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Abstract : Taking three rapeseed ( Brassica napus L. ) with different waterlogging tolerance as the control , water-
logging tolerance of 15 stable lines between B. napus and Rorippa indica were identified and evaluated comprehen-
sively in seedling period by using simulated drought in plastic pots. The results showed that: (1) Waterlogging re-
strained root system growth,resulting in shorter plant, yellow leaves and biomass decreased. Effects of waterlogging
on root system were most serious compaired to the plant total biomass and the growth of plant upside. (2) Through
principal components analysis and subordinate function analysis, 10 character indexes, including number of leaves,
ratio of green leaves,seedling height,root length , fresh weight of plant upside,root and the whole plant, dry weight of
plant upside,root and the whole plant, were transformed into a single comprehensive evaluation value (D value) ,
which accurately provided comprehensive evaluation for 18 materials, also provided method reference for Brassica
napus waterlogging tolerance evaluation in seedling period. (3) Waterlogging tolerance coefficient of 9 character in-
dexes ( excluding ratio of green leaves) from 15 innovative germplasm all were higher than the control culti-

vars. Comprehensive evaluation results showed D value of 15 germplasm all were higher than Yuhuang No.2, D
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value of 13 germplasm were higher than Zhongyou 821 with high comprehensive tolerance and D value of 3 germ-

plasm were higher than Zhongshuang No.9 with high waterlogging tolerance. Cluster analysis showed innovative

germplasm accounted for 6(85.71% )in 7 germplasm with high waterlogging tolerance. Consequently , the waterlog-

ging tolerance of innovative germplasm were higher than the control cultivars averagely, which indicated that innova-

tive germplasm from wide cross obviously improved waterlogging tolerance of Brassica napus.

Key words : Brassica napus ; Rorippa indica ; progenies of intergeneric hybrid ; waterlogging tolerance ; compre-

hensive evaluation
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Table 1 Effect of waterlogging stress on B. napus seedling growth at the seedling stage

