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Optimum Crop Load in Different Planting Densities of Adult ‘Fuji’/M.9 Apple
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Abstract: This study was conducted in three years (7-9 years after planting) to investigate vegetative growth, yield, fruit quality,
and return bloom for optimum crop load based on different planting densities of adult ‘Fuji’/M.9 apple trees. As plant materials,
‘Fuji’/M.9 apple trees planted at 3.5 x 1.5 m (190 trees per 10 a), 3.5 x 1.2 m (238 trees per 10 a), and 3.2 x 1.2 m (260
trees per 10 a) spacing and trained as slender spindles were used. The crop load was assigned to five different object ranges
as follows: 55-64, 65-74, 75-84, 85-94, and 95-104 fruit per tree. TCA increment, total shoot growth, return bloom, yield per
tree, and yield efficiency tended to increase as planting density decreased, and fruit weight and soluble solid content tended
to increase as the object range of crop load decreased. Fruit red color tended to increase as shoot growth decreased. For apple
trees planted with 238 trees and 260 trees per 10a, biennial bearing occurred when the crop load was over 85-94 and 75-84
fruits, respectively. However, biennial bearing did not occur when the crop load was 95-104 fruits in apple trees planted with
190 trees per 10a. Accumulated yield tended to increase as planting density and crop load increased, but that of biennial bearing
did not show such a difference. Based on our results, optimum crop load recommendations are to set 95-104 fruits per tree
in ‘Fuji’/M.9 mature apple trees planted at 190 trees per 10a, 75-84 fruits per tree at 238 trees per 10a, and 65-74 fruits
per tree at 260 trees per 10a.
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Table 1. TCA increment, shoot number, total shoot growth, and mean shoot growth per tree according to planting density

and crop load of adult ‘Fuji’/M.9 apple tree for 2 years.

TCA increment (cm®)

Number of shoot

Total shoot growth (cm) Mean shoot growth (cm)

Planting Object range
density of crop load Years after planting Years after planting  Years after planting Years after planting
(no. tree/10 a) (no. fruit/tree) 4y, 8th 7th 8th 7th 8th 7th 8th
190 55-64 8.9 4.8 175 176 4,208 3,575 24.0 20.3
65-74 6.7 4.5 171 192 4,012 3,703 23.5 19.3
75-84 5.6 4.2 173 207 3,800 3,538 22.0 17.1
85-94 5.1 41 196 183 3,623 3,331 18.5 18.2
95-104 5.2 35 193 221 3,715 3,843 19.2 17.4
238 55-64 5.6 5.9 141 172 3,299 2,743 234 15.9
65-74 5.8 3.9 155 170 3,098 2,671 20.0 15.7
75-84 49 35 153 195 3,148 3,064 20.6 15.7
85-94 41 5.9 144 178 2,807 2,882 19.5 16.2
95-104 3.4 7.2 148 152 2,537 3,097 17.1 20.4
260 55-64 6.2 5.1 160 177 4,033 3,021 25.2 17.1
65-74 5.0 4.5 159 176 3,811 3,327 24.0 189
75-84 3.8 3.8 156 162 3,467 3,268 22.2 20.2
85-94 33 4.5 172 186 3,767 3,483 21.9 18.7
95-104 3.0 4.8 163 177 3,513 3,685 21.6 20.8
ANOVA
A (Planting density) otk NS ok NS ox ok NS *
B (Crop density) otk NS NS NS NS NS * NS
A x B NS NS NS NS NS NS NS NS

NS, * 5 $tk

Not significant or significant at p < 0.05, 0.01, and 0.001, respectively.



4 Kor. J. Hort. Sci. Technol. 33(1), February 2015

Table 2. Total terminal bud number and flowering terminal bud number per tree in the following year, and return bloom
according to planting density and crop load of adult ‘Fuji’/M.9 apple tree for 2 years.

Number of total terminal bud Number of flowering terminal bud Return bloom
Plant.ing Object range  per tree in the following year per tree in the following year (%)
?S;SL?;E /10 a) (I(])(f)_ C;r(ilrl?t/lgraei) Years after planting Years after planting Years after planting
7th 8th 7th 8th 7th 8th
190 55-64 203 218 144 128 70.9 58.7
65-74 204 214 148 124 72.5 57.9
75-84 211 219 150 126 71.1 57.5
85-94 218 212 152 123 69.7 58.0
95-104 215 251 142 140 66.0 55.8
238 55-64 191 202 141 125 73.8 61.9
65-74 224 214 145 131 64.7 61.2
75-84 230 230 149 129 64.8 56.1
85-94 209 224 106 140 50.7 62.5
95-104 199 203 56 140 28.1 69.0
260 55-64 157 187 90 111 57.3 59.4
65-74 173 198 86 118 49.7 59.6
75-84 157 190 79 113 50.3 59.5
85-94 149 204 67 146 45.0 71.6
95-104 153 210 63 147 41.8 70.0
ANOVA
A (Planting density) ork NS ok NS ook NS
B (Crop density) NS NS * NS x NS
A x B NS NS NS NS NS NS

NG, ¥ ¥ ok

Not significant or significant at p < 0.05, 0.01, and 0.001, respectively.
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Table 3. Total fruit number, mean fruit weight, and yield per tree according to planting density and crop load of adult ‘Fuji’/M.9

apple tree for 3 years.

