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Comprehensive identification and evaluation of waterlogging tolerance
during seedling stage of broccoli germplasms

GAO Xu,ZHANG Zhixian,ZHU Changzhi, TAN Guoyin, HE Daogen

(Taizhou Academy o f Agricultural Sciences ,Linhai,Zhejiang 317000 ,China)

Abstract: [Objective] This study screened waterlogging-tolerant germplasms of broccoli and obtained
major indexes for rapid identification of waterlogging tolerance. [Method] A total of 19 different broccoli
materials were treated by waterlogging stress overtopping 1 cm of the root when the broccoli seedling was
in three leaves and one half period. After 10 days,11 physiological and biochemical indexes including shoot
dry weight,shoot fresh weight, underground dry weight, underground fresh weight, plant height, adventi-
tious root number,soluble sugar content,soluble protein content and MDA content were measured and the
correlations among them were analyzed. The comprehensive evaluation and classification of each index rela-
ting with waterlogging tolerance were conducted based on principal component analysis and cluster analysis
using waterlogging tolerance coefficient as evaluation index. [Result] Yanxiu, Tailii No. 3 and Youxiu were
identified as waterlogging-tolerant germplasm resources by comprehensive evaluation based on 11 physio-
logical and biochemical indexes. The indexes were classified into 6 component factors by principal compo-
nent analysis. The 19 different materials were clustered into 3 groups based on comprehensive factor scores

(Y-value) at the Euclidean distance of 5. [Conclusion) This study screened waterlogging-tolerant germ-
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plasm resources and determined the indexes to identify the waterlogging-tolerance.

Key words: broccoli; waterlogging tolerance; seedling stage; germplasm resources; principal component

analysis;cluster analysis

H A 3E (Brassica oleracea L. var. italica Planch)
NAAVE 20 B EAE ST R TR R S A E A Y
— M. EAFENEBR. Ve 8 MR 4EA
RUALAG W BREERIUR B E N mE R,
Har g A BR &8 MR L RE WS A R ) g
20 P AR o i SR PP T R T M i R A R R P
AR R T AR SE R B B R AR A XU ) R
WZIH R E R .

VEAE SR L B M R A 8 R SR I H 5
AT i A B R PRAR . 1 R O b DX T I B A
G 5 AU T AE SR AR T E i LR IE A B K
Z R 6 —9 F ), 1] 45 R 60 58 B K 2 51 B
F NI 255 A A AR B U™ . ol T 357 i
S IO X 55 e K Xk R B S ) 52 e B B T B, R,
WEIE T AESRAE 5 5 T 00 A= Bl 1 S A 9 A DL &
8 228 A o Ok T RS R O 32 T 5 1Y 7 A S R BT IR R 1S

VEITE D F 5T AR B AE AR &5 7= A s Ak
DA K38 0 AN ROR G . YA G X KRR #E
JRES ARAESTS  ZEE HORE T AR AR 5 i 1 F 5
BZ HEHFLFK EMERR LY. 5ESFEEE
SN Y 5 7K B e AR 5 BB W K I ) Y 4 G
WA AR = ) A0 2 B ) T oy
X /INFS SER) Y R R T SR O AR AR
L S eR R Y L3, DN 9 AN AR AR b A e i 2 1
T2 AT ET ARl . AR AR R R S R AT I
AR BT ATV TR DA R A O P A D A L
ok E IR 3 A KBS A3 R 10 A BB B i 7
SRICY 3 R IR G B T 1 A R B R R

A FEHRAENCORI A R R R PR L T
PEEH AR N B S R ER S EAE S
iDL R g 2R M O e M S b SR RO SR 2
oK 12 TR SR A BT 3 K IE M i ik
W73 AT BT AR A PHAEDT R bR L T
Yy KT R R IE L POD I #E . SOD % #E TN —
P DL K i 22 R B i S e AR R AT IR A b XS ) AR
B IRR i Bl i) i R PR HEAT 43 28 R R T 1
A rc it £ 4 & R Hsin 265 B 5% 32 B0, 76 W K
e il AT T R R L AE SR TSS-AVRDC-27 ) it
BREGHREES THBHRA B, I FEE
iK%, Ho O, TEBRBE S AT . &5 b nl A1, 7E A 58 K [F) A
Yy it 5 A B AR I BT S B A B A A A AR AR
Py 26 0 T He A R W B AN TR T AN [ Sy R S A i
TERF A T B R T R TR A AR
AR A AR bR bR S e R R . R, A5
K19 1 5 A6 R R i 58 X 42, 3l A I b | T
i o et H T R O S E AR RR R T R
AR A R N S R SOD E M DL K
POD J& 48 11 A~ 48 3 A A48 br o B 3 800 20 A
KRS 3 B DN i 18 55 AR SR 57 Pk R A A O
1 A 3 A R b B b bR S o 7 5% e B 1 S 0 D
JOGE R L LA Ok 7 A SR B B R i PR e
WA .