B2 R el AN i1 =1 R A RGEE MRS E ﬂy:%l%\ WTHE HEELSTE
Q1 CK 9. 00 100. 00 12.38 17.25 36. 34 6. 84 43.18 3.10 1.01 4.11
T 9.25 91.89*" 11.50 10.75 % 19.35"" 2.94 " 22.29*" 2.54 " 0.43"" 2.97*"
a( %) 102. 78 91. 89 92.93 62. 32 53.25 42.93 51.61 81. 84 42.57 72.19
Q2 CK 10. 75 95.35 18.25 16.75 36.73 6. 83 43.56 3.10 0.95 4.05
T 10.00 * 85.00"* 8.13"" 12.63%" 19.78 ** 3.17*" 22.95"" 2.65" 0.45"" 3.10""
a( %) 93.02 89. 15 44.52 75. 37 53.85 46. 40 52.68 85.56 46.97 76.53
Q3 CK 11. 00 93.18 25.63 15.13 42.23 5.60 47.83 3.27 0.78 4.04
T 10.75 88.37% 12.25*"" 11.25*" 22.02" 3.05*" 25.07"" 2,527 0.43 " 2.94
a( %) 97.73 94. 84 47. 80 74. 38 52.13 54.53 52.41 77.03 54. 84 72.77
Q4 CK 10. 50 97. 62 17. 88 16. 00 39.18 5.82 45.00 3.32 0.95 4.27
T 10. 25 90.24* 10.25** 11.50*" 27.83 " 3.40 %" 31.23** 3.23 0.47 " 3.71°%
a( %) 97.62 92.44 57.34 71. 88 71.02 58. 40 69. 39 97.29 49. 87 86. 89
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Material name Sort NOL (% )RGL em) (em) o) (e) (e) Tl (8) (e)
HPS LOR FWU FWR Fwp DWU DWR DWP
Q5 CK 9.25 97.30 14. 50 15.00 35.43 4.92 40. 34 2.79 0.77 3.57
T 10. 25 92.68 " 8.88"" 11.63"" 25.59 " 3.35"" 28.94 " 2.70 0.48 " 3.18""
a(% ) 110. 81 95.26 61.21 77.50 72.22 68. 16 71.72 96.77 61. 81 89. 08
Q6 CK 10. 00 95.00 11.88 15. 88 44. 11 7.17 51.27 3.76 1.27 5.03
T 8.75"" 88.57" 7.63*"  7.63"" 22.35*" 3.08"" 25.42*F 2.93*" 0.41™" 3.35""
a(%) 87.50 93.23 64.21 48.03 50. 66 42.95 49.58 77.99 32.54 66. 53
Q7 CK 13.25 95.24 24.25 17.38 45.82 6. 86 52.67 3.72 1. 11 4.83
T 10.25 " 88.68 " 9.75*" 15.00" 28.07 " 3.73*" 31.80"" 311" 0.52"" 3.63""
a(% ) 77.36 93. 11 40. 21 86.33 61.26 54. 41 60. 37 83.78 46. 40 75.18
Q8 CK 10. 50 92. 86 14. 50 17.13 37.72 6.28 44. 00 3.40 1.17 4.56
T 9.50" 86.84 " 9.38"" 11.25*" 22.48 " 3.26%"  25.74"" 2.84" 0.47**  3.31*"
o (%) 90. 48 93.52 64. 66 65. 69 59.59 51.97 58.50 83.59 40. 56 72. 60
Q9 CK 10. 00 95.00 12.63 16.13 39.18 5.80 44.97 3.37 1.09 4.46
T 10. 25 87.80 " 10. 13" 8.50"" 29.44 " 2.68"" 32,12 3.25 0.39"" 3.63"
a(%) 102. 50 92.43 80. 20 52.71 75. 14 46. 20 71.41 96. 29 35.48 81.48
Q10 CK 8.67 100. 00 9.00 17.83 33.65 5.04 38. 69 2.89 0. 86 3.74
T 8.50 88.24*"  4.88"" 8.38"" 19.52*F 2.03*" 21.56 %" 2.46" 0.32*" 2.77*"
a(%) 98.08 88.24 54.17 46.96 58.01 40.33 55.71 85.13 36.77 74.07
Q11 CK 9.25 100. 00 8. 88 16.25 33.04 5.09 38.12 2.71 0.83 3.54
T 7.75*"  100. 00 6.13"" 10.13*" 18. 19" 2,11 20.30 " 2,11 0.31"" 2.42*"
a(% ) 83.78 100. 00 69. 01 62.31 55. 06 41.45 53.24 77. 84 36. 94 68.22
Q12 CK 9.25 94. 59 8.75 17.63 39. 14 6. 11 45.26 3.46 1.01 4. 47
T 8.25" 87.88 " 8.00" 9.38"" 28.82"" 3.13*"  31.95*" 3.28 0.44**  3.72°
a( %) 89. 19 92.90 91.43 53.19 73.63 51.17 70. 60 94.73 44.03 83.32
Q13 CK 10. 00 100. 00 10. 75 16. 50 35.89 5.08 40. 97 2.96 0.94 3.90
T 8.50"" 91.18 " 8.38""  7.13"" 21.76 %" 2.27*" 24.03"" 2.83 0.32"" 3.14"
a(%) 85. 00 91. 18 77.91 43.18 60. 63 44. 69 58. 65 95.52 33.51 80. 58
Q14 CK 10. 00 92.50 8.63 16. 13 36. 49 4.75 41.24 3.07 0. 82 3.89
T 8.75"" 91.43 6.00 " 8.88"" 21.60*" 3.28*" 24.87*" 2.90 0.48*" 3.38"
a(%) 87.50 98. 84 69.57 55.04 59.19 68.91 60. 31 94.39 58.23 86.77
Q15 CK 9.25 97.30 10.75 17.63 34.27 5.74 40.02 3.37 1.09 4.46
T 8.25" 87.88** 5.75** 7.25*" 19.27 " 2.26"" 21.54*" 2.72*° 0.33"" 3.05""
a(%) 89. 19 90. 32 53.49 41.13 56.23 39. 40 53.82 80. 83 30. 05 68. 41
L9 = CK 11.75 97.87 12. 00 16. 38 28.34 4.56 32.89 2.35 0.75 3.11
739 T 8.75"" 91.43 " 8.25"" 8.75"" 18.71 " 2.32*" 21.03*" 2.27 0.37"" 2.64"
a( %) 74. 47 93.42 68.75 53.44 66. 04 50. 82 63.93 96. 60 48. 84 84. 89
i 821 CK 12.25 95.92 17.25 17.13 39. 88 5.59 45. 46 3.41 0.92 4.32
7Y821 T 10.50**  88.10" 10.63** 8.13"" 21.26"" 2.51%  23.77*" 2.66™  0.34""  3.00""
o(%) 85.71 91. 84 61.59 47.45 53.32 44.94 52.29 78.05 36. 89 69. 33
s 2 = CK 9.75 97. 44 12. 00 17.75 33.40 5.41 38. 81 3.23 1. 14 4.37
YH2 T 6.50"" 92.31" 6.13"" 9.38"" 12.20 " 2.52"" 14.72*" 2.02"" 0.41"" 2.43""
a(%) 66. 67 94.74 51.04 52.82 36.53 46.58 37.93 62. 64 35.67 55.58

