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Abstract

The growth and fruit quality of sixty-four blueberry cultivars were evaluated in a three-year trial in Tokyo, Japan where three
species of blueberries can be grown. Cultivars belonging to 3 species were classified into a RB group that inclueded only
rabbiteye blueberry cultivars and a HB group that included both northern highbush blueberry (NHB) and southern highbush
blueberry (SHB) cultivars but excluded ‘Pear] River’, a pentaploid SHB cultivar, based on principal component analysis of
their traits. SHB distributed the bottom part of HB group in the scatter diagram of eighteen characteristics of fruits with small
fruits, low percentage of citric acid content, high sugar-acid ratio and high malic acid percentage. The correlations between
individual parameters of characteristic showed that the harvest day of cultivars was influenced by the earliness of flowering day
and the day that coloration started. In the NHB group, positive correlations between the harvest day and the fruit weight,
between the harvest day and organic acid content, between the harvest day and citric acid content were observed. Negative
correlations between harvest day and sugar-acid ratio were also observed in the NHB group. Cultivars with useful
characteristics for blueberry breeding were evaluated from this study.

Key Words : fruit firmness, organic acid, principal component analysis, sugar content
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Table 1 Ripening and fruit quality characteristics of 64 blueberry cultivars.
No* Cultivar & Locality Tree Released Year Flowering date ~ Coloring date ~ Harvest date  Ripening Diameter Weight Firmness
Selection age 2004 2005 2006 (Date-month} (Date-month)  (Date-month)  period” (mm) (2 €3]
1 Berkeley USA -11 1949 O O O 21-Apr 21-Jun 2-Jul 71 1866 278 1171
2 Bluechip UsA 19-21 1979 O O O 19-Apr 11-Jun 23-Jun 65 19.10 295 120.6
3 Bluecrop USA 19-21 1952 O @) O 22-Apr 15-Jun 2-Jul 71 17.53 2.67 1223
4 Bluegold USA 9-11 1988 O O O 19-Apr 12-Jun 27-Jun 69 18.56 2.98 139.9
5 Bluetta USA 13-15 1968 O x* O 16-Apr 4-Jun 17-Jun 62 16.51 2.20 119.8
6 Brigitta Australian 9-11 1977 O X O 19-Apr 21-Jun 5-Jul 77 18.85 3.08 135.0
7 Caroline Blue Australian 8-10 1977 O X O 24-Apr 3-Jul 11-Jul 78 18.62 3.11 97.8
8 Chandler USA 3-5 1994 O O O 23-Apr 19-Jun 1-Jul 68 19.27 3.05 132.7
9 Collins UsaA 14-16 1959 O O O 14-Apr 10-Jun 21-Jun 68 17.57 2.50 119.3
10 Coville USA 14-16 1949 O O O 21-Apr 23-Jun 4-Jul 74 18.41 2.90 1424
11 Croatan USA 19-21 1954 O O O 15-Apr 8-Jun 18-Jun 64 16.50 2.14 85.4
12 Darrow USA 9-11 1965 O O O 18-Apr 23-Jun 5-Jul 78 18.78 3.28 111.1
13 Denise Australian 810 1977 @] O O 17-Apr 15-Jun 30-Jun 74 18.44 3.18 1239
14 Dixi USA 14-16 1936 O O O 26-Apr 25-Jun 4-Jul 69 19.09 2.54 111.7
15 Duke USA 11 1987 O O O 21-Apr 5-Jun 19-Jun 59 1721 200 1417
16 E-170 USA 9-11 O O O 23-Apr 25-Jun 7-Jul 75 20.21 3.89 139.9
17 Earliblue USA 14-16 1952 O O O 15-Apr 4-Jun 16-Jun 62 16.73 2.09 125.9
18 Echota USA 3-5 1998 @] X O 16-Apr 7-Jun 18-Jun 63 18.64 329 126.2
19 Elliot USA 13-15 1973 O O O 29-Apr 10-Jul 21-Jul 83 16.71 2.14 1135
20 G-113 USA 14-16 O O O 19-Apr 27-Jun 9-Jul 81 20.22 3.82 100.8
21 G-122 USA 14-16 O O O 20-Apr 27-Jun 5-Jul 76 18.75 2.88 107.5
22 G-94 USA 14-16 O O O 21-Apr 22-Jun 4-Jul 74 19.84 3.58 110.4