Total number of fruit

Mean fruit weight (g) Yield per tree (kg)

Planting Object range
density of crop load Years after planting Years after planting Years after planting
(no. tree/10 a) (no. fruit/tree) 7y, 8th 9th 7th 8th 9th 7th 8th 9th
190 55-64 60 63 57 350 393 373 21.0 24.8 21.3
65-74 70 72 73 351 398 368 24.6 28.7 26.9
75-84 82 84 84 321 390 345 26.3 32.8 29.0
85-94 87 88 88 312 383 342 271 33.7 30.1
95-104 102 101 103 326 376 334 333 38.0 34.4
238 55-64 59 64 64 340 375 351 20.1 24.0 22.5
65-74 71 65 74 331 387 337 235 25.2 249
75-84 80 80 76 332 401 345 26.6 321 26.2
85-94 91 70 92 314 384 346 28.6 26.9 31.8
95-104 101 44 95 327 392 336 33.0 17.2 31.9
260 55-64 55 62 64 348 391 356 19.1 24.2 22.8
65-74 68 67 74 322 376 353 219 25.2 26.1
75-84 80 67 77 323 383 354 25.8 25.7 27.3
85-94 91 62 86 301 380 336 27.4 23.6 289
95-104 102 55 103 314 386 333 32.0 21.2 343
ANOVA
A (Planting density) NS oK NS NS NS NS NS ok NS
B (Crop density) Hokok NS sk sk NS * sk NS sk
A xB NS *x NS NS NS NS NS NS NS

NS, * #* Hokk

Not significant or significant at p < 0.05, 0.01, and 0.001, respectively.
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Table 4. Crop density per tree, yield efficiency per tree, and accumulated yield per 10 a according to planting density and

crop load of adult ‘Fuji’/M.9 apple tree for 3 years.

Crop density per tree Yield efficiency per tree
(kg fruit/cm® TCA)

Planting Object range  (no. fruit/cm® TCA)

Yield per 10 a
(ton)

density of crop load

(no. tree/10 a) (no. fruit/tree) Years after planting

Years after planting

Years after planting

7th  8th  9th 7th

Mean Accumulation
8th 9th 7th  8th  9th

190 55-64 19 22 12 051 057 040 40 47 40 42 12.7
65-74 21 20 16 061 064 052 47 54 51 51 152
75-84 25 23 20 068 076 059 50 62 55 56 167
85-94 27 26 21 073 081 062 52 64 57 58 17.3
95-104 31 29 25 08 091 073 63 72 65 67 20.1
238 55-64 21 28 18 061 063 054 48 57 54 53 159
65-74 26 24 20 070 067 059 56 60 59 58 17.5
75-84 29 27 21 081 090 060 63 76 62 67 202
85-94 32 24 24 08 071 071 68 64 7.6 69 208
95-104 33 15 23 097 043 068 79 41 76 65 19.6
260 55-64 19 20 16 056 063 048 50 63 59 57 17.2
65-74 25 21 20 068 069 061 57 66 68 64 19.1
75-84 29 21 22 08 072 068 67 67 71 68 205
85-94 32 20 24 087 066 068 71 61 75 69 207
95-104 34 16 28 098 056 080 83 55 89 76 227
ANOVA
A (planting density) #% NS NS  ®* NS NS NS e e ek
B (CI‘Op density) kkk NS *okk Kk NS kkok Kk NS *kk * kkok
AxB NS * NS NS * NS NS NS NS NS NS

NS, * # bk

Not significant or significant at p < 0.05, 0.01, and 0.001, respectively.
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Table 5. Soluble solid content, titratable acidity and fruit red color according to planting density and crop load of adult ‘Fuji’/M.9

apple tree for 2 years.

Soluble solid content (°Brix)

Planting Object range Titratable acidity (%) Fruit red color (hunter a value)
density of crop load Years after planting Years after planting Years after planting
(no. tree/10 a) (no. fruit/tree) 7th 8th 7th 8th 7th 8th
190 55-64 14.6 13.6 0.33 0.32 16.9 169
65-74 14.5 133 0.33 0.30 17.1 17.2
75-84 14.6 13.4 0.34 0.32 18.0 17.8
85-94 14.4 13.1 0.34 0.30 18.6 17.7
95-104 14.0 13.2 0.33 0.31 18.8 19.1
238 55-64 15.0 13.2 0.36 0.31 17.8 18.0
65-74 15.0 13.4 0.33 0.30 18.5 16.8
75-84 14.8 13.2 0.34 0.31 18.5 18.0
85-94 14.0 13.2 0.34 0.31 18.9 18.2
95-104 14.2 13.6 0.31 0.30 18.7 18.5
260 55-64 15.0 13.4 0.36 0.32 16.4 18.0
65-74 14.5 133 0.36 0.29 18.2 17.5
75-84 14.5 131 0.36 0.31 18.8 17.3
85-94 14.5 13.0 0.36 0.29 18.3 17.9
95-104 14.2 13.2 0.36 0.29 19.6 17.1
ANOVA
A (planting density) NS NS NS NS NS NS
B (crop density) x NS NS NS * NS
A xB NS NS NS NS NS NS

"""Not significant or significant at p < 0.05 and 0.01, respectively.
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