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Resistance identification of Brassica oleracea cultivars (lines)
to clubroot at seedling stage
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Abstract Clubroot, caused by Plasmodiophora brassicae . has been one of the main discases that affect the yield
and quality of Brassica oleracea . In this study, 306 breeding lines and cultivars from cauliflower, cabbage, brocco-
li, Chinese kale and kohlrabi were identified for clubroot resistance to race 4 of P. brassicae at seedling stage. The
results showed that B. oleracea lacked resistant sources to clubroot, only one high resistant (HR) source was found
in broccoli, the proportion of susceptible (S) and high susceptible (HS) materials were over 65% , and the propor-
tion of medium resistant (MR) materials in both loose-curd cauliflower and cabbage were over 30%. According to
the joint evaluation of resistance proportion and mean disease index, the overall resistance level of cabbage was
higher than that of other varieties, and Chinese kale and kohlrabi showed the least resistance. In addition, hybrids
derived from °Xiangan 336’ (R) X cabbage/broccoli and ‘ Tony’ (MR) X broccoli were used to identify their
clubroot resistance. The results indicated that all of hybrids showed reduced disecase index compared to the male
parents with relatively enhanced resistance and the lower disease index of the male parent, the higher proportion
of higher resistance in the offspring. In view of this, the male and female parents both should be more highly re-
sistant during the selection and mating of disease-resistant combinations in the future. This study will provide

sources support and technical reference for the cultivation of resistant varieties to clubroot of B. oleracea .
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Table 1 Resistance identification of Brassica oleracea varieties (lines) to clubroot at seedling stage

i o T 45 £ EIINEe e EIRE2 g i 2 it g %' 9 T 45 £ it g
Code Disease index Resistance level Code Disease index  Resistance level Code Disease index  Resistance level

JHC-1 27.58+2.25 MR JHC-30 77.38%7.43 HS JHC-59 75. 00£5. 05 HS
JHG-2 28.35+0. 32 MR JHCG-31 81.94+£2. 41 HS JHC-60 51.79+£2.53 S
JHC-3 60. 00%0. 00 S JHC-32 52.62411. 30 S JHCG-61 86.43+9. 09 HS
JHCA4 26.56+2. 21 MR JHG-33 46. 94+2. 68 S SHC-1 60.12+£2.73 S
JHC-5 30. 56£6. 36 MR JHC-34 81.35+13.06 HS SHC-2 55.95+5. 46 S
JHC-6 63.33%9. 04 S JHC-35 53.33%7. 64 S SHC-3 53.57%10. 71 S
JHC-7 60.12+2. 73 S JHC-36 51.19+2. 06 S SHC-4 59.52+4.12 S
JHC-8 46. 43+£5. 05 S JHC-37 67. 86+6. 19 HS SHC-5 52.78+8. 67 S
JHC-9 52.38%47. 43 S JHC-38 58.13%11. 14 S SHC-6 55. 56£6. 36 S
JHC-10 47.02+£8. 44 S JHC-39 52. 08=+5. 08 S SHC-7 35.71+£3.57 MR
JHC-11 61. 90412. 54 S JHC-40 69. 8444, 51 HS SHC-8 35.71+£9. 45 MR
JHC-12 45, 34+11. 50 S JHC-41 70. 04+7. 99 HS SHC-9 33.33+£7.22 MR
JHC-13 42.90+£2. 92 MR JHC42 74. 60114. 10 HS SHC-10 41.67+4.12 MR
JHC-14 47.56+8. 18 S JHCH43 65. 20+9. 58 HS SHC-11 37.50+4. 17 MR
JHC-15 46, 71£7. 89 S JHC-44 71.30%4. 24 HS SHC-12 87.50+4.17 HS
JHC-16 83.19+13. 63 HS JHCA45 46. 94+2. 68 S SHC-13 65. 48=+2. 06 S
JHC-17 68.25+8.78 HS JHC-46 77.38+4.12 HS SHC-14 39. 29+3.57 MR
JHC-18 76. 81%5. 99 HS JHCA47 52.58+2. 25 S SHC-15 60. 00%=5. 00

