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Vegetative Growth, Productivity, and Fruit Quality in Tall Spindle of ‘Fuji’/M.9
Apple Trees
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Abstract: Well-feathered (over 10 feathers) ‘Fuji’/M.9 apple trees were planted at 3.0 x 1.0 m and trained to slender spindle
with 2.5 m height or to tall spindle with 3.5 m height, and the vegetative growth, productivity, and fruit quality of two training
systems were compared for 8 years. The canopy volume of the tall spindle trees surpassed that of the slender spindle trees
4 years after planting and was 25% larger than that of the slender spindle trees 5 years after planting. The accumulated yield
over 8 years for the tall spindle system was 14% higher than that of the slender spindle system. Alternate bearing and incidence
of marssonina blotch were observed in both treatments after 5 years of planting. There was often vegetative imbalance in the
trees however, the degree of yield loss and vegetative imbalance of the tall spindle trees was lower than those of the slender
spindle trees. Soluble solid content and fruit red color of the tall spindle trees were higher than that of the slender spindle
trees in 5 year after planting, resulting from increased light penetration in the canopy due to even distribution of lateral branches
and from fruit bearing in different height locations of the trees. In conclusion, increasing the tree height to about 3.5 m using
slender spindle ‘Fuji’/M.9 apple trees planted with over 333 trees per 10a led to better light penetration, yield and fruit quality
compared to a conventional wide training system with the slender spindle.

Additional key words: accumulated yield, canopy volume, feather location in canopy, Malus domestica Borkh., slender spindle
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Fig. 1. Defoliation by marssonina blotch in ‘Fuji’/M.9 apple trees
under two different training systems in 7 and 8 years after
planting. Defoliation rate was checked in the end of September.
Error bars indicate standard errors of ten replications (one
replication was 2-4 trees).
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Fig. 2. Change of tree height (A) and tree width (B) of ‘Fuji’/M.9 apple trees under two training systems for 5 years after
planting. Error bars indicate standard errors of ten replications (one replication was one tree).

Table 1. Trunk cross area (TCA) and canopy volume of ‘Fuji’/M.9 apple trees under two training systems over 8 years.

Training system

Years after planting

Canopy volume and TCA

1 3 4 5 6 7 8 per 10a’
Canopy volume (m®)
Tall spindle 1.08a 115a 193 a 336a 4.02a - - - 1,338 a
Slender spindle 1.03a 122a 188a 243b 321D - - - 1,070 b
TCA (cm?)
Tall spindle 53 a 80a 110a 139a 185a 249a 260a 293 a 0.98 a
Slender spindle 51 a 78a 109a 143 a 191 a 272a 303a 354a 1.18 a

“Means calculated as canopy volume (m®) and TCA (m®) per tree at 5 years and 8 years after planting x tree number per
10a, respectively. The unit of canopy volume per 10a was m’-10a" and that of TCA was m®-10a™.
YMeans within columns followed by the same letter are not significantly different (t-test, p = 0.05).

Table 2. Number of lateral branches per tree and average shoot length of ‘Fuji’/M.9 apple trees under two training systems

over 8 years.

Training system

Years after planting

1 2 3 4 5 6 7 8
Number of lateral branches per tree
Tall spindle 15.4 a* 23.0 a 34.0 a 34.5 a 353 a - - -
Slender spindle 15.7 a 21.7 a 324 a 31.0 a 335 a - - -
Average shoot length (cm)
Tall spindle 44.0 a* 32.0 a 193 a 191 a 229 a 251 b 195 a 217 b
Slender spindle 431 a 336 a 183 a 223 a 214 a 294 a 226 a 254 a

"Means within columns followed by the same letter are not significantly different (t-test, p = 0.05).
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Table 3. Number of fruit, fruit weight, and yield per tree and 10a of ‘Fuji’ apple trees under two training systems over 8
years.

