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79 3T ATRER T A S SR AR % 5 PR

FEL, FFTE, AHE, R, BHRE, ARG, EER, BFX
(PABAL T B R MREHE 2B, 3KE T 075132)

WE: A 79 I BA A8 A6 s AT IR e K, MR T MR (KB T K, pH6.5) . HMi& (NaCl, Na*

K& H 240 mmol/L, pH 6.5) A=k #&fhié (NaClH+NaCOs, Na*i#K &% 240 mmol/L, pH9.0) 3 M E K F ¥, K¥FE. X
FARK. FHE, FhMK tRESE. RKFF R SIANR, FRIT IR M. XEIRSA. HoLMIEH DA
Fa R KoM, EREAW, HSatAnrk, &M B AME T E M KR KL LA HER, L PRKGGIpHINREER K,

P AT 92.08%A 91.49%, &7 7 #3536 4242 6.36 45; Halhia 5 & pria e, TR R EH LA AT ) &ft b
AR, AP AFHRE EAF TR H b 44.30%4 24.05%, HEEF EARTRGDHEE 11.39%4 5.06%. £
TiraathmAs DA TR LS, 19 EMH> A/ AL Gha) 88A, FESE Gha) SRE, &8 (i) &,
FEAE (haR) AAeFEati (BhaR) &S A, AAERoRs 13 (14) &, 19 (12) &, 21 27) 4. 19 (A7) A7
(9) o BIAMIBAAMF LB B ST, 6kt & ENE -3 B A M 12 e S B E AT 3-8 E AT 6 45 REAL
A& B E - AR A e 4 4y B B E A -3 AR A RHGY 8 AR ST AGATIL AR A B, (R AR I S E e n AR KIL, B
WE At - AR A R H RFEF 6 T BTN EFRIMEF S THARE E-ERARAE DA AFTFRERTAHF
WAt i RS AP L H R KA A R R A A,

KR ¥k WA ATEaRN; TRIFN: DIE; RESN

Screening and Evaluation of 79 Chinese Kale Materials for Salt-alkali
Tolerance During Seed Germination Period

LI Suya, DONG Xuefei, ZHENG Linyang, DAI Wantong, YANG Yahui, ZHENG Zhaobo, REN Xibo, DAI Xiyao

( College of Agriculture and Forestry Science, Hebei North University, Zhangjiakou 075132)

Abstract: To evaluate and classify the salt-alkali tolerance of 79 Chinese kale samples during the germination stage, this study
examined eight indicators include germination potential, germination rate, germination index, shoot fresh weight, vigor index,
chlorophyll content, root length, and shoot length under three treatments: control check ( deionized water, pH 6.5), salt stress ( NaCl ,
Na* 240 mmol/L , pH 6.5), and salt and alkali stress (NaCl + Na>COs, Na* 240 mmol/L, pH 9.0). Principal component analysis,
membership function analysis, comprehensive salt-alkali tolerance index D-value, and cluster analysis were conducted. The results

showed: Compared with control check , both salt stress and salt-alkali stress inhibited all germination indicators, with the most
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significant suppression observed in root length which decreased by 92.08% and 91.49%, respectively, and the coefficient of variation
increasing by 5.36 and 6.36 times. When comparing saline-alkali stress with salt stress, the proportions of varieties showing significant
increases and decreases in different germination indicators varied. For germination potential, 44.30% of varieties showed a significant
increase, while 24.05% showed a significant decrease. Meanwhile, 11.39% of varieties showed a significant increase, and 5.06%
showed a significant decrease for root length. Based on the cluster analysis of the comprehensive salt-alkali tolerance index D-value,
Chinese kale materials were classified into five categories: highly salt (salt-alkali) sensitive type, moderately salt (salt-alkali) sensitive
type, salt (salt-alkali) tolerant type, moderately salt (salt-alkali) tolerant type, and highly salt (salt-alkali) tolerant type, with the number
of varieties in sequence is 13 (14), 19 (12), 21 (27), 19 (17), and 7 (9). Venn diagram analysis of extreme-type materials identified 12
highly double salt-salt-alkali sensitive types and 6 highly double salt-salt-alkali tolerant types. A comparison of eight relative indicators
of four randomly selected highly double salt-salt-alkali sensitive type and four highly double salt-salt-alkali tolerant type materials
showed that, except for relative shoot fresh weight and relative root length, the other six relative indicators of the highly double
salt-salt-alkali tolerant type were significantly or extremely significantly higher than those of the highly double salt-salt-alkali sensitive
type. The results of this study provide an important resource foundation for the breeding of salt-alkali tolerant Chinese kale varieties

