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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
T-R

g g

1 100 3.0 5.0 3.8 4.4 1.0 1.0 5.0 1.0 1.0 5.0 24.6 0.0 1,418 492 291 1.6 3.0 7.0 1.0 1.0 1.0
1 100 3.0 5.0 4.0 5.2 1.0 1.0 5.0 1.0 1.0 1.0 16.2 15.2 218 228 96 4.0 1.0 3.0 1.0 2.0 3.0
1 0 6.0 4.0 5.0 6.0 1.0 1.0 5.0 1.0 1.0 4.2 17.2 15.0 288 426 68 1.0 1.0 3.0 7.0 1.0 1.0
1 0 5.0 4.2 5.0 4.4 1.0 1.0 5.0 1.0 1.0 3.0 25.2 24.6 834 1,012 83 5.2 9.0 3.0 1.0 1.0 1.0
1 0 6.0 5.2 5.0 4.6 1.0 1.0 5.0 1.0 1.0 5.0 15.8 26.0 370 750 49 2.2 1.0 7.0 1.0 1.0 1.0
1 0 7.0 5.0 5.0 5.2 1.0 1.0 5.0 1.0 1.0 5.0 20.4 22.4 536 764 71 6.0 3.0 7.0 1.0 1.0 1.0
1 0 5.0 7.0 5.0 5.0 1.0 1.0 3.0 1.0 1.0 5.0 25.2 24.8 584 654 89 1.0 1.0 3.0 1.0 1.0 1.0
1 0 6.0 5.6 5.0 5.4 1.0 1.0 5.0 1.0 1.0 5.0 18.6 30.0 632 928 68 4.0 5.0 3.0 1.0 1.0 1.0
1 100 5.0 7.0 5.0 6.0 1.0 1.0 5.0 3.0 2.0 1.0 12.0 16.8 366 608 60 1.0 1.0 3.0 1.0 3.0 2.0
1 0 7.0 5.0 5.0 3.8 1.0 1.0 5.0 1.0 1.0 5.0 25.4 24.0 658 988 67 4.0 1.0 7.0 1.0 1.0 1.0
1 0 5.0 5.0 5.0 5.0 1.0 1.0 5.0 1.0 1.0 5.0 22.4 23.2 366 802 46 9.0 5.0 7.0 1.0 1.0 1.0
1 96 3.0 5.0 3.0 5.0 1.0 1.0 5.0 1.0 1.0 4.4 13.8 0.0 1,374 486 285 6.0 3.0 3.0 1.0 1.0 1.0
1 100 5.0 5.0 5.0 5.0 1.0 1.0 5.0 1.0 1.0 1.8 17.2 29.4 376 700 55 6.0 5.0 3.0 1.0 2.0 3.0
1 58 6.0 5.0 5.0 4.6 1.0 1.0 5.0 2.0 3.0 4.2 21.2 27.6 744 1,284 59 9.0 9.0 3.0 7.0 1.0 1.0
1 100 5.0 5.0 5.0 4.8 1.0 1.0 4.2 2.2 2.6 1.0 20.6 22.2 624 782 85 9.0 9.0 3.0 1.0 2.0 3.0
1 66 3.0 5.0 5.0 4.8 1.0 1.0 5.0 1.0 1.0 5.0 19.8 23.2 500 934 54 9.0 9.0 3.0 7.0 1.0 1.0
1 79 5.0 6.0 5.0 4.6 1.0 1.0 5.0 1.0 1.0 3.4 11.6 18.8 280 806 35 9.0 9.0 3.0 7.0 1.0 1.0
1 100 3.0 5.0 7.0 5.0 1.0 1.0 5.0 1.0 1.0 3.0 13.8 21.6 248 684 36 9.0 9.0 7.0 7.0 1.0 1.0
1 81 4.0 5.0 5.0 4.6 1.0 1.0 5.0 1.0 1.0 5.0 16.6 15.2 560 690 83 9.0 9.0 6.0 1.0 1.0 1.0
1 100 4.0 5.0 8.0 5.0 1.0 1.0 5.0 1.0 1.0 1.8 21.0 20.8 626 564 111 9.0 9.0 7.0 7.0 1.0 1.0
1 100 4.0 5.0 7.0 4.8 1.0 1.0 5.0 1.0 1.0 1.4 17.2 18.4 568 524 110 9.0 9.0 7.0 7.0 1.0 1.0
1 68 5.0 5.0 5.0 5.0 1.0 1.0 5.0 1.0 1.0 5.0 14.6 19.2 598 1,008 59 6.0 7.0 7.0 1.0 1.0 1.0
1 100 6.0 3.0 5.0 5.8 1.0 1.0 5.0 2.2 3.0 1.8 16.2 15.2 442 808 55 9.0 9.0 3.0 1.0 3.0 3.0
1 97 5.0 3.4 5.0 4.8 1.0 1.0 5.0 1.0 1.0 5.0 21.2 21.6 718 828 89 4.0 9.0 3.0 4.6 1.0 1.0
1 100 5.0 6.0 5.0 5.0 3.0 3.0 5.0 3.0 3.0 5.0 21.2 23.2 424 424 101 4.0 9.0 3.0 1.0 3.0 3.0
1 75 7.0 3.0 5.0 5.6 1.0 1.0 7.0 1.0 1.0 3.4 9.6 13.8 234 992 23 6.0 7.0 3.0 7.0 1.0 1.0
1 0 7.0 5.4 5.0 4.2 1.0 1.0 5.0 1.0 1.0 5.0 21.2 29.6 702 892 81 9.0 7.0 7.0 1.0 1.0 1.0
1 2 7.0 5.2 5.0 5.0 1.0 1.0 3.0 1.0 1.0 5.0 20.6 28.2 588 1,062 58 5.0 5.8 7.0 1.0 1.0 1.0
1 0 5.0 5.4 5.0 5.2 1.0 1.0 5.0 1.0 1.0 4.2 23.0 21.4 628 1,448 43 6.0 9.0 3.0 1.0 1.0 1.0
1 3 3.0 4.0 5.0 5.4 1.0 1.0 1.0 1.0 1.0 5.0 16.2 17.2 290 928 32 1.0 1.0 3.0 1.0 1.0 1.0
1 40 5.0 5.0 5.0 4.8 1.0 1.0 5.0 1.0 1.0 7.0 33.2 22.6 346 744 47 1.0 1.0 3.0 3.4 1.0 1.0
1 0 5.0 7.0 5.0 5.8 1.0 1.0 5.0 1.0 1.0 5.0 24.2 23.0 478 1,570 31 3.4 5.8 3.0 1.0 1.0 1.0
1 0 7.0 6.2 5.0 4.2 1.0 1.0 5.0 1.0 1.0 4.6 25.4 24.4 804 994 81 4.0 2.2 7.0 1.0 1.0 1.0
1 0 7.0 3.0 5.0 3.6 1.0 1.0 5.0 1.0 1.0 1.0 21.2 21.0 728 1,108 66 1.0 1.0 3.0 1.0 1.0 1.0
1 0 4.0 5.0 5.0 5.4 1.0 1.0 5.0 1.0 1.0 1.0 24.6 23.4 722 1,706 43 6.0 7.0 3.0 7.0 1.0 1.0
1 5 4.0 5.4 5.0 5.2 1.0 1.0 5.0 1.0 1.0 1.0 23.6 29.2 506 1,408 36 4.0 1.0 3.0 7.0 1.0 1.0
1 28 4.0 5.0 5.0 5.0 1.0 1.0 5.0 1.0 1.0 1.8 20.6 23.4 700 1,580 46 6.0 9.0 3.0 7.0 1.0 1.0
1 100 3.0 6.0 5.0 5.0 1.0 1.0 5.0 2.0 2.2 5.0 26.6 23.2 598 1,202 50 6.0 7.0 3.0 7.0 1.0 1.0
1 0 6.0 4.6 5.0 5.0 1.0 1.0 5.0 1.0 1.0 5.0 15.2 23.6 682 440 153 6.0 1.0 7.0 1.0 1.0 1.0
1 0 4.0 3.0 5.0 5.6 1.0 1.0 1.0 1.0 1.0 1.0 23.2 11.4 580 952 61 8.0 7.0 3.0 1.0 1.0 1.0
1 0 3.0 3.0 5.0 4.0 1.0 1.0 5.0 1.0 1.0 1.0 40.2 20.6 912 1,382 66 6.0 9.0 3.0 1.0 1.0 1.0
1 0 5.0 5.0 5.0 6.2 1.0 1.0 5.0 1.0 1.0 7.0 26.0 24.0 318 1,042 30 6.0 4.6 3.0 7.0 1.0 1.0
1 100 3.0 5.0 5.0 4.0 1.0 1.0 1.0 1.0 1.0 2.6 21.6 15.4 272 1,006 27 6.0 9.0 3.0 1.0 1.0 1.0
1 17 4.0 7.0 5.0 5.2 1.0 1.0 5.0 1.0 1.0 5.0 19.6 20.6 258 762 33 6.0 1.0 3.0 7.0 1.0 1.0
1 86 6.0 5.0 3.0 4.2 1.0 1.0 5.0 2.0 3.0 5.0 13.2 0.0 96 90 111 4.0 9.0 3.0 1.0 1.0 1.0
1 16 5.0 5.0 5.0 5.0 1.0 1.0 3.0 1.0 1.0 1.8 20.4 25.8 506 1,210 42 6.0 7.8 3.0 1.0 1.0 1.0
1 100 3.0 4.8 5.0 4.2 1.0 1.0 3.0 1.0 1.0 3.4 30.6 20.8 854 1,498 57 4.0 9.0 3.0 1.0 1.0 1.0
1 2 4.0 5.0 5.0 6.0 1.0 1.0 5.0 1.0 1.0 3.4 26.8 25.0 748 1,786 43 4.0 7.0 3.0 1.0 1.0 1.0
1 100 5.0 5.0 5.0 5.0 3.0 3.0 5.0 3.0 3.0 5.0 22.8 27.8 678 1,252 55 6.0 5.0 3.0 1.0 3.0 3.0
1 100 5.0 4.2 4.6 4.8 1.0 1.0 5.0 1.8 2.6 5.0 19.2 19.6 464 942 52 6.0 5.0 3.0 1.0 3.0 3.0
1 100 8.0 3.0 5.0 7.0 1.0 1.0 5.0 1.0 1.0 5.0 34.4 29.8 1,302 974 134 4.0 7.0 3.0 1.0 1.0 1.0
1 97 7.0 5.0 5.0 4.0 1.0 1.0 5.0 1.0 1.0 3.0 13.6 20.4 398 1,390 29 4.0 3.0 3.0 1.0 1.0 1.0
1 100 5.0 3.0 5.0 4.8 1.0 1.0 5.0 1.0 1.0 3.0 9.0 19.6 196 572 35 9.0 9.0 3.0 7.0 1.0 1.0
1 100 7.0 5.0 5.0 4.8 1.0 1.0 5.0 1.0 1.0 5.0 13.6 20.2 502 1,578 31 4.0 5.0 3.0 1.0 1.0 1.0
1 100 5.0 5.0 5.0 4.8 1.0 1.0 5.0 1.6 2.2 1.4 18.2 19.8 952 818 119 1.0 1.0 7.0 5.8 1.0 1.0
1 83 4.0 5.0 5.0 4.6 1.0 1.0 5.0 1.0 1.0 1.8 15.2 19.4 364 898 41 7.2 9.0 3.0 1.0 1.0 1.0
5 0 7.0 3.0 5.0 5.4 1.0 1.0 7.0 1.0 1.0 1.0 9.6 13.6 276 1,004 27 6.0 7.0 3.0 7.0 1.0 1.0
5 100 5.0 7.0 5.0 4.0 1.0 1.0 5.0 2.0 2.0 1.0 13.8 18.2 270 928 29 4.0 9.0 3.0 1.0 3.0 2.0
1 100 5.0 3.0 5.0 6.0 1.0 1.0 5.0 1.0 1.0 3.0 14.2 13.8 338 926 36 4.0 9.0 3.0 7.0 1.0 1.0
1 100 6.0 4.0 5.0 6.0 1.0 1.0 5.0 3.0 2.0 1.0 10.0 12.6 218 706 31 4.0 6.6 3.0 1.0 3.0 2.0
1 73 5.0 4.0 5.0 5.8 1.0 1.0 5.0 1.0 1.0 5.0 13.8 12.6 416 1,048 40 4.0 7.0 3.0 7.0 1.0 1.0
1 100 3.0 5.0 5.0 7.0 1.0 1.0 5.0 1.0 1.0 2.6 10.8 15.0 328 924 36 4.0 9.0 3.0 1.0 1.0 1.0
1 100 7.0 4.0 5.0 5.4 1.0 1.0 5.0 2.0 3.0 7.0 20.4 13.4 556 496 113 1.0 3.0 7.0 1.0 1.0 1.0
1 100 7.0 5.0 5.0 6.0 1.0 1.0 5.0 2.0 3.0 7.0 14.8 15.8 394 258 154 1.0 1.0 7.0 1.0 1.0 1.0
1 100 7.0 5.0 5.0 5.0 1.0 1.0 5.0 1.0 1.0 1.0 14.6 20.4 482 272 177 1.0 1.0 7.0 1.0 1.0 1.0

