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Growth and Fruit Productivity Habits of
Columnar Type Apple Selections

Yuji INoMATA, Kazunori Kubo, Tetsuo MASUDA,
Hideo BessHo, Masato WaDpA and Kunihiko Suzuki

Department of Apple Research, National Institute of Fruit Tree Science
National Agriculture and Bio-oriented Research Organization
Shimokuriyagawa Morioka, lwate 020-0123, Japan

Summary

One-year-old apple trees of seven selections of columnar-type growth characteristics on grafted
Marubakaido (Malus. prunifolia Bork. var. ringo AsamilJ] and those of* Fuji’ on grafted M.9EMLA were
planted at National Institute of Fruit Tree Science in Morioka, Japan to evaluate tree growth, flower bud for-
mation and fruit productivity.

In regard to tree growth, selections of six-year-old seven columnar-type apple trees showed the typical
columnar tree shape with tree width of 54 cm to 78 cm. Tree heights were extremely different, varying from
1.8 m to 4.6 m. The tree canopy area per six-year-old apple tree ranged from 0.2 m? to 0.6 m?, and tree vol-
umes were from 0.6 m3 to 2.6 m® . Great differences in trunk cross-sectional area, the number of shoots with a
length of more than 10 cm and total shoot length were also observed among the selections of columnar-type
apple trees. Although all columnar-type apple trees studied were more compact than* Fuji’ , the degree of
compactness and branching pattern were different depending on the selections of the columnar-type apple
trees.

Seven columnar-type apple trees showed the differences in the number of flower buds, and tendency of
alternate bearing characterwas emphasized in the selections with many flower buds.

The fruit yield of the selections of columnar-type apple trees increased gradually after bearing as three- or
four-year-olds, buttotal fruit yield of the seven columnar-type apple trees were lower than that of*  Fuji’ .

The fruit productive efficiency per the trunk cross-sectional area of the seven columnar-type apple trees
was lower than that of  Fuji’ . Great differences were observed in fruit productive efficiency per tree canopy
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area or tree volume. The fruit productive efficiency of most of the columnar-type apple trees was higher than

those of* Fuji’ in the year with many fruits, and some columnar-type apple trees had almost same efficiency

as* Fuji’ in the year with few fruit. The fruit of columnar-type apple trees were small, with low Brix % and

high acid compared to the' Fuji’

In conclusion, it is considered that apple trees with columnar type growth habit were worth for the reduc-

tion of labor in orchards. Therefore, improvement of cultivated managements and back-crossing of the pres-

ent columnar-type apple trees should be important issues.

Key words: apple, columnar type, tree growth, flower bud formation, fruit productivity
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Table 1. Tree growth of 7 columnar-type on Marubakido and ‘Fuji’ on M.9EMLA.

Tree age (year old)

