B20CEH) s WHETR AL 5 2 (b, JG FD N
2.97~35.61 nmol - g, ¥ B H AR S AN BS UK
ZEEO A B6 (A 5869) ; A% C & &N 1.07~
7.73 pmol - g, F B AN BSURERAKZE T 5
AR B S 8N 0.15~7.52 umol - g, & & i Ik
AN BTORIEE5) s BiHE MRS EN 1.31~
10.02 pg- g, & A i AN B19GHT 3£ 159) 581
Y BN 9.49%~18.34%, & BRI S A B20
(CEE)  HKEN 92.36%~95.01%, & /K & =
A B4 CHEfiiF B1102)
232 kakretwmbaE RS RS 20 NK
1 S5 b o A v 85 R i AR AR R AT MU E L S5 SR an
6 T, 20 AN K E 3 b it A RSB B R
2.39~14.17 mg- g, & B K AP BSURBR Ak 2=

T nl RS BN 1.90~21.61 mg- g, B &
(RN BI3CKE M) s ilEHE AR & &N
5.09~33.02 mg- g, & & dx m A AN B8 (IR BIF =
5 WAER R & &N 0.27~0.41 pmol - g, & BRI
[ b Fl R B16 CGEEXL 60) s 4E4E K C &N 1.47~
10.53 pmol - g, 7 & & i i AP B13CRFERRI) 5
BRACH M & BN 0.11~1.87 pmol - g, & B A AIK
Bt A BI3CRKF R s KiHE MRS EA
0.31~4.91 pg- g, & & & = B & o B19 (i 3%
159) ML 4E & 84 10.80%~19.18% , &5 & Fe ik
HI Ay BI2(RKED s 7K &N 94.93%~96.59%, &
K f R A A B4R B1102) .
24 EFmMRIEFRERIEX S

75 20 K ESE A 9 /N E F= 5 B e An
By S BB SREHEE SRS B, Tk AT A G
PEG BT, B 255 20 AN K ESE R 2 AN ZLR (1) 8
ANE IR TR bR AT MO b, S Rk 7 By
AR SRESEEEO SR A AR
BH5UMREGE A EEEA S E ST 4
TR MAAEEEATRESSEERC HEE M
AAMEASE SIS R C S & R
HEEGMHAE S E R & 25 4
ARCEHE MWIMRESESHAAESEYE
35 U O s R 1R K R S AR I R R £
SRR 3 R OG5 I R SR R A T PR R
HEEREEHEHFOBEEEE54ERC HE.
M aT R S E S AR A A = R
MEE S ESWHR SRS E . EKE S i
s m TSRS RELER C F &,
M AR C RS AE RS BN ERE
E N D
2.5 ERSPEIEN

X 20 AN K E SR 2 AR 8 ANE TR
JFRFEAR K 10 MR ZVERFEAT E R 8. DURFAE
HRF 1.00 NFrAEFRELE B2, 45 Wik 8 fion,
1626 N FaARH, BT 9 AN R Bt Tk Rk
89.46% , FEABENS et 26 MEFRII KIS R .

51 R RRIEE N 4.32, T ETTERE N
16.63% , AL W) 5 2 NHE B = I R E B
K E:(0.93) L FRBRVF T B (0.86) L L ER B & (0.80)
A 7] 9 1 2R A B (—0.72) AR & 7K B €0.70)
W B 77 R g 1D P K R v T ATV R R R
i 58 2 A AR IEAE N 3.58, T Z TRk R N
13.77% » REAIE ) 50 466 0B 25 oo P 1 WK S A 1 7 T
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Table 3 Correlation analysis of agronomic traits in Chinese cabbage
2% 2% Correlation coefficient

VER Trait Prim bRIE BRem BROE PRERE R RERGE AL B %%ﬁ% &
Plant  Plant Head Head Gross mass  Net mass Outer Inner =8 Midrib
height spread height  width per head per head leaf count  leafcount  Core height thickness