and the identification of key stress-resistant genes.

Key words: Chinese kale; germination period; salt-alkali tolerance; resource evaluation; D-value; cluster analysis

A B PR A RO AR P (1 BN T —, ERERIAETT, MM E KR E 2R,
1M 51 = B PO, Jageit, RS- Hh SR 1 S T 200 9.5438% 108 hm?2,  FF H. A= EK £5 05 1 £ L4
A (1.0~1.5)> 100 km? [R5 52 14 K51, H b 3R [ ER B T AR 2908 9.913%107 hm?, £ 5 FRE [ - AR 1 10%I6-7),
AL A R AR A 2 —, JEG Tt b EhOib AR D 7.747x10° hm?®), Gk K LA KRR 3
Bt o i ER AL 7 B S T A O A AR, 203 T B AR S RO B T R e 10,

WA, BRI LT S P R UR B E RN B, R REE R R MRS B AR R A KR
B2, H AT E N A RS R B T R R, KB ARPRER A, RO, G0
FIBAMOZAEY) bo IF W (Brassica oleracea var. alboglabra Bailey) N WFF2%. FES IS JFiE%%, 2+
FAERFER R TR b — A RAHY, AEFEENERNMEMZRMNE, 8 TRESRHBXT,
KT IF U BRI TH (KB SO 30D, DA A0SR S 1 — o) P £ 3 58 b AR RO VA T 2 i 2 1 P A £
Ry FEOREED-2015 I W8 W % 1T 6 PE P40 1R3E B NaCl AREEIK E 4 160~240mmol/L, R X % Ffta] fr)
it $h 1k 22 R AT A X s S AERURT 4T % I 7E 280mmol/L NaCl &4 T B 25 4ME CaClo ¥ WK FE T
SPR T RIS REFR RFTREL W HREA A E R 2RI T FRER .

A RRAE PR & ShE A pH (I I, R Ehms P a R 40 AR B Ehis (% 2h8<<0.3%, pH 4 7.1~8.5) |
HHRE R (5 EAE 0.3% ~0.6%, pH N 8.5~9.5) FIEEFihh, (& HE=0.6%, pH>9.5) 3 M. A

AR R AR T3k 5K 11 29 4y SRt TIRFEA, & 3R ETE 0.04% ~ 3.72%, pH A 6.98~9.88. 5K 5K 13/ it
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FEAEI Y (=0.6%, 20.69%) 5 pH (8.5~9.5, 31.03%) HISM/AG, & EE R+ M E
FERRFE o B R BRBE T A 2% it Pl D SR 2 57 2 T 5K 1 ERBIM AR 5, S IR RO AR U208 6, A
240mmol/L Na" ik %e 561, Eb# 240mmol/L Na* J2i% Na ¥k B2 T ANE] pH B XS 79 £ I+ Wi b4 b}l & Fa b 1) 52
W, %ot 4% B R P AR AT 45 5 VRANY, ik Hh v P8 O - S el A AR R v P R T 56 - BR OB AR, AT B T
ERURAN RO A L T BRI IR 7 B R B R T O PR I B R AR .
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1.1 RIEH R