23 Harrison USA 3-5 1974 O O O 16-Apr 7-Jun 23-Jun 68 19.59 2.76 113.5
24 Herbert USA 14-16 1952 O O O 28-Apr 24-Jun 7-Jul 70 18.31 2.65 82.4
25 Meader USA 9-11 1971 O X O 15-Apr 7-Jun 17-Jun 64 16.92 2.26 138.8
26 Northland USA -9 1967 O X O 20-Apr 10-Jun 19-Jun 60 15.81 1.92 103.5
27 Nui New Zealand 9-11 1989 O O O 16-Apr 9-Jun 21-Jun 66 18.99 297 153.1
28 Puru New Zealand 8-10 1989 O X O 17-Apr 9-Jun 22-Jun 66 17.68 2.76 106.2
29 Reka New Zealand 8-10 1989 O O @] 19-Apr 7-Jun 20-Jun 62 16.83 2.10 145.4
30 Sierra USA 9-11 1988 O O O 21-Apr 15-Jun 27-Jun 67 18.36 2.66 138.4
31 Spartan USA 14-16 1977 O O O 19-Apr 6-Jun 21-Jun 63 1938 337 1058
32 Sunrise USA 3-5 1988 O O O 25-Apr 10-Jun 22-Jun 58 17.92 2.66 106.9
33 Toro usa 3-5 1987 O O O 21-Apr 14-Jun 28-Jun 68 18.72 293 132.2
34 Weymouth  USA 1416 1936 O O O 13-Apr 2-Jun 12-Jun 60 1623 201 1128
35 amatubuhosi Japan 5 1999 X X O 18-Apr 29-Jun 11-Jul 84 17.61 251 157.0
Average 20-Apr 16-Jun 28-Jun 69 18.18 2.76 121.2
Min 58 15.81 1.92 82.4
Max 84 20.22 3.89 157.0
cvV 10.2 6.36 18.63 14.8
36 Avonblue USA 19-21 1977 O O O 15-Apr 11-Jun 23-Jun 69 16.32 2.15 143.0
37 Cape Fear USA 10-12 1987 O O O 12-Apr 6-Jun 20-Jun 69 18.03 2.69 114.4
38 Duplin USA 3-5 1998 O X O 18-Apr 16-Jun 29-Jun 72 16.40 2.13 150.9
39 Flordablue USA 9-11 1975 O O O 16-Apr 8-Jun 23-Jun 68 17.86 2.75 99.1
40 Georgiagem USA 14-16 1987 O @) O 18-Apr 15-Jun 26-Jun 69 16.82 231 108.8
41 Gulfcoast uUsa 4-6 1987 O O O 17-Apr 16-Jun 30-Jun 73 16.68 2.04 126.5
42 Jewel USA 4-6 1998 O X O 14-Apr 6-Jun 18-Jun 65 16.78 2.48 111.9
43 Legacy USA 7-9 1993 O O O 15-Apr 21-Jun 3-Jul 79 18.55 3.16 139.1
44 Magnolia Usa 3-5 1994 O O O 21-Apr 15-Jun 4-Jul 74 18.47 2.97 153.2
45 Misty USA 46 1990 O O O 17-Apr 15-Jun 27-Jun 71 1726 249 1463
46 O’Neal USA 10-12 1987 O O @] 18-Apr 6-Jun 19-Jun 62 19.02 3.12 133.7
47 Reveille USA 9-11 1990 O @) O 20-Apr 7-Jun 25-Jun 66 18.00 2.76 130.0
48 Santa Fe USA 4-6 1999 O O O 13-Apr 13-Jun 25-Jun 73 18.48 3.01 115.5
49 Sapphire USA 4-6 1998 O @] O 14-Apr 19-Jun 27-Jan 74 18.52 3.12 163.0
50 Sharpblue UsA 9-11 1975 O O O 16-Apr 13-Jun 29-Jun 74 16.28 2.13 157.3
51 Southmoon  USA 4-6 1995 O O O 15-Apr 10-Jun 27-Jun 73 17.03 2.57 142.0
52 Star USA 3-5 1996 O O O 14-Apr 4-Jun 14-Jun 61 17.87 2.26 134.7
53 Pearl River USA 7-9 1994 O O O 23-Apr 29-Jun 8-Jul 76 15.96 1.84° 1529
Average 16-Apr 13-Jun 26-Jun 70 17.46 2.55 134.6
Min 61 15.96 1.84 99.1
Max 79 19.02 3.16 163.0
cv 7 547  16.29 13.8
54  Austin USA -9 1996 O O O 19-Apr 9-Jul 18-Jul 90 17.25 2.55 163.0
55 Baldwin USA 18-20 1985 O X @) 27-Apr 17-Jul 23-Jul 87 16.02 2.60 136.9
56 Bluegem USA 6 1970 X X O 27-Apr 10-Jul 18-Jul 82 16.34 1.93 137.2
57 Brightwell UsA -9 1981 O O O 20-Apr 12-Jul 20-Jul 91 16.92 2.40 139.4
58 Briteblue USA 18-20 1969 O O O 23-Apr 14-Jul 23-Jul 91 15.63 2.09 130.5
59 Climax USA 6 1974 X X O 21-Apr 7-Jul 12-Jul 82 17.97 2.66 157.7
60 Homebell USA 3941 1955 O O O 22-Apr 11-Jul 22-Jul 91 14.77 1.66 128.4
61 Southland UsSA 6 1969 X X O 22-Apr 16-Jul 27-Jul 96 15.86 2.18 186.7
62 T-100 USA 18-20 O @) O 22-Apr 13-Jul 23-Jul 92 17.03 2.52 1299
63 Tifblue UsA 39-41 1955 O O O 25-Apr 15-Jul 23-Jul 89 15.63 1.99 156.1
64 Woodard USA 39-41 1960 O O O 20-Apr 8-Jul 18-Jul 89 16.67 2.08 135.0
Average 23-Apr 12-Jul 21-Jul 89 16.37 224 145.5
Min 82 14.77 1.66 1284
Max 96 17.97 2.66 186.7
cv 4.7 5.53 14.47 12.5