Pk Plant height 1

FRIE Plant spread -0.102 1

BR T Head height 0.141 0.062 1

PR Head width 0252 0.141 0397 1

BIREE 0.490* 0339  0.173  0.562%* |

Gross mass per head

FLER{S T i Net mass per head  0.348  0.304  0.021  0.453% (.948** 1

AL Outer leaf count -0.002 0.010 0.095 0.078 0.458% 0.501%* 1

ERM-44 Inner leaf count -0.494* 0.269 -0.199 -0.169 0.141 0.229 0.478* 1

Fi 45 25 51 % Core height 0.250 0.184  0.537* 0.280 0.214 0.176 0.178 -0.337 1

i Midrib thickness 0272 0.073 -0.166 -0.107 0.281 0.453* 0.256 0.076 0.189 1

VE:#FRIRTE 0.05 /K (P<0.05) A, **FRIRLE 0.01 KF(P<0.0DIREFEFT. T

Note: * indicate significant correlations at 0.05 level (P < 0.05) , and ** indicate extremely significant correlations at 0.01 level(P < 0.01). The

same below.
x4 KBEXRMWREMRSEWMER G2
Table 4 Grading assignment and statistical analysis of qualitative traits in Chinese cabbage
U EZLRES R
R 434 5t :
Dﬁg‘ﬁ'{}\ . vt Emﬁ . Number of varieties Diversity
Qualitative trait Classification and assignment .
1 2 3 4 5 index
BHLE L2013 % 8 0 12 0.67
Compactness 1: Loose; 2: Medium; 3: Tight
St 1:55%:2: 5853 IR %k 2 1 7 0.82
Outer leaf color 1: Green; 2: Purple; 3: Dark green
I ) 1298503 7R 4 e % 11 l6 2 0.64
Inner leaf color 1: White; 2: Light purple; 3: Light yellow; 4: Light green
HERTEAR L BRI 5 2 SKBRT 5 3 A1 s 4« IR 5 5. M 0 4 6 6 4 095
Leaf head shape 1: Spherical; 2: Top spherical; 3: Cylindrical; 4: Long
cylindrical; 5: Shell-shaped
IR _E AR R 132715307 10 4 5 1.02
Greenness degree of the upper part of 1: Light; 2: Medium; 3: Dark
the leaf head
EYEERE S E0.87) i SO B (0.80) ./ B12.B9.B8.BI8.B5 I3 & R EMRFIE TR b 5t ,

Y

EAHEIR 27 8 (0.78) 5%, 28 2 F s F 2 R K
KRS TG R 58 3 F A RRIE(E N 2.85,
J7 ZETTRRER A 10.94% , A ) 8 400 0 50 vy (1) MR
AT R4 25 (0.85) VBR 1 (0.80) I AR £T 4k
T (-0.52) . HA IR T ZTTHREE N T 10%.
WIZR 9 Frow, BT 20 AN K A 3% 5 A IR
ZREVEY, AN TRLK B3 S R 9 32 B2 45 0 HE A R IR
¥ B15 > B6 > B13 > B3 > BI2 > B9 > B8 > BI1§ >
B5 > B16 > Bl > B7 > B19 > B4 > B10 > Bll >
B2 > B14 > B17 > B20. i B B15.B6.B13.B3.

TR I R R & MM & A HET A .
2.6 EFMRIRBERBSW

X 20 AR B S AT SRR ek B A s SR
10 Frow, SR8 s Ui /3 i E 0.32~0.53 2], °F
BIE N 043, KT & T FEERSFE 114K
KON B12(BKE) \BISCRT 75) BI3CRF R
B3( B4 3 5).BI9CH £ 159 .B7(KRHF L
S B5 (IREEKZET) . B6 IR AT 5869) B2 (KK
7)) BI18CHI3E 034) B10CHT % 2 5, YL HHIX 11 4
a AP B BN RIS RS . SR A YRRV AN
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Table 7 Correlation analysis of nutritional quality components in 20 Chinese cabbage varieties