1R ik

L1 s
Ve FAT AESAORE 19 iy o FEBAK 2 B Ok I8 S5 5
B,

F 119 MR BRI IRR KR

Table 1  Names and sources of the 19 tested broccoli materials
W i 3T W 2 F3n
No. Name Source No. Name Source
1 S31 1 [E China 11 A4t 2 5 Taili No. 2 1 & China
2 S40 F1[® China 12 A4 3 5 Taili No. 3 1 [H China
3 S48 1 [E China 13 7% Youxiu H 4 Japan
4 S53 H1[® China 14 it 7€t 75 Naihanyouxiu H 7% Japan
5 S67 1 [ China 15 M 90 Liixiong 90 H 7 Japan
6 S73 #1[E China 16 %75 Yanxiu H 7% Japan
7 S74 1 [# China 17 & g 4% Mantuoli fif 2% Netherlands
8 S78 1 [# China 18 #3160 Liixiong 60 H 7% Japan
9 S94 1 [E China 19 2t #e 7y Lihuangdi H 7% Japan
10 &4t 15 Taili No. 1 H1[® China
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Table 2 Effect of waterlogging on organism fresh weights of broccoli

5 Hb |- 5% Jfi B /mg Shoot fresh weight Hi N # fi # /mg Underground fresh weight

Cultivar b P Treatment X} #& Contrast b P Treatment X} #& Contrast

1 2.19440. 565 abcede 2.79740. 242 abede 0.05140. 002 ab 0.10440. 006 ab

2 1.17940. 323 def 1.809+0. 641 de 0.05040.019 ab 0.05040. 029 cd

3 0.890=£0.235 f 1.677£0.335 e 0.04240.021 b 0.07840. 028 abced

4 1.004+0.116 ef 1.737+0. 264 e 0.04440.012 b 0.08540. 026 abced

5 1.26540. 094 def 2.05140. 111 cde 0.05940. 006 ab 0.09440. 011 abed

6 1.59440. 423 def 2.57941. 282 bede 0.05340.023 ab 0.08440. 034 abced

7 1.70640. 252 cdef 2.48041. 155 bede 0.08740.014 ab 0.06740.040 bed

8 1.875+0. 197 cdef 2.95840. 404 abcde 0.05040. 020 ab 0.10040. 016 abc

9 1.982+0. 374 bedef 2.643740. 330 bede 0.06440.020 ab 0.0454+0.010d

10 2.357=%0. 784 abced 4.097=+0.764 a 0.08240.041 ab 0.11140.018 ab

11 3.050%0.534 ab 3.203=%1. 145 abed 0.09640.034 ab 0.10540. 036 ab

12 1.64040. 363 def 3.38040. 284 abc 0.05540.012 ab 0.10040. 010 abc

13 1.957+0. 714 bedef 3.28440. 389 abc 0.058+0.038 ab 0.10840.023 ab

14 1.551£0. 249 def 3.6487+1.394 ab 0.05540. 020 ab 0.092740. 046 abed

15 3.163%1.120 a 3.83840.987 ab 0.07840.047 ab 0.10640.043 ab

16 1.71040. 534 cdef 2.80240. 605 abcde 0.04640.018 b 0.07240.017 bed

17 2.87641.093 abc 2.95740. 548 abcde 0.12140.082 a 0.09740. 024 abed

18 3.07140.913 ab 3.796=40. 381 ab 0.09740. 424 ab 0.13040.022 a

19 2.32941.002 abed 2.64840. 159 bede 0.09740.079 ab 0.09540. 019 abed
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Table 3 Effect of waterlogging on organism dry weights of broccoli
N M F T i /mg Shoot dry weight T T Jfi i /mg Underground dry weight
C{j’fj‘far fb 3 i B fb 3 i B
Treatment Contrast Treatment Contrast
1 0.20340. 047 abed 0.29340. 015 abed 0.01240.002 b 0.03040.002 a
