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Abstract:In order to breed new walnut varieties with dwarf, precocious, fruitful and high quality traits which
were superior than Lvling, Lvling walnut plants were used as parents crossed with Liao ning NO. 1 and Lvzao wal-
nut, the 13 traits of 374 hybrid offspring in reciprocal crosses were investigated and their genetic laws were ana-
lyzed. The results showed that there existed relatively higher genetic diversities among the phenotypic traits of the
hybrid offspring, the variation coefficients of each traits were more than 17% ,the highest value reached 72.40% .
But that of the fruit related traits were less than 20% except the soluble protein contents. In the 4 cross combina-
tions, the inheritance of transfer ability of green husk percentage and kernel fat contents were more than 97% , and
their heredity was greatly influenced by additive effect. The broad-sense heritability of the fruit related traits were
more than 90% ,and this indicated that their heredities were relatively stable and could be chosen in the early gen-
eration. 21 superior trees were primarily selected from the hybrid offspring, principal component analysis methods
were used to evaluate them and select superior trees. The results showed that, according to the cumulative variance

contribution which reached 74. 3% ,4 principal components which reflected the main economic characters were de-
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termined ; by calculating the comprehensive evaluation value of each plant,3 excellent trees from 21 superior trees were

selected ,and the evaluation results were similar to those of their phenotypes of each plants,and 3 indexes that were

short bearing branch rate ,dwarf index and internode length could reflect the excellent dwarf character of walnut.

Key words ; walnut ; genetic ; principal component analysis
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Table 1 Disease classification standard
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Table 2 Leaf traits heredity and variation of walnut cross offspring

LGN ATHE FH{E 5 R B 75 S
Trait Hybrid combinations Average (% )CV Variation range
AR R L x LT 15 25. 69 25.16 4.84 ~54.00
Dwarf index LT 1 x G 24.91 17.48 14.62 ~36.9
LRI x B 25.25 29.03 14. 62 ~64. 02
SRR x SR 24.73 17.26 16. 11 ~48.31
Brwita B xUTT 15 6. 60 63.01 1.16 ~18.92
Disease resistance index LT 15 x g 6.07 70. 99 1.33 ~19.68
LRI x SR 6.75 58. 63 1.60 ~21.68
LR x SR 7.36 65. 65 1.10 ~25. 54
FEABIE (% ) LG x LT 1 5 32. 80 72. 40 0~92.31
Short bearing branch rate L1 x il 37.66 60. 64 0~87.5
LRIE x LR 33.29 68.97 0 ~100
S 34. 60 72.34 0~92.59
A FE (em) L x LT 15 3.42 49.34 1.1~8.33
Internode length 515 x G 3.43 47.84 1.03 ~9.07
LRI x G 3.15 47. 44 1.0~8.3
LRI x BRI 3. 14 50. 02 1.2~9.0
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Table 3 The appearance traits of fruit heredity and variation of walnut cross offspring
o hEE HEER e
PR M% BA K Mid- F-H1H 5 5 Z A 75 S S ST R
Trait Hybrid Female  Male parent Average of (% )CV  Variation range (% ) Ta (% ) Broad-sense
combinations value the hybrids heritability
BRHE(%) LA xITT 15 52.87  60.05 56.46 59. 17 8.45 35.90 ~70. 18 104. 52 0. 86
Green husk rate  j7ez | B4t 60.05 52.87  56.46 61.45 14. 05 46.32 ~74.51 108. 40 0.95
LEIG x SRR 52.87 56.27 54.57 61.06 7.82 45.00 ~83. 89 111.85 0.96
SR x G4 56.27 52.87 54.57 60. 59 6.75 46.08 ~73.13 110. 60 0.94
IR (o) G xIT 1S 13.39 10.72 12.06 9.08 18.38 4.23 ~12.72 75. 49 0.98
Nut weight IT159 <8 10,72 13.39  12.06 8.71 18. 88 6.11 ~13.43 72.34 0.98
LRI x SR 13.39  11.23  12.31 8.47 17.52 5.54 ~12.39 68. 65 0.97
B X I 11.23  13.39  12.31 8.33 19.92 5.56 ~14. 40 68. 08 0.97
(%) G xILT 15 6111 59.76  60.44 55.57 14.1 24.47 ~72.90 91.78 0.97
Kernel rate TT15 <808 59.76  61.11  60.44 55. 64 9.19  42.60 ~66.94 91.96 0.94
LRIA x 4R 61.11 61.03 61.07 56. 40 9.23  43.37 ~69.93 92.19 0.96
LR x Sl 61.03 61.11 61.07 56. 48 11.55  32.85~69.19 92.19 0.98
EEPZ(mm) S xTTF15 3.8  3.57  3.73 3.56 9.5 2.98 ~4. 12 96. 17 0.99
Nut longitudinal 379 1 52 41 3,57 3,88  3.73 3.43 8.19  2.818 ~4.094 92.36 0.98
diameter LI x 3.88  3.84  3.86 3.48 775 2.75 ~4.290 89. 84 0.97
LR x GG 3.84 3.8  3.86 3.40 6.97 2.83 ~4.04 88. 08 0.96
REMRZ(mm) SIS xITT15  3.34 3,40 3.37 3.02 7.43 2.46 ~3.35 89. 08 0.97
Nut transverse 715 <&k 340  3.34  3.37 2.92 6. 56 2.52 ~3.33 86.29 0.96
diameter Gy x SR 3.3 371 3.53 2.87 6. 34 2.48 ~3.27 81. 90 0.98
SRR x G 3.71  3.34  3.53 2.90 9.51 2.45 ~3.44 82.15 0.99
IR (mm) SIS xTT 1S 3.48 3.41 3.45 3.08 7.01 2.35~3.58 89. 58 0.96
Nut side diame-  y72 1 52 4l 3.41  3.48  3.45 3.06 9.72 2.65~3.53 88. 19 0.98
ter LRIG x G R 3.48  3.67 3.58 3.05 6.43 2.54 ~3.45 84.18 0.96
BRI x R 3.67 3.48  3.58 2.99 7.77 2.52~3.62 83.32 0.94
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Table 4 The fruit inherent traits heredity and variation of walnut cross offspring