1 5 1 2 3
1 3 5 7

3 5 7 / ×100
3 5 7 1 9
3 5 7 1 5 9
3 5 7 3 7

1 3 1 7
1 2 3 1 3

1 5 7 1 2 3
1 3

T-R
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24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45

cm cm cm cm cm °Brix /

1.0 3.0 2.6 5.0 1.0 1.0 0.0 0.0 0.0 0.0 17.6 0 6.4 7.6 2.3 5.8 6.2 10.0 5/28 11.6 9.1 0.0
1.0 3.0 1.0 7.0 1.0 1.0 0.0 3.6 9.5 10.0 24.9 40 3.1 4.1 6.1 6.3 7.1 13.4 5/27 12.8 10.8 1.0
1.0 1.4 1.6 7.0 1.0 1.0 0.0 0.6 9.8 10.7 33.9 32 4.4 4.8 7.1 6.3 6.2 10.8 5/25 10.9 8.7 1.0
1.0 1.2 0.0 3.0 1.0 1.0 1.4 3.4 0.0 7.4 23.8 31 4.0 7.8 3.1 4.0 4.6 6.4 5/25 10.6 7.6 0.0
1.0 0.0 2.8 7.0 1.0 1.0 0.0 6.2 0.0 18.6 47.4 39 4.7 5.1 9.3 4.6 5.4 7.5 5/28 11.1 8.3 1.0
1.0 1.2 1.6 7.0 1.0 1.0 1.2 2.8 0.0 9.0 35.6 25 4.0 5.9 6.0 4.4 4.6 7.2 5/25 10.9 8.8 0.0
1.0 0.0 1.0 3.0 1.0 1.0 0.0 0.6 0.0 8.2 31.6 26 6.0 6.3 5.0 4.2 5.5 7.4 5/25 11.9 8.8 0.0
1.0 1.6 1.6 7.0 1.0 1.0 0.0 0.4 0.0 21.0 50.1 42 4.6 5.4 9.4 4.7 5.9 8.0 5/25 11.2 7.8 0.0
1.0 5.0 1.6 3.0 1.0 1.0 1.6 0.6 8.7 9.9 27.4 36 4.3 6.2 4.4 4.2 5.1 7.9 5/30 7.7 4.8 0.0
1.0 3.2 2.6 7.0 1.0 1.0 0.0 0.0 0.0 19.4 44.2 44 4.8 6.2 7.2 3.7 4.8 6.6 5/27 10.3 7.3 0.0
1.0 4.8 3.8 7.0 1.0 1.0 6.6 8.2 0.0 25.4 50.7 50 3.1 5.0 10.2 4.7 5.0 7.2 5/26 11.7 6.9 0.0
1.0 1.0 3.8 5.0 1.0 1.0 0.0 1.0 0.0 0.0 18.0 0 5.3 6.6 2.7 5.1 5.6 9.5 5/24 11.4 8.7 0.0
1.0 5.6 2.0 6.2 1.0 1.0 0.2 3.6 0.0 12.3 33.6 36 3.8 5.9 5.7 4.2 5.0 8.3 5/27 10.6 8.0 0.0
1.0 7.0 1.0 7.0 1.0 1.0 3.4 0.0 10.5 22.4 44.2 50 4.4 7.2 6.2 3.6 4.7 6.9 5/25 11.2 9.1 0.0
1.0 4.6 1.0 7.0 5.0 1.0 0.0 5.2 12.3 14.6 32.8 44 4.5 6.5 5.1 5.4 6.0 9.0 5/27 11.2 9.0 0.3
1.0 1.0 1.0 7.0 5.8 1.0 0.0 3.2 12.6 13.0 31.2 42 4.4 7.0 4.4 4.5 4.9 7.9 5/25 11.9 8.8 0.0
1.0 1.0 0.0 7.0 7.0 1.0 1.6 3.2 9.8 10.6 26.0 41 3.6 8.1 3.2 5.2 5.7 10.0 5/25 10.5 8.1 0.0
1.0 1.8 1.0 7.0 7.0 1.0 0.0 1.2 5.5 6.2 19.7 31 3.7 8.1 2.4 4.4 5.3 9.3 5/24 8.8 6.5 0.3
1.0 1.0 0.0 7.0 1.0 1.0 0.0 2.4 4.7 5.6 20.9 27 4.9 7.2 2.9 5.9 6.0 11.1 5/25 11.2 8.3 0.3
1.0 1.8 0.0 7.0 1.0 1.0 0.0 5.0 4.3 4.9 25.3 19 4.7 8.3 3.1 5.8 6.5 11.8 5/25 8.9 7.8 0.0
1.0 2.0 0.0 7.0 1.0 1.0 0.0 0.6 3.5 4.3 15.1 28 4.9 7.7 2.0 5.8 6.7 12.4 5/27 10.4 9.1 0.0
1.0 1.6 1.8 7.0 4.6 1.0 0.0 1.2 6.8 7.5 27.8 26 5.4 7.2 3.9 4.0 6.2 9.1 5/27 11.7 9.2 1.0
1.0 6.0 1.0 3.0 1.0 1.0 0.0 2.8 6.4 7.1 17.1 41 4.3 8.8 1.9 4.0 5.6 8.8 5/26 11.1 8.5 0.0
1.0 1.0 1.0 5.0 1.0 1.0 0.0 2.6 2.2 2.2 10.4 21 6.4 11.9 0.9 3.8 5.5 8.2 5/27 10.9 8.5 0.0
1.0 4.0 1.0 3.0 1.0 6.0 0.8 0.0 1.7 2.1 8.9 23 6.5 9.8 0.9 4.4 5.6 8.9 5/27 10.6 8.9 3.0
1.0 4.2 2.0 3.0 7.0 1.0 0.2 1.2 23.8 23.8 28.4 84 3.8 7.6 3.7 3.4 4.9 6.8 5/28 8.7 7.2 0.0
1.0 5.8 4.4 7.0 1.0 1.0 0.0 0.0 0.0 17.9 41.8 42 3.4 5.8 7.2 3.6 5.1 6.4 5/26 10.1 8.1 0.0
1.0 1.2 1.2 7.0 1.0 1.0 5.0 0.0 0.0 23.6 49.9 47 4.2 5.8 8.6 3.9 4.9 6.7 5/26 11.0 8.2 0.7
1.0 2.0 1.6 3.0 1.0 1.0 0.0 0.0 0.0 19.7 41.3 48 6.8 7.4 5.5 3.2 4.2 5.5 5/27 10.1 8.2 0.0
1.0 1.0 2.4 3.0 1.0 1.0 7.4 3.4 0.0 17.6 40.4 43 6.4 6.9 5.9 3.0 4.5 5.3 6/7 8.8 7.2 0.0
1.0 1.4 1.0 7.0 1.0 1.0 0.0 0.0 1.0 10.3 37.9 27 5.5 6.3 6.1 3.9 4.8 7.0 6/4 10.5 8.0 0.3
1.0 1.2 1.4 5.4 4.6 1.0 3.4 1.4 0.0 27.4 54.3 50 5.8 6.5 8.4 3.0 4.5 5.3 5/25 10.7 8.8 1.0
1.0 5.2 3.2 3.0 1.0 1.0 0.0 0.4 0.0 8.2 34.7 23 4.0 7.2 4.8 3.3 5.0 6.4 5/26 11.4 9.4 0.7
1.0 1.0 1.0 3.0 1.0 1.0 1.6 0.0 0.0 16.1 36.6 44 8.2 8.2 4.5 2.9 4.7 5.7 5/26 11.6 10.0 0.0
1.0 0.0 2.0 3.0 5.0 1.0 2.6 1.4 20.7 27.6 47.6 58 6.5 7.7 6.2 2.9 4.4 5.2 5/25 10.1 8.5 0.0
1.0 0.0 0.2 3.0 5.0 1.0 2.0 0.2 24.0 28.4 52.5 54 5.9 6.6 8.0 3.1 4.7 6.1 5/24 12.4 8.0 0.0
1.0 1.0 1.0 3.0 1.0 1.0 1.2 3.4 5.1 9.3 29.8 31 8.7 9.5 3.2 2.6 4.1 5.3 5/23 11.0 8.6 0.3
1.0 0.0 0.0 3.0 5.0 1.0 0.6 2.0 10.9 11.6 25.7 45 4.7 8.8 2.9 3.2 5.3 6.8 5/26 10.0 8.1 0.0
1.0 6.0 5.0 7.0 5.0 1.0 0.4 0.0 6.8 13.4 39.0 34 3.9 3.8 10.5 4.0 4.7 6.8 5/24 10.3 8.5 1.0
1.0 1.0 2.8 3.0 1.0 1.0 7.6 9.0 0.0 26.4 43.2 61 5.4 6.1 7.1 3.5 4.5 5.6 5/25 10.9 9.2 0.0
1.0 1.0 1.0 3.0 1.0 1.0 1.2 0.4 0.0 8.2 26.2 31 8.0 8.9 3.0 3.1 4.3 5.3 5/21 10.5 8.1 0.0
1.0 0.0 2.8 7.0 1.0 1.0 1.2 0.8 0.0 24.1 45.2 54 4.9 6.2 7.3 3.7 4.7 5.8 6/16 10.9 5.6 0.7
1.0 1.0 1.0 3.0 1.0 1.0 2.0 0.4 0.0 18.8 41.1 46 5.6 6.0 6.9 3.3 3.9 4.8 5/28 10.4 7.9 0.7
1.0 2.6 1.2 3.0 7.0 1.0 2.6 0.2 31.0 31.0 49.6 64 4.4 5.0 10.0 3.2 4.5 5.7 5/25 10.2 8.0 1.0
1.0 0.0 0.0 7.0 1.0 1.0 0.0 1.2 0.0 0.0 4.7 0 2.6 5.9 0.8 6.8 7.3 15.1 5/29 9.8 8.3 0.7
1.0 1.0 1.0 3.8 1.0 1.0 6.6 9.2 0.0 19.7 39.9 49 5.7 7.1 5.6 3.1 4.6 5.8 5/24 10.6 8.8 0.3
1.0 0.0 0.0 3.0 1.0 1.0 2.8 5.6 0.0 7.4 16.5 44 9.0 13.1 1.3 2.5 4.3 5.2 5/25 11.5 9.0 1.0
1.0 0.6 2.6 3.0 1.0 1.0 3.2 3.6 0.0 31.2 56.8 55 6.4 7.0 8.1 3.0 4.5 5.5 5/26 10.3 7.7 0.3
1.0 5.6 5.0 4.6 1.0 1.0 0.0 1.2 0.0 15.8 39.4 40 3.9 6.7 5.8 3.5 4.5 6.0 5/24 10.2 7.1 0.0
1.0 5.4 1.2 7.0 1.0 1.0 4.0 1.6 0.0 10.7 29.3 35 4.2 7.8 3.8 3.4 5.0 6.5 5/22 9.4 7.1 1.0
1.0 1.6 5.0 7.0 1.0 1.0 0.8 0.2 0.0 4.1 14.0 29 5.6 11.4 1.2 3.8 5.0 7.0 5/25 8.4 6.2 2.0
1.0 1.0 2.0 3.0 1.0 1.0 0.4 1.4 0.0 7.5 23.7 32 3.8 11.0 2.2 3.2 4.4 6.2 5/23 10.4 8.1 1.0
1.0 1.0 0.4 7.0 1.0 1.0 4.4 0.0 0.0 3.9 13.9 28 3.4 9.2 1.5 5.3 6.1 9.3 6/5 8.3 6.0 0.3
1.0 2.2 0.0 3.8 1.0 1.0 3.4 4.6 0.0 7.1 24.5 30 3.4 11.7 2.1 2.8 4.6 4.8 5/28 9.2 7.7 0.0
1.0 7.6 9.0 3.0 5.0 1.0 4.4 3.0 0.0 8.3 28.3 28 6.3 7.6 3.8 4.5 4.1 6.0 5/16 9.6 7.5 0.0
1.0 0.0 0.0 3.0 1.0 1.0 7.2 0.0 0.0 9.4 14.7 64 3.4 12.5 1.2 2.4 4.9 6.5 5/26 10.3 8.9 0.0
1.0 4.0 2.4 3.0 7.0 1.0 0.0 7.4 21.1 21.1 30.6 69 3.3 7.4 4.1 3.7 5.8 9.0 5/28 9.9 7.1 0.7
1.0 1.0 2.0 3.0 1.0 1.0 0.0 0.0 5.5 5.5 14.0 39 3.5 12.3 1.1 4.4 5.6 7.9 5/30 9.8 8.0 0.3
1.0 1.2 1.0 3.0 1.0 7.0 0.0 0.0 0.0 7.8 12.9 60 4.2 11.2 1.1 4.7 6.5 9.1 5/29 10.2 8.3 0.0
1.0 3.4 2.6 4.6 1.0 6.8 0.0 5.0 9.5 9.5 23.9 39 2.7 6.8 3.5 4.9 6.4 10.0 5/30 10.8 9.8 0.7
1.0 1.0 1.0 3.0 7.0 1.0 0.8 0.0 0.0 10.3 12.6 82 4.6 12.6 1.0 4.4 5.3 8.9 6/5 7.7 4.7 0.0
2.0 1.0 1.0 3.0 1.0 1.0 0.0 5.2 0.0 3.9 11.0 35 3.7 12.5 0.9 5.3 6.6 9.8 6/9 5.3 4.4 3.0
1.0 6.0 9.0 7.0 1.0 1.0 0.0 0.0 0.0 0.0 18.9 0 6.1 6.3 3.0 5.5 4.8 11.0 5/31 10.5 7.0 0.7
1.0 7.0 9.0 7.0 1.0 1.0 0.0 0.6 0.0 0.0 12.1 0 4.8 5.2 2.3 6.9 6.2 13.7 5/24 9.7 7.2 1.0
1.0 9.0 8.0 7.0 1.0 1.0 0.0 0.0 0.0 0.0 18.2 0 4.7 4.7 3.9 7.6 7.9 15.8 5/23 9.7 8.6 0.0