2 0.13040. 034 cd 0.15140.058 d 0.01240.003 b 0.01140. 007 cd
3 0.1064+0.039 d 0.16440.018 d 0.01040.004 b 0.01940. 006 abed
4 0.11640.007 d 0.16240.048 d 0.01140.003 b 0.02440. 009 abc
5 0.14540.028 cd 0.17740. 041 cd 0.01140.001 b 0.01940. 004 abed
6 0.17440. 043 bed 0.22340. 135 bed 0.01140.003 b 0.01840.011 abed
7 0.19640. 021 abed 0.19040. 098 cd 0.01540.002 b 0.01540. 010 cde
8 0.17640. 006 bed 0.24640. 038 abed 0.01140.003 b 0.02340. 002 abc
9 0.20040. 055 abed 0.18040. 053 cd 0.01340.002 b 0.01040.004 d
10 0.21540. 078 abed 0.38440.104 a 0.01640.008 b 0.02840.005 a
11 0.30440.055 ab 0.253740. 100 abed 0.01940. 005 ab 0.02340.009 abed
12 0.13640.034 cd 0.284740.028 abed 0.011£0.003 b 0.02140.003 abed
13 0.19540. 079 abed 0.27040. 047 abed 0.01440.006 b 0.02240.006 abed
14 0.14840.030 cd 0.2884-0. 126 abed 0.00940.003 b 0.0194-0. 008 abed
15 0.32140.137 a 0.31240.090 abc 0.01640.007 b 0.02240.009 abed
16 0.15540. 056 cd 0.22340.075 bed 0.01040.004 b 0.013740. 005 cde
17 0.27140.091 abe 0.27640.056 abed 0.02940.012 a 0.02540. 008 ab
18 0.32340.128 a 0.35740.056 ab 0.01840.008 b 0.02840.004 a
19 0.23940. 160 abed 0.20740.033 cd 0.01940.012 ab 0.01840. 005 abced
25 A o XTI RS 26 1 ) RSB R AR A RNS P EERIRAE 0.05 KF EERBE. TR,
Note: Lowercase letters indicate significant correlations at the 0. 05 probability level. The same below.
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Table 4 Effect of waterlogging on plant and soluble sugar indexes of broccoli
M i/ mm AN E AR AR/ (pg e gD
= Plant height Adventitious root Soluble sugar
Cultivar b 3 i 1 b 7 b 3 X 1
Treatment Contrast Treatment Treatment Contrast
1 58.563+13. 243 be 63.157+2.122 bed 4,00041.000 g 6.765+1.983 de 3.14640.221 b
2 39.013+7.067 efg 50.203+4. 853 defg 8.33341.528 cdef 4.66940. 863 defg 2.12040.930 ¢
3 47.950+5. 670 cde 72.2574+10.164 ab 8.33342.517 cdef 3.72340.179 efg 0.45940. 143 gh
4 28.010+3.926 h 31.930+2.551 h 8.667+3.512 bedef 12.75340. 069 be 1.275+0. 738 def
5 45.617+7.142 def 48.567+5.431 elg 5.333+0.577 {g 18.900+2.311 a 1. 55040, 150 cdef
6 32.957+3.305 gh 37.09742.095 gh 11.33341.528 be 15.1154+1.139 b 1.63540. 117 cde
7 49, 223+4.975 cde 54.523+8. 680 cdef 6.667+1.155 defg 21.700+0. 389 a 4.78340.256 a
8 52.41043. 463 bed 64.1734+5.292 be 4,00042.000 g 7.80542.209 d 1.859+0.313 cd
9 35.730+2, 848 fgh 52.6231+6.910 cdef 6.667+1.528 defg 12.2744+2.627 be 1.31140. 575 def
10 61.620+6.058 b 78.013+6.808 a 5.667+1.528 efg 5.006+2. 468 def 2.13540.320 ¢
11 58.953-£5. 185 be 63.453£8. 567 bed 7.00041.000 defg  6.288+2.535 de 0.37540. 156 h