R ZesddEft . . IS

PR LA RpA A Mid- T4 E A 7 5 R @T% (% ) Broad-
Trait Hybrid combinations Female Male parent Average of (ZOV> Variation range fj;:i)fa sense

value the hybrids heritability
BEE(%) S xIT15  66.54 65. 46 66. 00 64. 40 7.71 32.94~72.68  97.58 0.93
The oil content  jy-4= | 2 55216 65.46  66.54 66. 00 65.36 6.26 46.66 ~73.54  99.04 0. 89
BRI x IR 66.54  63.04 64.79 64.74 5.27 52.24~71.3  99.93 0. 61
LI x Rl 63. 04 66. 54 64.79 64.71 7.23 46.71 ~72.69  99.88 0. 80
BEAR A x LT 1% 23.29 20. 11 21.70 19.45 17.72 8.81 ~27.18 89. 63 0.95
Eh(% ) HF 15 x4 20011 2329 21.70 19. 66 17.03  8.35~28.2  90.60 0.95
The total protein oy sgm 2320 1886 21.08 20.30 16.04  9.24-28.59  96.31 0.99
eoment SRR x S 18.86  23.29 21.08 19. 74 17.14  10.79~28.37  93.66 0.99
AEEEAR SWxIZT1S 241 3.00 2.70 2.05 29. 84 0.7 ~3.38 75.79 0. 84
k(%) LT 15 <404 3.00 2.41 2.70 1.98 26.95 1.02 ~2.85 73.20 0.79
The fomble Gk x G 241 2.75 2.58 2.13 3279 0.49~3.46  82.55 0.95

protein content

LR x GG 2.75 2.41 2.58 2.17 32.68 0.76 ~3.89 84.10 0.95
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Table 5 The trait value of superior strains from hybrid offspring of Lvling walnut (%)
AN =3 ey sk % AT v
o TR WRE i gy BN TR ERRECBE e
5 GUREL L WEE S (em) ikt S Efzg Short K HEHE
In . Green (g) JE B . .
Fruits Kernel Average Total Disease  bearing (em)  Thesoluble
Number husk Nut (g) Yield Fat Dwarf
number rate of three protein resistance  branch  Internode  protein
rate weight  per plant content index
diameters content index rate length content
Vi3 Fg75 39 64.86 9.8 380.4  57.95 3.133 68.91 22.14  20.08 10. 13 17.24 2.333 0.49
P97 R 91 29 54.17 9.2 267.6  58.97 3.102 70.49  19.34 21.65 10. 69 20. 00 4.400 1.02
74 7 75 69 30 59.09 10.5 315.8  54.65 3.182 69.01  20.03 22.32 4.23 25.00 3.200 1.04
752 4t 57 61  52.33 9.3 567. 1 51.54 3.263 69.37 17.18 21.34 3.00 13.16 4.733 1.09
747 7§95 23 60.42 10.0 230.4  62.16 3.299 69. 15 17.45 19.53 6.14 0. 00 6.550 1.53
Pi54r104 40 49.29  12.7 508.6  58.48 3.509 68.27 19.41 19.35 4.70 6.67 1. 600 1. 60
7§ 5k 28 42 58.00 8.9 373.8  59.40 3.004 72.04 11.45 25.41 13.74 67. 65 1. 790 1.61
7671 89  61.99 8.2 732.0  59.12 3.162 68.19  22.70 26.95 2.79 73.68 1.233 1.89
74 4 7 26 31 54.29  10.1 311.8  54.18 3.294 69.71 18.95 20.89 8.29 21.05 1.773 1.92
74 4 7 91 54 70.00 9.3 501.8  56.11 3.116 69.14  22.75 21.17 2.49 87.50 2.570 1.93
Pis5dts1 91  71.70 8.9 808.5  56.40 3.083 69.28  22.76 27.32 13.40 73.91 2.550 1.95
a2t 64 9 57.58 9.5 85.2 62. 80 3.072 72.69 16.96  22.99 1.90 0.00 6. 000 1.96

