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Summary

To get a better understanding of the relationship between temperature and fruit
quality of apples, 3 apple cultivars, ‘Jonathan’, ‘Golden Delicious’ and ‘Fuji’, each
grafted on M 7 rootstocks, were grown at 13 different locations from Hokkaido down
to Kyushu. Mature fruits picked at each location were shipped to Kyoto University
where their quality characteristics were evaluated, and the relationships between
their fruit quality and heat summation during growing or maturation period were

evaluated.

1. Fruit weight, size, and the content of acid and sorbitol showed no significant
correlation with the heat summation either in the entire growing season or during

the maturation stage, in all cultivars.

2. Correlations between shape index of fruit, flesh firmness, Brix°, and total
sugars and the heat summation either in the entire growing season or during the
maturation stage were sometimes significant, depending upon cultivars and years.

3. Anthocyanin content in the skin of ‘Jonathan’ fruit was negatively correlated
with heat summation, while there was no significant correlation with ‘Fuji’ fruit.

4. In all cultivars, sugar composition in the flesh showed high correlation with

heat summation.
glucose accumulated.

The lower the heat summation, the more sucrose and the less

5. In conclusion, it is suggested that most of the fruit quality characteristics of
apples are affected not only by temperature but also by other climatic factors or

cultural practices.

However, sugar metabolism in the fruit seems to be greatly attected by temperature.
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Table 1. Fruit quality of ‘Jonathan’ apples grown at 12 locations.
Fruit Fruit Fruit . Titratable .
Location weight length diameter L.ength/ Firmness Brix® acid Anthocyanin
(g) (mm) (mm) diameter (kg) (%) (0.D.)
Kyushu 1984 241.9 74.7 84,1 0. 89 1.76 13.8 0.63 0.293
y 1985 203.3 70. 2 80. 4 0.87 1.89 13.3 0. 85 0.087
. 1984 174.6 65.6 76.5 0.86 2.15 13.8 0.82 0. 408
Shizuoka g5 168.8 65. 1 76.0 0.85 1.94 12.9 0. 68 0.225
Ehime }ggg 152.9 61.7 72.9 0.85 2.26 14.8 0.72 0. 688
. 1984 244.8 72.6 85.7 0.85 1.97 15.2 0.83 0.599
Takatsuki ) gg5 229. 9 73.8 84,2 0. 88 179 14.6 0.67 0.353
Kvoto 1984 252.1 75.7 85.8 0.88 2.15 14.0 0.82 0. 470
¥y 1985 237.4 74.5 84.6 0.88 1.84 14.2 0. 66 0. 352
S 1984 198.9 68.2 80.5 0.85 2.14 14.0 0.75 0. 447
Hiroshima  jqg5 141.9 62.0 71.6 0.87 1.78 13.6 0.59 0. 341
Mie 1984 — — — — S _— —_— —
1985 173.6 67.1 77.3 0.87 1.96 14.5 0.70 0.139
Tottori 1984 250. 1 75.7 85.0 0.89 2.19 14.2 0.89 0. 259
1985 247.6 74.4 87.6 0. 85 1.96 13.7 0.82 0.215
. 1984 189. 6 68.5 78.0 0. 88 2.06 14.4 0.99 0.927
Ishikawa  jges 188, 1 69, 1 77.6 0.89 197 14.0 0.94 0.556
Shinshu 1984 247.6 74.0 85.6 0.86 2.00 13.0 0. 66 1.111
1985 247.6 76.9 85.6 0. 90 1.70 12.6 0.59 1.082
Hirosaki 1984 195.0 69.5 79.0 0. 88 2.17 13.5 0.83 1.041
! 1985 227.2 74,1 82.3 0.90 1.73 12.7 0. 65 0.776
. 1984 173.7 65.5 76.8 0. 85 2.22 15.2 1.10 0. 819
Hokkaido ge5 213.8 69. 6 821 0. 85 1.86 13.4 0. 90 0.919
Table 2. Soluble carbohydrate content of ‘Jonathan’ apples grown at 12 locations.
Location Fructose Glucose Sucrose Total sugars Malic acid Sorbitol
catio (g/100g FW) (g/100g FW) (g/100g FW) (g/100g FW) (g/100g FW) (g/100g FW)
Keush 1984 6.04 (52.7)%  2.82 (24.6) 2.63 (22.7) 11.49 (100) 0. 69 0. 42
yushu 1985 6.16 (51.9) 2.53 (21.3) 3.17 (26.7) 11.86 (100) 1.12 0.46
Shizuok 1984 6.32 (52.5) 2.31 (19.2) 3.39 (28.3) 12.02 (100) 0.94 0.59
1zuoka 1985 6.80 (56.6) 2.72 (22.6) 2.50 (20.8) 12.01 (100) 0.81 0.34
. 1984 6.54 (50.3) 3.46 (26.7) 2.99 (23.0) 12.99 (100) 0.78 0.92
Ehime 1985 - - RS o e -
Takatsuki 1984 5.56 (47.2) 2.59 (22.1) 3.60 (30.7) 11.75 (100) 1.17 1. 00
akatsuxi 1985 6.31 (50.3) 3.15 (25.1) 3.09 (24.6) 12.55 (100) 0.78 0.79
Kvot 1984 5.83 (48.2) 2.37 (19.6) 3.91 (32.2) 12.11 (100) 0.81 0. 60
yoto 1985 6.73 (51.2) 2.91 (22.1) 3.52 (26.7) 13. 15 (100) 0. 87 0.82
Hiroshi 1984 5.15 (45.1) 2.70 (23.7) 3.57 (31.3) 11. 42 (100) 0. 86 0. 61
roshima 1905 6.94 (56.2) 2.13 (17.3) 3.27 (26.5) 12.35 (100) 0. 65 0.37
Mi 1984 — _— _— _ — —
e 1985 6.35 (49. 5) 3.50 (27.3) 2.98 (23.2) 12.82 (100) 0.85 0.67
Tottori 1984 5.80 (47.7) 2.39 (19.7) 3.95 (32.6) 12.14 (100) 0.90 0. 49
ottort 1985 6.08 (51.3) 2.57 (21.7) 3.20 (27.0) 11.84 (100) 0.98 0. 48
Ishik 1984 5.51 (46.2) 1.65 (13.9) 4.78 (40.0) 11.94 (100) 1.13 0.50
shikawa 1985 6.82 (56.0) 2.03 (16.6) 3.34 (27.4) 12.19 (100) 1. 14 0. 45
Shinsh 1984 5.26 (48.0) 2.04 (18.6) 3.66 (33.4) 10.95 (100) 0.67 0.59
inshu 1985 6.10 (52.3) 1.64 (14.1) 3.91 (33.5) 11.65 (100) 0.76 0. 40
Hirosaki 1984 5.10 (47.3) 1.46 (13.5) 4.23 (39.2) 10.78 (100) 0. 84 0. 49
irosaki 1985 5.73 (50. 3) 1.54 (13.5) 4.13 (36.2) 11.39 (100) 0.74 0. 42
Hokkaid 1984 5.56 (45.5) 1.39 (11.4) 5.26 (43.1) 12.21 (100) 1.13 0. 69
okkaldo 1985 5.37 (46.0) 1.23 (10.5) 5.08 (43.5) 11.69 (100) 1.01 0.79