1 2
0 1 9
0 1 9
3 7
1 7

1 5 7
0 9
0 9

×100
0 1 3

mmmmkg cm-2
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A B C

kg cm-2 °Brix

A B C

2.4
2.5
2.6
2.8
2.9
2.9
3.0
3.0
3.0
3.1
3.1
3.1
3.2
3.2
3.2
3.2
3.3
3.3
3.4
3.4
3.5
3.5
3.6
3.6
3.7
3.7
3.7
3.8
3.8
3.9
3.9
4.0
4.0
4.0
4.0
4.2
4.2
4.2
4.4
4.4
4.4
4.4
4.4
4.5
4.5
4.6
4.7
4.7
4.7
4.9
5.1
5.2
5.3
5.3
5.4
5.5
5.8
5.8
5.8
5.9

6.3
6.3

6.8
6.9

7.6

0 2 4 6 8

4.8
4.8
5.2
5.2
5.3
5.3
5.3
5.3
5.5
5.5
5.6
5.7
5.7
5.8
5.8
6.0
6.0
6.1
6.2
6.4
6.4
6.4
6.5
6.5
6.6
6.7
6.8
6.8
6.8
6.9
7.0
7.0
7.2
7.2
7.4
7.5
7.9
7.9
7.9
8.0
8.2
8.3
8.8
8.9
8.9
9.0
9.0
9.1
9.1
9.3
9.3
9.5
9.8
10.0
10.0
10.0
10.8
11.0
11.1
11.8
12.4

13.4
13.7

15.1
15.8

0 5 10 15
3.9
4.1
4.1
4.2
4.3
4.3
4.4
4.4
4.5
4.5
4.5
4.5
4.5
4.5
4.6
4.6
4.6
4.6
4.7
4.7
4.7
4.7
4.7
4.8
4.8
4.8
4.9
4.9
4.9
4.9
5.0
5.0
5.0
5.0
5.0
5.1
5.1
5.3
5.3
5.3
5.4
5.5
5.5
5.6
5.6
5.6
5.6
5.7
5.8
5.9
6.0
6.0
6.1
6.2
6.2
6.2
6.2
6.4
6.5
6.5
6.6
6.7
7.1
7.3

7.9

0 2 4 6 8 10



9

p  0.01 n = 65

2

4

6

8

0 1,000 2,000

3

5

7

9

0 1,000 2,000
3

5

7

9

11

13

15

17

0 1,000 2,000

r = 0.806

r = 0.683r = 0.780

g g

3

5

7

9

11

13

15

17

2 4 6 8

15

17 r = 0.931

3

5

7

9

2 4 6 8

r = 0.836

kg cm-2

°Brix

3

5

7

9

11

13

15

17

3 5 7 9

r = 0.907

3

°Brix

Kg cm
-2

°Brix

g

Kg cm
-2
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14
30
35

43
38

46
30

46
49

55
65
66

53
48
48

64
76

58
70

52
56

44
55

71
58

80
71

49
68

57
59

90
84

75
74

49
74

61
53

68
66
68
64

90
49

92
65

60
94

71
63

82
70
75

88
74

86
86

79
78
83

76
83
89

99

0 50 100 150
90

228
258
272

424
426
440
486
492
496
524
564
572
608
654
684
690
700
706
744
750
762
764
782
802
806
808
818
828

892
898
924
926
928
928
928
934
942
952
974
988
992
994
1004
1006
1008
1012
1042
1048
1062
1108

1202
1210
1252
1284

1382
1390
1408
1448
1498

1570
1578
1508

1706
1786

0 500 1,000 1,500 2,000
g g

n = 3

A B

A B
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1-1-5

5 16 93 5
21 98 5 31 108

6 4 112

1 124
8 5 25 102

5 28 105

90 100 110 120 130

n = 3

1-1-6 1-1-3 1-1-7 1-1-8

’

T-R 291

1-1-4 1-1-9

bar = 10 cm  

1-1-10

5/16
5/21

5/22
5/23
5/23
5/23
5/24
5/24
5/24
5/24
5/24
5/24
5/24
5/25
5/25
5/25
5/25
5/25
5/25
5/25
5/25
5/25
5/25
5/25
5/25
5/25
5/25
5/25
5/25
5/26
5/26
5/26
5/26
5/26
5/26
5/26
5/26
5/26
5/27
5/27
5/27
5/27
5/27
5/27
5/27
5/27
5/27
5/28
5/28
5/28
5/28
5/28
5/28
5/29
5/29
5/30
5/30
5/30

5/31
6/4

6/5
6/5

6/7
6/9

6/16

5/13 5/23 6/2 6/12 6/22



12

56 2017

bar = 10 cm

bar = 10 cm

bar = 10 cm

T-R 49

bar = 10 cm
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T-R 71

bar = 10 cm

bar = 10 cm

T-R 89

bar = 10 cm

bar = 10 cm
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b
b
c

b
c

b
c
d

zTukey 5

n = 5 bar =

zTukey 5

n = 5 bar =

bar = 10 cm

bar = 10 cm

0

400

800

1,200

1,600

2,000

g

cm

a

b

cd

cd

d

bc
bcd

cd

cd

de
e

z

ef

f

a

bcb
b

bc

-40

-30

-20

-10

0

10

20

30

40

dz

c cb b b

a a

a
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n = 3 5

z
z

z z z
z

24.6 6.0w av 291 101 a

16.2 4.1 b 96 23 b

17.2 1.9 b 68 7 b

25.2 2.9 a 83 16 b

15.8 2.3 b 49 8 b

20.4 4.8 ab 71 14 b

25.2 1.8 a 89 5 b

18.6 2.3 ab 68 7 b

24.6 2.4 a 43 9 b

T-R y

z x x x x

7.6 3.4 a 3.0 2.6 0.0 0.0 5.8 0.6 a 6.2 0.4 b 10.0 0.4

4.1 3.1 e 3.0 1.0 0.0 3.6 6.3 0.2 a 7.1 0.3 a 13.4 0.4

4.8 1.6 d 1.4 1.6 0.0 0.6 6.3 0.5 a 6.2 0.4 b 10.8 0.8

7.8 7.3 a 1.2 0.0 1.4 3.4 4.0 0.1 b 4.6 0.1 d 6.4 0.3

5.1 2.5 d 0.0 2.8 0.0 6.2 4.6 0.1 b 5.4 0.3 c 7.5 0.3

5.9 1.8 b 1.2 1.6 1.2 2.6 4.4 0.1 b 4.6 0.1 d 7.2 0.4

6.3 1.0 b 0.0 1.0 0.0 0.6 4.2 0.1 b 5.5 0.0 bc 7.4 0.3

5.4 3.6 cd 1.6 1.6 0.0 0.4 4.7 0.1 b 5.9 0.2 bc 8.0 0.3

7.7 3.4 a 0.0 2.0 2.6 1.4 2.9 0.2 c 4.4 0.2 d 5.2 0.1

vTukey 5

z

x 0 1 5 9
w n = 5

cm kg cm-2 °Brix

y 100

z z z

291 ± 101 492 ± 31 17.6 ± 1.6 7.6 ± 0.3 5.8 ± 0.6 10.0 ± 0.4 6.2 ± 0.4

285 ± 56 486 ± 34 18.0 ± 0.8 6.6 ± 0.2 5.1 ± 0.4 9.5 ± 0.8 5.6 ± 0.3

z

y 100
xt *** 1   ns n = 3 5

ns ns ns *** ns ns

kg cm-2 Brix

ns

T-R y

g cm cm
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65 45

T-
R

1 000 g
500 1 000 g

3

T-R

2011

200 km

2

1978
1 m

1981

2011

‘ ’

201
1

2013
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2010

2011 1958

3
8 1978

‘
’

19
28

20
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z

S1 1994
S0 2012
S0 2012
S0 2012
S0 2012
S0 2012
S1 2004
S0 2012

z 20
2

2011

2006

F1 200
3

2011
2013

2009

1-2-1 8

6

1

2012
8 31 1 m 25 cm 3 5

3 1

N P2O5 K2O 10 kg
10 a-1 16

11 12 13 73 74

5

1999
4 8

0 8 ml
GC-17A

FID Fused
Silica Capillary Column DB-WAX Agilent J&W

120 1 10
220 2

2
1999 4-

E -4- -3-
4MTB-ITC

0 45 m
PA10

HPAEC DX500

PAD
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A:‘ ’ B:‘ ’ C:‘ ’ D:‘ ’ E:‘ ’

F:‘ ’ G:‘ ’ H:‘ ’ bar = 10 cm

1-2-1 1-2-2

2 2
06 g 828 g

808 g 90 g
T-R

10
291 1-2-2 1-2-

3 1-2-4

24.6 ax 1,418 a 492 de 291 a 0.0 d 17.6 bcd 7.6 c
16.2 bc 442 defg 808 bc 55 ef 7.1 b 17.1 bcd 8.8 b
21.0 ab 626 cde 564 cd 111 cde 4.9 c 15.3 cde 8.3 bc
16.6 bc 560 def 690 bcd 83 def 5.6 c 20.9 b 7.2 cd
21.2 ab 718 bcd 828 b 89 def 2.2 cd 10.4 f 11.9 a
13.2 c 96 g 90 f 111 cde 0.0 d 4.7 g 5.9 de
14.8 bc 394 defg 258 ef 154 bcd 0.0 d 12.1 ef 5.2 ef
24.6 a 222 efg 2,206 a 10 f 27.6 a 47.6 a 7.7 c

z

y 100
xTukey 5 n = 5

z z T R yz

cmg g cmcm
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5.2 8.2 8.8 10.0 11.1 11.8 13.7 15.1 

0

4

8

12

16

25
49 59 73 81 87

140 153

0

40

80

120

160

zTukey 5

n = 3   bar =

zTukey 5

n = 3   bar =

zTukey 5

n = 5   bar =

4MTB-ITC

1-2-5
4MTB-ITC

4MTB-ITC 45 : 1 20 : 1
1-2-6

zTukey 5 4MTB-ITC

n = 5  bar = 

7
153 mg 100 mL-1

100 mL
4 6 mg 1-2-7

0 1 mg

80

2.9 3.8 4.0
5.8 5.8 5.9 6.8 6.9

0

2

4

6

8

bz

b b

a a a
a a

kg cm
-2

fz
e de cde 

bcd bc 
ab 

a

5.0 6.9 7.1 7.5 7.6 8.0 8.3 9.8

0

4

8

12
°Brix

ez

cd bcd bc bc bc b
a

mg 100mL
-1

4MTB-ITC

cd 

dz

bcd 
bc 

bc 
b

a a

0

40

80

120

160

200

0 2 4 6 8

mg 100mL
-1

4M
TB

IT
C

mg 100mL
-1
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3.5 3.7 3.1 3.6

5.6 5.3 5.1
4.0

0

2

4

6

2

zTukey 5

n = 5 bar =

p < 0.01 n = 8

r = 0 860 r = 0.8
80 r = 0.834 r = 0 819 1-2-8

1-2-9

1987

8
11 2012 9 11

1 5

2
1990 38

2

0.1
0.7 1.1

1.5
1.3 2.8

2.5
3.2

0
1
2
3
4
5
6
7

0%
25%
50%
75%

100%

g 100mL
-1

0

40

80

120

160

4 6 8 10
0

40

80

120

160

0 4 8 12 16

0

40

80

120

160

0 1 2 3
0

40

80

120

160

0 4 8

mg 100mL
-1

mg 100mL
-1

mg 100mL
-1 mg 100mL

-1

°Brix

g 100mL
-1

kg cm
-2

r = 0.860 r = 0.834

r = 0.880 r = 0.819

mg g
-1

4MTB-ITC
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80

2009
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PCR

CATCCCAAGGCCTAAGATGA
AGAAGCAAGGAAAGCATGGA
TTGGCTCACACTTTACCTCG

CAACAGCACCGTAATCGCTA
CTGAAGCCTCACCACAATGA

TTTTGCTCATAGGAATAAACCCA
AGGATTGCCGTGATGAAGAC
TCCCTAGCAAAGTGACCAGC

AAAAACCATATGAAACAAAAGCG
GTGCAGTGCCTGATTGAAAA
ACTCATGGGTGGGTTCATGT

TGTAGCAAACAGAGGCAAACA
GACACGCCTCTTCCTTCTTG
TCAAGTACCACTTCCCGAGG
CTCCGCACAATAAACGACAA
TTCTCGCTCCTGAAAATGCT

RSS0033 204 4

RSS0977 169 8

RSS2559 181 4

RSS2459 189 3

RSS3742 230 5

RSS1971 229 4

RSS2661 191 6

RSS0027 179 7

2000
13

3 5
65

SSR Simple
sequence repeat DNA

SSR

Jones 1997

DNA

5
1-1-1

33 15 18
1-3-1 UPGMA

R

DNA

1

50 mg 2 mL
5 mm

TOMY Micro Smash MS-10
0 3 000 rpm 30

DNA 500 μL
DNA 12 000 rpm 4

20 270 μL 5 M
135 μL 1 5 mL

30
12,000 rpm 4 20

250 μL 150 μL
DNA Corning 3511

DNA
DNA

ritter riplate medio 1,800 rpm 3
DNA DNA

DNA
80 180 μL

1 800 rpm 3
2

DNA
1×TE 200 μL DNA Corning

3344 1 800 rpm 15 DNA
DNA DNA

-30

PCR
Shirasawa 2011

9
48 48

PCR
8 1-3-

2 5‘
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
T-
R

1

2 0.0

3 0.1 -0.2

4 0.0 -0.1 -0.2

5 0.0 0.0 0.0 -0.2

6 0.2 0.1 0.3 0.0 0.1

7 -0.3 -0.1 0.2 0.2 0.1 0.0

8 -0.3 -0.4 -0.2 0.0 -0.1 -0.2 0.2

9 -0.2 -0.4 0.2 0.2 0.0 0.0 0.1 0.4

10 -0.2 -0.1 -0.1 -0.1 -0.1 0.0 0.1 0.5 0.0

11 0.0 -0.3 -0.1 0.0 0.0 -0.1 -0.1 0.4 0.4 0.2

12 T-R -0.2 0.2 0.0 0.0 -0.1 0.1 0.1 0.1 -0.4 0.6 -0.5

13 0.0 0.1 -0.2 -0.1 -0.1 0.1 -0.1 -0.1 0.1 -0.1 0.1 -0.2

14 0.1 0.3 -0.3 -0.2 0.0 0.0 -0.2 0.0 0.0 0.0 0.3 -0.3 0.7

15 -0.1 -0.1 0.3 0.1 -0.2 0.1 0.2 0.0 0.0 0.2 -0.4 0.4 0.0 -0.3

16 0.0 0.1 -0.2 0.0 0.4 0.0 -0.1 -0.2 -0.1 -0.1 0.0 -0.1 -0.1 0.1 -0.1

17 0.0 0.2 0.4 0.0 0.0 0.2 0.0 -0.2 0.1 0.1 -0.3 0.3 0.0 -0.3 0.4 -0.1

18 0.0 0.1 0.4 -0.1 0.2 0.1 0.2 0.0 0.0 0.2 -0.3 0.4 -0.4 -0.5 0.5 -0.1 0.6

19 -0.2 -0.2 -0.2 -0.1 0.0 -0.5 -0.1 0.1 0.1 -0.1 0.3 -0.3 0.1 0.0 -0.1 -0.1 -0.1 -0.1