79 R IF IR AL T SRR 13 0 BRARL 34 R RIEREE SRR 32 4 (3R 1D, ikt )y R 2
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®= 179 T ERMES KA
Table 1 79 Chinese Kale Variety Codes and Names

ETRe RS %5 RS %5 2 Fx %' BN
Code Name Code Name Code Name Code Name

RI TR B R RE S 2 R21 PRI PALFE T 2= R42 TN44 R62 CY23

R2 YMO1 R22 CHI2 R43 R TP 2 R63 CY25

R3 ik LI IF = R23 ZHO1 R44 FHIE A R IF 5 R64 CY05

R4 DX01 R24 BRH:FF 2 R45 FIRR AT 5T 24 R65 TC27

RS DSO01 R25 XA FFEF R46 SJ02 R66 REER 2 BT 22
R6 DS06 R26 R KT F0F R47 R A I = R67 Sn21

R7 LSRN R28 BRI = R48 BH 2 4t == R68 JZR M 2
R8 oA i PN R29 ZJL13 R49 ZHC19 R69 SI33

R9 KDSI R30 BBO1 R50 IEVRE 57 R70 ES3E i) A SR A
R10 HNO1 R31 BEWATFEE R51 WREREIT = R71 HE25
R11 KM ZEIT = F F2 R32 Z Y AT = R52 IEVR B R 29T 22 R72 GD31
RI12 ZHCO1 R33 RO IT 2 RS3 BREIFE R74 BT s
RI13 BUEHE AL T2 F2 R34 LB03 R54 AR R R75 S139

R14 DS10 R35 CF01 RS5 r A SR SRS 22 R76 HAEIN
R15 AN ENL R36 SJo1 R56 CT29 R77 baz I AT e
R16 B T T = R37 it g+ = RS7 SJ07 R78 KRFAFIF =
R17 FH 55 41 it 22 R38 TR 27 22 RS8 SJ06 R79 SJo1

RIS ZHC03 R39 XG07 R59 ZH14 RS0 SJ02

R19 HRAF=ES R40 JiFIF 24 R60 N ZAFIE T A R81 U RF IR
R20 HREL 2 R41 R BT 22 R61 STl

1.2 K%
IRL T 2024 4 3 AW AbIL 7 22 B e 2 R 526 = 04T o RBURFRIES . TG . KN —3HFT M1



KH 288 FLE M ALHEAT A0 EE . FEALIATEBLARRAER (0.3 @) FFEF, K H W E T 640 cmx420 cm x115 cm
SRR, SR A BN 4 L FCUF (AL B AR R 1 3 AN b, AR S R BRA S EON : X (CK,
control check) : Z 817K, pH N 6.5+0.1, EC {54 0.01 mS/cm; #: il (S, saltstress) :  Na™J#K & 240 mmol/L,
pH 6.5£0.1, EC { 1.20 mS/cm; B8 (SA , salt and alkali stress) : Na* ¥ & 240 mmol/L, {H 120 mmol/L
Na,COs ¥ A pH, pH 9.0+0.1, EC 14 0.70 mS/cm.

IR 2 A R, BB R =5, B —IREE, 3 IRER. FIRESZER]
2 R81 [ FPGFHR A, AEFLCE ) — AR RO B 5 T 20 R, 6 EARZEIFEIR, Bk AR K
KPR TR BE R s o DAREAR S Pl 2 8 IV R Zibm e, 3K 12: 00 JTFIRICSR R ZFHOET28 7 R &E 2
KoK FFEANNSRSE, P ERFER . KR RFEREL W IREUS T AR AR HE BF o