z 9 of total sugars.
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Table 3. Correlation coefficients between fruit quality characteristics of ‘Jonathan’ apples and the heat

summation above 10°C in the entire growing season or during 30 days before harvest.

Heat summation {from

full ‘bloom to harvest

Heat summation during
30 days before harvest

1985

1984 1985 1984

Fruit weight r= 0.302 NS r=—0.007 NS r= 0.182 NS r=—0.286 NS
Fruit length r= 0.228 NS r= 0.038 NS r= 0.132 NS r=—0.262 NS
Fruit diameter r= 0.254 NS r= (0.045 NS r= 0.134 NS r=—0.219 NS
Length/diameter r= 0.136 NS r=—0.013 NS r= 0.161 NS r=-—0.229 NS
Flesh firmness r=—0.248 NS r= 0.312 NS r=—0.378 NS r= 0.587 NS
Brix® r= 0.298 NS r= 0.679 * r= 0.078 NS r= 0.553 NS
Titratable acid r=—0.289 NS r=-—0.050 NS r=—0.461 NS r= 0.082 NS
Anthocyanin r=—0.628 * r=-—0.780 ** r=—0.682 * r=—0. 874 **
Fructose r= 0.549 NS r= 0.535 NS r= 0.644 * r= 0.734 *

Glucose r= 0.727 * r= 0.861 ** r= 0.752 ** r= 0.815 **
Sucrose r=—0.549 NS r=-—0.724 * r=-—0.711 * r=—0. 898 **
Total sugars r= 0.483 NS r= 0.695 * r= 0.440 NS r= 0.592 NS
Fructose/total sugars r= 0.360 NS r= 0.197 NS r= 0.574 NS r= 0.518 NS
Glucose/total sugars r= 0.692 * r= (.857 ** r= 0.741 ** r= 0.832 **
Sucrose/total sugars r=—0.659 * r=—0.788 ** r=—0.794 ** r=—0.926 **
Malic acid r= 0.050 NS r= 0.142 NS r=—0.136 NS r= 0.225 NS
Sorbitol r= 0.337 NS r= 0.253 NS r= 0.154 NS r=—0.049 NS

P<0.05, ** P<0.01.

