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Evaluation Method and Screening of Germplasm
with High Resistance to Head-splitting in Cabbage
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Abstract: Head cracking is the most serious physiological disease in the production of cabbage. The splitting
resistance of 7 spring and 8 autumn cultivars were evaluated under natural conditions by comparison of cracking
type, cracking rate and degree of cracking extent,and the grading system of cabbage head splitting was established
according to the number of split leaf layers and area of the maximum head cracking. The head splitting index of post
harvesting-5 days for spring cabbage and 15 days for autumn cabbage can be used to accurately identify head split-
ting resistance of cabbage. The varieties can be divided into 5 levels: High Resistance, Resistance ,Moderate Resist-
ance , Susceptibility and High Susceptibility. Further it was used for screening high resistance to head-splitting of 59
germplasm resources,and some high resistant cultivars were screened out. Also the indoor head soak method was e-
valuated at the same time. Through head splitting of 15 cultivars survey and analysis by indoor soak method , we can
achieved that the method can also identify resistance to splitting-head of cabbage accurately. The research developed
a set of identification method and standard for screening splitting resistance germplasm. These resistance germplasm
would provide materials for theory and breeding of cabbage.
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Table 1 Grades and head-splitting characteristics in cab-
bage

25 Grade FMHFAE The symptom characters

0 BRI RO

1 RO 12

2 RO 2 2,S < 50

3 BRI 3 ~5 2,8 < 50 ;HAOE?2 2,5=50

4 PRI OE 6 ~ 10 J2,S < 50; 84 M3 ~5 J2,5=50

5 BRI MR 10 2R 1 R OB 6 ~ 10 J2,5=50

S(%) =S,/S, x100,S, = KA HIK x e KB I, S, = Bk
JCZAIRT RIS ¢ BRI AR (B KA 1/2)
S; = arc length x width,S, = longitudinal X transverse diameter( half

of the maximum circumference )

0~5: 43| 0~5
0~5: Grade 0~5

El1 AEZERAN B RBKEER
Fig. 1 The typical symptom of head

with different degrees of cracking
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A: B3, B: YR, C: (TH) Y +BR, D: AR, E: B, F. P, G: T
A: Transversal cracking , B: Longitudinal cracking, C: Longitudinal + transversal cracking , D: Irregular cracking,
E:On the base of leaf head, F: In the middle of the leaf head , G: On the top of the leaf head

B2 HEMBKEZERKXFRIKEBA
Fig.2 The main cracking type and position of cabbage head
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Table 2 The head-splitting rate and index of cabbage in different time

PHATERR e e NINPN JEAE WAV S K OBBE 10 R VG 15 K AU 20 R UG 25 R
Index of Code 5 days before Harvesting 5 days post 10 days post 15 days post 20 days post 25 days post
survey harvesting time harvesting harvesting harvesting harvesting harvesting
ZRE (%) D1 48.13 A 67.54 A 80.95 A 91.70 A 100 A 100 A 100 A
Head-splitting D2 24.93 B 60.86 A 93.09 A 100 A 100 A 100 A 100 A
rate D3 54.24 A 72.94 A 84.97 A 100 A 100 A 100 A 100 A
D4 0C 0B 0cC 12.22 C 30.84 D 46.03 B 46.03 C
D5 0cC 0B 0cC 17.29 C 26.20 D 50.94 B 71.81 B
D6 0cC 0B 0cC 32.55C 77.56 B 100 A 100 A
D7 9.36 C 15.22 B 31.73 B 47.05 B 64.88 C 100 A 100 A
ZUERFEEL DI 7.41 A 9.92 B 36.31 B 44.22 B 57.98 B 68.49 B 70.76 B
Head-splitting D2 2.77 B 14.12 A 52.76 A 100 A 100 A 100 A 100 A
index D3 9.38 A 11.80 B 39.43 B 48.67 B 60.45 B 70.53 B 73.00 B
D4 0B 0cC 0D 1.36 D 7.65 C 9.62 D 17.39 C
D5 0B 0cC 0D 5.11D 8.50 C 34.87 C 68.54 B
D6 0B 0cC 0D 30.94 C 68.29 B 100 A 100 A
D7 1.41 B 3.96 C 15.44 C 35C 55.99 C 74.86 B 100 A
ZABRR (% ) Al 6.55A 26.52A 47.26A 92.65A 100A 100 A 100 A
Head-splitting A2 4.17AB 19.58B 40. 56A 72. 64A 89.30A 100 A 100 A
rate A3 0B 4.17C 15.28B 50.00B 84.72A 93.33 A 97.78 A
A4 0B 0oC 6.83BC 36.51BC 81.90A 95.55 A 100A
AS 0B 0ocC 2.08BC 18.75CD 41.67B 75.00B 91.67A
A6 0B 0oC 4.17B C 18.35CD 18.35C 49.70C 64.98B
A7 0B 0oC 0cC 2.08D 4.65C 13.76D 21.09C
A8 0B 0oC 8.16BC 26.06C 37.43B 47.20C 57.45B
SUBRFEEL Al 2.22A 8. 15A 22.22A 63.70A 89.63A 98.52A 100A
Head-splitting A2 1.48AB 5.18B 11.85B 43.71B 70.37B 94. 08A 100 A
index A3 0B 2.96B 15.56 AB 31.85BC 39.26C 57.04B 70.37B
A4 0B 0oC 1.48C 17.03CD 22.22D 61.48B 83.70AB
A5 0B 0C 0.74C 5.92D 11. 85DE 25.92C 37.78C
A6 0B 0oC 0cC 4.44D 7.41DE 17.78CD 31.11CD
A7 0B 0oC 0C 0D OE 3.70D 7.41E
A8 0B 0C 1.48C 6.67D 8. 89DE 14.07CD 17. 78DE