NQC A B C D E F G H a b c d e f g h
A 1

B 0.246 1

C  -0.554*% -0.143 1

D  -0.553* -0.157 0.756** 1

E -0.184 -0.045 -0.368 -0.161 1

F 0.251  0.154 -0.540* -0.448* 0.242 1

G 0.599**-0.090 -0.445* -0.297 0.224 0236 1

H 0.109  0.569** 0.009 -0.045 -0.239 029 -0276 1

a -0.250 -0.323 0248 0.166 0322 -0.235 -0.140 -0.074 1

b 0.554* 0289 -0.223 -0.223 -0.150 0.058  0.592*¥*-0.065 -0.116 1

c 0.071  0.163 0217 -0.062 0.127 0.027 0212 -0.141 -0.159 0.199 1

d 0.226 -0.198 -0.007  0.023 -0.643** 0235 -0.092 0315 0.030 0.000 -0.304 1

e 0.358 0388 -0.107 -0.156 -0.150 -0.090  0.141  0.183 0.015 0.368 -0.273 -0.014 1

f -0.140  0.058 -0.337  0.074 0.777** 0.194  0.257 -0.170 0.176 -0.174 -0.085 -0.484* -0.231 1

g 0.330 0322 -0.526% -0.549* 0.093 0.785** 0.241  0.163 -0.463 0.158 0.217 0.087 -0.260 0.178 1

h 0.046 -0.191  0.032  0.090 0.095 -0.203 0369 -0277 0.119 0.292 0.364 -0.069 -0.378 0.078 -0.039 1

E:NQC. E IR MUY s A SN Er&-i s B Al e & - s C P A -t s DLOERERR R B -0 s B B K E-IE T
F.O MY - s G 4E2E 3R C & - s H BT & R & - s o SRR B0 s b, WP & - o PV TE R B -
s d. EASER Eh & - s e, Sk - £ ORIAFAE S - g 4EAE R C & - s h. AR AT T 2 -

Note: NQC. Nutritional quality components; A. Total sugar content - leaf blade; B. Soluble sugar content - leaf blade; C. Soluble protein con-
tent - leaf blade; D. Nitrite content - leaf blade; E. Moisture content - leaf blade; F. Crude fiber content - leaf blade; G. Vitamin C content - leaf blade;
H. Glucosinolate content- leaf blade; a. Total sugar content- leaf stem; b. Soluble sugar content - leaf stem; c. Soluble protein content - leaf stem; d.
Nitrite content - leaf stem; e. Moisture content - leaf stem; f. Crude fiber content - leaf stem; g. Vitamin C content - leaf stem; h. Glucosinolate con-

tent- leaf stem.

B SRR BT BRI 5 AR SEHCRMRAE 5 D HRET iR (HE TR IR AR B AL
LRI (i, 20 3009 BISCRTE 75)BI3CKERR 22, U WIZSRAUF bR = K 7 B, (B IR R

) BoUEHIT 5869 B3 KT 3 5) BI2(FKE) . BAK. SEVIEE 1 ANEFR, A% 5 R R 1R
2.7 KBEX@&MHBOBAST A& B VA EEEE 5 DR R, M A

320 MK EERFISIRRE R T RS TR & RRIC, SRS IR R, W)
BRSIPHT AERIDURECN 15.5 1, 045 20 ARESE  VARALBHL R IO B 42

AR R 5 RS 20,08 5 AN RE 26 MR N \
S = Q:I: A\
A I TN v B O SSE
i 5 B AR 2 R S e Fk 75 oD H R WA LT SRk, MoK R A R 7 69

Fon MR WK 2 Fos, 3L 13 AR % A HlRIHE R S AR A XSRS 1650~
Fmt R EVE R A S BAE 5 MR, B 3900 m'. FHEIG AL S M X e v s R T AR s
Fr BRLEF e R AR A B S BRR, W IZ R MK RS AR BRR E AR A EOR . Dy ik &
AR RS TR I TR 5 SRTERIE 3 AN dh i, JLAb A B S ORI AR ) K St Bl 22 3l X 20 A
ANERI-HGAE 5 ANHREh S ferm, WA AT 4E 5 i K B S A e 7 0 v 98 3 DX R MRS, 57
BRAG SRR 82 s SRIISRAE 2 AN R, 3L SO0 SR AR SR 04 s oy o i R L R K0y
o A MU AR SR S B AR S R SRR BT SRE s B, W ST R R AR T I R JE A
£ 5 MR e, MR A S Bk NRENEER.