20 0.2 -0.1 -0.2 -0.2 0.1 -0.2 -0.3 -0.1 0.0 -0.1 0.1 -0.2 0.2 0.2 -0.1 0.2 -0.1 -0.1 0.3

21 0.2 -0.1 -0.1 0.1 0.1 0.3 -0.3 -0.2 0.0 -0.2 0.1 -0.2 0.2 0.0 -0.2 -0.1 0.0 -0.2 -0.1 0.0

22 0.0 -0.7 0.0 0.1 0.1 -0.2 -0.1 0.2 0.4 -0.2 0.5 -0.5 0.2 -0.1 -0.2 -0.1 -0.1 -0.1 0.4 0.2 0.4

23 -0.1 -0.7 0.0 0.2 0.0 -0.2 0.1 0.3 0.5 0.0 0.5 -0.3 0.1 -0.3 0.0 -0.2 0.0 0.0 0.3 0.1 0.2 0.9

24 0.1 -0.3 -0.1 -0.1 0.2 0.0 -0.2 0.0 0.3 -0.3 0.5 -0.7 0.3 0.2 -0.4 0.0 -0.2 -0.3 0.3 0.2 0.4 0.7 0.4

25 -0.3 -0.2 -0.3 -0.1 -0.1 -0.3 -0.1 0.6 0.1 0.5 0.4 0.1 -0.3 0.0 -0.1 -0.1 -0.2 0.0 0.1 -0.1 -0.1 0.0 0.1 -0.1

26 0.1 0.4 -0.1 -0.2 0.0 0.1 -0.1 0.0 -0.1 0.1 0.4 -0.2 0.1 0.5 -0.3 0.3 -0.3 -0.3 0.0 0.0 -0.2 -0.4 -0.6 0.1 0.2

27 / -0.1 -0.7 0.1 0.3 0.0 -0.2 0.1 0.2 0.4 -0.1 0.2 -0.2 0.0 -0.5 0.2 -0.2 0.1 0.1 0.2 0.1 0.2 0.8 0.9 0.3 0.0 -0.7

28 0.0 0.4 0.1 0.0 0.2 0.2 0.0 -0.4 -0.4 -0.1 -0.8 0.5 -0.1 -0.1 0.4 0.1 0.3 0.3 -0.4 -0.1 -0.1 -0.5 -0.4 -0.6 -0.4 -0.3 -0.2

29 0.2 0.4 0.0 0.0 0.2 0.3 -0.1 -0.5 -0.4 -0.2 -0.7 0.4 0.0 0.0 0.2 0.2 0.1 0.0 -0.4 0.0 0.0 -0.5 -0.5 -0.4 -0.4 -0.1 -0.3 0.8

30 0.1 0.5 0.1 0.0 0.1 0.3 0.0 -0.4 -0.5 -0.2 -0.8 0.5 -0.1 0.0 0.3 0.1 0.3 0.2 -0.5 -0.1 0.0 -0.6 -0.6 -0.5 -0.4 -0.2 -0.4 0.9 0.9

31 0.1 0.0 -0.1 -0.1 0.3 -0.1 0.2 -0.2 -0.2 -0.4 -0.1 -0.2 -0.1 0.0 -0.2 0.4 -0.3 -0.2 0.0 0.0 -0.1 0.0 -0.1 0.1 -0.2 0.1 -0.1 0.1 0.2 0.1

32 0.0 -0.3 0.0 0.1 -0.4 -0.1 0.0 0.3 0.1 0.2 0.0 0.2 0.1 -0.2 0.1 -0.5 -0.1 -0.1 0.0 0.0 0.1 0.2 0.3 -0.1 0.2 -0.4 0.4 -0.1 -0.1 -0.1 -0.4

33 0.0 0.2 0.1 0.1 0.3 0.0 0.2 0.0 0.0 -0.1 -0.2 0.0 -0.2 0.0 0.0 0.5 0.0 0.1 -0.1 0.0 0.0 -0.2 -0.2 -0.1 0.0 0.2 -0.1 0.1 0.2 0.1 0.2 -0.3

PCR DNA 1 μL Forward
Reverse 1 μL Ex Taq D

NA 0 1 μL
10×Ex Taq Buffer 2 μL dNTP 1 6 μL

20 μL PCR 94 2
94 30 55 30 72 30 1

35 72 7

SSR 2
011

PCR 3 μL 5 μL

klenow fragment 0 02 μL ThermoSequenase 0 005
μL 0 1 mM R6G-ddCTP or R110-ddUTP 0 004
μL 10xBuffer klenow fragment Buffer 0 8 μL

4.171 μL 37 5 57 15
4

10 μL
9 9 μL 0 1 μL

1 μL 95 2
3130xl Genetic Analyzer ABI

UPGMA
GenAlEx http://biolog

y anu edu au/GenAlEx/Welcome html

0.5 -0.5
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0123456

2

1

65 4
1-3-1 1

2

3
3

4

4 5

1
2

1

n = 5
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0246810

DNA

65 6
1-3-2 1

2
3

4 5
58

6 6

n = 1

      



27

188/188

188/208

190/206

DNA
8 SSR

2 1-3-3
1-3-3 3 1

3
71 bp 2

 bp
27 41 1 7 24

DNA
1-3-4 1-3-5

2 3

1-3-6 1-3-7
RSS0977 255 bp

247 bp
R

SS0033 213 bp 236 bp

RSS2459 3
153 bp

RSS2559 13
10

R
SS1971 169 bp

RSS3742 222 bp
225 bp

RSS0027 172 bp
RSS2661

191 bp
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1 291 / 291 226 / 226 164 / 188 181 / 181 220 / 220 227 / 227 182 / 182 188 / 188
2 255 / 255 207 / 207 192 / 192 175 / 181 220 / 220 227 / 227 172 / 172 188 / 188
3 291 / 291 222 / 222 188 / 188 153 / 153 220 / 220 227 / 227 172 / 172 188 / 188
4 255 / 255 222 / 222 164 / 224 175 / 175 220 / 220 195 / 230 174 / 174 188 / 188
5 253 / 255 207 / 228 164 / 192 181 / 181 232 / 232 227 / 227 172 / 182 188 / 188
6 255 / 255 207 / 207 188 / 188 175 / 181 232 / 232 195 / 230 182 / 182 188 / 190
7 255 / 255 226 / 226 188 / 188 181 / 181 232 / 232 227 / 227 172 / 172 190 / 190
8 255 / 255 207 / 207 235 / 235 181 / 181 220 / 220 227 / 227 182 / 182 188 / 188
9 255 / 255 222 / 222 188 / 188 181 / 181 220 / 220 230 / 230 182 / 182 190 / 190

10 255 / 255 207 / 222 164 / 164 181 / 181 220 / 232 195 / 195 174 / 174 208 / 208
11 291 / 291 226 / 226 164 / 188 175 / 175 232 / 232 195 / 195 174 / 174 188 / 188
12 255 / 255 207 / 207 164 / 164 175 / 175 220 / 220 195 / 227 174 / 182 188 / 188
13 255 / 255 226 / 226 192 / 198 175 / 175 220 / 220 227 / 227 182 / 182 190 / 190
14 255 / 255 207 / 222 192 / 192 175 / 175 220 / 232 230 / 230 174 / 182 188 / 188
15 247 / 291 207 / 207 164 / 180 175 / 181 220 / 232 230 / 230 182 / 186 188 / 188
16 255 / 291 207 / 207 218 / 218 175 / 175 232 / 232 195 / 195 182 / 182 188 / 188
17 255 / 291 207 / 228 188 / 188 175 / 175 220 / 232 195 / 227 182 / 182 188 / 188
18 255 / 255 207 / 207 164 / 188 175 / 181 232 / 232 195 / 227 182 / 182 188 / 208
19 255 / 255 207 / 222 164 / 164 175 / 181 220 / 232 230 / 230 182 / 182 188 / 206
20 291 / 291 207 / 207 164 / 188 181 / 181 232 / 232 195 / 195 174 / 186 188 / 188
21 291 / 291 236 / 236 164 / 227 175 / 181 232 / 232 227 / 230 172 / 177 188 / 188
22 291 / 291 207 / 207 164 / 231 181 / 181 220 / 232 195 / 195 172 / 172 188 / 188
23 291 / 291 207 / 207 164 / 184 175 / 175 232 / 232 195 / 195 182 / 182 188 / 188
24 291 / 291 222 / 222 235 / 235 181 / 181 232 / 232 230 / 230 182 / 182 188 / 188
25 255 / 255 226 / 226 188 / 227 181 / 181 220 / 220 230 / 230 174 / 182 190 / 190
26 255 / 255 207 / 228 164 / 164 181 / 181 220 / 232 227 / 227 172 / 172 188 / 188
27 255 / 255 222 / 226 192 / 224 181 / 181 232 / 232 195 / 227 174 / 174 188 / 188
28 255 / 255 226 / 226 188 / 188 175 / 181 220 / 220 195 / 195 182 / 182 188 / 190
29 255 / 255 207 / 226 227 / 227 175 / 181 220 / 220 195 / 227 182 / 182 188 / 206
30 255 / 255 207 / 226 192 / 192 181 / 181 220 / 220 230 / 230 174 / 182 188 / 188
31 255 / 255 207 / 207 231 / 231 181 / 181 220 / 220 227 / 230 174 / 174 190 / 190
32 247 / 255 207 / 207 188 / 188 181 / 181 220 / 220 195 / 195 182 / 182 188 / 188
33 291 / 291 207 / 207 235 / 235 175 / 181 220 / 232 195 / 230 174 / 174 188 / 206
34 255 / 255 207 / 207 188 / 188 181 / 181 232 / 232 227 / 230 174 / 174 188 / 188
35 255 / 255 207 / 207 196 / 196 181 / 181 220 / 220 227 / 227 172 / 172 188 / 188
36 255 / 291 207 / 207 180 / 180 181 / 181 220 / 220 227 / 230 182 / 182 188 / 190
37 255 / 291 207 / 222 164 / 164 181 / 181 220 / 220 195 / 195 174 / 182 188 / 190
38 255 / 255 222 / 222 164 / 188 181 / 181 220 / 220 195 / 195 174 / 174 190 / 190
39 255 / 255 207 / 222 192 / 227 181 / 181 220 / 232 227 / 227 182 / 182 190 / 190
40 255 / 291 222 / 222 198 / 227 175 / 181 220 / 232 230 / 230 172 / 172 188 / 208
41 255 / 291 220 / 228 227 / 227 175 / 181 232 / 232 230 / 230 182 / 182 188 / 188
42 247 / 247 222 / 228 192 / 192 175 / 175 220 / 220 227 / 227 172 / 182 186 / 186
43 255 / 291 226 / 226 188 / 188 181 / 181 220 / 220 195 / 195 182 / 182 188 / 190
44 255 / 255 207 / 207 231 / 231 175 / 181 220 / 220 195 / 195 172 / 182 188 / 190
45 291 / 291 207 / 207 235 / 235 181 / 181 220 / 220 195 / 195 172 / 182 190 / 190
46 255 / 255 207 / 222 188 / 227 175 / 181 220 / 220 227 / 230 182 / 182 188 / 188
47 255 / 255 207 / 222 224 / 235 181 / 181 220 / 220 227 / 227 0 / 0 190 / 190
48 255 / 291 207 / 222 188 / 188 181 / 181 220 / 220 195 / 227 174 / 182 188 / 188
49 255 / 291 207 / 226 192 / 192 181 / 181 220 / 220 227 / 230 172 / 177 190 / 190
50 255 / 291 222 / 222 164 / 224 175 / 181 220 / 232 195 / 195 174 / 174 190 / 190
51 291 / 291 222 / 222 164 / 188 181 / 181 232 / 232 195 / 227 172 / 172 188 / 188
52 255 / 255 207 / 207 188 / 188 181 / 181 220 / 220 195 / 195 177 / 177 188 / 188
53 255 / 255 207 / 207 164 / 164 175 / 175 232 / 232 195 / 195 172 / 172 188 / 188
54 247 / 247 207 / 207 164 / 184 181 / 181 232 / 232 227 / 227 174 / 174 188 / 188
55 247 / 247 207 / 228 164 / 164 181 / 181 232 / 232 195 / 230 182 / 182 188 / 188
56 255 / 255 207 / 207 164 / 164 175 / 175 169 / 169 227 / 227 174 / 174 186 / 186
57 255 / 291 207 / 207 164 / 164 181 / 181 220 / 220 195 / 227 174 / 186 188 / 188
58 247 / 247 207 / 207 164 / 164 175 / 181 169 / 169 195 / 227 174 / 174 188 / 188
59 255 / 255 222 / 222 180 / 180 181 / 181 220 / 232 227 / 227 174 / 182 188 / 188
60 255 / 255 0 / 0 0 / 0 175 / 181 169 / 169 227 / 230 184 / 184 188 / 208
61 247 / 255 207 / 207 164 / 164 175 / 175 220 / 220 195 / 195 174 / 174 188 / 188
62 255 / 255 213 / 213 164 / 164 175 / 175 232 / 232 227 / 227 174 / 223 204 / 204
63 291 / 291 228 / 228 164 / 164 175 / 181 220 / 232 225 / 225 182 / 182 188 / 188
64 255 / 255 207 / 207 164 / 164 175 / 175 220 / 220 195 / 227 182 / 186 190 / 206
65 255 / 255 207 / 207 192 / 192 181 / 181 232 / 232 195 / 195 172 / 186 188 / 188
67 247 / 247 207 / 222 188 / 188 175 / 181 169 / 169 230 / 230 182 / 182 188 / 188
68 20 255 / 255 236 / 236 164 / 164 175 / 181 232 / 232 222 / 227 174 / 174 188 / 188
69 255 / 255 207 / 207 164 / 164 181 / 181 220 / 232 222 / 222 174 / 174 188 / 208
70 20 255 / 255 213 / 213 164 / 164 175 / 175 232 / 232 225 / 225 174 / 174 188 / 188
71 2 255 / 255 236 / 236 164 / 164 175 / 181 232 / 232 222 / 225 174 / 174 188 / 188
72 255 / 255 236 / 236 164 / 164 181 / 181 169 / 169 225 / 225 174 / 174 188 / 188