JHC-19 51.79+2. 53 S JHC-48 48. 81-£5. 46 S SHC-16 59.52+5. 46 S
JHC-20 58. 73%8. 94 S JHC-49 71.13%0. 42 HS SHC-17 75. 00£7. 22 HS
JHC-21 63.41+8. 68 S JHC-50 26.79+£2.53 MR SHC-18 75.00+£7. 14 HS
JHC-22 67. 86+6. 19 HS JHCG-51 27.38+£8. 42 MR SHC-19 62.5044. 17 S
JHC-23 60. 87+3. 07 S| JHG-52 32.86+4. 04 MR SHC-20 63.89%2. 41 S
JHC-24 64.29412. 88 S JHC-53 66. 67+0. 00 HS SHC-21 63.10+2. 06 S
JHC-25 54. 76=+8. 99 S JHC-54 55.36+7.58 S SHC-22 61. 1144. 81 S
JHC-26 27.38+£5. 86 MR JHGC-55 80. 65+2. 10 HS SHC-23 55.95+2. 06 S
JHC-27 61.0149. 79 S JHC-56 73.96+10. 31 HS SHC-24 66. 6715. 46 HS
JHC-28 75. 45412, 33 HS JHC-57 30. 95+3. 37 MR SHC-25 59. 524£5. 46 S
JHC-29 37.50+£5. 36 MR JHC-58 63.1349. 72 S SHC-26 56.94+6. 36 S
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Code Disease index Resistance level Code Disease index  Resistance level Code Disease index  Resistance level
SHC-27 61. 11%2. 41 S QHC-40 75. 00=%0. 00 HS GL-9 56.0140. 34 S
SHC-28 38.10+£2. 06 MR QHC41  36.42+2.89 MR GL-10 62. 50+0. 00 S
SHC-29 40. 48+7. 43 MR QHC-42  65.83+1.18 HS GL-11 53.13+4. 42 S
SHC-30 35.71%£3.57 MR QHCH43 69. 10+12. 28 HS GL-12 45, 83+£5. 89 S
SHC-31 37.50+4. 17 MR QHC-44  52.60+9. 58 S GL-13 57.50=+10. 61 S
SHC-32 55. 9545, 46 S QHCH45 45, 55+3. 35 S GL-14 51.92+2.72 S
SHC-33 59.52+4.12 S QHC-46 51.96+7. 83 S GL-15 63. 54416. 20 S
SHC-34 58.33%4.17 S QHC-47 51. 645, 26 S GL-16 58.93+12. 63 S
SHC-35 38.10+£5. 46 MR QHC48  53.10+0. 66 S GL-17 38.54+10. 31 MR
SHC-36 83.33+2.89 HS QHC-49  69.90+11. 64 HS GL-18 28.97+9. 54 MR
SHC-37 41.674+8. 33 MR QHC-50  52.29+0. 29 S GL-19 36.31+4. 21 MR
SHC-38 65. 48+2. 06 S QHC-51  53.41+4.82 S GL-20 65. 40+8. 52 HS
QHC-1 77.08+14.73 HS QHC-52 54, 9343. 43 S GL-21 29. 69+£2. 21 MR
QHC-2 64. 23+7. 65 S QHC-53 56.1140. 79 S GL-22 90. 63413. 26 HS
QHC-3 63.33%4. 71 S QHC-54 53.9145. 52 S GL-23 46. 07£2. 02 S
QHCA4 47.06=+4. 16 S QHC-55 50. 00%0. 00 S GL-24 56. 25+38. 84 S
QHG-5 60. 76 0. 49 S QHC-56 47.12+9. 52 S GL-25 55.36+7.58 S
QHC-6 98.21+2.53 HS QHC-57 27. 68=%6. 31 MR GL-26 54, 7143, 44 S
QHC-7 57.95+11. 25 S QHC-58  32.58+1.07 MR GL-27 51. 25+15. 91 S
QHC-8 70.59%14. 39 HS QHC-59 57.9246. 48 S GL-28 53.75+38. 84 S
QHC-9 45. 38=+0. 10 S QHC-60 57.08+4. 12 S GL-29 78.13+0. 00 HS
QHC-10  65.2347.39 HS QHC-61  58.93+12. 63 S GL-30 81.55+14. 31 HS
QHC-11 63. 547410. 31 S QHC-62 52.28+7. 38 S GL-31 95. 9940. 23 HS
QHC-12  74.7442.58 HS QHC-63  27.50+1.18 MR GL-32 94. 38+0. 88 HS
QHC-13 66.02410. 18 HS QHC-64 50. 00%0. 00 S GL-33 100. 0040. 00 HS
QHC-14 57.21%7. 48 S QHC-65 58. 85+1. 63 S JILA1 58.33+11.79 S
QHC-15 53.65+7. 69 S QHC-66 83.44+3.78 HS JL-2 47.15+£8. 45 S
QHC-16 62.22+4. 81 S QHC-67 62.43411. 15 S J1-3 55. 58+£5. 37 S
QHC-17  45.3941.80 S QHC-68  69.79+4. 42 HS JLA4 71.33+8. 41 HS
QHC-18 60. 5740. 21 S QHC-69 6.20+4. 83 HR JL-5 74.40+£3. 57 HS
QHC-19 62.16+4. 57 S QHC-70 52.83%1. 05 S J1L-6 56. 73+£6. 99 S
QHC-20 75. 0040. 00 HS QHC-71 34, 84+7. 29 MR JL-7 60. 9840. 97 S
QHC-21 67.19+6. 63 HS QHC-72 50. 6144. 58 S JL-8 49. 22+1.10 S
QHC22  51.6742.36 S QHC-73  64.58+2.95 S JL-9 33.87+10. 33 MR
QHC-23 60. 00414, 14 S QHC-74 75.28+9. 24 HS JL-10 28.22+1. 34 MR
QHC-24  83.8549.58 HS QHC-75  72.94+12.56 HS JL-11 60. 55+5. 28 S
QHC-25 79. 647413. 64 HS QHC-76 45, 608, 94 S JL-12 69.17+8. 25 HS
QHC-26  80. 54+ 14. 26 HS QHC-77  68.27+6. 80 HS JL-13 46.77+0. 15 S