“NHB: No. 1 ~ 35, SHB: No. 36 ~ 53, RB: No. 54 ~ 64.
Y Ripening period: Days from flowering to harvesting.

*(D : Data was obtained, X : Data was not obtained because of cropping and fruit fly damage.
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Table 2 Ripening and fruit quality characteristics of 64 blueberry cultivars.

Cultivar & Sugar content (mg * g « FW)* Sugar composition (%) Acid content (mg * g'FW)* Citratic®  Sugar/acid
Selection Suc.  Fru. Glu.  Total Suc Fru.  Glu. Citric Malic Quinic Succinic Total (%) ratio
I Berkeley 34 47.8 45.1 96.3 3.5 49.6 46.8 2.9 23 0.0 0.9 6.2 47.3 15.6
2 Bluechip 3.6 43.4 37.6 84.6 4.2 51.3 44.5 52 2.1 0.2 2.8 103 50.8 8.2
3 Bluecrop 3.5 435 394 86.5 4.1 50.3 45.6 4.2 1.7 0.1 0.6 6.6 63.9 13.0
4 Bluegold 3.6 48.2 45.5 97.2 3.7 49.6 46.7 54 2.2 1.0 2.7 114 47.9 8.6
S Bluetta 3.1 50.6 44.1 97.8 32 51.7 45.1 2.6 1.6 2.0 3.9 10.0 25.8 9.7
6 Brigitta 33 50.7 51.0 105.1 32 48.3 48.6 7.1 1.6 0.0 0.9 9.5 74.1 11.0
7 Caroline Blue 3.8 51.1 50.5 105.4 3.6 48.5 479 12.3 1.9 1.1 1.0 16.3 75.7 6.5
8 Chandler 32 45.7 432 92.1 3.5 49.6 46.9 7.5 2.0 0.0 1.1 10.6 70.4 8.7
9 Collins 5.5 50.8 47.0 103.2 53 49.2 45.5 4.1 24 0.0 2.0 8.5 48.0 12.1
10 Coville 35 493 44.4 97.2 3.6 50.7 457 10.7 2.0 0.0 1.7 144 74.1 6.7
il Croatan 4.1 58.7 52.7 115.5 3.5 50.8 45.6 1.6 2.5 0.3 2.7 7.1 22.1 16.2
12 Darrow 37 48.8 48.8 101.3 3.7 48.1 48.2 93 1.7 0.0 12 122 76.2 83
13 Denise 4.9 55.5 50.8 111.2 4.4 49.9 457 6.5 33 0.7 1.1 11.6 55.7 9.6
14 Dixi 2.6 48.9 47.4 98.9 2.6 49.5 48.0 7.5 2.3 0.0 1.2 1.1 68.2 8.9
15 Duke 3.0 52.7 45.5 101.2 3.0 52.1 449 4.7 2.6 0.0 3.1 10.4 452 9.7
16 E-170 3.6 49.8 472 100.7 3.6 49.5 46.9 104 23 0.0 1.0 13.8 75.4 73
17 Earliblue 54 50.3 47.1 102.8 52 48.9 459 3.6 2.4 0.2 2.1 8.2 43.8 12.6
18 Echota 1.4 433 39.6 84.3 1.7 514 46.9 3.8 23 0.0 3.0 9.1 41.7 9.3
19 Elliot 4.1 41.5 37.1 82.7 49 50.2 448 10.6 1.8 0.0 1.0 133 79.6 6.2
20 G-113 4.4 41.7 384 84.5 5.2 493 45.5 9.8 0.8 0.0 0.9 1.5 84.9 7.4