RSS3742 RSS0027 RSS2661RSS0977 RSS0033 RSS2559 RSS2459 RSS1971
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86% 

14%

RSS0977 

90% 

10%

RSS0033 

76% 

24% 

RSS2459 

83% 

17% 

RSS2559 

90% 

10% 

RSS1971 

76% 

24% 

RSS3742 

83% 

17% 

RSS0027 

93% 

7% 

RSS2661 

71% 
29% 

RSS0977 

69% 
31% 

RSS2559 

61% 
39% 

RSS3742 

73% 
27% 

RSS1971 

59% 

41% 

RSS2459 

65% 
35% 

RSS0027 

71% 
29% 

RSS2661 

61% 
39% 

RSS0033 

49 1

29 1
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175

181

247
255

291
247 253

255

291

255

291

291

207

220

222

226

228

236

153

175

181

175181 175181

207

228 207

213
236

164
180

184

188
164

180
184

192
196

198

218
224

227

231 235

164

192

164

207

222

228

RSS0977 RSS0033 RSS2459 RSS2559

bp

7 7 53 53 3 3 6 6

RSS0977

RSS2559

RSS0033

RSS2459
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169

220

232

220

232
220232

169

220

232

195

227

230
195

227

230

195

225

227

222

225

227

174
182

186

172

174

177

182

186

172

182

186

174

223

187

189

187

189

191

207

189
191

207

189

205

209

RSS1971 RSS3742 RSS0027 RSS2661

bp

7 7 53 53 3 3 6 6

RSS1971

RSS2661

RSS0027

RSS3742
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19
58

1956

1985

1981
2006

2
2

DNA

SSR
PCR

2000 SSR

Akagi et al  1997 8 SSR

2004

DNA

DNA
2010

1-3-3
8 SSR

DNA

1

1

RSS2459 153 bp
1-3-

3
RSS1971

169 bp

1800
1-3-3

SSR
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F3 H E

DFR

ANS
DFR

ANS

R

R

DFR

2013

Hoshi 1963
2 R

E
2-1-1

F3'H 3’- DFR

4- ANS

2011
3

1989

F1

F1 F2 BC
SSR

DNA

2-1-1

2-1-2
Hoshi 1963 R

E

R Ra

Rb Rc

Rd-1

Rd-2

F1 F2 BC
2012 2015

2 3 F1

20
5

15 cm
5 6

50 60

20



35

P-6 S9 R a E
P-12 S9 R b E
P- S3 R d-1 e
P- S1 R d-1 e
P- 83 S3 R d-1 e
P- 87 S3 R a e
P- S3 R b e
P- S3 R ce
P-3s S9 rE
P-34 S9 re
P- S3 R d-2 E
P- S3 R d-2 e 2
P- S3 R d-2 e 20
P- S3 rE 20

13 2015 8 9 60 cm
30 cm 2 10 cm 1

N P2O5 K2O 10
kg 10 a-1 11 12

15 cm
F2 B

C χ2

1
3 1 F2

1 1 BC 2
9 3

4 F2 1 1 2 BC 2
20

42 24 5 76 16 00 F2

42
24 5 76 5 76 10 24

3 2 0 8 4 0 BC

DNA

DNA
50 mg 2 mL

5 mm
TOMY Micro Smash MS-10

0 3 000 rpm 30
DNA 500 μL

DNA 12 000 rpm 4
20 270 μL 5 M

135 μL 1 5 mL
30

12 000 rpm 4 20
250 μL 150 μL

DNA Corning 3511
DNA

A ‘P- 87’ Ra B ‘P- ’ Rb C ‘P- ’ Rc D ‘P- 83’

Rd-1 E ‘P- ’ Rd-2

cortex

actinostele

Epidermis
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DNA ritter r
iplate medio 1 800 rpm 3 DN
A DNA

DNA 80
180 μL 1 80

0 rpm 3
2

DNA 1×TE 2
00 μL DNA Corning 3344

1 800 rpm 15 DNA
DNA DNA -30

PCR
Shirasawa 2011

9 4 7
SSR 48 SSR

48
PCR

10 12 2-2-1 2-2-2

PCR
DNA 1 μL Forward Reverse

1 μL Ex Taq DNA
0 1 μL 10×Ex Taq

Baffer 2 μL dNTP 1 6 μL 20
μL PCR 94 2 94

30 55 30 72 30 1 3
5 72 7

PCR 2 5
Metaphor 1× TBE Buffer

UV
CCD

2-2-2

E × P- Rd

-2 Rd-2ee
P- Rd-2

Rd-2ee F1 E
Rd-2rEe e

Rd-2ree
F1 55

rree rrEE
2-1-2

P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- rE
P- re
P- rE
P- rE

20 P- rE

F1

F1 re
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F1

2-1-3 2-
1-4

F1

2-1-3

RE × Re F1 RE RE × r-
F1 RE Re × rE F1 RE

Re × re F1 Re 2-1-3
2-1-4

P-12 RbE P- Rbe

2-
1-4 P-12
× P-3s F1

P-
P- F1 2-1-3

F1

Rb F1

2-1-4
Rd-2 ×

P- P-
P-

P-
2-1-3

F2 BC
P-6 RaE P

-3s rE F2

3 1 B
C 1 1 2-1-4

P- Rd-1e P-34 re
F1 F2

F2 3 1
2-1-4

P- Rd-1e
P-6 RaE F2

3 1 2-1-4
P-6 RaE P

-34 re 2 F2

9 3 4 BC
1 1 2

2-1-4
20

42 24 5 76 16 00
2-1-4

rrE- rree
20 Ra-E-

Ra-ee rrE-
rree 42 24 5 76 5 76 10 24

3 1
3 1

2-1-5
P-3s rE P-34 re

F2

2-1-4
P- 83 Rd-1e

P- 87 Rae F2

12 3 1
2-1-6

P-3s rE P-12 RbE F2

3 1 2-1-7

P-12
3 1 1

2-1-7
P-6 RaE P- Rbe P-

Rce F2 3
1 2-1-7

F2

0 7

P-6 RaE P-12 RbE F2

1 2 2-1-7
P-34 re P- Rbe P-

Rce F2

3 1
2 1

2-1-7
P- Rd-1e P- Rbe P-

Rce F2

3 1
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2-1-7

P-34 re P-12 RbE F2

9 3 4 2-1-7
20

42 24 5 76 16 00

P-12
3 0

2-1-7
P-3s rE P- Rbe

P- Rce F2

9 3 4
2-1-7 20

42 24 5 76 16 00 P-
Rbe F2 P- Rce

F2

2-1-7
P- Rbe P-12 RbE F2

3 1 2-1-7
‘P- ' Rd-2E ‘P-

' rE F2 3
1 2-1-8

P- Rd-2E P-
Rd-2e P- Rd-2e F2

3 1
2-1-8

P- Rd-2e P-
Rd-2e P- rE

F2

9 3 4 2-1-8

F1

2-1-9
P-12

0 06 0 31 0 18 4 432 8

P- 0 55 728 4 P-
0 55 182 1

P-3s F1 P-12
P-3s F1 1 03 4 07 P- P-3s

F1 3 23 11 52 P- P-3s F1 4.6
9 6 86 10

‘P- ’ ‘P- ’ ‘P- ’ ‘P- ’   

            Rd-2E      Rd-2e    Rd-2e       rE  

‘P- ’ Rd-2E    

‘P- ’      Rd-2e   

‘P- ’ Rd-2e

‘P- ’      rE   

bar = 10 cm 
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                                      ‘P-6’    ‘P-12’   ‘P- 87’ ‘P- ’  ‘P- ’ ‘P- ’    ‘P-3s’    ‘P-34’

                                      RaE      RbE      Rae      Rbe        Rce     Rd-1e       rE       re

‘P-6’      RaE

   

‘P-12’     RbE

‘P- 87’ Rae

‘P- ’ Rbe

‘P- ’ Rce

‘P- ’    Rd-1e

‘P-3s’     rE      

‘P-34’     re 

bar = 10cm
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P-6 P-12 P- P- P- P-3 P-34

0/9z 0/9 0/9 0/8 0/9 0/9 0/8
0% 0% 0% 0% 0% 0% 0%
0/9 0/10 0/9 3/9 1/9 1/15 1/9
0% 0% 0% 33% 11% 7% 11%
0/9 1/8 0/8 1/9 3/20 0/9 0/9
0% 13% 0% 11% 15% 0% 0%
0/5 0/7 0/9 0/8 0/8 2/33 0/9
0% 0% 0% 0% 0% 6% 0%
0/5 1/9 0/3 1/8 0/8 2/16 1/13
0% 11% 0% 13% 0% 13% 8%
0/9 1/17 0/10 3/55 1/26 y

0% 6% 0% 5% 4%
0/10 3/15 0/9 4/20 7/19
0% 20% 0% 20% 37%

/

P-6

P-12

P-

P-

P-

P-3

P-34

χ2 p

P-6 P-3s 500 176 676 (3:1) 507.0 169.0 0.39 0.53

P-3s P-6 724 238 962 (3:1) 721.5 240.5 0.03 0.85

P-3s P-6 P-3s 91 78 169 (1:1) 84.5 84.5 1.00 0.32

P-34 P- 137 45 182 (3:1) 136.5 45.5 0.01 0.93

P-6 P- 180 55 235 (3:1) 176.3 58.8 0.32 0.57

P- P-6 166 59 225 (3:1) 168.8 56.3 0.18 0.67

P-6 P-34 190 17 80 287 (9:3:4) 161.4 53.8 71.8 31.19 0.00

(42.2:5.8:16.0) 189.4 25.8 71.8 3.97 0.14

P-34 P-6 322 60 131 513 (9:3:4) 288.6 96.2 128.3 17.55 0.00

(42.2:5.8:16.0) 338.6 46.2 128.3 5.01 0.08

P-34 P-6 P-34 30 11 43 84 (1:1:2) 21.0 21.0 42.0 8.64 0.01

(3.2:0.8:4.0) 33.6 8.4 42.0 1.21 0.54

P-3s P- 111 76 79 266 (9:3:4) 149.6 49.9 66.5 26.01 0.00

(32.6:15.4:16.0) 135.7 63.8 66.5 9.15 0.01

P- P-3s 132 82 86 300 (9:3:4) 168.8 56.3 75.0 21.40 0.00

(32.6:15.4:16.0) 153.0 72.0 75.0 5.88 0.05

P-3s 797943-P 97

P-34 8888s3-P 88
p 0.05
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χ2 p

R a E R a e E R a E R a e E

P-6 P-34 299 39 37 75 450 (9:3:3:1) 253.1 84.4 84.4 28.1 137.44 0.00

(42.2:5.8:5.8:10.2) 297.0 40.5 40.5 72.0 0.50 0.92

P-34 P-6 129 18 12 37 196 (9:3:3:1) 110.3 36.8 36.8 12.3 79.43 0.00

(42.2:5.8:5.8:10.2) 129.4 17.6 17.6 31.4 2.83 0.42

E re
p 0.05

χ2 p

P- 83 P- 87 70 16 4 90 (12:3:1) 67.5 16.9 5.6 0.61 0.74

P- 87 P- 83 91 22 3 116 (12:3:1) 87.0 21.8 7.3 2.68 0.26
p 0.05

χ2 p

P-3s P-12 601 216 817 (3:1) 612.8 204.3 0.90 0.34

P-3s P-12 ×P-12 266 3 269 (1:0) 269.0

P-6 P- 118 35 1 154 (3:1) 115.5 38.5 0.37 0.54

P- P-6 351 135 4 490 (3:1) 367.5 122.5 2.02 0.16

P-6 P- 114 35 149 (3:1) 111.8 37.3 0.18 0.67

P- P-6 353 106 4 463 (3:1) 347.3 115.8 0.92 0.34

P- P-12 241 90 331 (3:1) 248.3 82.8 0.85 0.36

P-12 P- 110 41 152 (3:1) 114.0 38.0 0.37 0.54

P-6 P-12 540 540 (1:0) 540.0

P-6 P-12 P-12 163 2 165 (1:0) 165.0

P-34 P- 196 89 285 (3:1) 213.8 71.3 5.90 0.02

P- P-34 215 107 322 (3:1) 241.5 80.5 11.63 0.00

P-34 P- 310 172 482 (3:1) 361.5 120.5 29.35 0.00

P- P-34 248 109 357 (3:1) 267.8 89.3 5.83 0.02

P-34 P-12 1006 134 517 1657 (9:3:4) 932.1 310.7 414.3 131.83 0.00

(42.2:5.8:16.0) 1093.6 149.1 414.3 34.04 0.00

(P-34 P-12 P-12 754 23 777 777.0

P-3s P- 152 79 80 311 (9:3:4) 174.9 58.3 77.8 10.41 0.01

(32.6:15.4:16.0) 158.6 74.6 77.8 1.81 0.41

P- P-3s 137 66 78 281 (9:3:4) 158.1 52.7 70.3 7.03 0.03

(32.6:15.4:16.0) 143.3 67.4 70.3 6.09 0.05

P-3s P- 70 40 47 157 (9:3:4) 88.3 29.4 39.3 9.12 0.01

(32.6:15.4:16.0) 80.1 37.7 39.3 75.61 0.00

P- P-3s 102 45 66 213 (9:3:4) 119.8 39.9 53.3 6.34 0.04

(32.6:15.4:16.0) 108.6 51.1 53.3 45.30 0.00
p 0.05
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χ2 p