MR ZERAE R bR R (mm) W R4k & A A 4 U4 KA (SPAD-502Plus) &

REFH (%) = G4 RIZFFFH/R T SR <100 %

RFFR (%) = CGB 7 RRFMTFHRBF T LRED x100%

KEFFREEY (GUDD , b Gt RS t RKFEL, Dt MR K 2 R

VAR RV C & RV e AL

24 E =] 2 e /B 2 R A

R RZFH (%) =KeBLRFH / SRR ZFH%100%

FAXTRZFH (%) =ABRFER /SRR %x100%

FERT R ZFHREL (%) =KbBL R SFFREL / % B 2R 45403 100%

FEXHE JJ 0 (%) =ACFRSE I HaHL / WIS 148 50<100%

FAXT SEEE R (%) =AbFEZEaFE / X I 2R < 100%

FRHAREK (%) =KFAREK / HFHEARKx100%

XA (%) =3 ZFK / XK x100%

X MG EREE (%) =AHHEREE / MM S Ex100%

1.3 BIBESH
i ] Microsoft Excel 2021 #H ¥4, H54ME . ArilE 2z 55 250, SPSS27.0 #A3EAT H Z 4041 =

BAY AT B RET, ARYE D ERH R 1B 1 ward. D ALBEUVERAT RIS, T A Prism /732,
HIH Origin 2024 Z: 2 F AR . Bkt 84 R,

FEFH 32 O3 43 W%t 79 A5 I+ WEAARE R A SRR PR AR EA T 20T, B8 RO A, R RRLE, AR
mnr.

W=pP/ X! P; (i=1, 2, 3, ..., n) (1

b, WidRoRS A B RIERTE B P EEREE  Pi Oy WA 1 MRS 5 T ER 6 R i E A



RE BRSPS 1A ER I TTERER .

BE— 05 79 43 FFIERRLE B A S AR K F AR 0 AR T R B R U, AR .

U(X)=(Xi~Xonin) (Xmar—Xonin) (=1, 2, 3, ..., n) (2)

b, XN EREUE : Xonin T Xonae 53590 912 H 1 7E B389 5 v 1) S MR B KA

BJEVHRERG T SR E D AE, X5 79 4y I WEARER B BRI AT I SRR G VRO, D ER, RIZ
R ERAPE R, S ER AR . AT .

D=X! [UX)*Wj] (i=1, 2, 3, ..., n) (3)

2 RSN
2.1 & HWAMEXTTTIE & AR IERRRS T

X EREIE . EREUMA AL ER 4d. 7d HISTEE AR TR IR 1, W AN AR AR e A5 R LK 2.
M2 2 ATA, SXREAHEL, TR KRS 8 IR AR AL S A S B e A B T S 2 4E T RS
T3 34.42% ~ 92.08%A1 31.77% ~ 91.49%, Hrh a2 EhJHMIE . FRBMIE 2 m0 B R R AR, 20790 K B 92.08%
A191.49%, 7257 ZHEIN 5.36 A1 6.36 fif.

I SXREAREL, ACFH . R RAE 8 TR bR B T FER A S HVE DY 93.67% ~ 100.00%, Ft
FEEE L TR AR KN 100.00%. ShERHME 55 EAHLL, A0 R20 R FHREB3E B, 5 1.27%,
REFRDE TRERIRCY 70 47, A EEDY 88.61%; JHARIRHREZE T A S A & LG DY 94.94% ~ 100.00%,
Horhis i He % MRAKMZEKISN 100.00%. EhusHE 5 ERMEAH L, &R 22 ETHALE 2 T RER A
FLYEE 73 9904 10.13% ~ 44.30%F1 5.06% ~ 27.85%, Herb R 27 35 52 0 2 B THRIE 25 T BRI b A 43 0) 1 44.30%
H124.05%, fRKEEE FMEE TR S 11.39%FH 5.06%, FH 240 mmol/L Na™ W ~, Hlfhia

XA T BEA BT R SR AR AN o

& rre ( {1 tre i

L/

Y R49 4 3 L

CK S SA CK S SA CK S SA
CK. S F1SA 43RSt shibhia fnshmihia; #Mkigms R 1

CK,S and SA respectively represent control check, salt stress and salt and alkali stress; Material codes are the same as table 1
1 5038 7d EFT s R R
Fig. 1 Phenotype of Chinese kale seedlings after 7 days of treatment
®2 ZHMAIBEMTITIEM BRSO A