21 G-122 2.6 49.7 46.8 99.1 2.6 50.1 47.3 5.2 1.1 0.0 1.2 7.5 69.1 13.1
22 G-94 1.9 50.8 453 98.0 1.9 51.8 46.3 6.9 2.4 0.0 0.9 10.2 67.7 9.6
23 Harrison 31 53.3 44.5 100.9 3.1 52.8 44.1 2.5 2.7 0.4 2.7 8.4 30.2 12.0
24 Herbert 1.7 422 383 82.3 2.1 51.3 46.6 6.8 2.1 0.0 12 10.1 67.4 8.2
25 Meader 2.9 40.5 37.6 81.1 3.6 50.0 46.4 3.6 2.1 0.0 0.8 6.5 55.7 12.5
26 Northland 39 52.2 51.6 107.7 3.6 48.4 47.9 3.8 2.6 0.0 1.8 8.2 46.3 13.1
27 Nui 3.0 48.6 40.5 92.1 32 52.8 44.0 53 1.5 0.8 2.4 10.1 53.0 9.1
28 Puru 3.9 493 43.8 97.0 4.0 50.8 45.2 6.4 3.1 0.7 0.8 11.1 57.7 8.8
29 Reka 32 47.0 44.7 95.0 34 49.5 47.1 43 1.7 0.0 14 74 57.9 12.9
30 Sierra 0.0 50.5 44.6 95.1 0.0 53.1 46.9 4.5 2.2 0.0 1.4 8.2 55.6 11.6
31 Spartan 3.5 49.4 42.4 95.3 3.7 51.8 44.5 4.3 24 0.1 2.1 8.9 48.5 10.7
32 Sunrise 3.0 43.7 40.1 86.9 34 503 46.2 3.9 24 0.7 3.6 10.6 372 8.2
33 Toro 3.1 43.9 374 84.3 3.6 52.1 443 3.2 22 0.0 1.0 6.4 50.4 131
34 Weymouth 4.8 43.7 40.0 88.5 5.4 49.3 45.2 3.5 2.1 0.1 23 8.0 434 1.1
35  amatubuhosi 4.8 53.8 49.8 108.4 4.4 49.7 45.9 4.7 1.7 0.0 1.1 7.5 63.2 14.5
Average 34 48.3 443 96.0 35 504 46.1 5.7 2.1 0.2 1.7 9.7 56.4 10.4
Min 0.0 40.5 37.1 81.1 0.0 48.1 44.0 1.6 0.8 0.0 0.6 6.2 22.1 6.2
Max 5.5 58.7 52.7 1155 5.4 53.1 48.6 12.3 33 2.0 39 16.3 84.9 16.2
Ccv 32.0 8.9 10.3 9.3 30.8 2.7 2.9 47.1 23.6 1814 522 24.7 27.6 25.0
36 Avonblue 4.0 54.8 51.2 110.1 3.7 49.8 46.5 1.7 2.5 0.1 3.8 8.1 21.0 13.6
37 Cape Fear 1.8 49.5 44.8 96.2 1.9 51.5 46.6 2.6 2.6 1.5 2.5 9.2 28.8 10.5
38 Duplin 3.5 53.9 49.9 107.3 33 50.2 46.5 34 1.7 0.4 1.5 7.0 48.7 153
39 Flordablue 0.0 40.2 40.5 80.7 0.0 49.8 50.2 4.1 2.3 0.3 23 8.9 46.2 9.0
40 Georgiagem 2.7 52.6 46.9 102.1 2.6 51.5 459 24 2.4 0.0 12 6.1 40.0 16.8
41 Gulfcoast 34 40.1 412 84.7 4.0 474 48.6 5.6 2.2 0.9 5.0 13.8 41.0 6.2
42 Jewel 3.1 49.7 47.6 100.4 3.1 49.5 47.4 4.9 2.7 0.0 2.9 10.6 46.6 9.5
43 Legacy 2.6 42.4 40.0 85.0 3.0 499 471 35 24 0.3 1.4 7.5 459 1.3
44 Magnolia 0.0 45.8 433 §9.1 0.0 51.4 48.6 2.9 2.3 0.8 1.6 7.5 38.1 11.8