12 49, 837+3. 187 cde 61.367+1. 354 bede 11.66741. 155 be 5.94542.279 de 1.034+0. 153 efgh
13 63.337+3.886 b 70.897+12.674 ab 12.00042. 000 b 1.663+0.105 g 1.08840. 251 efg
14 45,923+2. 794 def 61.51348.476 bede 8.66741.528 bedef 2.23240.207 fg 1.000£0. 173 efgh
15 62.803+6.921 b 73.643+14.003 ab 9.333+1.528 bed 7.13141.842 d 0.866=40. 152 fgh
16 53.727+5.168 bed 49.820+1. 631 defg 9.000=+2. 000 bede 3.574+2.034 efg 1.09140. 444 efg
17 92.477+10.483 a 81.613+1.681 a 24.000+3. 606 a 7.46742.029 d 0.99740. 196 efgh
18 55.333+4. 082 bed 52.360+4. 492 cdef 10.667=41. 155 be 6.370+1. 888 de 1.256+0. 051 def
19 43.763+4. 887 defg 43.610+£8. 651 fgh 6.000£1. 000 defg 10.97641.418 ¢ 1.4042+0.177 def
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Table 5 Effect of waterlogging on soluble protein and MDA content of broccoli
AR/ (g - kgD 7§ %/ (nmol + mg™")
i Soluble protein MDA
Cultivar 4k 7 pagid 4k i 1
Treatment Contrast Treatment Contrast
1 0.07240. 020 def 0.05320.011 cde 1.216+0. 261 ab 0.027=40.008 h
2 0.10240.012 bed 0.09540.013 a 0.87940. 384 bede 0.55540.051 ¢
3 0.28140.061 a 0.08340.011 ab 1.63140.949 a 0.71840.028 a
4 0.07040. 024 def 0.03840.012 e 0.59040. 343 cde 0.28240.020 d
5 0.11540. 020 be 0.084=40.005 ab 0.682=40. 288 bede 0.16340.016 e
6 0.12140.034 b 0.04740.016 cde 0.74140.195 bede 0.15840.013 e
7 0.12140.019 b 0.04940.017 cde 1.14840. 389 abc 0.03240.008 gh
8 0.07640. 014 cdef 0.059740. 029 bede 0.961=40. 320 bed 0.64540.041 b
9 0.09140. 016 bede 0.04840.011 cde 0. 78840. 046 bede 0.02840.008 h
10 0.05640. 006 ef 0.04340.011 de 0.674=40. 065 bede 0.06340.008 g
11 0.06240. 009 def 0.051740.019 cde 0.53440. 183 de 0.16140.010 e
12 0.08140. 010 cdef 0.07320. 020 abc 0.602240. 236 cde 0.004=40.003 h
13 0.07440.017 def 0.069=40. 005 abed 0.27440.152 e 0.00340.002 h
14 0.07140.007 def 0.066=40.012 bed 0.754=40.102 bede 0.14840.008 ef
15 0.08140.009 cdef 0.037=40.006 e 0.807=40.062 bede 0.152740.008 ef
16 0.06240.019 def 0.047=40.011 cde 0.28440.023 e 0.00340.002 h
17 0.07040. 006 def 0.05840. 017 bede 0.920+0. 183 bed 0.12240.010 f
18 0.04940. 008 f 0.05140.017 cde 0.63540. 170 bede 0.02140.010 h
19 0.07740.016 cdef 0.03840.003 e 0.683740.103 bede 0.02040.008 h
X A E AR 0,
Note: Adventitious root number was 0 in contrast.
F6 BARPEXNBEEXNELETENZ T
Table 6 Effect of waterlogging on antioxidant enzyme activity of broccoli
SOD/(U « kg™ 1) POD/(U « kg™ 1)
b
Cultivar Ab g X e Ab PR X 1
Treatment Contrast Treatment Contrast
1 169. 803+5. 567 fgh 142.339411.247 g 145. 264 +37. 665 de 271.5747+19. 916 bedefg