Table 2 Statistical analysis of salt and alkali tolerance indicators of Chinese kale under three stress conditions

Qb3 ZH REFEH (%) RIER (%) REFTRE ZFEFE (mg) VAR R MRS R (mm)d HFK
Treatment Parameter GP GR GI BFW VI CC RL (mm)

Xof gt R/ME 11.67 18.33 1.4 17.4 23.86 30.23 7.65 11.48




PN 100 100 13.31 52.4 719.5 55.92 49.91 33.68

¥ME 82.16 87.54 8.25 32.40 278.57 40.90 30.44 22.62
i 1.48 1.23 0.44 0.17 0.36 2.15 0.23 0.24
5 R 1.81 1.4 5.35 0.53 0.13 5.26 0.75 1.04
hIie /ME 0 0 0 0 0 0 0 0
S RRAE 98.33 98.33 8.58 21.3 170.43 34.58 432 10
¥iE 44.85 57.41 3.47 12.89 51.58 18.85 2.41 5.96
i 0.64 1.15 0.28 0.13 0.26 1.36 0.12 0.14
A RHL 1.43 2 7.94 1.01 0.5 7.19 4.77 233
ST E R/ME 0 0 0 0 0 0 0 0
SA RRE 96.67 98.33 8.21 23.5 191.92 39.08 6.89 10.49
¥fE 47.68 59.73 3.71 12.79 55.71 16.99 2.59 6.69
FrifE 2 0.76 1.18 0.28 0.12 0.23 1.41 0.14 0.12
5 R A 1.59 1.98 7.56 0.98 0.41 8.31 5.52 1.8
hE vs LS 78 | 751 781 791 79| 74| 79| 79|
HIHE (%) 98.73 94.94 98.73 100 100 93.67 100 100
Svs CK
EN eI P LE 751 11, 70] 771 771 79| 78| 79| 79|
vs iR s (%) 94.94 1.27, 88.61 97.47 97.47 100 98.73 100 100
SA vs CK
EN IS LS 351, 19 311, 15 81, 8} 201, 14| 321, 224 81, 20| 91, 4] 261, 4]
vs EhFhA s (%) 44.30, 39.24, 10.13, 25.32, 40.51, 10.13, 11.39, 3291,
SAvsS 24.05 18.99 10.13 17.72 27.85 25.32 5.06 5.06

LRI RRTE P<<0.05 /KF 23 TR A LT+
GP: Germination potential; GR: Germination rate; GI: Germination index; BFW: Buds fresh weight; VI: Vigor index; CC: Chlorophyll content; RL: Root length;

SL: Shoot length; | and 1 indicate decreased and increased significantly at P < 0.05 level
2.2 FHREARXI T EBIERRER S GREMHRIERRRE S

Xt 79 43 FF WA KRS A R AR BEAT RS 00T, SRR SRR 1 AL B SR 2 AN E s, RibTT
BR300 88.03%A1 88.56% (3£ 3) o #hWPE AN ER BRI IE AL R T PiE o 1 BIFRARI N HXS A ZF 3. A
SRR MR AR B MR TR S MR SRR S AN K, g A 2 R

PRI EARARAS, R BISEHCEN Y 2 A>3 R07) G 0% B 4 T e W ER B0 AL P T T M 1B R 100 o
*® 3 EEHNE T B AR HER 8 K 5 75 E MR

Table3 Characteristic vectors and total variance explained of various relative indicators under salt-alkali stress

fabr EN /S ERN EXCTISERRYN

Index F 4 1 PCL s 2 PC2 F 4 1 PCL F s 2 PC2
HHX R 2 %4 Relative Germination Potential 0.935 -0.274 0.945 -0.254
HHXH R 2 % Relative Germination Rate 0.943 -0.206 0.952 -0.194
HHXH R 262 Relative Germination Index 0.946 -0.245 0.955 -0.233