45 Misty 3.6 493 438 96.7 3.7 51.0 453 2.2 24 0.4 2.6 7.6 29.2 12.7
46 O’Neal 1.1 49.5 43.7 94.3 12 52.5 46.3 2.4 2.6 0.0 3.0 8.0 29.9 11.8
47 Reveille 1.8 419 36.6 80.3 2.3 52.1 45.6 2.4 2.0 0.0 2.1 6.4 36.9 12.4
48 Santa Fe 3.8 61.8 59.0 124.5 3.0 49.6 474 24 2.7 0.0 5.1 10.2 24.0 12.2
49 Sapphire 2.8 56.1 56.2 115.0 2.4 48.7 48.9 43 2.5 0.1 2.7 9.7 44.8 119
50 Sharpblue 34 52.6 47.6 103.7 33 50.8 459 6.2 23 1.4 2.5 12.3 50.0 8.4
51 Southmoon 1.7 46.4 43.0 91.1 1.8 51.0 47.2 2.6 2.6 0.2 1.9 7.4 35.8 12.4
52 Star 5.1 59.2 532 117.6 4.4 50.3 453 2.7 2.5 0.0 32 8.4 324 14.0
53 Pearl River 7.1 69.7 65.6 142.4 5.0 49.0 46.1 3.1 34 0.8 34 10.7 28.9 133
Average 29 50.9 47.4 101.2 2.7 50.3 47.0 33 2.4 0.4 2.7 8.9 37.1 11.8
Min 0.0 40.1 36.6 80.3 0.0 474 453 1.7 1.7 0.0 1.2 6.1 21.0 6.2
Max 7.1 69.7 65.6 142.4 5.0 52.5 50.2 6.2 34 1.5 5.1 13.8 50.0 16.8
(3% 60.1 154 155 16.2 50.3 2.6 2.9 37.6 13. 121.0 413 23.0 239 21.2
54 Austin 5.8 56.6 535 116.0 5.0 48.8 46.2 1.6 1.8 39 262 335 4.9 33
55 Baldwin 4.0 51.1 48.9 103.9 3.8 49.2 47.0 12 8.1 5.8 43 19.2 6.0 54
56 Bluegem 2.2 52.4 46.7 101.3 22 51.7 46.1 1.2 1.9 2.7 5.9 11.7 10.3 8.6
57 Brightwell 4.8 57.0 534 115.3 42 49.5 46.3 14 5.8 52 6.5 18.9 73 6.1
58 Briteblue 4.0 50.2 47.0 101.2 39 49.6 46.5 0.9 4.6 4.5 2.7 12.7 6.8 8.0
59 Climax 4.6 56.0 51.7 112.2 4.1 49.9 46.1 22 1.9 23 10.0 16.5 133 6.8
60 Homebell 5.8 55.1 51.8 112.7 5.1 48.9 46.0 1.6 24 5.8 5.7 15.6 10.5 7.2
61 Southland 1.9 42.1 38.8 82.9 23 50.9 46.9 1.6 1.9 3.6 16.0 23.1 7.0 3.6
62 T-100 4.8 58.8 37.0 120.7 4.0 48.7 473 1.3 5.0 8.3 18.9 33.6 4.0 3.6
63 Tifblue 4.5 63.9 59.5 127.9 35 50.0 46.5 1.0 43 6.6 9.2 21.0 4.6 6.1
64 ‘Woodard 4.4 54.0 49.4 107.8 4.1 50.1 45.8 1.0 5.1 6.9 12.8 25.7 39 4.2
Average 4.3 54.3 50.7 109.3 3.8 49.7 46.4 14 3.9 5.1 10.7 211 7.1 5.7
Min 1.9 42.1 38.8 82.9 22 48.7 45.8 0.9 1.8 23 2.7 11.7 39 3.5
Max 5.8 63.9 59.5 127.9 5.1 51.7 47.3 22 8.1 83 26.2 33.6 133 8.6
Ccv 293 10.2 11.0 11.0 242 1.8 1.0 28.6 53.0 36.6 66.8 354 427 32.1