2 221.163%33. 260 cdefg 246.975414.772 abc 290. 096474, 185 abed 353.440£50. 354 ab
3 384.339483.665 a 227.694425. 432 bed 254. 033450, 882 abcde 289. 256 +35. 768 bedef
4 203.400+41. 514 defg 159. 667439, 502 efg 177.193+12. 791 cde 150. 597446, 612 ij
5 339.033£50. 488 ab 292.340451.730 a 253.376£65. 327 abcede 305. 659F41. 800 bede
6 288.904+74. 874 bed 193.222411. 452 cdefg 263. 655489, 059 abcede 316.514429. 001 abed
7 339.606+99. 948 ab 199. 459+53. 533 cdef 394.594+18.272 a 289.157+35. 018 bedef
8 253. 77571, 442 bedefg 178.436+£10. 360 defg 228.658£27. 425 abede 209.440+36. 761 fghij
9 233.049+43. 392 cdefg 181.988+23. 085 defg 338.267+78.741 abc 403. 6704126, 051 a
10 293.002+68.993 abed 176. 141425, 078 defg 300. 9144224, 023 abed 126.183+11.988 j
11 190. 156 0. 108 efgh 141.671+£18.934 ¢ 117.454+27.762 ¢ 173.293+25. 174 hij
12 110.329+24.516 h 76.5034+24.939 h 275.9834116. 790 abede 254.268+43. 754 cdefgh
13 164. 19144, 448 gh 152. 745420, 123 {g 246.611498. 752 abede 223.983+25. 062 efghi
14 268.348+17.500 bede 204. 416443, 544 cdef 266.517=475. 667 abede 324.059£25. 053 abed
15 231.866+58. 598 cdefg 170. 849420, 054 efg 212.385+65. 724 bede 196. 721+54. 992 ghij
16 283. 891434, 550 bede 215.737429. 705 cde 379.996447. 837 ab 240. 462425, 672 defghi
17 314. 636434, 254 abc 269.632426.673 ab 228. 2884 8. 685 abcde 338.549453. 790 abc
18 261.672£0. 219 bedef 237.8137433.429 be 274.457+118. 643 abede 337.107+40. 313 abc
19 241.106-+£36. 378 cdefg 165. 60515, 037 efg 345.9194102. 106 abce 192. 944 +60. 891 ghij
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Table 7 Waterlogging tolerant coefficient of growth indexes of broccoli
L ig%,iﬁﬁi Hb T i o b T R B b K%*ﬁéﬂl ‘
Cultivar Shoot fresh Undergrgund Shoot dry weight Undergr‘ound Plant height Adventitious
weight fresh weight dry weight root
1 0.79-0. 20 abede 0.49+0.02d 0.69-+0.16 abc 0.4240.07 0.93+0. 21 bede 4,00£1.00 g
2 0.65740. 18 abcde 0.1040. 38 abed  0.86+0. 23 abc 1.09+0.26 abc  0.78+0. 14 ef 8.3341.53 cdef
3 0.53740. 14 cde 0.54740.26 cd 0.6540. 23 abc 0.5340.22 def  0.6640.08 { 8.3342.52 cdef
4 0.58740. 07 bede 0.52£0. 14 cd ). 7240. 04 abe 0.4840.11 ef 0.88+0.12 cde 8.6743.51 bedef
5 0.62-0.05 abcde 0.63740.07 bed 0.82-0.16 abc 0.62240.03 bedef 0.94740.15 bede 5.334+0.58 fg
6 0.62740. 16 abcde 0.64=0. 27 bed 0.7840. 20 abc 0.6340. 15 bedef 0.89740.09 bede 11.33+1.53 be
7 0.697+0. 10 abcde 1.3140.21 ab 1.03+0. 11 abc 1.0140. 14 abede 0.90+0. 09 bede 6.67+1.15 defg
8 0.63+0.07 abede 0.50%£0. 20 cd 0.722+0.03 abc 0.46+0.12 f 0.82%0.05 def 4,00£2.00 g