AHX} 2£ 6% B Relative Buds Fresh Weight 0.743 0.575 0.834 0.392




AR J1 4644 Relative Vigor Index 0.936 -0.102 0.953 -0.101

X472 %5 1 Relative Chlorophyll Content 0.826 -0.190 0.826 -0.232
HIX} 2K Relative Shoot Length 0.888 0.233 0.901 0.214
HIXHHRK: Relative Root Length 0.345 0.871 0.554 0.751
HFEMEH Eigenvalue 5.68 1.37 6.11 0.98

TIEk# (%) Contribution rate 62.59 25.43 61.50 27.06
it 5Tk 3 (%) Cumulative contribution rate 62.59 88.03 61.50 88.56
i E (%) Proportion 0.71 0.29 0.69 0.31

1 A BSE CE 2) arn, BREME N R74 85 E 7 R AR, HER AR 1, R49 HEZES 2, RIS, RSS,
R67 MY #iVEf 2 EhBUE T R49 V% 1, R20 HE4 % 2, R15. R17. R67 Mkt R 2 MEsr ot
BRI, TR A SR SR B BUE AN D (R 4) IFATRENT (B 3) « ME4 AR, S. SA L
BN RS D A TEE 518 0.21 ~ 0.82 A1 0.22 ~0.85, 79 HIF AR a3k 535, Hb, mELR (ERED
BURAY, R EEER GERBD MUY, ik (RO AL RPN ER GRED AL SE AR GRED B0 E il
13 (14) L 19 (12) L 21 27) + 19 (1D« 7 (9, K1 24.05% (17.72%) + 16.46% (15.19%)  26.58%

(34.18%)  24.05% (21.52%) . 8.86% (11.39%) , FEHAFF A ShFP i E & BE I Sh 50 55 2 3 T+ a2

RG62 5.00 5.00
o S SA
4.00 4.00
R62
3.00
®ro
* R, R70
& R69  Rres k100 % ®
5 (] R74 N
z d z
3 R49 B
@ ®
-3.00 200 -3.00
RER -2.00
® )
-3.00 “ ¥ pesr2 PC2 -3.00 - FE A2 PC2

MRS RE 1, TR
Material codes are the same as table 1; The same as below
2 BB, HEHNE TAETFERMER S HRE
Fig. 2 Scatter plot of main components of different Chinese kale varieties under S and SA stress
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Table 4 Membership function values, D values, rankings, and salt (alkali) resistant type of 79 Chinese kale samples

ENSEIN HhE SA
% D& . L D&
H 4 i B i H4 i) By
Code Ul U2 D Ul U2 D
Ranking Type Group Ranking Type Group
values values
R1 052 0.59 0.54 49 R SR AR 11 0.51 0.59 0.53 54 BRIt U it 11
R2 031  0.00 0.22 76 1o i AR AU Y I 0.03 0.86 0.29 72 151 E AR R Y I
R3 0.78  0.44 0.68 17 r R iRt 2k 78 I\ 0.63 0.53 0.60 48 firf 5 B 25 I
R4 0.69 030 0.58 47 firf £ 72 11 0.76 0.31 0.62 40 firf 5 A il
RS 025 034 0.28 73 o 5 B A I 0.16 0.54 0.27 74 o 5 B Bk Y I
R6 0.87 031 0.71 8 o i 5 7Y I\ 0.80 0.46 0.70 20 FPRE T SR B R \Y
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Fig. 3 Clustering analysis of 79 Chinese kale varieties based on their salt-alkali tolerance during germination period
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Fig. 4 Venn diagram of salt-alkali tolerance during the germination period of extreme-type Chinese kale
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salt-salt-alkali tolerant type Chinese kale under salt stress, salt and alkali stress
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