G BR R BROE 4 25 AR 5 AR S R AR S A BN 22 FETE TR BOZ VR AR VR IR 2
VHHZRAR MR SRR BBUN EE IR E YEREERRY, A A 3 MR TEIR 2
IV L AR, Hbk s B RERE R IREBOR, AR R B RT 030, R R 48 22 =
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Table 8 Principal component analysis of different traits in Chinese cabbage varieties

T %4> Principal component

¥8 4% Indicator 1

2 3 4 5 6 7 8 9

JE S - 7 Total sugar content — leaf blade -0.25 0.80 -0.10  0.05 0.22 0.15 -0.04 004 020
S & -4 Total sugar content— leaf stem -0.03 041 -038 -0.19 0.56 0.18 -0.10 -0.02 044
EIp2Liy E,/‘\E—'—ﬂ =

;ﬂiﬁ Zai O;E;  leafblade 006 014 -023 018 023 08 023 0.1 -0.10
ALV PERE SRR

Soluble sugar content leaf stem 0.12  -0.05 -0.01 -0.14 0.23 001 008 089 021
Ciprd S

;Iﬁ;i%roete?ni;on;i " leaf blade -031  -087 -0.10 -0.18 0.05 -0.01 004 017 0.05
AIVATE R A -

Soluble protein contet- leaf stem -0.72 020 047 -0.12  -0.11 0.09 -026 -0.20 -0.01
METH AR £k 4 - A Nitrite content— leaf blade 0.13 078  0.15 020 026 —0.14 034 007 -0.14
E i 2 £k 2 E - Nitrite content— leaf stem 0.16 -0.18 042 -022 -054 -0.17 024 030 027
& /K&~ F Moisture content— leaf blade 0.93 0.09 -0.04 0.08 -0.17 -0.09 -0.12  0.07 -0.06
2 /K B~ #5 Moisture content— leaf stem 0.70 0.14 -026 —0.09 -0.57 0.09 -0.13 -0.07 -0.03
HLEF 45 &1 Crude fiber content— leaf blade -029 055 -052 032  -0.03 -023  0.04 -0.02 032
FLZF 45 -4 Crude fiber content— leaf stem -0.15 063 -027  0.30 0.11  -023 -041 -020 0.13
4423 C &M Vitamin C content- leaf blade 0.18 0.62 -026 —0.44 0.13  -0.12 -028 0.13 034
4423 C {4 Vitamin C content— leaf stem 0.11 0.00 009 -006 -0.06 -0.16 -0.08 0.17 0.90
AR 24 5 51 F Glucosinolate content— leaf blade 0.19 0.03 -030 0.08 -0.15 -0.73  -0.08 020 0.21
TR AR &) 7 S - Glucosinolate conent— leaf stem -0.04 -0.12  0.00 -0.80 -0.13 -0.14 0.2 022 022
¥R Plant height 0.25 009 012 -0.11  -0.16 022 086 000 -0.13
¥k Plant spread 0.14 020 0.3 0.3 0.89 0.16 -0.12  0.12 -0.05
Bk Head height -0.10 0.01 080 007 0.11 -031 023 -001 0.02
BR9E Head width 037 -022 032 0.02 0.30 001 029 -0.67 0.07
HLERE T i Gross mass per head 0.80 0.16 021  0.17 0.27 0.04 038 -0.08 0.07
HLERHT B Net mass per head 0.86 022 012 0.9 0.20 0.11 0.19 -0.03 021
AL Outer leaf count 0.34 0.00 0.11 088 -0.07 0.01 -0.01  0.06 0.14
ERIH-%{ Tnner leaf count 039 006 -026 048 021  -036 -049 024 -022
FHAE 2L Core height -0.02 0.10  0.85 0.11 -0.02 030  0.02 -0.13 0.07
71 JE Midrib thickness 0.42 0.03 000 012 -0.12 0.56  0.02 045 0.12
FHIE{E Eigenvalue 432 358 285 239 2.36 223 193 191 1.69
TiWk% Contribution rate/% 16.63 1377 1094  9.20 9.09 857 741 736 649
i FIHRF Cumulative contribution rate/% 16.63 3040 4134 5054  59.63 6820 75.61 8297 89.46

