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Genetic analysis of morphological traits of
Eucommia ulmoides Oliver’s hybrid offspring

WEI Yong-cheng, L1 Zhou-qi, LI Yu,CHANG Li

(College of Forestry , Northwest A&F University ,Yangling , Shaanxi 712100, China)

Abstract: [Objective] The experiment was conducted to study the variations of morphological traits of
Eucommia ulmoides Oliver’s hybrid offspring,to reveal the genetic parameters of the important traits of
E. ulmoides Oliver. [Method) A factorial cross with ten parents of E. ulmoides Oliver was conducted.
Morphological traits in the second year were measured and genetic parameters were estimated, which in-
cluded the height of seedling, ground line diameter, leaf area, length of leaf, width of leaf, ratio of leaf
length/leaf width,number of leaf vein and length of leafstalk. [Result] The results revealed that hybrid
offsprings have significant difference among and within families in height of seedling,ground line diameter,
leaf area,length of leaf,and so on. There is also significant difference among the right traits in the same
parent and among different parents in the same traits. Female parent Xiaoye has higher general combining
ability than the others. And the specific combining ability is significantly different among rights of families.
Family 21, Huazhong 2 X Qinzhong 1,has the highest specific combining ability in height of seedling and
ground line diameter, while the family 1, Xiaoye X Qinzhong 1,has the highest special combining ability in
leaf area and length of leaf. All traits studied have high broad-sense heritability(above 50% ). [Conclusion]
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Hybrid offsprings have significant difference,so primary selection of seedling among and within the families

is significant. Family 1,2,9,21 and 25 can be used for breeding in E. ulmoides Oliver because of their high-

er SCA in eight traits.

Key words: Eucommia ulmoides Oliver;general combining ability;specific combining ability; heritabili-

ty
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Table 1 5X5 factorial cross design for excellent breeding in E. ulmoides Oliver
LA Male
ﬁz{x =) [= N =] jiny %
o TN PATEE TR i o
Qinzhong 1 Qinzhong 2 Luochao 3 Ziye Longguai

/Nt Xiaoye 1% No. 1 25 No. 2 3% No. 3 45 No. 4 5% No.5
K Daye 6 5 No. 6 7 %5 No. 7 8 %5 No. 8 9 %5 No. 9 10 % No. 10
K Daguo 11 5 No. 11 12 5 No. 12 13 5 No. 13 14 5 No. 14 15 5 No. 15
EI M Yanci 16 5 No. 16 17 5 No. 17 18 5 No. 18 19 5 No. 19 20 5 No. 20
1 2 %5 Huazhong 2 21 5 No. 21 22 %5 No. 22 23 5 No. 23 24 5 No. 24 25 %5 No. 25

ALY 24 AR R M AFE L Hb 20 SRR EME X857 R IR R
Note: Hybrid seedlings survived in 24 families except 20th(YanciX Longguai).
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Table 2 Variation of hybrid offspring traits among and within families of E. ulmoides Oliver

