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Research on the phenotypic diversity of walnut germplasm resources in Sichuan
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Abstract: Phenotypic diversity of walnut germplasm resources were investigated from main characters through
variation analysis, clustering analysis and principal component analysis based on 411 superior trees from 15
cities/counties in Sichuan. The results were gotten as follows: (D variation coefficients of many economic indicators,
such as fruit branches percentage, nut appearance, suture line, difficulty of taking kernel out and shell thickness were in
a relative high level, they were 53.2%, 34.4%, 37.4%, 25.7% and 23.4% respectively. Consequently, the four indicators
could be considered as reference guides in walnut variety breeding. @) the variation extent of all walnut characters was
the greatest in Shimian area among all 15 walnut growing areas, where the genetic diversity showed great abundance. In
general, the walnut from Batang area was ranked first in the 15 walnut areas; () the result from cluster analysis showed
that the 15 walnut areas could be clustered into 2 classes when the distance was 25, i.e., the first class was distributed in
Maoxian, Batang, Xiangcheng, Deronga, Jiuzhaigou, Wenchuan, Xiaojin, Songpan, Jiulong and Maerkang, and the
second class was distributed in Meigu, Muli, Dechang, Mianzhu and Shimian. The result showed that the phenotypic
characteristics of nuts had close relation with climatic condition, and fruit branches percentage could be taken as an

important indicator for walnut zoning.
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Table 1 Basic situation of materials
/
1 20
2 53 1— 2—
3 43 1— 2— 3— 4—
4 24 5—
5 28 1— 2— 3—
6 55 4
7 27 1— 2 3
8 11 1—
9 19 /42—
10 20 3 2 1/4 4— 2
11 39 5
12 19
13 19 N
” . 1.3 HuELIE
15 29 Excel 2003 DPS 7.05

SPSS 15.0
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Table 2 Main phenotypic characteristics of walnut germplasm resources in Sichuan
1%
1.400 2.000 1.000 1.000 0.500 35.0
2.400 5.000 1.000 4.000 0.900 36.1
(m) 13.100 30.000 1.500 28.500 4.700 36.0
(m) 2.000 12.000 0.000 12.000 1.300 64.2
(m?) 144.670 676.000 7.070 668.900 107.300 74.1
(cm) 12.700 110.000 1.000 109.000 10.500 82.4
(%) 26.100 80.000 0.100 79.900 15.600 59.6
(%) 43.100 95.000 0.100 94.900 23.000 532
() 2.200 4.000 1.000 3.000 0.500 22.7
(cm) 3.489 4.228 2.768 1.460 0.300 8.0
(cm) 3.340 4.386 2.597 1.789 0.300 7.6
(cm) 3.778 5.202 2.603 2.599 0.400 10.8
(cm) 3.536 4.250 2.671 1.579 0.300 7.4
2.500 4.000 1.000 3.000 0.900 344
1.600 3.000 1.000 2.000 0.600 374
3.800 5.000 1.000 4.000 1.000 25.7
(cm) 1.284 2.613 0.253 2.360 0.300 234
2.2 M)IlZFHRFREEREMERN~XES
3 15
0
72 3% 89.87%
3.4%
1.5 mm
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Table 3 Phenotype traits of walnut germplasm from different areas

2

/m /m /m /em 1% /%
1.2+0.37 2.5+0.83  15.943.39  2.2+0.95 138.5+80.58 14.2+8.39 25.9+8.74 64.3+17.82
1.5£0.50  2.9+0.67 11.6£3.60 2.1£1.54  196.1+141.33 12.4+4.29 16.7£12.15  39.4+17.60
1.2+0.39 2.540.55 11.4+2.08 1.9+1.27  112.3£65.80 8.1+£2.70 28.5+9.67 53.3£15.00
1.8+0.42 1.3£0.65  15.442.53  1.7+0.61 144.8+40.60 8.5£2.45 27.1+13.77  14.5+£13.19
1.5+0.51 1.3+0.52  10.5£2.51  1.5+0.63 84.5+£25.98 7.7£2.19 26.3+12.07 28.4+15.72
1.5£0.50  2.5£0.79  10.44£3.08 1.9£1.00  128.5+115.47 9.5+4.79 26.9+£10.91 49.1£17.93
1.4+0.49 244093  159+6.64 1.9+1.00 171.2+100.16 31.5+£16.46 21.9412.10 61.5+£17.53
1.3+£0.47 2.4+0.50 9.6+£3.11  2.3£0.67 81.7+£50.74 25.5+10.60 63.6£10.30  69.9+16.93
1.1£0.28 2.0£0.91  13.4+6.06 3.3+x1.32  131.9+117.41 35.0+24.66 30.0£9.79 72.3+13.94
1.9+0.37 2.6£0.99  13.746.23  1.3+0.80  136.6+£104.25 11.3£5.39 45.0+£18.99 55.3+24.46
1.3+£0.46 2.9+044  11.742.62 2.4+191 182.3+143.85 7.4£2.19 15.149.16  41.3£12.23
1.1+£0.23 1.5£0.51  14.44222  1.6+0.51 142.0£50.49 12.54+10.02 28.3+10.43  60.3£13.59
1.6+£0.50  2.3+0.73  19.745.48 2.2+1.22  106.1+54.46 11.0£2.59 42.8+16.59  25.3+11.58
1.1+£0.29 3.240.58  10.1+4.19  3.5+1.34  122.3+£96.57 15.0+4.59 33.6£15.06 28.3+£10.30
1.4+0.50  2.4+1.10  13.0+4.05 2.5+1.14 94.3+£66.61 9.0+4.78 23.6+15.67 3.4+2.84