“mg * ¢! Fresh weight.
¥ (Composed sugar content/total sugar content) x 100%.
*(Citric acid content/total acid content) x 100%.
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Fig. 1 Total soluble sugar content (A) and sugar composition (B) of 3 species in blueberry.
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Vertical bars indicate SD.
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Fig. 2 Total organic acid content (A) and organic acid composition (B) of 3 species in blueberry.
Z(Composed of acid content/total organic acid content) x 100%.

Vertical bars indicate SD.

2 (108mg-g'FWLLE) ThH-7z. £0HE - RO 71
I —ADENEIL 44 ~ 50%, 7 7 b —RADEE 47 ~ 53%
THH, THRLOHTIRIF:1 T, BECHEE - BHEO
ERFEDLRTh ok (F2%E FIKB.

SHBBEEIL, RB T%<, K\WTCNHB, SHB DIET
BY (E2FR F2RA), EEEBYsvEE Vv
B, FE, 2 7BThotk. SEEBRBERCLDB7
T v EEEIA 11X NHB €22.1 ~ 84.9%, SHB T21.0 ~50.0
%, RB T39~133%CHhH, NHB ORHE - RV E 2
= v, RB OmfE < RESE s = v BE, SHB O
ohbofEE Tt (2%, £2KB).
2. EFEROHEREREGR

NHB o2\ C, B E OFEBIRAfR % 88 3 iR L 7= (SHB

& RBIDOWTILEM) . BA{ER LR & Dfi (NHB T
r=0.72%% SHB Tr=0.58% RB Tr=092%) 6 FHEHL
INEEH & o] (NHB Tr=098%* SHB Tr=088% RB
Tr=091*) IEOMHBRERI RS b, AR LI
HH - OMIZIZINEB (=090%*) & SHB (r=087*%) T
EOMEERIRME S b izdy, RB THEBE AR &
Rdbhied ot Fiz, NHBRDWTIL, 1RE L INE
H &M r=042% 1 RELRBEE L ORI r=0.52%*
DEBEREFRAED bR 3.

SR INER oM 3 EE L HEBEBFRI RS
AT, NHB oWk, WEH & 25 BEEEE (r=0.51%%),
R L 7 = vEEEE (r=0.76%*) L OREICIE OFEBIEARER,
WRER LRI c=-047%) L ORI A DHEBIBRARD
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Table 3 Correlation among eighteen characteristics of NHB cultivars®
Flowering Coloring  Harvest Ripeping Diamcter  Weight Fruit Sugar content Acid content Acid composition (%) Sugar/
date date date period fimness ~Suc.  Fra. Glu.  Total ~ Citic Malic Quinic Succimic Total  Citfic Malic Quinic Suceime  acid
Flowering date L.00
Coloring date 0.70%+ 1.00
Harvest date 0.72%* 0.98%* 1.00
Ripening period ~ 0.35 0.88**  0.90** 1.00
Diameter 0.21 0.34 0.39* 0.41* 1.00
Weight 0.11 0.37 0.42% 0.52%+ 0.90** 1.00
Fruit fimness ~0.12 -0.21 -0.17 ~0.15 0.03 0.00 1.00
z Sue. —-0.49%* -0.20 -0.22 0.02 ~0.32 -0.12 -0.05 1.00
g Fru. —0.44% -0.32 -0.34 ~0.17 -0.04 -0.06 0.07  0.05 1.00
§: Glu. ~0.33 ~0.13 -0.18 -0.02 -0.06 -0.02 0.02 015  0.88* 100
& Total ~0.46* -0.26 -0.29 -0.10 ~0.09 ~0.06 004 023 096** 0.97** 1.00
Citric 0.48* 0.77%+ 0.76** 0.73%* 0.39* 0.48* 0.10 -0.01 -028 -0.10 -0.20 1.00
E Malic -0.11 -0.40* -0.35 -0.39*  -0.12 -0.16 0.03 009  0.58%* 0.44* 0.53% ~0.34 1.00
§ Quinic -0.26 -0.37 ~0.31 -0.25 -0.01 0.03 016 015 022 010 018 -0.26 0.28 1.00
§ Succinic  ~0.36 ~0.67**F  ~0.69** -0.70** -0.26 -0.36 0.05 012 023 004 015 -046* 032 0.55%* 1.00
Total 0.36 0.50** 0.51%* 0.46* 0.32 0.39* 0.15 007 -00% 0.01 -0.03 0.87** ~0.02 0.09 -0.02 1.00
gcitric 0.51%* 0.81%% 0.81** 0.77+* 0.39*% 0.48* 0.07 -0.14 -0.44* -0.21 -035 0.88** ~0.57%*% —0.46* -0.73** 0.56** 1.00
E-§ Malic ' -0.31 —-0.56** -0.54*%* -0.52%* -031 -0.38 -0.10 005 0.43* 027 036 ~0.81*%F 0.68** 0.06 0.18 ~0.71*%* -0.77** 1.00
é‘)"é_ Quinic -0.31 ~0.42* ~0.37 -0.29 -0.05 -0.02 0.11 017 026 012 022 -033 0.28 0.99%* 0.59%* 0.03 -0.54%* 0,12 1.00
éSuccinic ~0.52%* ~0.79%%  —0.83%* -0.79%% -0.40* -0.50%%  -007 014 032 010 023 -074** 032 0.43%  0.91¥*-0.39* -0.90** 0.46* 0.51** 1.00
Sugar/acid ~0.43*% -0.45* —0.47* -0.37 ~0.36 ~0.39* -0.13 0.05 039* 033 037 -0.82** 0.6 -0.08 0.00 -0.91** —-0.60** 0.78** 0.00 0.38 100

“SHB, RB abridgment.
Y sk Significantly different at 5%, 1% level, respectively.
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Fig. 3 The relationship between fruit
firmness of cultivars and year of cultivar was released.

bht: (B35,
MmEOENRTE L | RELE L OHBERY AL A,
REFE L OMOLZ EOHBBRARD bR, FHREHN
FLOWBEREFE NS VEHRELD > (E3IK).