Years after planting

Training system

2 3 4 5 6 7 8
Number of fruit per tree
Tall spindle 7.3 a* 335 a 46.1 a 78.5 a 54.8 a 64.8 a 67.3 a
Slender spindle 7.5 a 322 a 40.2 a 709 a 289 b 59.2 a 57.0 a
Fruit weight (g)
Tall spindle 303 a* 308 a 339 a 313 a 253 b 299 b 246 a
Slender spindle 301 a 310 a 338 a 320 a 285 a 316 a 255 a
Yield per tree (kg)
Tall spindle 22 & 103 a 15.6 a 24.6 a 139 a 19.4 a 16.6 a
Slender spindle 23 a 10.0 a 13.6 a 22.7 a 82 b 18.7 a 14.5 a
Yield per 10a (ton)
Tall spindle 0.7 a* 34 a 52 a 82 a 4.6 a 6.5 a 5.5 a
Slender spindle 0.8 a 33 a 45 a 7.6 a 27 Db 6.2 a 48 a
Accumulated yield per 10a (ton)
Tall spindle 0.7 a* 41 a 93 a 175 a 22.1 a 28.6 a 34.1 a
Slender spindle 0.8 a 41 a 86 a 16.2 b 189 b 251 Db 299 b

*Means within columns followed by the same letter are not significantly different (t-tests, p = 0.05).

Table 4. Soluble solid content, titratable acidity, and fruit red color of ‘Fuji’/M.9 apple trees under two training systems over
8 years.

Years after planting

Training system

2 3 4 5 6 7 8
Soluble solids content (°Brix)
Tall spindle 13.5 a* 135 a 134 a 139 a 135 b 138 b 12.2 a
Slender spindle 134 a 134 a 13.7 a 134 b 14.2 a 14.2 a 119 a
Titratable acidity (%)
Tall spindle 035 a“ 0.37 a 031 a 031 a 031 a 0.27 a 032 a
Slender spindle 035 a 0.36 a 0.32 a 0.30 a 031 a 0.28 a 0.31 a
Fruit red color (Hunter a value)
Tall spindle 174 a* 169 a 20.2 a 195 a 17.8 a 16.5 a 15.6 a
Slender spindle 17.0 a 16.8 a 19.0 a 180 b 163 b 153 a 16.2 a

"Means within columns followed by the same letter are not significantly different (t-tests, p = 0.05).
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Fig. 3. Distribution of lateral branches (A) and fruits (B) in different height locations in ‘Fuji’/M.9 apple trees under two training

systems at 5 years after planting.

Table 5. Fruit weight, soluble solid content, and fruit red color by location of fruit in tree height of ‘Fuji’/M.9 apple trees

under two training systems 5 years after planting.

Fruit weight (g)

Soluble solid content (°Brix)

Fruit red color (Hunter a value)

- Location of fruit in tree height
Training system

Location of fruit in tree height

Location of fruit in tree height

Under 1.2 < 15< 20< Over Under 1.2< 15< 20< Over Under 12< 15< 20< Over
12m <15m <20m <25m 25m 12m <15m <20m <25m 25m 12m <15m <20m <25m 25m
Tall spindle 305 309 315 324 337 136 138 14.1 141 146 149 159 17.4 185 20.6
Slender spindle 305 310 312 313 - 129 133 13.7 139 - 120 133 16.6 16.4 -
ANOVA
Training system (A) NS ook ook
Location of fruit (B) * ok ok
A xB NS NS NS

NS,*

’**non-signiﬁcant and significant differences at p < 0.001, respectively.
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Table 6. Light penetration rate by position (height from
ground) in ‘Fuji’//M.9 apple trees under two training systems
7 years after planting.

Light penetration rate (%)

Training system Height from ground (cm)

80 130 180
Tall spindle 15.7 33.7 47.8
Slender spindle 11.7 24.0 40.6
ANOVA*
Training system (A) ok
Checking position (B) otk
A xB NS

N hon-significant or significant differences at p < 0.01,

0.001, respectively.

Table 7. Effect of different crop load in preceding year on number

of ‘Fuji’/M.9 apple trees under two training systems.
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of fruit, fruit weight, and yield per tree 8 years after planting

Number of fruit per tree

Fruit weight (g) Yield per tree (kg)

Training system Crop load in preceding year

Crop load in preceding year

Crop load in preceding year

40-49 50-59 60-69 Over 70 40-49

50-59 60-69 Over 70 40-49 50-59 60-69 Over 70

Tall spindle 80 74 59 46 240 242 254 246 19.2 17.9 15.0 11.3
Slender spindle 102 66 38 51 233 237 262 238 23.8 15.6 10.0 12.1
ANOVA

Training system (A) NS NS NS

Crop load (B) ok NS kK

A x B NS NS NS

NG, #¥*

" non-significant or significant differences at p < 0.001, respectively.
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