P- P- 265 76 341 (3:1) 255.8 85.3 1.34 0.25

P- P- 265 93 358 (3:1) 268.5 89.5 0.18 0.67

P- P- 165 59 224 (3:1) 168.0 56.0 0.21 0.64

P- P- 122 37 159 (3:1) 119.3 39.8 0.25 0.61

P- P- 434 140 192 766 (9:3:4) 430.9 143.6 191.5 0.12 0.94

P- P- 454 131 189 774 (9:3:4) 435.4 145.1 193.5 2.28 0.32

P- P- 529 148 213 890 (9:3:4) 500.6 166.9 222.5 4.15 0.13

P- P- 220 62 109 391 (9:3:4) 219.9 73.3 97.8 3.04 0.22
p 0.05

P-12 4,432 4,424 8 0.18
P- 732 728 4 0.55
P- 182 181 1 0.55

5,346 4,424 909 13 0.24
P-3s P-12 152 150 2 1.32
P-12 P-3s 611 588 23 3.76
P-3s P- 191 169 22 11.52

P- P-3s 124 120 4 3.23
P-3s P- 102 95 7 6.86

P- P-3s 64 61 3 4.69
1,244 1,183 61 4.90

P

F1

A×CA×B

CB

A

B×DB×C

A×DA×C

DC

B

A

bar = 10 cm

A ‘P-12’ B ‘P-34’ C ‘P- W’ ‘ ’

A ‘P- ’ B ‘P- ’ C ‘P-3s’ D ‘P-34’

‘ ’ ‘P-34’×‘ ’ F2



43

LG 1

120.8 cM

RSS35400.0

RSS047623.1

RSS089363.4

RSS364089.8

RSS0080109.3

LG 2

149.9 cM

140.6 RSS0454

121.6 RSS2167

95.2 RSS1095

55.1 RSS0049

30.8 RSS0124

10.7 RSS2138

LG 3

147.9 cM

147.1 RSS3245

127.6 RSS2459

107.7 RSS2660

74.3 RSS3089

24
29.0 RSS1719

4.3 RSS2296

LG 4

148.0 cM

136.0 RSS2559

113.0 RSS1971

92.8 RSS0033

89
75.6 RSS3919

32.2 RSS3305

6

1.3 RSS153

LG 5

147.5 cM

559
135.5 RSS0368

120.5 RSS1032

106.7 RSS3742

60.8 RSS1614

05
31.8 RSS0968

2.5 RSS1885

LG 6

153.2 cM

150.0 RSS1128

032
122.5 RSS2575

81.1 RSS1474

14
59.7 RSS2661

968
31.6 RSS0475

11.0 RSS0129

LG 7

100.3 cM

90.7 RSS2626

74
82.4 RSS1769

61
55.8 RSS1680

22.2 RSS2434

29

15.1 RSS0027

LG 8

85.4 cM

74.5 RSS0486

64.4 RSS0977

34
25.0 RSS2543

0.0 RSS3933

LG 9

76.2 cM

86
72.1 RSS1309

48.2 RSS0987

43
26.4 RSS2843

5.0 RSS2494

DNA
P-6 Ra P-3s r

F2 Ra

48 SSR 2-2-1
12

2-2-1 12 F2

rr
RSS1781 RSS3362

90 7
2-2

-2 2-2-2
1

RSS1781 RSS3362
Ra

P-6 RaE P-34 re
F2 Ra E

48 SSR
10 2-

2-1 10 F2

rr-- R-ee
RSS3362

93 5
RSS0403 RSS0080

2-
2-3 RSS0403 RSS0080

95 5 86 4 RSS3362 50
0

Ra

E 1
RSS0403 RSS0080

2-2-4 2-2-5
Ra E 1
Ra RSS0553 RSS0893

54 4 63 4cM E
RSS3362 RSS2744 83 9 103 6

cM 2-2-3
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Motif PCR

CAAACCTCGCCTCTTCACTC
TCCATCGTATCCTCCGCTAC

AAAACCCCTTCTCTTCCTCG
GCGTAGGTTCAGTAGCGTCC

TCACGAGAACGAGGATCTGA
TCTGGAGCTTCCTCGTCAAT

TCACTCGAGAGCACAAATGG
GGTGTAGCACGATGTTGACG

TCAGGCAAGGTCACAAGGTT
ACGCCTATGACCAGATTTGC

CTCGGGCTTATCGTTACCAA
GACACTGCTTGCCCTTTAGC

CTGAAGCCTCACCACAATGA
TTTTGCTCATAGGAATAAACCCA

TTGGCTCACACTTTACCTCG
CAACAGCACCGTAATCGCTA

ACTCATGGGTGGGTTCATGT
TGTAGCAAACAGAGGCAAACA

AAAATGCACACGTTGTTGGA
GGCTTTCAAGGTCAGGTTCA

CTGCACCGTAGTTGTCTCCA
CCAACCATTTTCGAGGTTGT

CATCCCAAGGCCTAAGATGA
AGAAGCAAGGAAAGCATGGA

CCAGACGCTGATGAGTACGA
AACCGTTGTTCCAGTTCCAG

GAAACGTCTCGATTTGGAGG

ATTGGGGCTAAACATTGCTG
RSS1309 AAG mis2 222 9 72.1

RSS0977 AAG mis2 169 8 64.4

RSS2843 GGT 195 9 26.4

RSS1769 AAG mis1 243 7 82.4

RSS2626 AAC mis2 202 7 90.7

RSS0033 AG 204 4 92.8

RSS3742 AAAC mis1 230 5 106.7

RSS1719 GGA mis1 174 3 29.0

RSS2459 AG 189 3 127.6

RSS0080 GGA 220 1 109.3

RSS0124 GGT 158 2 30.8

RSS3362 ATC mis2 195 1 83.9

RSS0403 GGA mis1 234 1 103.2

cM

RSS1781 AG mis1 187 1 66.9

P-6

P-3s
F2

‘P-3s’ ‘P-6’
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P-3s P-6

RSS1781 1 66.9 rr R a R a 39 / 43 90.7%

RSS3362 1 83.9 rr R a R a 39 / 43 90.7%

RSS0124 2 30.8 rr R a R a 10 / 43 23.3%

RSS1719 3 29.0 rr R a R a 12 / 43 27.9%

RSS2459 3 127.6 rr R a R a 11 / 43 25.6%

RSS0033 4 92.8 rr R a R a 7 / 43 16.3%

RSS1769 7 82.4 rr R a R a 11 / 42 26.2%

RSS0977 8 64.4 rr R a R a 6 / 42 14.3%

RSS2843 9 26.4 rr R a R a 14 / 43 32.6%

RSS1309 9 72.1 rr R a R a 9 / 43 20.9%

R a

F2

rr
cM

P-34 P-6

RSS3362 1 83.9 rr ee R a R a EE 43 / 46 93.5% 11 / 22 50.0%

RSS0403 1 103.2 rr ee R a R a EE 28 / 46 60.9% 21 / 22 95.5%

RSS0080 1 109.3 rr ee R a R a EE 25 / 45 55.6% 19 / 22 86.4%

RSS0033 4 92.8 rr ee R a R a EE 8 / 45 17.8% 4 / 22 18.2%

RSS3742 5 106.7 rr ee R a R a EE 8 / 44 18.2% 5 / 21 23.8%

RSS1769 7 82.4 rr ee R a R a EE 9 / 46 19.6% 7 / 22 31.8%

RSS2626 7 90.7 rr ee R a R a EE 5 / 42 11.9% 4 / 22 18.2%

RSS0977 8 64.4 rr ee R a R a EE 15 / 46 32.6% 12 / 22 54.5%

RSS2843 9 26.4 rr ee R a R a EE 14 / 45 31.1% 6 / 22 27.3%

R a

E

F2

ee
F2

rr
cM

P-3s P-6

RSS0148 1 29.9 rr R a R a 29 / 43 67.4%

RSS0466 1 31.2 rr R a R a 30 / 43 69.8%

RSS0553 1 54.4 rr R a R a 41 / 43 95.3% 88 / 90 97.8%

RSS0291 1 56.2 rr R a R a 42 / 43 97.7% 89 / 90 98.9%

RSS0893 1 63.4 rr R a R a 42 / 43 97.7% 80 / 90 88.9%

RSS1737 1 64.6 rr R a R a 42 / 43 97.7% 76 / 89 85.4%

RSS1781 1 66.9 rr R a R a 39 / 43 90.7%

RSS3362 1 83.9 rr R a R a 39 / 43 90.7% 60 / 87 69.0%

RSS2945 1 104.7 rr R a R a 24 / 43 55.8% 40 / 83 48.2%

RSS3991 1 108.0 rr R a R a 24 / 43 55.8%

R a

cM
F2

rr
F3

rr
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P-34 P-6

RSS1241 1 63.8 ee EE 6 / 22 27.3%

RSS1737 1 64.6 ee EE 7 / 22 31.8%

RSS3362 1 83.9 ee EE 11 / 22 50.0%

RSS0403 1 103.2 ee EE 21 / 22 95.5% 57 / 73 78.1%

RSS2744 1 103.6 ee EE 21 / 22 95.5% 58 / 75 77.3%

RSS1273 1 107.7 ee EE 53 / 75 70.7%

RSS0080 1 109.3 ee EE 19 / 22 86.4% 50 / 75 66.7%
E

F3

ee
F2

eecM

LG 1
120.8 cM

83.9

54.4

63.4

103.6

4 RSS0553

4 RSS0893

83.9 RSS3362

03.6 RSS2744

5

6

54.4

63.4
R

a

E

2013
E

E

E F3'H 3'-
2-1-1 R

ANS
DFR 4-

R

E

E rrEE
rree

E
E

E

1-1-2
A

E Hoshi 1963
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F1

E

E

2
e

R E

F1

F1 F2

RaE × rE F1 RarEE F2

3 1 BC 1 1
rE × RbE F1 RbrEE

F2 3 1
Rd-1E × rE F1 Rd-1rEE

F2 3 1
Rd-1e × re F1 Rd-1ree F2

3 1
Ra Rb Rd-1 ra rb rd-1

Rd-1e × Rae F1 Ra

 Rd-1ee F2

12 3 1
Ra Rd-1

Rd-1 Ra

Rd-1e × RaE F1 RaRd-1Ee
F2 3 1

RaE × Rbe Rce F1 RaRbEe Ra RcEe
F2 3 1

Rbe × RbE F1 RbRbEe
F2 3 1

Rd-1E × Rd-1e F1 Rd-1Rd-1Ee
F2 3 1

E e
RaE × re F1 RarEe F2

9 3 4 BC

1 1 2 20
42 24 5 76 16 00

Ra E

Rd-2e × rE F1 Rd-2rEe F2

9 3 4
Rd-2 E

Ra Rd-2

Re RE
rE re R E

F1

F1 2-1-5 Rd-1

F1

2-1-6

F1

P-
P- ‘P- 83

Rd-1e

F2

SSR DNA
Ra E

20 DNA

Ra

E 1
Rd-1 Rd-2
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Ra

Rb Rc Rd-1 Rd-2

R

F1

Rb Rc

Ra

2-1-7

1995

1996

0 24 F1

F1 10
2-1-9

DFR

1995
DFR

2011
3

Rb 2

F2

F2

F2

P-12 P-

F1

F1

F1

P-

Rc

Ra Rb

Rc Rd-1 Rd-2 E
Ra E

DNA
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1996
1 500 1 800 t

5 000 t
10

3

1

1996

3-1-1

A B   bar = 3 cm

F1

1988

1
F1 2002

2006

1971
19

81 1988

1950

1996

8
1 m 25 cm 3 5

3 1
11

N P2O5 K2O 10 kg 10 a-1

10 15
5 cm 1 3

8
4 5

F1

F1
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1987 1995 1997 2000 2001
S0

AK-1
F1

YM-1

S5

S5S0

F1

2001 3

F1

2

2001 20
02 8 1 2

11
10

KM-5
2 5 mm

2
FV-1500 70 5

PR-101

2001
15 5

5 0 12
89

1988

1997 5
AK-1 3-1-2 3-1-3

1995

2000 5
YM-1 3-1-2 3-1-3

2001 3 AK-1 ‘YM-1
F1

2001 2002 2

2003 4
2006 2

13765

‘YM-1’ ‘ ’ ‘AK-1’   

bar = 10 cm
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g g cm cm Kg cm-1