"R S35 e Ak PRAE S X BRI 22 SR 0. 05 T KSEA 0. 01 B B E K, CK %t iR, T b 2t

“and ™" show the difference is significant between waterlogging stress groups and CK groups at 0. 05 /0. 01 level , respectively. NOL = Number of leaves,
RGL = Ratio of green leaves, HPS = Height per seedling, LOR = Length of root, FWU = Fresh weight of plant upside, FWR = Fresh weight of root, FWP =
Fresh weight of plant, DWU = Dry weight of plant upside, DWR = Dry weight of root, DWP = Dry weight of plant,ZS9 = Zhongshuang No. 9,7ZY821 =
Zhongyou 821,YH2 = Yuhuang No. 2. The same as below
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Table 2 Correlation analysis of growth traits under waterlogging stress at the seedling stage

LJEME g Hi LitSIS ARGy WREEE  AARESE b S WTHE  fkET
NOL RGL HPS LOR i FWU FWR FWP +& DWU DWR & DWP
KL 1..000
LR -0. 195 1. 000
B 0.223 0.130 1. 000
i3IS 0.236 0.209  -0.407 1. 000
by - i 0.482* -0.048 0.375 0. 160 1. 000
R i 0.215 0.474* -0.089 0.528 " 0. 405 1. 000
b LB B 0.479*  0.015 0.339 0.217 0.993 " 0.509 1. 000
W EFASTE - 0.423  -0.076 0.393 0.070 0.904 ** 0. 468 0.910** 1. 000
R 0.322 0.376  -0.130 0.669**  0.341 0.891**  0.432 0. 419 1. 000
FE MR ST 0. 457 0.041 0. 286 0.247 0.863 ** 0.652**  0.894*" 0.963 ** 0.643**  1.000
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Table 3 Value of materials comprehensive index ( CI) ,index weight(IW ) ,u(x),D value and its taxis
PRA TR D {EHEFF
) CI(1) CI(2) CI(3) CI(4) u(1) u(2) u(3) u(4) D1l }
Material name Taxis
Q1 —0. 846 -0. 848 0. 398 2.272 0.373 0. 152 0. 544 1. 000 0.392 13
Q2 —-0.360 1.338 -1.479 0. 208 0.513 0. 870 0.074 0. 487 0. 540 8
Q3 -0.982 1.470 0.432 0. 886 0.334 0.914 0.552 0. 655 0. 531 9
Q4 1.202 0.951 —-0. 402 0. 103 0. 964 0.743 0.344 0. 461 0. 788 2
Q5 1. 072 1.519 0. 766 1. 407 0. 926 0.930 0. 636 0. 785 0. 877 1
Q6 -0.925 -0.762 -0.067 0.016 0. 351 0. 180 0. 427 0.439 0. 326 17
Q7 0. 093 1.732 -0.524 -1.337 0. 644 1. 000 0.313 0.103 0. 644 6
Q8 -0.190 0. 140 0.121 0. 191 0. 562 0.477 0.474 0.483 0.523 10
Q9 1. 139 -1.074 -0.371 0. 893 0. 946 0.078 0. 351 0. 657 0. 631 7
Q10 -0.134 -0.253 -1.774 0. 428 0.579 0. 348 0. 000 0. 542 0. 442 12
Q11 -0.943 -0.661 1. 616 -0.011 0.345 0.214 0. 849 0.433 0. 387 14
Q12 1.328 -1.092 0. 444 0. 038 1. 000 0.072 0. 555 0. 445 0. 670 5
Q13 0.726 -1.310 -0.454 -0. 628 0. 826 0. 000 0.331 0.279 0.515 11
Q14 0. 704 0. 355 2.219 -0.598 0. 820 0. 548 1. 000 0.287 0.735 3
Q15 -0.415 -0.721  -1.306 -0.350 0. 498 0. 194 0.117 0. 348 0. 361 16
XL 9 5 759 1. 264 -0.267 0. 188 -1.751 0.982 0.343 0.491 0 0. 682 4
Hrii 8212Y821 -0.592 -0.489 -0.377 -0.286 0. 447 0.270 0.350 0. 364 0.384 15
W2 5 YH2 -2.141 -0.029 0. 568 -1.480 0 0.421 0. 587 0. 067 0. 186 18
R TW 0. 543 0. 245 0. 133 0.079
CasE o s s as PULRETRVRMAILE A U P AERS Tl 821, B7
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Fig. 1 Cluster result of D value of 18