57 H D S LL

Family /om0 cyyy HE/mmo o oyyy B/ mmt ey B vy
Average Average Average Average

1 141 G 25.75 12. 50 E 21.76 9 505 EFGH 32.51 161 JK 20. 06
2 134 FG 22.46 12.17 DE 18. 00 8933 CDEFG 29.41 153 GHIJ 15. 84
3 120 CDEF 29.18 11.44 CDE 25,17 8 992 DEFG 28.12 158 1] 14. 60
4 120 DEF 26.52 10. 91 CD 18.59 7708 BC 29. 64 142 CDEFG 16. 26
5 120 CDEF 23.76 11. 55 CDE 19.01 7 805 BCD 36. 24 150 FGHI 18.51
6 113 BCDEF 31.12 10. 88 CD 17.37 7 843 BCD 36.79 136 CD 19.96
7 92 AB 31.39 10. 04 BC 18.96 8 824 BCDEF 44.97 139 CDEF 23.16
8 101 ABCD 27.72 10. 76 CD 19. 66 10 256 H 27.83 155 HIJ 14.59
9 112 BCDE 25.93 10.72 CD 16. 36 8 045 BCD 26. 39 136 CD 14.10
10 97 AB 30.68 10. 88 CD 19. 35 8 728 BCDEF 36. 77 149 FGHI 19.59
11 98 ABC 27.98 8. 46 A 6.92 6 061 A 30.91 118 A 17.95
12 111 ABCDE 38. 34 11.09 CDE 25.53 9 367 EFGH 42.25 147 DEFGH 23.08
13 113 BCDEF 21.34 11. 33 CDE 11. 36 9923 FGH 29.48 148 EFGHI 15. 04
14 109 ABCDE 29.91 11. 56 CDE 18. 80 9 607 FGH 27.37 145 DEFGH 16.07
15 111 ABCDE 18.01 11.04 CDE 18. 46 9 650 FGH 34. 34 155 HIJ 19.43
16 122 DEF 24.98 11.03 CDE 17.42 7927 BCD 30. 00 136 CD 15.61
17 114 BCDEF 23.43 10. 77 CD 17.43 9417 EFGH 32.49 145 DEFGH 17.43
18 101 ABCD 33.69 10. 00 BC 21.58 8 336 BCDE 41.93 138 CDE 21.33
19 113 BCDEF 27.27 10. 88 CD 18. 29 7672 B 39.45 133 BC 20.41
21 130 EFG 28.13 11.87 DE 15.77 8 978 DEFG 35. 88 142 CDEFG 19.91
22 114 BCDEF 24.97 11. 26 CDE 19. 17 9 459 EFGH 32.19 143 CDEFG 17.13
23 108 ABCD 29.07 10. 79 CD 19.12 9 961 FGH 35. 14 156 HIJ 19. 05
24 90 A 32.02 9.12 AB 22.50 6 282 A 38.51 125 AB 21.21
25 104 ABCD 24.76 10. 69 CD 19. 49 10 170 GH 32.06 169 K 17. 64

sz WL LL/WL NL LP
Family /mmo ey B cvn I L cwy Wm0 oy

Average Average Average Average

1 78 DEFGH 18. 26 2.07 GH 11.62 14 1 13.91 17 EFG 21.62
2 75 CDEF 14. 84 2.04 GH 11. 75 13 BCDE 12.09 18 FG 16.52
3 75 CDEF 16.42 2.13 H 12. 34 14 HI 12.63 18 FG 16.71
4 70 ABC 16. 37 2.03 G 12.55 13 FGHI 11.99 17 DEF 18.09
5 67 AB 20.55 2.25 1 11.63 12 BC 12.11 14 A 20.17
6 74 CDE 19. 69 1. 84 CDE 13. 05 13 BCD 14.79 16 CDE 22.26
7 80 EFGHI 26.09 1.76 ABC 12.18 12 AB 12. 46 16 CDE 20. 87
8 87 ] 16. 96 1.79 ABCD 11.70 13 CDEFG 12.68 17 EFG 18.50
9 76 CDEFG 15. 46 1. 80 BCD 12. 81 12 BC 13. 31 16 CDE 20. 35
10 77 DEFG 21.19 1.95 F 11.77 12 BC 11. 00 14 AB 15.77
11 66 A 18.01 1. 80 BCD 9.95 14 GHI 10. 40 14 A 17.13
12 85 1J 27.11 1.76 ABC 9.30 14 GHI 15.23 15 BCD 25.45
13 86 1J 16. 66 1.74 AB 12.04 13 CDEFG 13.37 17 EF 16. 91
14 86 1J 14.52 1.70 A 9.96 13 FGHI 11.19 15 ABC 11.21
15 81 FGHI 16. 97 1.93 EF 12.17 13 EFGHI 13.12 15 ABC 15.37
16 75 CDEF 16. 30 1. 83 BCD 10. 34 13 BCD 11.33 17 EFG 22.50
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%R 2 Continued table 2
%% WL LL/WL NL LP
Family ~E/mm o0 cviy A ttest  CV/% 1 rtest  Cv/y E/MmM 0 ovrw
Average Average Average Average
17 82 GHIJ 17. 85 1.78 ABCD 9.54 13 DEFGH 14. 24 17 EFG 22.63
18 76 CDEFG 24. 35 1. 84 CD 12. 90 13 BCDE 12. 30 17 EF 21.22
19 72 BCD 20. 68 1. 86 DE 9.83 13 BCDE 12.94 17 EFG 20. 68
21 81 FGHI 19. 82 1.78 ABCD 13.56 12 AB 14.18 17 EFG 22.61
22 83 HIJ 18. 90 1.74 AB 12. 11 12 A 11.61 17 EFG 19. 43
23 84 HIJ 18.62 1. 87 DEF 11.69 12 BC 12.37 18 G 24,37
24 65 A 19. 55 1.93 EF 11.43 12 A 13.29 14 AB 20. 17
25 81 FGHI 17.23 2.12 GH 12.22 13 BCDEF 12. 31 15 BCD 20. 85