9 0.75-+0. 14 abcde 1.414+0.43 a 1.1140. 30 ab 1.4140.25 a 0.68+0.05 f 6.67+1.53 defg
10 0.58+0.19 bede 0.74+0.37 abed 0.56+0. 20 be 0.58+0.29 cdef 0.7940.08 ef 5.67+1.53 defg
11 0.95+0.17 ab 0.9240.32 abed 1.20£0.22 a 0.857+0. 21 bedef 0.9340. 08 bede 7.00=£1. 00 defg
12 0.49-£0.11 de 0.55740.12 cd 0.48+0.12 ¢ 0.5440.12 def 0.8140. 05 def 11.67=+1.15 be
13 0.60+0. 22 abcde 0.53740.35 cd 0.727+0. 29 abc 0.637+0.29 bedef 0.8940.06 bede 12.00+2.00 b
14 0.437+0.07 e 0.60740. 22 bed 0.52740.10 ¢ 0.49+0.13 ef 0.75%+0.05 ef 8.67+1.53 bedef
15 0.82+0. 29 abed 0.73740. 44 abed .03=0. 44 abe 0.73740.30 bedef 0.8540.09 def 9.33%+1.53 bed
16 0.6140.19 abede 0.65%0. 24 bed 0.7040. 25 abc 0.7940. 25 bedef 1.0840. 10 ab 9.00+2. 00 bede
17 0.97+0.37 a 1.2540. 85 abc 0.98+0. 33 abc 1.1440.49 ab 1.134+0.13 a 24.00%3.61 a
18 0.8140. 24 abcde 0.7540.33 abed  0.912£0. 36 abc 0.654-0. 30 bedef 1.064-0. 08 abc 10.67=+1. 15 be
19 0.8840. 38 abc 1.01+0.83 abed 1.1640.77 a 1.07+0.66 abed 1.00+0. 11 abed 6.00+1. 00 defg
xS BURLEELEUEHRNMERE
Table 8 Waterlogging tolerance coefficient of physiology and biochemistry indexes of broccoli
=) "% - 5% M '
CZIDTT\Jr:ar S()Tﬂlﬁ!&ﬁar Si{l{fbrlﬁl;%r'(if}iﬁn W MDA SOD s
1 2.15+0. 63 gh 1.37+0. 78 defg 45.63%9.81 ¢ 1.1940. 04 abede 0.5340.14 d
2 2.2040.41 gh 1.07+0.13 g 1.58+0.69 f 0.90+0.13 e 0.82+0.21 cd
3 8.12+0. 39 cde 3.3640.74 a 1.81+0.52 f 1.69+0. 37 ab 0.8840. 18 bed
4 10. 00%0. 05 be 1. 86740. 64 cdef 1.6240.53 1.2740. 26 abcede 1.1840. 08 bed
5 12.20+£1.49 b 1.37+0. 24 defg 3.16+0.22 f 1.164+0. 17 cde 0.83740.21 cd
6 9.25+0.70 bed 2.59+£0.74 b 4,714+1.24 f 1.5040. 39 abed 0.83+0.28 cd
7 4.54+0. 08 efgh 2.46-0. 38 be 35.70412.03 cd 1.704+0.50 a 1.3640. 06 bed
8 4.20+1.19 fgh 1.2940. 24 efg 1.234+0.11 f 1.4240. 40 abed 1.0940. 13 bed
9 9.36+2.00 bed 1.9240. 33 bede 28.4041.67 de 1.28+0. 24 abede 0.8440.20 cd
10 2.34+1.16 gh 1.2940. 13 efg 10.75+£1.03 f 1.66+0. 39 abc 2.38+1.78 a
11 16.75+6.75 a 1.2040.18 fg 3.32+1. 14 f 1.3440.01 abede 0.68740.16 cd
12 5.75+2.20 defg 1.114+0. 14 g 66.88+2.62 b 1.4440. 32 abed 1.0940. 46 bed
13 1.534+0.10 h 1.064+0.25 g 56.61+20.86 b 1.0740.03 de 1.1040. 44 bed
14 2.2340.21 gh 1.0840.10 g 5.11+0.69 f 1.31+0. 09 abede 0.8240.23 cd
15 8.2342.13 cde 2.1540. 22 be 5.2940.41 1.36£0. 34 abcde 1.08+0. 33 bed
16 3.2841.86 gh 1.3140. 40 efg 77.41%+6.31 a 1.32+0. 16 abede 1.58+0. 20 abe
17 7.49+2.03 cdef 1.2140.10 fg 7.56+1.51f 1.1740. 13 bede 0.67240.03 cd
18 5.07+1.50 efg 0.95+0.15 g 21.70+£1.85 e 1.1040.01 de 0.8140.35 cd
19 7.8241.01 cdef 2.04740. 42 bed 29.6944. 44 de 1.46+0. 22 abed 1.7940.53 ab