materials’ waterlogging tolerance

BT I IR LA SR R 3
3 H R TR 3l 2R RS Gk A SR A ) BB v I )
MEPEZR S PPOME (D (8) & T R i Bl X9 5,
13 QU b B A iR 9 M £ PP AN (v T 27 A

AP R A T AR AR ] R AR T R B 0
D ARG F1085 AR LA F YRR RS
TR A Bl 3 2T S e AR R DA AR
AR AE Xl S R AR FE 10 ~ 30 d R,
FPHE AL 10 d RIATSZ M AE R AR S BEIE 3 1 [A]
I, 32 HE N MR AR 52 0 e, 1 T A e,
WRBL A 17853, 2 BAE X3 DH gt % A
UNEEUITMTA R e T VNI 2 SEN SRR 2L 2 7



4 R BRI G R 1) 2 5 AR B A 25 S PPN 901
F4 FRESRIEMREGHEE B2
Table 4 Comparison of waterlogging tolerance of different origin materials (% )
ey Nl RJENE bR e iS5 SEN L R i b , L T bk
Type Ttem NOL Rd% EE LOR oG E@% BRI T DWR BT
FWU FWP DWU DWP
MR8 173) /M Min. 66.67  88.24  40.21  41.13  36.53  39.40 37.93  62.64  30.05  55.58
Total FoRfl Max.  110.81  100.00  92.93  86.33  75.14  68.91  71.72  97.29  61.81 89. 08
M Average  89.97  93.19  63.89  59.43  59.32  49.68  58.01  85.88  42.89  75.80
PR s 10. 81 2,93 14.88  13.17 9.66 8. 66 8.93 9.62 9.18 8.74
TREFCY  12.01 3.14 2329 22,16 16.29  17.42 1539  11.21  21.40 11.53
H AN Fe/IMA Min. 77.36  88.24  40.21  41.13  50.66  39.40  49.58  77.03  30.05 66. 53
RIS ) 2 FoRfH Max.  110.81  100.00  92.93  86.33  75.14  68.91  71.72  97.29  61.81 89. 08
JRARCLS ) M Average  92.84** 93.16  64.58  61.07  60.79  50.13  59.33  87.24  43.37  76.97
Progenies between
B napus and bR s 8.71 3.18  15.96  13.85 8.26 9.40 7.83 7.70 9.65 7.29
R. indica S RE CV 9.38 3.41 2471 22.68 13.58  18.75  13.20 8.83  22.26 9.48
XFBR At R (3 ) Fe/IME Min. 66.67  91.84  51.04  47.45  36.53  44.94  37.93  62.64 3567  55.58
CK FoRfl Max. 8571 94.74  68.75  53.44  66.04  50.82  63.93  96.60  48.84  84.89
M Average  75.62  93.33  60.46  51.24  51.96  47.45  51.38  79.10  40.47  69.93
PR s 9.57 1.45 8.91 3.29  14.80 3.03  13.02  17.00 7.28 14. 66
WREECY  12.66 1.56  14.74 6.43  28.48 6.40  25.35 21.50 17.98  20.97
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