QHC-27  68.38409. 36 HS QHC-78  54.26+14.18 S JI-14 73.08=+2. 72 HS
QHC-28 66. 0720. 00 HS QHC-79 61. 46413. 26 S JL-15 40. 63+4. 42 MR
QHC-29  75.0040. 00 HS QHC-80  64.73+5. 68 S JL-16 57.57£2.55 S
QHC-30 51.6748. 25 S QHC-81 77.68+3.79 HS JL-17 45, 54+6. 31 S
QHC-31  65.1445.10 HS QHC-82  58.96+2. 06 S JI-18 55.00£7. 07 S
QHC-32 30. 3647. 58 MR GIL-1 51. 04+10. 31 S JL-19 47.97+10.73 S
QHC-33 52. 08+5. 89 S GL-2 31.25+8. 84 MR JL-20 63.1342. 06 HS
QHC-34 50. 00+11. 79 S GL-3 40. 28+5. 89 MR JL-21 65. 3140. 44 HS
QHC-35 81.6742. 36 HS GL-4 27.00=£5. 03 MR JL-22 45, 87+2. 31 S
QHC36  37.5045. 89 MR GL-5 39.38+6. 19 MR JL-23 59.20£09. 48 S
QHC-37 53.1314. 42 S GL-6 26.67+9. 43 MR JL-24 48. 86+1. 61 S
QHC-38 74. 43118, 48 HS GL-7 60. 42414. 73 S JL-25 70. 60+£3. 87 HS
QHC-39  47.9242.95 S GL-8 40. 42+7. 66 MR J1-26 39. 58=+5. 89 S
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Code Disease index Resistance level Code Disease index  Resistance level Code Disease index  Resistance level
JL-27 49. 19414. 00 S JL-49 68.06+8. 67 HS PL-3 87.22+10. 21 HS
J1.-28 78.33%16. 50 HS JL-50 72.78+11.82 HS PL-4 73.75+1.77 HS
JL-29 46, 88+7. 37 S JIL-51 92.36+4. 34 HS IPIL=5) 73.18%5. 29 HS
JL-30 45. 83+8. 84 S JL-52 75.28+4. 59 HS PL-6 32.18+0.73 MR
JI-31 58.13+3. 65 S JL-53 72.42+2.25 HS PL-7 71.54+2. 18 HS
JL-32 37.50+£1. 61 MR JL-54 78.61410. 08 HS PL-8 87.50+0. 00 HS
J1-33 40.10£0. 74 MR J1-55 67.14413. 23 HS PL-9 76.81116. 16 HS
JL-34 51.54+4. 25 S JL-56 72.22+6. 36 HS PL-10 63. 54+1. 47 S
=35 59.97+5.78 S JL-57 67. 14416. 34 HS PL-11 54. 69%6. 63 S
JL-36 77.50+3. 54 HS JL-58 70. 0447, 99 HS PL-12 53.33+11. 79 S
JL-37 62.4141. 48 S JL-59 50. 4046, 87 S PL-13 43. 75+4. 42 MR
JL-38 53.13+4. 42 S JL-60 59. 33%6. 53 S PL-14 71.56+9. 28 HS
J1-39 48. 33+£4.59 S J1-61 66.90+7. 33 HS PL-15 80. 21410. 31 HS
JL-40 65. 48+8. 99 HS JL-62 57.54=£3. 64 S PL-16 68. 54+0. 97 HS
JL41 84.29+1. 89 HS JL-63 70. 44411. 70 S PL-17 75. 64411. 95 HS
JL-42 57.10%2. 92 S JL-64 66.67+7.43 HS PL-18 50. 97+9. 68 S
JL-43 84.33+6. 53 HS JI-65 60. 32+£5. 50 S PL-19 84.75+0. 94 HS
JL-44 68. 6515. 63 HS J1-66 67.86+6. 19 HS PL-20 70. 45746. 43 HS
JL-45 71.43+3.57 HS JL-67 70. 63413. 90 HS PL-21 56. 75+5. 61 S
J1L-46 55.56+16. 84 S J1-68 41.67+£8. 99 MR PL-22 49. 81£6. 16 S
JL-47 61.90£12. 54 S PL-1 78.89+1. 57 HS PL-23 52.08+£2. 95 S
J1L-48 73.9147. 21 HS IRIE 50. 6317. 95 S PL-24 51. 10%6. 60 S
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HR: Highly resistant; R: Resistant; MR: Moderately resistant; S: Susceptible; HS: Highly susceptible; JHC: Tight curd cauliflower;
SHC: Loose curd cauliflower; QHC: Broccoli; GL: Cabbage; JL: Chinese kale; PL: Kohlrabi; the same applies below.
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JHC: BAE3E; SHC: AR/ IE3E; QHC: HAE3E; GL: 5B H; JL: FF; PL:2SHE
JHC: Tight curd cauliflower; SHC: Loose curd cauliflower; QHC: Broccoli; GL: Cabbage; JL: Chinese kale; PL: Kohlrabi
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Fig. 1 Resistance proportion(right)and mean disease index(left)of various varieties of Brassica oleracea
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Table 2 Identification results of clubroot resistance of F, generation from ‘Xiangan 336’ /‘Tony’ X cabbage/broccoli at seedling stage
Set 336 X404 Xiangan 336 X MP FEJE XA Tony X MP