3. TEPPWICL D 3OS
FERDHHTE, 64 dTE - RO L RESE
DHLBBEDIFEHOFEELHCT, B4RORTAT
A—F = E D fTote. B1ERSOFERILHM45T%T
Bote. B1ERSTREEY, BB 2EEE R
HIRE, 2FEHRER Vv TBEE FIHEE

o BVAN

Table 4 Eigen value, contribution and factor loading of 1st, 2nd,
3rd principal components.

Component No.

Characteristics
1 2 3

Flowering date 0.3647 0.5409 -0.4446
Coloring date 0.8058 0.4433 -0.2481
Harvest date 0.7893 0.4733 -0.2508
Ripening period 0.8183 0.3571 —0.1238
Fruit diameter -0.5507 0.5221 0.1733
Fruit weight ~0.4168 0.5638 0.1097
Fruit firmness 0.4364 —-0.1049 0.3037
Sugar contant 0.4587 -0.2514 —0.0498
Citric acid content -0.4767 0.7852 —0.0353
Malic acid content 0.5930 -0.2340 -0.5161
Quinic acid content 0.9413 —-0.0198 -0.1143
Succinic acid content 0.8065 -0.0129 0.5041
Organic acid content 0.8544 0.3043 0.2367
Citric acid composition —0.7579 0.5810 —~0.0875
Malic acid composition —0.2556 —0.6838 -0.5430
Quinic acid composition 0.8588 -0.1065 -0.2351
Succinic acid composition  0.6596 -0.3894 0.5624
Sugar/acid ratio -0.6419 ~0.5597 —0.1662
Eigen value 8.0224 3.5512 1.7667
Contribution 44.57% 19.73% 9.82%
Cumulative contribution 44.57% 64.30% 74.11%

IVHEEE, SEBBT LS5 FHBE AN BEEOES
NEDEVRFERERRL, 7= VvBREE L 2EEE T
55 F0EE, Bk, REESAOFVETFARNEY
AUt 82 XS CIXBETER, BEH, EH, REE,
7 VvBER L LOEENREOBVETENBERL, B
i) v IBoEE AR CEFAREYR L. &
L ERG & 88 2 E O BB 5L 6430% L7 b, HRD
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Fig. 4 Scatter diagram in Z,-Z, plane eighteen characteristics in blueberry fruit arranged by the principal component analysis.

A ;RB, O ;NHB, M ; SHB, *; Pentaploid
Number indicates the cultivars number in Table 1.

EEBZ DN EfTot. F1RIUE2ERT K
R DR ORI TIC X HEHRDID, 5EHRD
SHB @ ‘Pearl River HBEWT 20D 71— FimKBITE
7o (B4R, RFEoRMAEEL Tnic /v —7 1T
TORERRB ThH ot 07 A—FPHOHREILE AL
DBV, BB EARV, REIMPI, BENEL, F
FE L a7 BOFIEMECEY, SESRIIEVY, £
RS R S RS 7 DR L MR AR L.
7 =7 MEEPOEAIZAE L NHB O &8 - %5 & SHB
DRENE TR TN, ZD7 41— 700 - RFEER
AR, BBBEEE, BEIAE, BEBOFT
7 vBBEIENE L, EBEASVERER L. SHB O
L7 =7 OO T H L, BERPEVERT
BEV, SERBEROT T 2 VEEE L T OEENME
, Vv IBOEEGIECE- LR L, NHB OF4 &g
SO LU TS, SIEEEIIIR D - .
RENKEL, 7z vBERLTOEAEIEL, HEEL
PMEE S B L7 NHB Ot R4 37/ v—7
DoEfleamiic. UL, BdfE (781 BLUEKR
®e) DT SHB @ ‘Magnolia’ & ‘Legacy , NHB @ ‘Berkeley’
E O DHEOSE W A—F U OFERAEL, EEHS
Ehote, Te¥s, S{ERD Pearl River 13, FA—71&
ZN—F 11 OFREAE L, © OWRERLIZ NHB & RB O
FETHD, SEERLREFEITVEERR L.

z =

HEECAARHAO I L—=Y - LT, ABRTHELR
RBL, BEECHEBOT Vv ADRWRENE T AERA
PR, BRPLOFREOEA L L, EBRTOHM
BOBHLBMEIN TN, T2 C 3EMOBPRERXTT-
72 NHB, SHB, RB D@ « RiEORKENSREH & LT
DEMEEELE LI,