BB R ARG R . XSV A
b A TR R4 25 i AR e R BRI S e — 5. £
FEPERR B b7 45 R o, 3R B Bl 3R EE L Rk
TR R R R ER R R AR = A 7 M
WEAEBONFEE 2R AR ITE RER,
LG RN ST E S EPNINES PO SHIPSE 82 SEYA
EERE VARG ESPIRERE, XS5 SRE
SRR R S R A AR R 3 TE AR DGR T 4
R—BUGEFRMBPREZEMRNAE 70, 258
MR 4E S B SRR R C & S KE
LML 4E S B i v B A B AR

HhEE A AESESEER C SR O 4EE
R C o E SRR MR & o AT TR
SR 5 S 2 A A KRS A A R
HER.

HigEE BRI Z R, AR TSR R, Lt fh
T ) B35 5 35 8 P, i A HA o o L B 1) ol A B
TACRIGWL . 38 FH F 5o 70 5 R 2 B o7 iRt
K ST B AT T , 7R3 R B PP AR AT =
5 A EE A HEAS M A SE B AR S . @i
T R4y 4y A, Ok BIS (R 75) L B6 (i A
5869) BI3CKHFRM) B3R H K 3 5)EL44
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Table 9 Comprehensive evaluation of traits in 20 Chinese cabbage varieties
o T4y 154 Score and ranking i HE4
Variety Ranking
Fl F2 F3 F4 F5 F6 F7 F8 F9
Bl -0.01 -1.00 -0.05 -0.47 0.36 1.89 1.37 -0.57 -0.85 0.01 11
B2 -0.77 -1.07 0.92 0.13 -0.31 0.31 -0.45 -0.17 -0.62 -0.28 17
B3 0.84 0.62 0.10 0.98 0.43 0.63 -0.49 -0.32 0.15 0.42 4
B4 1.26 0.38 -0.16 -0.97 -1.74 -0.82 -0.82 -0.83 -0.12 -0.23 14
B5 -0.91 1.50 -0.64 -0.39 1.72 -0.86 0.22 -0.83 0.96 0.06 9
B6 1.52 125 -0.39 -1.24 1.44 0.95 -0.08 0.77 -1.39 0.49 2
B7 -0.17 -0.90 1.00 0.72 -0.08 -1.64 0.09 2.34 -1.21 -0.03 12
B8 -1.55 1.57 2.86 -0.40 -0.60 0.60 -1.00 -0.07 -0.43 0.14 7
B9 0.00 0.58 -0.76 2.52 0.28 1.20 -0.60 -0.64 -1.41 0.19 6
B10 -0.36 -0.44 -0.88 -0.61 1.82 -1.22 -0.86 1.08 -0.28 -0.24 15
B11 -0.99 0.86 -0.53 -0.35 0.04 -0.71 -0.27 -0.87 0.47 -0.27 16
BI12 1.32 -0.13 0.25 1.43 -0.22 -0.65 -0.65 -0.81 1.19 0.28 5
B13 027 0.51 -0.36 -0.44 -0.75 1.57 -0.54 2.34 2.45 0.44 3
B14 -1.49 0.31 -1.19 -0.10 -0.88 -0.22 1.58 0.52 -0.69 -0.37 18
B15 1.47 -0.57 2.00 -0.39 1.10 -0.45 2.10 -0.58 0.78 0.64 1
B16 0.42 0.64 -0.76 -0.27 -1.77 0.10 1.71 0.19 -0.26 0.02 10
B17 0.90 -1.35 -0.59 -1.37 -0.66 -0.23 -1.66 -0.58 -0.83 -0.59 19
BI18 -0.16 -1.24 -0.27 1.47 0.26 0.29 0.01 0.54 0.94 0.07 8
B19 -0.12 0.31 -0.27 0.62 -0.69 -1.50 0.63 -0.48 0.22 -0.13 13
B20 -1.49 -1.84 -0.27 -0.86 0.25 0.78 -0.28 -1.07 0.92 -0.62 20
Fz10 20 MREAERMHPREEHE
Table 10 Membership function value of 20 Chinese cabbage varieties
G AR il TP O R
Number  Variety name Memjbershlp Number  Variety name Memjbershlp
function value function value
Bl 7 8 5 Cuiging No. 8 0.41 Bll i F13% Pibang Chinese cabbage 0.40
B2 KH4 % Dajiangjun 0.44 BI2 K Qiuxi 0.53
B3 R 2% 3 %5 Gailiang Qingza No. 3 0.48 BI3 K7 K Dagingmaye 0.51
B4 £} B1102 Huanai B1102 0.39 Bl4 K 55 Tianging 55 0.33
B5 JE R FK 2R T Jiaoshu Autumn King 0.44 BI15 K 75 Tianging 75 0.51
B6 JEZHTF 5869 Jiaoyan 5869 0.44 B16 XL 60 Jinshuang 60 0.42
B7 JgeW-£'5 Jiaoyan No. 7 0.46 B17 HFrdb At 3 5 New Beijing No. 3 0.39
BS Jgi i =5 Jiaoyan No. 3 0.36 BI8 B2 034 Xinmei 034 0.43
B9 -+ )T Keke Shibajin 0.38 B19 9% 159 Xinmei 159 0.48
B10 W # 2 5 Menghuang No. 2 0.43 B20 HH Ziyi 0.32