Y -test”— B BRI IR -0 4% % 5 R 35 AR R 7 5 R % 2% B 8. (P<0. 05),

Note: The same words showed indistinctive difference and different words showed significant difference( P<Z0. 05) in “z-test” column.
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Table 3 Variance analysis of of hybrid offspring traits of E. ulmoides Oliver

P K o BZ3 i EZ3TT: T
Source of variation Area groups Families Female Male Female X Male Error
df 2 23 4 4 16 48
H M. S. 361.9 475.76* 7 414. 68" 133. 88 0.068 80. 8
D df 2 23 4 4 16 48
M. S. 0.68 2.70" " 4.05 4. 46 1.61"" 0.9
] df 2 23 1 1 16 48
S M. S. 430 719 381 846.16* 14 140 828.62" 13 110 784 12 378 883 1373 444.7
df 2 23 4 4 16 48
tE M. S. 36.07 380,93 324. 34 681.97 164. 43 87.27
df 2 23 4 4 16 48
Wk M. S. 9.63 835.90* % 972. 41 1022.87 755.02 33.71
LL/WL df 2 23 4 4 16 48
M. S. 0.000 7 0.062 2" * 0.19 0.078 0.005 9 0.003 9
‘ df 2 23 4 4 16 48
NE M. S. 0.025 20,77~ 24. 54 21.48 19. 56 0.24
df 2 23 4 4 16 48
Lr M. S. 1.18 36. 74" 22.35 78.04" 30.01 1.42
bR« FoR P=0.01 lRF KN A5 x o8 P=0.05 BB FAKF. TERR.,
Note: * % represent the P=0. 01 significant level, * represent the P=0. 05 significant level. The same as below.
£ BRI RAN — R A N H R
Table 4 Estimated values of GCA of each parent of E. ulmoides Oliver
PER A U KR =] fE Eh2S  ZHib1S RS KBS E Je ¥
Trait Xiaoye Daye Daguo Yanci Huazhong 2 Qinzhong 1 Qinzhong 2 Luochao 3 Ziye Longguai
H 13.48 —7.99 —3.82 0.52 —2.09 7.60 1. 00 —3.08 —2.63 —3.60
D 9.28 —5.56 —0.40 —0. 36 —3.04 1. 24 2.52 —0. 36 —4.35 1. 20
S —1.56 0.16 2.25 —4.58 2.81 —7.59 5.33 8. 81 —9.88 4.16
LL 5.47 —1.46 —1.59 —4.81 1. 85 —4.35 0. 34 4.09 —6.05 7.47
WL —3.91 1.28 2.70 —1.22 0. 90 —3.65 4. 40 5.22 —4.75 —1.52
LL/WL 11. 45 —3.18 —5.54 —3.32 —0.07 —1.30 —3.81 —0. 86 —1.36 9.16
NL 3.30 —2.11 4. 34 —0.55 —5.09 0. 85 —0. 84 1. 38 —0. 80 —0.74
LP 2.27 —2.17 —6.25 5. 14 2.04 0. 83 3.11 6.90 —2.49 —10. 44
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Table 5 Estimated values of SCA in eight traits of the cross of E. ulmoides Oliver
Flf{m%i:ly H D S LL WL LL/WL NL LP
1 5.33 4.69 18. 09 10. 09 9.70 —0.43 4.29 2.32