2.2 BAKEMETERXHESIEREIAHEXME
B3R 9 AT, WK BhE R L AL SR b T i
bR R M b T R R R A 2 A A R O
IRF AR K P A OC R B W 0. 702, 0. 893,
0.672, 5k AH X MR B B E K HEREH
0. 4435 R ff i B 5 BT B R R TR R A G
PEHR 1K B A i 3K P, A0 OC R B4 0. 786,
0. 927 ; Hy b 5 &2 55 i T 5 2 9 A 56 P 8 B AR

FHAKT A RECRO0. 799, Sk AT RS & AR
BB AR E 0 R 0. 264,0. 280, 1 B
SRS 57 A SR SR N1 AT s - o 1 B S ATER R /S
1o B AR DG P IA B 2 K F A O R B 0. 346, AT
MR A& S SOD {6 M 1 A 56 Pk 1k 3 4% 8 3%
KA R BN 0. 412, SOD i 5 POD 36 ¥4
KM IR ) 5 3 KT A R BCH 0. 335,
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Table 9 Correlation coefficients of physiology and biochemistry indexes of broccoli seedling under waterlogging stress

- Jo i T i i it Uﬂderg PR = Lo PTIEMENE
=L - *E’Eﬂl (St S H AR
Shoot Underground Shoot round . Plant Soluble SOD POD
Index Adventitious MDA Soluble
fresh fresh dry dry height sugar .
. . . . root protein
weight weight weight weight
Hb b S 1
Shoot fresh weight
T i i
Underground fresh 0.702" 1
weight
M b T “x .
Shoot dry weight 0.893 0. 786 !
R T
Underground dry 0.672** 0.927"* 0.799" " 1
weight
.
AR 0.207  0.197  0.048  0.204 1
Adventitious root
Plant height 0.443 0.083 0. 264 0. 090 0. 346 1
N % MDA —0.066 —0.115 —0.032 —0.129 —0.111 —0.207 1
3 P
TR 0. 187 0.053 0.280" 0. 104 0.013 0.067 0.116 1
Soluble sugar
@Yﬁ‘ﬁﬁrﬂﬁ —0.053 0. 064 0.095 0.038 —0.060 —0.256 0.120 0.233 1
Soluble protein
SOD —0.018 0.067 0.035 0.002 —0.169 —0.130 0.034 0. 740 0.412** 1
POD —0.022 0.095 —0.009 0.070 —0.137 —0.073 —0.152 —0.228 0.092 0.335* 1

T % x 735378 0,05 F1 0. 01 /K- BAIGME 2 .

Note: * and * * indicate significant correlations at the 0. 05 and 0. 01 probability levels, respectively.

2.3 BRXEHMGENERS D
B2 10 WAL, B 4B S W BF PE AT 6 > F A
1y 5T Hk R 4 B o 32, 58%., 16. 89%, 12. 93%,

R 10 BRXEHPW

9.81%,7.94%,7.22% , B3t 5ilk R ik 87.35% , %
e 3] B3t sk R R T 85 Y% By TR L BB X 6 > 3
O3 FE VA W2 BG4 8 A A B A B R

S 6N ERDHFERETME

Table 10 Eigen values of 6 principal components and their contributions of waterlogging

tolerance of broccoli at seedling stage

EL Wy FHIE{E TR/ % it vimkR/ %
Principal component Eigen value Contribution Cumulative contribution
I 3.58 32.58 32.58
Il 1. 86 16. 89 49. 46
1 1.42 12.93 62. 39
v 1.08 9.81 72.20
A 0. 87 7. 94 80. 14
VI 0.79 7.22 87.35
HI % 10 AR 11 ALA0L 205 | Far X st ™ B BEER IV B FE B RS (X e, HV E

fief IO (X, ) 246 % {1 B R B B R 2R A K T R e A S
s 32,58 % MM B INILEE | i EE MR
ff i (Xo) B E . 5 11 F B4 X R [ SOD i
(X0 4 X {E e K BP 57 Rk 238 A5 K o AT i ke 4 38 5 4l
16. 89 %6 g 8 I BL S 1T o £ 2 i SOD i 1%
(X)) PEE o 35 I 380 o3 X6 L A T 35 M 3 i (X)

PO ar NI I I3 - N S N1 I 1 S o &
12. 93 %0 W5 B« D AR I 32 B 40 32 2 o ml i v bl 5
(XD PRGE . B IV 3 B X R AR 5 (X)) 48 % {8
T5e KD BT R 2% e K, HL AT B e 4 AR 9. 810 I fH

Jﬁﬁ’ﬁﬁﬁ"]*ﬁi*ﬁﬁ(xsW’@ﬂiﬁfiﬁﬂpﬁ@t%'ﬂ%
R HAT S e A FR A 7. 94 06 i 15 B TR L AR
J A 3 B R A E AR (X)) BRGE Iﬁuﬂiﬁ%\ﬂ}_ﬁ}iﬁ
X IO T T S (X ) 248 0 e R IV T R R e
WL R 4 AN 7. 22 20 15 L BRI A VT E LS
EEmR AN SR XD RE.
AR TR o3 B A DA 0 R R
Y, =0. 217X, +0. 313X, +0. 270X, +0. 312X, —
0.040X; —0. 086X, + 0. 029X, — 0. 033X, —
0.012X,—0. 041X, +0. 022X, ,
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Y, = 0. 015X, — 0. 021X, — 0. 003X, — 0. 065X, + 0.049X;+0. 023X, + 1. 002X, — 0. 128X, —
0.065X;+0. 113X, + 0. 026X, + 0. 059X + 0.038X,+0.065X,,—0. 049X, ,