/ /cm /cm /cm /em /mm

2.740.43  3.421+£0.32 3.231+0.29 3.657+0.42 3.436+0.30 2.2+0.41 1.7+0.66 3.9+0.45  1.356+0.41
1.940.32  3.562+0.26 3.565+0.27 4.175+0.38 3.768+0.20  3.1+0.69 1.8+0.50 4.340.44  1.359+0.29
1.9£0.26  3.500+0.24 3.361+0.18 3.814+0.24 3.558+0.17  2.8+0.67 2.1+0.53 4.5+0.63  1.308+0.12
2.1£0.29  3.606+0.34 3.404+0.30 3.844+0.35 3.618+0.29  2.3+0.49 2.0+£0.52 2.9+1.04  1.122+0.16
2.240.46  3.586+0.29 3.228+0.23 3.470+0.32 3.428+0.22  1.2+0.69 1.1£0.31 3.0£0.19  1.341+0.24
2.0£0.36  3.481+£0.22 3.325+0.20 3.773+0.31 3.526+£0.20  2.6+0.63 1.6+0.49 4.3+0.87  1.481£0.26
244049  3.286+0.18 3.239+0.22 3.663+0.31 3.396+0.21  1.6+0.64 2.0+0.52 4.0£0.71  1.660+0.16
2.540.52  3.174+0.10 3.039+0.09 3.281+0.12 3.159+0.11  2.2+0.40 1.2+£0.40 3.8£0.98  1.186+0.18
2.6£0.65  3.509+0.34 3.371+0.27 3.818+0.41 3.565+0.32  2.5+0.52 1.5+0.66 2.841.41  1.044+0.22
2.6£0.50  3.268+0.16 3.326+0.18 3.865+£0.28 3.486+018  2.4+0.92 2.1£0.42 4.240.73  1.009+0.26
2.3+0.47  3.629+0.22 3.373+0.19 3.662+0.36 3.556+0.20  3.0+0.68 1.4+0.48 4.1£0.27  1.089+0.24
2.1+0.46  3.410+0.18 3.421+0.22 3.961£0.38 3.597+0.17  2.5+0.70 1.3+£0.56 1.8£1.25  1.382+0.23
2.240.42  3.52240.19 3.163+0.22 3.689+£0.44 3.457+0.21  2.2+0.90 1.6+0.69 3.1+0.78  1.211+0.30
2.240.39  3.690+0.24 3.380+0.22 3.983+£0.31 3.685+0.19  2.8+0.72 1.8+0.75 4.4+0.51  1.096+0.11
1.9+£0.87  3.706+0.30 3.412+0.26 3.966+0.39 3.696+0.29  2.5+1.26 1.6+0.73 4.0+0.38  1.019+0.26

F 4 FEFREZMMRZEREEREFHNTRELY
Table 4 Variation coefficient of phenotypic traits of walnut germplasm from different regions
1%