TIP3 8 5 Foh AR R MRS 7% i
¥R I R SR A IE L 3E A T i M X
JURE s SRR R i g R BRI R EUE KT
AT EERSME 14, 8 BI20KE) .BIS
(RE 75 BI3CKEHEMM) B3I RER3 5.
B19CGH 3£ 159 B7TURH L 5) BSUR B ZET) .
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Fig. 2 Cluster analysis of 20 Chinese cabbage varieties
FT 11 5 MABERNIES T
Table 11 Mean analysis of indicators of the five groups
545 Indicator I 1 I v A
S BES B A Total sugar content - leaf blade 0.34 0.50 0.62 0.10 0.61
S BEA 8- Total sugar content- leaf stem 0.50 0.53 0.90 0.47 0.38
Al YENE S B -1 Fr Soluble sugar content- leaf blade 0.26 0.53 0.72 0.40 0.24
TV R - 1H A Soluble sugar content- leaf stem 0.23 0.06 0.77 0.39 0.01
AP & -1 Soluble protein content- leaf blade  0.56 0.09 0.29 0.36 0.00
A 1B - Soluble protein content- leaf stem 0.22 0.09 0.09 0.02 1.00
VA RR £ 2 FE- - Nitrite content- leaf blade 0.61 0.82 0.78 0.87 0.96
MV AH PR 25 7 B -1 Nitrite content- leaf stem 0.58 0.33 0.61 0.93 0.79
£ /K &- i Moisture content - leaf blade 0.53 0.80 0.81 0.79 0.20
& 7K &~ Moisture content- leaf stem 0.32 0.49 0.59 0.27 0.02
FHET4E5 &-1 - Crude fiber content- leaf blade 0.79 0.75 0.36 0.44 0.07
HHEF 44 2- Crude fiber content- leaf stem 0.64 0.73 0.17 0.18 0.12
442 C & &E-M A Vitamin C content- leaf blade 0.36 0.33 0.79 0.18 0.44
Y44 2 C & &-MHN Vitamin C content- leaf stem 0.30 0.25 0.50 0.60 0.31
TR A A HEFF 5 -1 F Glucosinolate content- leaf blade  0.81 0.75 0.66 0.72 0.38
AR 5 K EF 5 & - Glucosinolate content- leaf stem 0.77 0.37 0.88 0.74 0.71
PR Plant height 0.35 0.24 0.39 0.86 0.27
Pkl Plant spread 0.42 0.60 0.72 0.76 0.61
TR% Head height 0.29 0.26 0.07 1.00 0.81
ER 7% Head width 0.39 0.53 0.19 1.00 0.28
HLERE JF i Gross mass per head 0.27 0.55 0.55 1.00 0.11
HERY$ 7T & Net mass per head 0.28 0.74 0.76 1.00 0.08
A% Outer leaf count 0.24 0.77 0.31 0.38 0.15
ERIH-% Tnner leaf count 0.42 0.84 0.41 0.06 0.04
FE4 255 % Core height 0.20 0.38 0.19 0.65 1.00
H 1 JE Midrib thickness 0.40 0.64 0.87 0.38 0.39
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