ARG, WEH LFTER &L DML, Finn - Luby
(1986) & Lyrene (1983) o#ffE & Fl#gic, IEOMHBIEIMR
BRED b, T, WHEHTEEHAEORKE LB
KBERL WA ERHbLIE -7 B33, CoER
i, RESEOTRY B E LBEoZRE L LT,
FIEREERBR OB WE R ORE - RESHE L T 5
TEERBRLTVA. —F, ERECERCIAZ»EH -
FEEENES S N AR OREFRIIL, BTER 2NEL,
BEEE CofAIAEY Duke’ ® Northland' AMET 5 &
E 2 bh, B & OSHBO BEE R, BEE (115 mg:
gIFW Ll E) B X OREFEE (130 g k) BEVEdE
D ‘Star PREFHELTHEITALOLELZDLDND. Fi,
INEER &1 RE L O IEORBEBERARED LR (33,
Wk o B R4 BB N TREREN S ERD R D
N WER, REOKRE XOBEMIERORERERINF
(Finn * Luby, 1986) & &6, BADOARBEOER T B
BIEa, REASEEIREC, KR Qo5ghlh) ©
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H% ‘O’Neal', ‘Spartan’, Nui 7 EPTEBHE L CHET
5h0EEZLNS.

REOBCEBIIAEBLEOENR S & (Ballington 5,
1984) BEIBRIT\W%. NHB & SHB D ffEic o\ THRE
BWELCERELOMBEARLE EIR), ERENF LV
mECTREFEENBVEESED bR A, T, REFE
WEE A E 2 & (Finn » Luby, 1992) BBEIhTE
D, REBENEVWNHEHB O ‘bEOLE, Nu, Reka,
SHB @ ‘Sapphire’, ‘Sharpblue’, ‘Magnolia’ 7z &Et%, 2
BELTOMERELDEEZBLNS (B 15).

NHB O 8 « R R\, WHEH L2 EReER X
U7 = vEEEE L OMICIE OFEBEBGRY, INHER & HEEE L
Lo A OHBEBERARS bR (B833). NHB Off
L, SERBESEL 7 2 VvBEENEL, ERLA
BB TH -7y, ‘Berkeley & ‘BEOSE 1IEHE
BaBIME <, B E D 572, Fiz, SHB @ ‘Magnolia’
& ‘Legacy X EEHEEME L, BEILE 2 - 7. NHB
D ‘Brigitta’, ‘B-170° WEREFKE L Gglblh), HEE
(100mg - g 'FW Ll F) EREFE (130gHE) 28EWC
ED, TEHELTHLTWAZ ERFELTS (BB
1K, #23:).

RB O ffE - R#iir, BEMANEL, BEAPE B
HHThote. T, 2HEEERLV-IERBEEDL S
BHHEMECRENSVHETH -7 4R, FEB
DWTHE, FFEBEIABOEENEI o1 BEXRL
BryRE < Q5ghllh), REEE (130gkllh) tEeE
(110 mg» g 'FW Ll B) 2B GEE LR LcHmET ‘Austin’
& Climax Thote EE1HE H2H). chboREx
REOKREZX, HeRE REFERIOIEYHBELLE
BOREBE L TCOHEENREIRS. L, RBORK
e RMTBEENE LB L, BEBEE (a7
B rig) PELC EAMETHY, BRSOk
A TRERR CHENTEEECORANTFRAZIh
b TOBWIL, ARROEES ST OBRC L - T,
RB & NHB OF T B & REME YR T2 &8
Lk inote SHEED ‘Pearl River OFIRAFAEB IR 5.
RB & NHB DA L % 5 54k % iRk L LT NHB &
DR LA ER SIEEAER R OERI KR S h
oo b (BB, 2008), RB & NHB % SHB O#: R
LOZHEND SEEREYERTH LD, TOBREFA
THEBIEREELZ bR A,

B O =
3EDOT A —R) —~OFEATRLEFTE T, 64 &
o« R OWTEE L REORE - REORMEY 3 FH]
RAE L. FRGTHOBRND, SEBEEOVYF YAl Ty
2 7—-Y — (SHB) ‘PearlRiver #*B\~T,
FTATA—RY)— RB) DO A—F L ) —F oA
Ty a7 N—~_Y— (NHB) & SHB ODRED 71—

ZEy

oI i, RSSO NHB & SHB DREE 74— 7
DT HFHA Uiz SHB OffEy, RENMEL, 7 = vk
EBNDR K, BELEEL, V) vy ITBoEE R’ EVER
RUTe., Fhe, IHEH LBTER B L OIRHEER & ERHE
H & O IE OFHBEIBIRAZRD b, NHB 2Tk, L
EHE 1VRE, NED-2EREeE RERL7 = VB
& L OCIE OMHEBIBR, IWER LR E O &
OB D bR, b, BEETIZ/ r—) —
FRECBWIREHE LTEA L TRIN S & RO
2B L 7.
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