2 5.39 6. 04 —1.38 —0.28 —1. 86 0.63 —3.54 4.63
3 —3.67 —4.17 —4.19 —0.39 —2.73 1.95 3.07 —0. 20
4 —3.34 —3.30 —0.21 —1.50 1.11 —2.45 1. 88 2.15
5 —2.99 —3.50 —13.15 —9.41 —5.91 —1.54 —5.55 —6.82
6 1.19 —0.19 —2.68 —0.50 —2.42 2. 14 —0.96 0.12
7 —10. 80 —8.91 —4. 36 —2.74 —2.74 0. 10 —0.99 —2.22
8 1. 69 3.51 8.57 4.02 5.21 —1.07 2.32 1.04
9 10. 73 6.49 1.93 0.99 1.32 —0.41 —0.08 3.33
10 —2.09 —1.14 —4.29 —3.26 —1.07 —2.60 —0.14 —0.18
11 —18. 30 —19. 54 —25.19 —12.42 —15.01 1. 94 0. 31 —8.55
12 2.09 0. 04 —0.23 2.43 0.76 2.35 2.78 —2.12
13 6.79 6.08 2.67 —0.23 1. 86 —1.52 —3.64 3.05
14 3.69 5.83 17.73 7.69 11. 10 —3.08 0.62 1. 80
15 6. 44 7.36 4.19 1.03 1.59 —1.52 0.08 7.91
16 0.58 1.61 3.02 2.91 1.93 1.33 —2.87 0.69
17 0. 00 1.12 6.61 4.53 2.70 1.52 4.20 —3.10
18 —6.51 —7.58 —8.69 —4.22 —5.30 1. 44 —2.10 —8.51
19 3.06 5. 81 2.39 2.76 —0.55 3. 04 0.18 2.58
21 11.11 13. 50 7.68 0. 88 6.16 —4. 31 —0. 66 4. 39
22 3.21 1.78 0.27 —2.98 1.49 —3.95 —2.34 1.78
23 1.59 2.24 2.55 1.79 1.31 —0.14 0. 45 3.59
24 —14.23 —14.75 —20.92 —8.98 —12.63 3. 56 —2.48 —10. 88
25 —0.95 —3.01 9.59 7.79 3.98 3. 00 5.18 3.21
% /IMBE Minimum value —18. 30 —19. 54 —25.19 —12.42 —15.01 —4.31 —5.55 —10. 88
i K8 Maximum value 11.11 13. 50 18.09 10. 09 11.10 3.56 5.18 7.91
FrifE 2 Standard deviation 7.11 7.38 10. 1 5.35 5.88 2.28 2.74 4. 07
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Table 6 Heritability of hybrid offspring traits in
E. ulmoides Oliver
MR Trait H? h?

H 88. 88 16. 33
D 75.18 9.21
S 73.63 3.19
LL 61.08 28.56
WL 89. 00 10. 55
LL/WL 50. 96 9. 06
NL 96. 60 6. 26
LP 89. 61 19. 74
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Table 7 Correlation coefficients between hybrid offspring traits of E. ulmoides Oliver

Trait H D S LL WL LL/WL NL LP
H 1
D 0.893 4™~ 1
S 0.2225 0.525 6" 1

LL 0.3725 0.593 7~ 0.826 9~ 1

WL 0.043 0 0.334 9 0.909 2~ 0.529 9"~ 1

LL/WL 0.336 0 0.2727 —0.088 8 0.478 8 —0.485 8 1
NL 0.272 8 0.303 8 0.2110 0.305 0 0.141 4 0.147 5 1
LP 0.506 8"~ 0.477 4 0.420 9 0.268 0 0.394 9 —0.147 9 0. 005 6 1
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