AK-1×YM-1 2,049 1,155 77 50.7 34.3 6.0 4.1 6.2 7.0

YM-1×AK-1 1,971 1,119 76 50.0 35.4 6.1 4.4 6.4 7.0

2,004 1,036 93 48.5 27.1 5.8 4.4 6.0 6.0

z y x 5mm
w

°Brix
T-R

2001 89 0 0 0 11
2002 89 0 5 5 0

89 0 3 3 5
2001 89 0 0 0 11
2002 85 0 0 5 10

87 0 0 3 10
2001 63 0 5 11 21
2002 70 10 0 0 20

67 5 3 5 21
z 0.5kg

z

AK-1×YM-1

YM-1×AK-1

z y

g g g
814 416 51.1 249 30.5

706 334 47.3 185 26.2

x

z y x ,
5.0 , 12 , 89

3-1-1
10

T-R 76 77

3-
1-4

7.0
87 89

3-1-2 1 000 1 250
kg 3-1-5

30 5

3-1-3

-2
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0
2
4
6
8

10
1212
14 

0
2
4
6
8

10
12

250 500 750 1,000 1,250 1,500 1,750
g

AK-1×YM-1

YM-1×AK-1

A ‘ ’ B ‘ ’ bar = 10 cm 

A:‘ ’ B:‘ ’

1988

F1

F1

F1

F1

AK-1 YM-1
F1

YM-1
AK-1 F1

3-1-1 3-1-2 3-1-5
F1

F1

8 8
1 000 g

70 80 10 11

2003
1 6 ha

2005
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F1

F1 39 2011 20
13

39

2002 11
3

2 000

15

1 3

8
1 m 25 cm 3 5

3 1
11

N P2O5 K2O 10 kg 10 a-1

10 15 11

1 1
5

cm 8

4 5

2003 2007 5 F1

F1

2008 5

F1

2

2

39

2012 8 2
8 1 2

11 19 83
10

KM-5
2

5 mm
2
FV-1500

70 5

2
F1

2 1
60

PR-
101
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2

2009 2011 3
2009 8 26 11 16

82 2010 8 27 11 16 81
2011 8 25 11 11 78

2 1
15

5 4 4
16 60

39
2002

15 2003 5 S1

3-2-1 8 S1 15 No 1 No 15

8 1 1
2007 11

S5

7 YM-2 YM-8 7
6

F1 2008 F1

YM-8 YM-5
F1 No 4

6
2009 2010

2011 7 39
2013 9

22660

2002 2005 2006 2008 2009 2010 2011 2012 2013
S S S F F F F F F

1 1 2 2 YM-2

3

4 3 3 3 3 YM-3

7 6 5 4 4 YM-4

13 7 5 5 YM-5

14 10 6 6 YM-6

No.4

15 12 7 7 YM-7

16 16 8 8 YM-8

2004 2007
   S S S

-No.1

-No.2

-No.3

-No.4

6 39

-No.5

-No.6

-No.7

-No.8

-No.9

-No.10 10

-No.15 15

-No.11 11

-No.12

-No.13 13

-No.14 14

2003
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YM-8 1,324 bz 58.1 a 4.1 a 6.8 a 0.0 0.0

YM-5 1,302 b 57.1 a 4.2 a 7.3 a 0.0 0.0

39 1,664 a 61.5 a 4.3 a 7.1 a 0.0 0.0

g cm kg cm-2

zTukey 5
n = 3 5

39

39 1 664 g YM-
8 1 324 g YM-5 1 302 g

3-2-1
3

39
3-2-1 39

YM-8
YM-5

3-2-2

‘YM-8’ ‘ 39 ’ ‘YM-5’ bar = 10 cm

39 4 3 kg cm-2

‘ '

F1 2 5 3 4 kg
cm-2 39

3-2-2 39 7.1

r = 0.954 p < 0.05

39
3-2-3 1

320 g
T-R 32

37 57
57.6

cm 54.9 cm
50.9 cm 6.2 cm

6.7 cm 6.2 cm
39

3
39

3-2-3 3
39 4.4 kg cm-2

39 5.5° 5.9°
5.3°

F1

39 F1 4.3 az 7.1 ab

F1 4.1 ab 7.3 ab

4.4 a 7.5 a

3.8 bc 6.7 abc

F1 3.4 cd 6.1 abc

F1 3.3 cd 6.3 abc

F1 3.1 d 5.9 bc

F1 3.1 d 5.5 c

F1 2.5 e 5.4 c
zTukey 5

n = 3

kg cm-2
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3-
2-4 250 g 0
2 kg cm-2 39 1 3
20 g 3 1 000 g 1 750 g

82
93 60

4 4 kg cm-2 3 4 2
kg cm-2 4 8 kg cm-2

39 93 80
55

95 0 73 3

35 0 3-2-
4 39 5
0

11 7 6 7
30 0 46 7

3

3
3-2-5

A ‘ 39 ’ B ‘ ’ C ‘ ’  bar = 10 cm 

39 1318 ± 270w abv 32 b 57.6 ± 6.7 a 6.2 ± 0.5 b 4.4 ± 0.2 a 5.5 ± 0.3 b

1278 ± 380   b 57 a 50.9 ± 7.0 b 6.2 ± 0.8 b , 4.1 ± 0.4 b 5.3 ± 0.4 c

1411 ± 200   a 37 b 54.9 ± 4.9 a 6.7 ± 0.4 a 4.0 ± 0.2 b 5.9 ± 0.3 a

z y 100 n = 5
x w n = 60
vTukey 5

z T-R y

z
g cm cm (kg cm 2 Brix

z z

x x
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39 95.0 5.0 0.0 0.0 0.0

73.3 8.3 1.7 11.7 6.7

35.0 10.0 0.0 30.0 46.7

x 0.5kg

z
y

x

y

z

39 1322 w av 813 a 61.3 a 469 a 35.4 a
1285 a 808 a 62.7 a 392 a 30.1 a
1342 a 846 a 62.9 a 473 a 35.4 a

z

y

x

w2009 2011 3 n = 5
vTukey 5

x

z y

g g g

n = 60
A D ‘ 39 ’ B E ‘ ’ C F ‘ ’

n = 60
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2002
39

3-2-2

39 3-2-3

3 3-2-5
39

3-2-
3 3-2-3

39
F1 F1

‘ '
3-2-3 3-2-3 3-2-4

F1

F1

200
2 2002 2003

2006
2003 F1

F1

F1

39

YM-8 YM-5
3-2-1

3-
2-3

1952 1958

Kano 198
9 2011

1980
1994

39

‘ 39 '

3-2-4 39
95 0

39
F1

2012
20 ha
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2006

2002

1993
100

2003 2005

2 F1

2003 2005
JA

F1

2013
2 ha

30 t

F1

F1

1 000 1993 1995 3

500 g 3

8
4 5

8
11 90

3

F1

1999
2000 2001

2012 8 27
1 m 25 cm 1 3 5

3 1
N P2O5 K2O 10 kg 10 

a-1 11 27 92
16

4 kg
0-13KG T R  Turoni s r l

2
5 mm

2
F

V-1500 70  7

PR-101

1999
4 8

0 8 ml

GC-17A
FID

Fused Silica Capillary Column DB-W
AX  Agilent J&W

120 1 10 220
2

2 1999
4MTB-ITC
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1994 1995 1996 1997 1998 1999 2000 2001 2002 2005

S1 S2 S3

2z 1 1
4 1

S1 S2 S3

5 2
6 1 F1 F1

2 2
7 2

3
6 1

8 1
9 1

S1 S2 S3

K1 3 1 M-K1-3
4

K2
K3 3

5

M-2-1

M-6-2

M-7-6

0 45 μm
PA10

HPAEC DX500

PAD

60 1

1994

20
1

1993 1995 3 000
10 3-3-1

1998
F3 2 M-2-1 M-K1

-3 1999 2 F1

2
2002 3

2005 3
12844

3-3-2 3-3-1

M-K1-3 M-2-1
F1 3-3-1

1 087 g 753 g
M-2-1 M-K1-3

T-R
145 3-3-2

3-3-1 M-2-1
M-K1-3 3-3-

2 3-3-1 6 6 kg cm-2

9 1° M-2-1
M-K1-3 F1

3-3-1
M-2-1 M-K1-3

4MTB-ITC 2
4MTB-

ITC 97

96 0 mg 100 mL-1

2 M-K1-3
F1

3-3-3

z
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z

M-2-1 426 ± 61x bw 376 ± 39 c 114 ± 19 b 7.3 ± 0.2 a 9.4 ± 0.4 a

M-K1-3 319 ± 34 b 448 ± 39 b 71 ± 7 c 6.4 ± 0.2 c 8.6 ± 0.5 b

1,087 ± 164 a 753 ± 72 a 145 ± 23 a 6.6 ± 0.1 b 9.1 ± 0.4 ab

z

y 100
x n = 5 10
wTukey 5 n = 5 10

g g kg cm-2 Brix

T-R y z z

92

bar = 10 cm

‘M-2-1’ ‘ ’ ‘M-K1-3’

3

3-3-4 M-2-1
5 0 g 100 mL-1 84 8

M-K1-3 2 1 g 100
mL-1 35 6 M-2-1

M-2-1 M-K1-3
F1

3-3-4

zTukey 5 n = 5

bar =

zTukey 5 n = 5

bar =

2.9 2.9 2.8

74.7
93.7 93.2

0

20

40

60

80

100

120

M-2-1 M-K1-3

4MTB-ITC

aa

a a a

a a
b

b
z

mg 100 mL
-1

0.7
2.3 1.5

0.2

1.5

0.9

5.0

2.1
4.1

0

1

2

3

4

5

6

7

8

M-2-1 M-K1-3

a

c

c
c a

a

a
z a

g 100 mL
-1

a

b

b

b
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671 ± 84z 14.1 ± 0.9 9.3 ± 0.5 1.52 ± 0.11 6.6 ± 0.2 12.2 ± 0.7 8.4 ± 0.5
551 ± 198 14.9 ± 2.9 7.7 ± 1.0 1.95 ± 0.39 5.0 ± 0.8 11.0 ± 1.4 7.9 ± 0.8

y *** * *** *** *** *** ***
z n=60
yt *** 0.1 * 5 n = 60

g cm cm kg cm-2 Brix

671 g
551 g 3-3-2

3-3-5

3-3-2

3-3-2

62 8 106 8 mg 100 mL-1

85 6 mg 100 mL-1

3-3-6 17 7 153 1
mg 100 mL-1

69 8 mg 100 mL-1

3-3-6

60 3 0 3 7

60 50
6 10 50 4 50

2 1 8 1
3-3-6

3
7 g 100 mL-1 0 8 g 100 mL-1 1 3 g 100 mL-1 ‘

' 5 g 100 mL-1 0 8 g
100 mL-1 1 4 g 100 mL-1

3-3-7

3-3-7

n = 60

A B   bar = 10 cm 
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0

1

2

3

4

5

6

7

8

0%
20%
40%
60%
80%

100%

5 10 15 20 25 30 35 40 45 50 55 60

0
20
40
60
80

100
120
140
160 4MTB-ITC

0

20

40

60

80

100

120

140

160 4MTB-ITC

0%
20%
40%
60%
80%

100%

5 10 15 20 25 30 35 40 45 50 55 60

0%
20%
40%
60%
80%

100%

5 10 15 20 25 30 35 40 45 50 55 60

A B C D bar =
zt *** 0.1 n = 60

A B ‘ ’ C D ‘ ’

t ns n = 60

A
mean±S.D. = 85.6±9.5***

z

B

mg 100 mL
-1

C

D

mean±S.D. = 69.8±22.6 

0

1

2

3

4

5

6

7

8
A

mean S.D. = 3.7 0.5 nsz

0.8 0.2 ns 
1.3 0.3 ns

0%
20%
40%
60%
80%

100%

5 10 15 20 25 30 35 40 45 50 55 60

B

g 100 mL
-1 mean S.D. = 3.5 0.9

0.8 0.3
1.4 0.6C

D
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2
F1

T-R

F1

Iwata
2000 2011

F1

2

3-3-2

F1

1958 10
Iwata 2000

6

20
12

F1

2006

F1

F1

F1

39
F1

F1

4MTB-ITC
Friis Kjaer

1966 2012 Kjaer 1978
30 4 13

1999 3-3-6
60 10 17

4MTB-ITC

4MT
B-ITC

4MTB-ITC

F1

F1

3-3-6

F1
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2 1-2-1
2011

2003

2008

2014

M-2
-1 M-K1-3
3-4-1

A ‘ ’ B ‘ ’ bar = 10 cm

19
96 11

8
1 m 25 cm 3 5 3

1
N P2O5 K2O 10 kg 10 a-1

10 15 11

5 cm
8

4 5

F1

F1

5

F1

2013 8 28
1 m 25 cm 1 3 5

3 1
N P2O5 K2O 10 kg 10

a-1 11 29 93
16

A B
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2012 8 27
11 27 92

F1

2
F1

F1

1997 5
M-2-1 F1 3-4-2

F2 1999 5
F1

2001 5
F3 M-2-1

M-2-1
2008

M-12 F7

M-K1-3 F1 No.128

2011 8 2
013 2014

2015 9

30439
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M-12 178 ± 49x cw 278 ± 67 bc 64 ± 8 c 11.5 ± 1.0 b 6.4 ± 0.5 c

636 ± 76 a 403 ± 50 a 159 ± 21 a 12.6 ± 0.9 a 7.4 ± 0.3 a

M-K1-3 366 ± 44 b 292 ± 30 b 125 ± 8 b 10.2 ± 0.4 c 6.9 ± 0.3 b

g g cm cm

z
z

T-R y

M-12 1.80 ± 0.11x aw 8.2 ± 0.6 a 14.1 ± 0.7 a 8.5 ± 0.4 a

1.71 ± 0.10 a 7.8 ± 0.4 a 14.3 ± 0.4 a 8.6 ± 0.2 a

M-K1-3 1.47 ± 0.07 b 7.0 ± 0.4 b 13.5 ± 0.2 b 8.7 ± 0.5 a
z

y ×100
x ± n = 10
wTukey 5 n = 10

z

Brixkg cm-2

z/

A           B           C       D         E

A ‘M-12’ B ‘ ’ A×C C×A C ‘M-K1-3’