PE 14k 31 23 54.46  10.9 250.4  51.54 3.219

7914t 68 43 61.15 8.5 364.3 62. 41 3.195

762 4k 96 60  60.78 9.9 594.9  52.92 3.317

74 3 7§ 39 50 58.82 10.7 533.4 60. 94 3.217

Pis5dk29 65  60.83 8.2 535.5  54.43 3.034

F1db110 157 56.22  12.7  1994.4  59.23 3. 660
Vi3 E4 81 59.30 10.5 848.9  59.14 3.326
P4 w75 11 53.13 8.9 98.4 56. 65 3.093

Piedt4 81 63. 89 9.2 746.8  68.67 3.260

68. 02 21.74  23.20 3.19 26. 67 1.768 2.00

70. 17 22.72  19.69 5.14 23.33 2. 000 2.03

69.40  23.50 19.93 2.03 0. 00 3.883 2.19
69. 48 15.77 23.58 7.84 4.35 2.317 2.19
69. 50 16.19  24.04 10. 18 41.27 1. 567 2.33
68. 08 18.22 24.81 7.95 9.26 2.317 2.38
68. 04 18.20 23.98 2.98 61.11 3.375 2.74
68. 37 17.34  21.09 12.90 33.33 2.795 2.80
69. 03 23.56 21.28 2.94 27.27 3.183 3.38

®6 BMEIEMREMSHAERHZMRRTERHE
Table 6 Principal component variance proportion and cu-
mulative variance proportion of main traits

of walnut
F s FHAE(E JrEvTERR BB 2 5imR
Principal component  Eigen value (% ) Proportion (% ) Cumulative
1 3.469 26. 683 26. 683
2 2.849 21.917 48. 600
3 1.822 14.015 62. 615
4 1.519 11. 685 74. 300

W T AZBE ISR SR SRR, n] RURE X 2 A FE £
AR MIRIA T 55 2.3 R e e T A% Bk
AR, BT LASE 2 .3 F2 8053 T ARG A A%k

AR

H T RO LR 22 | B — 1 32 A ARME XS &
PREE G MR DL 1 s F0 B, R ARl A Bk T 3
THP R R TRFERI 10 E A G, I
I 2% AR A (S AR AR AR R AR A T
FMB T ERA ERZE AP e 5, IRPELL 1
0T, AT DAS S A K AR IR RS FR R PPAN T 55 SR Sk
REFETRIRVEM TR BORAZBE LR 25 B PPN E 1Y PR K
Kb ARKRMREG SR8 =0.2950 Y, +
0. 189 Y, s REMREE S TR HEE =0.359 Y, +
0.157 Y, ; kR MR £ &3P B = 0.359 Y, +
0.2950 Y, +0.189 Y, +0.157 Y,, Hr.

Y, =0. 848X, +0. 019X, +0. 585X, +0. 898X,
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RT ZRZERBREFENFERDE + 0.023X5 + 0.796X, - 0.694X, + 0.299X; +
Table 7 [Eigenvectors of correlation matrix of walnut traits 0.239X, - 0.231X,, + 0.043X,, - 0.356X,
ZH Paraterment Y, Y, Y; Y, +0. 394X13 H
ZE B (X, ) Fruits number 0.848 0.328 0.14 0.174 Y, =0.328X, +0.562X, —0.603X, + 0. 148X,
TFTBCA(Xs) Green husk rate 0.019 0.562 -0.59 0.089 ~0. 027X - 0. 564X, +0. 039X, +0. 085X, +0. 7X,
ﬁ%i(xm)-Nm weight 0.585 -0.603 0.187 -0.178 10.347 X,y +0.909X,, —0. 478X, +0. 218X, ;
77 (X, ) Yield per plant 0.898 0.148 0.216 0.15