PRI RS 5 R FR 72 P <0. 01 ACE [ A7k B %2 5%, TR

The values within a column followed by the different uppercase letter are significantly different at P <0. 01. The same as below

xR3 HEMTHBERARKEESR
Table 3 Rating of resistance to head-splitting in cabbage population

25 Grade PLRIFERE Level of resistance SBR$E 3&( % ) Head-splitting index
1 Heifit 24 ER High Resistance, HR 0~5.0

3 M 248k Resistance, R 5.1~15.0

5 51t 245k Moderate Resistance ,MR 15.1~35.0

7 FHLER Susceptibility , S 35.1~50.0

9 % 53 248k High Susceptibility , HS 50. 1 ~100.0
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Table 4 The head-splitting rate and index of cabbage in different soak time
R T s B (h) Soak time G B ] (h) Soak time

Index of survey Code | 2 3 4 6 Code | 2 3 4 6
ZUERA (% ) DI 0 33.33A 66.67B 91.67A 100A Al 0 41.67A 72.64A  100A 100A
Head-splitting rate D2 0 41.67A 83.33A 100A 100A A2 0 33.33A 66.67A  100A 100A
D3 0 33.33A 66.67B 91.67A 100A A3 0 33.33A 50.00A 93.33A  100A
D40 0cC 0D 16.67C 16.67C A4 0 18.75B 33.34B  66.67B  66.67B
D5 0 0cC 0D 25 C 25 C A5 0 18.75B 33.34B 42.25B  42.25B
D6 0 0cC 0D 25 C 25¢C A6 0 ocC 0D 18.75C  18.75C
D7 0 1667B 33.34C  50B 50 B AT 0 ocC oD 4.65D  4.65D

A8 0 0C 16.67C  25C 25C
ZUERTE B DI 0 7.41A 18.52A 3241 A 3241A Al 0  9.96A 25.93A 63.10A 63.10A
Head-splitting index D2 0 10.19A 2593 A 38.89A 3889 A A2 0 7.41A 2593A 54.62A 54.62A
D3 0 7.41A 20.37A 34.26A 34.26A A3 0  7.41A 20.37A 34.26B  34.26A
D40 0cC 0cC 3.70C  3.70C A4 0  2.82B  8.63B  20.37C  20.37C
D5 0 0cC 0cC 6.48C 6.48C A5 0 1.85B  6.48B 14.81C 14.81C
D6 0 0cC 0cC 6.48C 6.48C A6 0 oc ocC 11.85C  11.85C
D7 0 1.85B 7.41B 14.81B 14.81B A7 0 0C e 3.22D  3.22D
A8 0 oc 2.4C 14.07C  14.07C