Table 4. Correlation coefficients between {ruit quality characteristics of ‘Golden Delicious’ apples and
the heat summation above 10°C in the entire growing season or during 30 days before harvest.

Heat summation from
full bloom to harvest

Heat summation during
30 days before harvest

1985

1984 1985 1984

Fruit weight r= 0.194 NS r=-0.279 NS r= 0.030 NS r=—0.467 NS
Fruit length r= 0.175 NS r=-—0.319 NS r=—0.005 NS r=—0.529 NS
Fruit diameter r= 0.222 NS r=—0.182 NS r= 0.034 NS r=—0.443 NS
Length/diamete r= 0.023 NS r=-—0.496 NS r=-—0.085 NS r=—0.599 *

Flesh firmness r=-0.059 NS r= 0.256 NS r= 0.190 NS r= 0.379 NS
Brix® r=-0.123 NS r= 0.068 NS r=-—0.285 NS r=-—0.122 NS
Titratble acid r=-—0.385 NS r=—0.238 NS r=—0.356 NS r=—0.004 NS
Fructose r= 0.323 NS r= 0.054 NS r= 0.231 NS r= 0.056 NS
Glucose r= 0.525 NS r= 0.954 ** r= 0.615 * r= 0.760 **
Sucrose r=—0.614 * r=—0.789 ** r=-—0.778 ** r=—0.839 **
Total sugars r=-—0.051 NS r=—0.278 NS r=-0.208 NS r=—0.442 NS
Fructose/total sugars r=-—0.523 NS r= 0.408 NS r= 0.568 * r= 0.591 *

Glucose/total sugars r= 0.628 * r= 0.926 ** r= 0.688 ** r= 0.817 **
Sucrose/total sugars r=—0.646 * r=—0.830 ** r=—0.769 ** r=—0. 854 **
Malic acid r=—0.355 NS r=—0.068 NS r=—0.403 NS r= 0.230 NS
Sorbitol r= 0.202 NS r= 0.394 NS r= 0.202 NS r= 0.425 NS

*

P<0.05, ** P<0.0L.
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Table 5. Correlation coefficients between fruit quality characteristics of ‘Fuji’ apples and the heat
summation above 10°C in the entire growing season or during 30 days before harvest.

Heat summation from
full bloom to harvest

Heat summation during

30 days before harvest

1985

1984 1985 1984

Fruit weight r= 0.007 NS r=-0.133 NS r=—0.380 NS r=-0.425 NS
Fruit length r=-—0.022 NS r=-—0.183 NS r=—0.419 NS r=-—0.395 NS
Fruit diameter r= 0.100 NS r=-—0.042 NS r=—0.305 NS r=-—0.398 NS
Length/diameter r=—0.383 NS r=-—0.491 NS r=—(. 646 * r=—0.186 NS
Flesh firmness r=—0.603 * r=-—0. 148 NS r=—0.244 NS r= 0.287 NS
Brix® r= 0.269 NS r= 0.518 NS r= 0.111 NS r= 0.187 NS
Titratable acid r=—0.412 NS r=-—0.262 NS r=—0.296 NS r=—0.185 NS
Anthocyanin r=—0.281 NS r=—0.403 NS r=—0.467 NS r=-—0.279 NS
Fructose r= 0.375 NS r= 0.352 NS r= 0.275 NS r= 0.326 NS
Glucose r= 0.763 ** r=0.746 ** r= 0.869 ** r= 0.550 NS
Sucrose r=—0.656 * r=—0.616 * r=—0.772 ** r=-—0.632 *

Total sugars r= 0.207 NS r= 0.418 NS r= 0.093 NS r= 0.108 NS
Fructose/total sugars r= 0.498 NS r= 0.269 NS r= 0.432 NS r= 0.382 NS
Glucose/total sugars r= 0.665 * r= 0.750 ** r= 0.834 ** r= 0.586 *

Sucrose/total sugars r=—0.709 ** r=—0.650 * r=—0.804 ** r=-0.619 *

Malic acid r=—0.435 NS r=-0.317 NS r=—0.458 NS r=-—0.341 NS
Sorbitol r=-0.208 NS r= 0.030 NS r=—0.341 NS r=-—0.250 NS

* P<0.05, ** P<0.01.
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