0.395X,+0.587X,,+0.408X, . Y Yo Y Y Y R Y Al R R A i

Y, = 0. 022X, — 0. 120X, + 0. 102X; — 0.075X,— LB LA — 1% F 5040 A e HEAT 32 8043 40 47 » A 20 1

0.070X;+0. 044X, — 0. 130X, +0. 706X, + Y, .Y,.Y,.Y,.Y: f Y, 5544 HF 09754 h 5k

0.286X,—0.004X,,—0.431X,, . AREHATLE A IEM, HREH Y = 0.325 8Y, +

Y, =0. 287X, — 0. 213X, + 0. 092X, — 0.234X,—  0.168 9Y,+0. 129 3Y,+0.098 1Y, +0. 079 4Y, +

0.003X;40. 759X, + 0. 074X, + 0. 089X, — 0.072 2Ys. FMIALZEE T35 V) REME X AN [R5 46

0.229X,+0.164X,,+0. 182X, , SRR TR 15 5E 0 4F 25 S R PEA L Y (EBCOR AR

Y;=—0.091X,+0.087X,—0. 186X, +0.072X, +
0.919X; +0. 065X; +0. 038X, —0.136X;+
0.295X,—0.009X,,—0.132X,,,

Y =0. 119X, — 0. 021X, + 0. 054X; — 0.063X, +

SRR 57 RE B . h R 12 "R RFEM Y (H
T R Ul A HRE 19 AR a5 97 49 1T ST8 B9 Y
R/ B AT P

x1l BEXHHSERIRSWBLEDERTEHE
Table 11  Feature vector and contribution rate of each principal component at seedling stage
PEAR FRG T YD ERG T ERAGITCD FRSN D ERGV ) ERG VYD
Trait PCT PCI PCII PCIV PCV PCV
é{ii)?ffﬁf(\jig)ht 0.217 0.015 0.022 0. 287 —0.091 0.119
{{?t:gi{g?ii;}iizsh weight 0.313* —0.021 —0.120 —0.213 0. 087 —0.021
éﬁl’:‘i?:d%%(j;ii 0.270 —0.003 0.102 0.092 —0. 186 0. 054
%IEGZ?\Z%;%L; weight 0.312 —0. 065 —0.075 —0.234 0.072 —0.063
A EME(X5) Adventitious root —0. 040 0.065 —0.070 —0.003 0.919* 0. 049
5 (X6) Plant height —0.086 0.113 0. 044 0.759* 0.065 0.023
(X)) MDA 0.029 0.026 —0.130 0.074 0.038 1.002~
T BE (Xg) Soluble sugar —0.033 0. 059 0.706" 0. 089 —0.136 —0.128
w] s A F (Xs) Soluble protein —0.012 0. 395 0. 286 —0.299 0.295 —0.038
SOD(X 1) —0.041 0.587" —0. 004 0. 164 —0.009 0. 065
POD(X,1) 0.022 0.408 —0.431 0.182 —0.132 —0.049
e o TR IEFRARAE A o P e R 4 XA
Note: * indicates maximum absolute value in each principal component.
%12 REELRHEE S 0SS
Table 12 Comprehensive assessment of waterlogging tolerance of different broccoli materials
i AR TR5 0D Hery i i LA R T15 4 (V) Hey

Variety Comprehensive evaluation Order Variety Comprehensive evaluation Order
# 7 Yanxiu 8.594 1 S73 2.714 11
&4k 3 %5 Taili No. 3 7.951 2 2t 90 Liixiong 90 2.541 12
.75 Youxiu 6.706 3 S67 2.213 13
S31 5.158 4 &4t 15 Tailu No. 1 2.195 14
S74 4.924 5 S53 2.183 15
S94 4.573 6 S48 2.158 16
4t ¥ 55 Lihuangdi 4,560 7 it €t 75 Naihanyouxiu 1.778 17
& [ 4% Mantuoli 3.818 8 S40 1. 505 18
2l 60 Liixiong 60 3.758 9 S78 1. 288 19
H 4k 2 5 Tailu No. 2 2.827 10

2.4 AEABFRFMBEHMGEENRESN
WRAEER 12 13 M0 Y [HRE 47 R U R 4

OrRI A A BRGNS L DR 19 A4

FAEKM B> 0 3 R Do diE& 1A 0.5 1

EMAMERTE G835 MhF. X 3 MR Y (|
RFHAE A RE B A ST 5 68 1. 26 11 Qa4
S31.S74.894 LR ¥ 77 VAR AE 60, X LER LY Y {HAT
BORLBm . BRI KM EEERa. a4 2 5,
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S40.S78. X LEBH AT Y (ELAREL /NN AR AT 2

BRI B B

Euclidean distance
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1 1 1
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The numbers are same as Table 1
Bl 1 19 Al 16 S MR T 1 5 M 11 5 2 25

Fig.1 Dendrogram of 19 broccoli materials based on waterlogging tolerance
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