. ‘ Y, =0. 14X, - 0.596X, +0. 187X, +0. 216X, +
H17# (X, ) Kernel rate 0.023 -0.027 0.006 0. 847

0. 006X, +0. 046X, +0. 268X, — 0. 812X, + 0. 438X,

SRR (X ) 0.796 -0.564 0.046  0.006
Average of three diameters +0.637X,, —0. 135X,, -0. 117X, -0. 031X, ;
17 (X,)/Fat content ~0.694 0.039 0.268  0.405 Y, =0.174X, +0.089X, -0. 178X, +0. 15X, +
SEEBTE R (X)) 0.299 0.085 -0.812 -0.092 0. 847X, +0.006X, +0.405X, —0.092X, +0.061X,
Total protein content -0.204X,, -0.098X,, +0. 452X, +0. 528X,
%j;i‘éi(x4)vaali index 0.239 0.7  0.438  0.061 XY, ~ Y, RS 3R AR A X, ~
HURTE AL (X, -0. . . -0. Ny NTNTESON
- OB 0T 0GT 0200 X O bk HARER e AL
1sease resistance index

. . . R k \% A ', \ % N3 \j<
FIAE AR (X ) Short 0.043  0.909 =-0.135 -0.098 2‘2 2‘ 3‘ {tﬁifkﬁqj“& EE%}TBMJ uﬁ;&l‘
bearing branch rate AL FW LG BRI 21 A R AR %
W IAHE (X ) Internode length  —0.356 —0.478 —0.117 0.452 B, TR AT HER (£ 8) . MRIRLZE A 1S E
AR PR (X)) 0.394 0.218 -0.031 0.528 HEFF , o] LA SRR AR MR LSS . 76 21 S Bpk
Soluble protein content qﬂé,%%iqz{ﬁ{ﬁﬂlfﬁﬁﬁ 3 fﬁﬂ@ﬁ%u%ﬁ 14k 110 \@ 5

xS BMEMHERATNER

Table 8 Comprehensive evaluation results of superior walnut trees

A RPEREGE G PPN IR RSDREE S IR MR AP

FE M /ME Principal component values EOHES,

ETR= Comprehensive Comprehensive Comprehensive

Number evaluation index evaluation index evaluation value 0T

Y, Y, Y, Y, ranking
of growth traits of fruit traits of superior strains

7i14de110 10. 70 -1.29 2.89 0.75 0.16 3.96 4.12 1
Pi5dts1 1.13 5.77 0.43 -0.39 1.78 0.34 2.13 2
Fiedt71 2.47 4.56 -0.99  -0.15 1.16 0.86 2.02 3
TE3 /4 3.74 0. 84 0.03 0. 90 0.25 1.49 1.74 4
[ 2.68 0.36 -1.99 3.70 -0.27 1.54 1.27 5
7i5dk29 -1.19 3.27 1.53 -0.57 1.25 -0.52 0.74 6
7i5 k28 -4.35 3.83 4.09 0.38 1.90 -1.50 0.40 7
74 F 91 0.02 4.20 -4.42  -0.28 0. 40 -0.04 0.37 8
763 7 39 0.28 -0.76 1.80 0. 68 0.11 0.21 0.32 9
75 4k 104 3.01 -4.77  0.28 —1.41 -1.35 0. 86 -0.49 10
Pa1dt31 0.71 -0.95 -0.91 -2.38 -0.45 -0.12 -0.57 11
74 1t 68 -1.38  -0.11 -1.64  0.99 -0.34 -0.34 -0.68 12
475 -2.63  0.43 0.91 -0.56 0. 30 -1.03 -0.73 13
754 /26 -0.77  -1.22  0.56 -1.38 -0.25 -0.49 -0.75 14
7i 24t oe 1.12 -2.51 -2.04 -0.29 -1.13 0.36 -0.77 15
7§24k 57 -0.84 -2.34  0.27 -1.06 -0. 64 -0.47 -1.11 16
77 7 69 -1.11  -1.35 -0.58 -1.61 -0.51 -0.65 -1.16 17
TE3 /75 -1.76  -0.64 -0.88 -1.84 -0.35 -0.92 -1.28 18
767 ® 91 -3.92  -0.93  0.79 -0.06 -0.12 -1.42 -1.54 19
797 75 95 -2.36  -4.10 -0.46 1.43 -1.30 -0.62 -1.92 20
a2t e4 -5.55  -2.28 0.32 3.14 -0.61 -1.50 -2.11 21
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