D ‘ ’ E×C C×E E ‘M-2-1’ bar = 10 cm
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877 ± 139x aw 549 ± 50 c 159 ± 16 a 12.5 ± 0.5 b 8.4 ± 0.3 c

873 ± 159 a 659 ± 90 b 133 ± 19 b 13.0 ± 0.9 b 9.1 ± 0.5 b

561 ± 104 b 855 ± 134 a 67 ± 15 c 15.0 ± 1.7 a 9.9 ± 0.5 a

z
z

T-R y

g g cm cm

1.49 ± 0.09x aw 7.2 ± 0.3 a 14.8 ± 0.4 a 9.5 ± 0.3 b

1.43 ± 0.10 a 7.2 ± 0.3 a 14.6 ± 0.4 a 9.9 ± 0.4 a

1.52 ± 0.18 a 4.6 ± 0.3 b 9.5 ± 0.3 b 7.3 ± 0.2 c
z

y ×100
x ± n = 15
wTukey 5 n = 15

/ z

z

kg cm-2 Brix

549 g
659 g 3-4-3 3-4

-2

9 5°
3-4-2

3-4-3 3-4-2

103 3 mg 100 mL-1

96 0 mg 100 mL-1 3-4-4
3 9 mg 100 mL-1

3-4-4

3-4-5

3-4-2
3-4-2

T-R 3-4-2

3-4-2

3-4-6
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Breeding of local varieties of radish in Akita Prefecture  

with genetic-breeding studies in radish
Nobuichi TSUBAKI 

Abstract 

By using local varieties of the Japanese radish  which has been cultivated in Akita Prefecture  this study for 
the purpose of development of new varieties was done

In Chapter 1 the characteristics of the Japanese radish local varieties Akita by comparing with other local 
varieties and revealed the strengths and weaknesses as a breeding material The local varieties of many of Akita 
Prefecture roots hardness  dry matter content and sugar content was high Also included a strong varieties of 
pungency  Therefore it was thought to be available on a Japanese radish for pickle processing that hardness was 
required or a pungent radish

In Chapter 2 in order to development of the colored radish varieties of red and purple  we conducted cross t
est  and elucidated the mode of inheritance on the anthocyanin-based dye Mode of inheritance on the coloration 
of purple  red and white  could be explained by conditional genes due to the action of alleles of two pairs of 
traditional R and E  F2 generation of segregation ratio and a result of the genetic analysis using SSR marker Ra

gene and E gene was linked to both the locus of the linkage group 1

In Chapter 3  the radish 4 varieties that have been developed in Akita Prefecture  were reported

‘Akita-Iburikomachi’
We have bred a new radish cultivar called ‘Akita-Iburikomachi’ which is an F1 hybrid of two lineages derived 

from the cultivar ‘Akita’ and ‘Yamagata’  With its hard flesh ‘Akita-Iburikomachi’ is suitable for making Iburi-
takuan-zuke (smoked daikon pickles) which is a traditional dish of Akita Prefecture ‘Akita-Iburikomachi’ has high 
scores for uniformity  that make it suitable for large-scale cultivation ‘Akita-Iburikomachi’ is an F1 varieties of 
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reciprocal crosses that do not identify the seed parent  In F1 seed production  it is possible to seed from both
parents  high seed efficiency and is economical However poor cultivation conditions pithiness and cavitation
occurs

‘Akinoushi-39’
We have bred a new radish cultivar called ‘Akinoushi-39’ which is an F1 hybrid of two lineages derived from 

the cultivar ‘Yamagata’ With its hard flesh ‘Akinoushi-39’ is suitable for making Iburi-takuan-zuke (smoked
daikon pickles) which is a traditional dish of Akita Prefecture ‘Akinoushi-39’ has a number of characteristics
that make it suitable for large-scale cultivation It has high scores for uniformity it rarely develops pithiness and 
cavitation  and its average production-to-sales rate is 95% In 2012 the total cultivation area of the cultivar was 
approximately 20 ha

‘Akita-Oni-Shibori’
‘Akita-Oni-Shibori’ is an F1 hybrid developed from the inbred lines of ‘Matsudate-Shibori’ a native Japanese 

radish variety Although ‘Akita-Oni-Shibori’ is an F1 hybrid of related lines it shows heterosis in its yield
characteristics  such as the leaf weight  root weight  and T-R ratio compared with its parental inbred lines On 
the other hand ‘Akita-Oni-Shibori’ does not show heterosis in its morphological characteristics internal characteristics 
of the root  or component characteristics (content of isothiocyanate and sugar)  indicating its acquisition of domin
ant or additive effects Compared with the original cultivar ‘Matsudate-Shibori’ ‘Akita-Oni-Shibori’ exhibits marked 
uniformity in its morphological characteristics and internal characteristics of the root In addition high-level
uniformity even in its component characteristics (content and composition of isothiocyanate and sugar) has been 
confirmed  These suggest that the development of the F1 variety is effective for achieving the commercialization 
of ‘Matsudate-Shibori’ On the other hand native ‘Matsudate-Shibori’ has diverse genetic resources and it is
necessary to continue preserving them

‘Akita-Oni-Shibori -Murasaki’
Parental line of pungent radish ‘Akita-Oni-Shibori-Murasaki’ is either the same of the two parental lines of F1

varieties ‘Akita-Oni-Shibori’  is the brother strain ‘Akita-Oni-Shibori-Murasaki’ is an F1 varieties between the ‘M-
12’ (root internal purple) and the ‘M-K1-3’ (the entire root white) Root color is pale purple both inside and root 
epidermis In the ‘Akita-Oni-Shibori-Murasaki’  roots occurs is white individuals at a frequency of approximately 
2 6% The reason for this mutable gene was presumed to be due to involved in anthocyanin synthesis pathway
Other than color ‘Akita-Oni-Shibori-Murasaki’ and the morphological characteristics of the ‘Akita-Oni-Shibori’ is 
very similar isothiocyanate content are many  water content is low The ‘Akita-Oni-Shibori-Murasaki’ and ‘Akita-
Oni-Shibori’  be production and sales at the same time  it is thought to lead to advantageous sale

keywords ‘Akinoushi-39’ ‘Akita-Iburikomachi’ ‘Akita-Oni-Shibori’ ‘Akita-Oni-Shibori -Murasaki’  anthocyanin 
Iburi-takuan-zuke (smoked daikon pickles)  isothiocyanate  local varieties  radish SSR marker 
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1976
169-173

2009

1
71 6

115-120
Matsue,Y, O.Uchikawa, H.Sato and K.Tanaka. 2005.

Productivity of the Soybean Seeds Stored for Various
Periods. Plant Prod.Sci.8 4 .393-396

1985 p127-129

1992
67 779-784

a
2 8

http://www.maff.go.jp/j/tokei/kouhyou/sakumotu/sakkyou_
kome/index.html#r 2017/2/22 .

b 10

http://www.maff.go.jp/j/seisan/ryutu/daizu/d_data/
2017/2/22 .

Extension of the storage periods on Soybean foundation seeds
by moisture-adjusted treatment

Kaoru SATO

Abstract

Soybean foundation seeds had been stored at 5°C and 30% relative humidity in the refrigerator. The cultivars of
Soybean foundation seeds used in this experiment were `Ryuho´, `Kosuzu´, `Akisimidori 1´ (there had been stored for 9
years) and `akitamidori´ (had been stored for 11 years). The germination rate of these four cultivars stored for 9 years
were over 90% except for 'Ryuho'. The germination rate of 'Ryuho' stored for only 5 years was 77%, especially. The
gerrmination energy and germination rate of these foundation seeds stored in the refrigerator decreased every year. The
germination rate were improved as against ordinary stored seeds by moisture-adjusted treatment (seed water 14-15%),
moreover the storage periods were extended. In consideration of the germination energy, this result suggest that the upper
limit for storage periods of soybean foundation seeds are extended for 5 6 years as against three years by
moisture-adjusted treatment

Key words: Soybean foundation seeds, Germination rate, Moistture-adjusted seed, Storege period
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Cke ( 2012)

2 3
25 5 6

2013

SDHI

2
2013 2014

2013 2 1
2012 5 6 /

15cm 15cm 4 N, P
O5, K2O = 3.2kg/10a

2014 2
2013 5

8 / 12cm 12cm
4 N, P O5, K2O = 1.75, 

0.7, 0.7kg/10a

2013 2014 16.8m2

20.0 2,000
Bacillus subtilis D747

5.0×1010cfu/g 1,000 1000
TPN, 40 1,000 2

2
1,000 500

2
2013 150L/10a, 2014 200L/10a

8

2013 8 20 26

2017 2 14



90

56 2016

2 8 20
5,000

MSB1500Li
8 20 8 26 2

20 20 400
9 4 2 9 10

10 100
1 0 1

5 10 20 30 40 50 60 70 80
90 100 13

×
/

%
% ×100/

%
2 8 26 6
9 4 15

2014 8 25 9 1
2 8 25

3,000
8 25

100 9 1 2
20 20 400 9

5 2 4 20 20
400

2013
2 2013 9

1 5 11

2015 ,
2 1 2014

5 6 / 2
15cm 15cm 2015 4
7 5 15 N, P2O5, K2O =

2kg/10a
43.2m2

21.6m2

1
3,000 5

29 6 5 11 7 3 9 25
20 7 21 30 25

40

9
1 3 5

34
M

AL

M
70 10ml PDA Potato 

Dextrose Agar, DIFCO 100ml
1,024 g/ml 2

512 256 128 64 32 16 8 4 2 1 0.5 0.25
0.125 g/ml 14 24

1 2 5mm
PDA

20 2 MIC

AL 50 10ml
PDA100ml

1,600 g/ml 2 800 400
200 100 50 25 12.5 6.25 3.125 1.56 0.78 0.39 g/ml

13 MIC

3

Botrytis cinerea Persoon

SDHI
 2013

2016

2013 9
4 100 10

27.2
2015

2,000 2
75.5 1.9



91

93 1000 41.5
0.9 97

1,000 2
97.5 7.1 74

1000
1

2014 9 5
96.1 20 12.7

2013

2 43.5
1.4 89

1000
2

76.8 5.4
58 1000

1

2 2013 2014
1,000 500

2
2015

2,000 100 300L/10a 4
1,000 100 300L/10a

2015

5 2

1000

3
6 5

7 21 30

7

1 2



92

56 2016

Botorytis cinerera

1980,  2008  1982

MIC 16 1,024 g/ml< 4
Botrytis cinerea

MIC 1 g/ml 1 g/ml
100 g/ml

100 g/ml

 2008 34
MIC 16 1024 g/ml< 

1,024 g/ml< 34 14 41
4 MIC

400 1,600 g/ml< 1,600 g/ml<
34 30 88 5

2000

Botrytis 
cinerea

1980,  2008

 1982

SDHI

2012 1 2
2013



93

SDHI

2012
2

1 2013
25 p.258

2
2015 Homepage

[http://www.pref.akita.lg.jp/www/contents/1453440389606
/files/kakisinkouhousin.pdf] 2016 4 16

3 1980

31:89 90
4 1982

29:86

5 2012
. Homepage

[http://www.maff.go.jp/j/syouan/syokubo/boujyo/pdf/ishii.p
df]. 2016 4 24 .

6 . 2013. 
. . Homepage. 

[http://www.maff.go.jp/j/syouan/syokubo/boujyo/pdf/2502
26_noukanken.pdf]. 2016 4 29

7 2000

Homepage
[http://www.naro.affrc.go.jp/org/warc/research_results/h12/

kankyo/cgk00061.html] 2016 5 3
8 2008

p.28 33
9 2016 Homepage
[https://www.kumiai-chem.co.jp/products/document/ecosho

t_wg.html]. 2016 4 16
10 2015

Homepage
[http://www.jppn.ne.jp/jpp/bouteq/yosatu_data/8_kiku_etc.

pdf] 2016 4 29
11 2012

2012 8 22
Homepage. 

http://www.taiseikin.jp/mwbhpwp/wp-content/uploads/ri
sk-table.pdf 2016 10 8

12 2012
Homepage

https://www.naro.affrc.go.jp/flower/kakibyo/plant_searc
h/ya/yurirui/post_706.html 2016 4 16

13
. 2013. 

 38(2):120 12



94

56 2016

Systematic Control of Lily Botrytis Blight by Using Penthiopyrad 

and Biological Pesticide, and Sensitivity of the Causal Fungus 

against Thiophanate-methyl and Polyoxin 

Akira SAYAMA, Naoya FUJII and Takaaki SAITO 

Abstract 

“Shin-Teppo-Yuri”(Lilium x formolongo) is a strategic crop of flower cultivation in Akita 
prefecture, especially Kazuno city. During the cultivation, Botrytis blight (Botrytis elliptica
(Berk.) Cke.) is the most serious disease. A major problem of this disease is the many fungicide 
sprayings and the small number of registrated  fungicides. Therefore, fungicides registration has 
been strongly desired. 

 In this study, we tested the effects of 'Penthiopyrad SC brand name:Affet  SC and Bacillus 
subtilis D747 WP brand name Ecoshot  WP ' for expansion of the registration and systematical 
application including these fungicides. We also tested the sensitivity of Botrytis elliptica against 
thiophanate-methyl and polyoxin, which was frequently used during the cultivation of the flower. 

On the test of fungicides in Kazuno city in 2013 and 2014, spraying of 2,000 and 1,000 times of 
Affet  SC and Ecoshot  WP, respectively, were practical for the lily Botrytis blight. By control 
system including these fungicides, it was possible to suppress the degree of outbreak until 
flowering (late July). In addition, the decrease sensitivity of Botrytis elliptica against 
thiophanate-methyl and polyoxin, was observed during tests. 
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