L
Ml e ) i P2 i et
Disease index Resistance level Disease index Resistance level

GL-1 29.17+5. 89 MR = =

GL-3 38.13+9.72 MR — —

GLA4 15. 38410. 88 R = =

GL-13 26.9242.72 MR — —

GL-14 21.88+7.37 R — —

GL-18 19. 98=41. 21 R —

GL-22 79.73+9. 63 HS - -
QHC-1 48. 44+2. 21 S — —
QHC-2 54.81+9. 52 S 60. 80+2. 41 S
QHC4 28.61+£9. 04 MR 47.95%5. 26 S
QHC-5 50. 4945, 74 S 53. 57410. 10 S
QHC-6 78.57%5.05 HS 69.98+1. 21 HS
QHC-8 70.31+£11. 05 HS 57.39+7. 23 S
QHC-10 64. 58+0. 00 S - -
QHC-12 66.3047.59 HS 58. 59+5. 52 S
QHC-20 67. 68+0. 25 HS 37.34+7.81 MR
QHC-24 78.13%£7.37 HS 50. 45413. 50 S
QHC-25 70. 00£7. 07 HS 62. 80%5. 47 S
QHC-26 75.69416. 70 HS 53.13+4. 42 S
QHC-29 71.43+12.63 HS 54.17+5. 89 S
QHC-31 51.56+2. 21 S 66. 7147, 31 HS
QHG-33 32.95+4. 82 MR 59.72+8.72 S
QHC-35 77.08+6. 48 HS 68. 15415. 57 HS
QHC-38 65.13+13. 96 HS 52. 60+9. 92 S
QHC-40 69.58+4.12 HS -

QHC-42 55.18417. 43 S 52. 4416, 66 S
QHC-43 53.65+19. 31 S 64. 73%5. 68 S
QHC-49 47.77%£5. 68 S 67. 71%1. 47 HS
QHC-66 62.50E17. 68 S 60. 71+£0. 00 S
QHC-74 22.9242.95 R —

QHC-75 69. 11%5. 81 HS 60. 57+4. 34 S
QHC-81 73.96+10. 31 HS 54, 17%5. 89 )
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