31.86 33.70 21.40 43.84 58.18 5898 33.73 27.72 16.11 9.47 9.03 11.52 8.70 18.65 38.64 11.47 29.93
32.55 22.60 31.18 7394 72.06 3470 7290 44.65 16.56 7.29 7.63 9.06 543 2230 28.25 10.42 21.35
3320 21.69 18.19 66.12 58.57 3338 3394 28.16 1335 6.82 543 636 4.86 24.17 25.14 14.12 9.24
23.66 48.02 16.43 36.14 28.04 28.69 50.85 91.26 13.80 9.55 895 9.20 8.01 20.74 26.11 35.72 13.86
3395 4146 2391 41.10 30.73 2830 4597 5529 21.07 8.00 7.03 9.16 6.36 56.51 2845 638 17.87
3421 32.15 29.50 52.59 89.87 5031 40.53 36.52 17.82 6.33 595 8.17 5.78 24.63 29.67 20.34 17.29
3591 38.20 41.76 52.54 58.51 52.27 5538 28.51 20.76 549 693 850 6.08 39.94 26.36 1749 993
36.70 21.35 3224 29.59 62.13 41.63 16.18 2421 21.28 3.06 2.85 3.80 3.33 18.54 34.23 25.71 14.76
25.75 45.64 4530 39.77 89.00 70.47  32.63 19.27 24.87 9.72 8.02 10.79 8.96 20.44 4291 49.37 21.16
19.80 38.26 45.68 6248 7632 47.60 42.19 4428 1933 4.87 550 7.23 517 37.71 20.25 17.34 25.44
35.70 1522 2240 78.17 7892 29.56  60.54 29.66 20.40 6.00 5.72 9.85 5.73 22.65 35.78 6.55 22.22
21.79 33.61 1543 32.56 3556 8032 36.82 22.55 21.79 5.13 6.50 9.67 4.84 28.16 44.49 68.10 16.59
30.38 3241 27776 5548 5135 2343 38.76 45.86 1895 533 7.05 11.86 6.21 41.63 43.86 25.55 24.87
26.65 18.23 41.53 38.18 78.94  30.53 44.84 36.35 1797 6.54 6.37 7.71 5.14 2533 43.07 11.66 10.44
3571 45.58 31.07 4556 70.66 5333 6631 83.85 4546 7.98 7.67 994 7.71 50.52 46.15 9.49 2541
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4 10 86.62% Table 5 Eigenvalues and cumulative variance proportion from PCA
1% 1%
4 1 4.649 4 46.493 9 46.493 9
( 6) 2 1.7132 17.1316 63.625 6
6 3 1.1997 11.996 6 75.6222
4 1.099 5 10.994 9 86.6170
5 0.705 5 7.0551 93.672 1
2 6 0.3432 34317 97.103 8
7 0.1456 1.456 1 98.560 0
3 8 0.094 4 0.944 4 99.504 4
4 9 0.049 5 0.4955 99.999 9
10 0.000 0 0.000 1 100
15 7
2.067 7
*6 BERXMEINSEIRESHES
Table 6 Scorse of principal component and comprehensive scores in different areas
/
Z, Z, Zs Z Zs Zs Z; Zs Zo Zio
-19847 09542 -0.2593 0.1143 -03317 09925 0.3216 0.347 0.0898 0.0007 -0.7588 5
35429 1.1519 09033 0.5830 0.7180 0.1421 -0.4678 0.1229 0.1606 0.0056 2.0677 1
1.1815 1.5659 0.6743 -0.7795 04891 -0.6087 0.5202 -0.5964 -0.3305 -0.0022 08267 2
1.6879 -0.9528 -0.0084 -0.2280 -1.4858 —0.6471 04545 -02556 04069 0.0054 04747 3
-1.9622 29458 1.0197 -0.5431 -02218 0.7207 -0.3924 -0.4078 -0.0902 -0.0001 -1.3553 6
02091 05793 12705 -03695 1.1697 0.0539 0.0353 0.1037 -0.0086 -0.0003 03941 3
-2.4094 15036 2.1558 -0.3826 -0.9658 03992 -0.0384 0.0121 0.0791 -0.0013 -0.7006 5
-4.8366 0.0341 -1.0152 -04631 12773 -0.8470 -0.2557 0.0050 0.0449 0.0055 -2.3580 7
-0.3908 -0.0374 -1.5665 19191 -0.3334 0.5771 02160 -03123 -0.3112 0.0029 -0.1701 4
-0.5763 2.0102 -1.4977 -0.0967 -12954 -0.4038 -0.6843 -0.0548 0.0392 -0.0045 -02294 4
0.7467 -03602 -1.3636 -0.2344 12366 0.5397 0.3038 -0.1798 04586 -0.0062 02069 3
02269 -0.9093 09625 29630 02212 -0.6326 -0.0653 0.1651 0.0022 -0.0038 0.3855 3
-0.7463 -1.2983 -0.0368 -0.6474 -0.3933 -0.6591 04911 0.6326 -0.1467 -0.0024 -0.6830 5
23750 0.1590 -0.8113 -0.7473 -0.0064 0.5487 0.1077 03416 -02685 0.0027 09738 2
29363 -1.4544 -0.4273 -1.0878 -0.0783 -0.1757 -0.5463 0.0765 -0.1254 -0.0021 09258 2
Z, Z, Iz Zy 1 2 3 10
. I
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Rescaled Distance Cluster Combine
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Fig.1 Result of cluster analysis in 15 walnut distributed areas in Sichuan
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