F5 HERERKIEMAKEESR
Table 5 Rating of resistance to head-splitting in cabbage

population for the indoor soak method

05 U ZURAEE(% )
Grade Level of resistance Head-splitting index
1 M 45k High Resistance, HR 0~10.0

3 it 48K Resistance,R 10.1 ~20.0

5 i 245k Moderate Resistance , MR 20.1 ~30.0

7 3Bk Susceptibility , S 30.1~35.0

9 W 5 Z4FR High Susceptibility , HS 35.1~100.0
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Table 6 The head-splitting rate and index of cabbage at 5 and 15 days after harvesting

YR S K HEJE 15 R
2008 A4 & 5 days post harvesting 2012 Bk%i 5 15 days post harvesting
Code of spring Code of autumn
in 2008 BB (% ) ABRAEH 12012 BBRF (% ) BUBRIE B
Head-splitting rate Head-splitting index Head-splitting rate Head-splitting index
1 100A 66. 67A HI1 95.83A 74.82A
2 94. 74AB 64.91A H2 36. 22GHIJKL 13.33AB
3 96. 67AB 51.68B H3 71.64BCD 34. 08ABC
4 81. 08BCDE 46.25B H4 84.72AB 40. 74DEF
5 84.21ABCD 39.77C HS 84. 58AB 48. 15D
6 88. 57ABCD 39.68C H6 41. 67FGHIJK 10. 37JK
7 78. 41BCDEF 38.61C H7 98.33A 85. 18ABC
8 80BCDEF 38.73C H8 51.39DEFGH 10. 37JK
9 84.21ABCD 35.09CD H9 95.48A 82.22BC
10 91. 67ABC 33.92DE H10 100A 94. 08AB
11 75. 76CDEF 27.95EF HI11 87.22AB 51.11D
12 79. 13BCDEF 26. 16EF H12 26. 741JKL 7.41JK
13 79. 94BCDEF 25.25FG H13 28. 89HIJKL 10. 37JK
14 73. 68 CDEFG 18.71H H14 36. 19GHIJKL 7.74JK
15 64EFGHI 14. 22HI H15 43. 05FGHIJ 51.85D
16 53. 72HIJK 12.041) H16 69. 34BCDE 17. 04H1J
17 48. 001JK 11.261JK H17 61. 08CDEF 25. 19GHI
18 61. 90FGHIJ 10. 761JK H18 22. 56JKLM 5.93JK
19 75. 00CDEF 10. 001JK H19 46. 67TEFGHI 11. 851JK
20 52. 63GHIJK 8.77JK H20 48. 75DEFGHI 28. 15FGH
21 42. 67K 8.30JK H21 57. 06DEFG 25. 18GHI
22 61. 90FGHIJ 7.94JKL H22 33. 33HIJKL 11. 851JK
23 45.17JK 5. 64KL H23 100A 97.04A
24 48. 651JK 5.41KL H24 21. 67JKLM 3.70JK
25 2.50L 1. 06LM H25 80. 30ABC 46. 67ED
26 4.76L 0.53M H26 50. 54DEFGH 28. 15FGH
27 4.76L 0.53M H27 69. 37BCDE 82.22BC
28 oL oM H28 19. 17KLM 8.89JK
29 oL oM H29 oM 0K
H30 17. 50LM 1. 48K

RT 74 BHEV BB RIKE

Table 7 The head-splitting resistance of 74 cabbage germplasm

5 Grade LT Level of resistance MBS Code of germplasm
1 W i 24 2R D4 ~ D6 A7 25 ~29 H24 H29 H30
3 i 245k D7 A5 A6 A8 .15 ~24 H2 H6 .H8 H12 ~ H14 H18 H19 H22 H28
5 B R A4 11 ~14 H3 H16 H17 H20 H21 H26
7 Y e D1.D3.A3 4 ~9 H4 HS5 H25
9 T ES:N D2 Al A2 .1 ~3 HI H7 H9 HI0 HIl HI5 H23 H27
3 i R E TR, NI IR, B TAEH

— BLRFTR RER A Dy — > E 2B F Rl F b, o i 22

HEEM B AR R R, 2% S MBI HOT R BRIEE R G SR, AOTFEERN, H
PG AU W FLA VLA SRR b P, 38 0 S WRDRHE] 0T SRR P 25 e 3, T A TR SRR
F TR ARG R RN S o, A PR R ps AL DR R G R B A R g AL R R R E 1Y
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