2 3 4 5 6 7
Tree height (m)
8C-7-20 119+ 0117 173+ 0.20 247+ 0.06 287+ 0.36 357+ 0.05 3.90+ 0.04
8C-9-111 171+ 0.02 245+ 0.07 310+ 0.05 3.68+ 0.06 442+ 0.04 473+ 0.02
8C-14-8 1.16+ 0.07 164+ 0.10 205+ 0.10 231+ 0.10 2.78= 0.07 301+ 0.04
8H-5-3 150+ 0.11 206+ 012 280+ 0.12 331+ 0.10 3.89+ 0.10 431+ 0.09
8H-6-4 1.04+ 0.03 148+ 0.04 1.99+ 0.06 2.33+ 0.06 291+ 0.09 3.26+ 0.09
8H-9-1 149+ 0.04 238+ 0.07 3.19+ 0.08 3.78+ 0.08 459+ 0.08 501+ 0.09
8S-60-74 1.26+ 0.16 183+ 0.18 242+ 0.18 291+ 0.16 358+ 0.17 407+ 0.16
Fuji O 2.83+ 0.03 371+ 0.03 456+ 0.17 440+ 0.09 O
Tree width (cm)
8C-7-20 4+ 2 13+ 4 3B+ 3 33+ 1 45+ 4 50+ 3
8C-9-111 17+ 3 34+ 2 41+ 2 58+ 9 68+ 3 79+ 6
8C-14-8 10+ 2 27+ 4 39+ 5 37+ 2 64+ 7 58+ 1
8H-5-3 5+ 2 28+ 4 54+ 5 57+ 5 65+ 3 8+ 2
8H-6-4 2+ 0 11+ 2 37+ 4 3 2 53+ 2 60+ 5
8H-9-1 7+ 2 29+ 3 41+ 4 48+ 4 60+ 8 68+ 9
8S-60-74 5+ 2 17+ 2 21+ 2 29+ 3 2+ 2 54+ 3
Fuji O 124+ 7 238+ 7 300+ 9 362+ 12 O
Occupied area 0 m20
8C-7-20 0.00+ 0.00 0.02+ 0.00 0.11+ 0.01 011+ 0.01 0.26+ 0.02 0.33+ 0.02
8C-9-111 0.02+ 0.00 0.12+ 0.00 021+ 0.01 034+ 0.02 059+ 0.03 0.87+ 0.04
8C-14-8 0.01+ 0.00 0.12+ 0.01 0.14+ 0.02 015+ 0.01 0.35+ 0.02 042+ 0.03
8H-5-3 0.00+ 0.00 0.07+ 0.00 029+ 0.01 035+ 0.02 049+ 0.03 0.89+ 0.04
8H-6-4 0.00+ 0.00 0.01+ 0.00 0.10+ 0.00 0.10+ 0.01 024+ 0.01 0.30+ 0.02
8H-9-1 0.02+ 0.00 0.08+ 0.00 0.14+ 0.01 024+ 0.02 037+ 0.02 0.52+ 0.03
8S-60-74 0.00+ 0.00 0.02+ 0.00 0.06+ 0.00 0.07+ 0.00 0.18+ 0.01 027+ 0.01
Fuji O 151+ 0.08 463+ 0.33 786+ 0.66 1252+ 1.02 O
Tree volume 0 m30
8C-7-20 0.00+ 0.00 0.03+ 0.00 027+ 0.02 0.30+ 0.03 0.94+ 0.05 129+ 0.98
8C-9-111 0.04% 0.00 0.29+ 0.02 0.64+ 0.05 124+ 097 261+ 0.14 413+ 035
8C-14-8 0.01+ 0.00 0.11+ 0.01 0.28+ 0.02 0.34+ 0.02 0.98+ 0.08 126+ 011
8H-5-3 0.00+ 0.00 0.14+ 0.00 0.82+ 0.05 1.16+ 0.08 191+ 0.15 383+ 0.23
8H-6-4 0.00+ 0.00 0.01+ 0.00 0.20+ 0.02 0.22+ 0.02 0.70+ 0.06 1.01+ 0.89
8H-9-1 0.03+ 0.00 0.18+ 0.01 0.44+ 0.03 0.90+ 0.08 171+ 012 263+ 022
8S-60-74 0.00+ 0.00 0.04+ 0.00 0.15+ 0.01 0.20+ 0.02 0.64+ 0.04 1.09+ 087
Fuji O 140+ 0.12 5.72+ 0.05 12.09+ 1.12 18.28+ 1.18 O
Trunk cross-sectional area (cm?)
8C-7-20 15 + 01 38 + 04 80 + 05 125 = 0.7 182 £ 12 206 £ 1.6
8C-9-111 21 + 01 60 + 0.1 117 £ 0.3 18.0 £ 04 275 + 0.7 395 + 27
8C-14-8 16 + 02 42 + 0.2 71 + 06 99 + 09 135 + 17 212 + 16
8H-5-3 22 £ 03 58 £ 03 107 + 10 176 + 12 251 + 15 356 + 18
8H-6-4 10 + 01 28 £ 01 51 + 02 82 + 05 127 £ 1.0 186 + 1.6
8H-9-1 21 £ 02 73 £ 02 139 + 09 214 = 14 306 = 23 421 + 24
8S-60-74 13 + 02 42 + 03 84 + 06 133 £ 15 171 £ 15 249 £ 25
Fuji a 55 + 03 145 + 11 285 + 08 402 + 09 O

Y Averaget SE.
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Table 2. Number of shoots and total shoot length of 7 columnar-type on Marubakaidou and ‘Fuji’ on M.9EMLA.

Tree age (year old)

2 3 4 5 6 7
Number of shoots (Total number more than 10 cm)
8C-7-20 1+ 07 2+ 0 6+ O 4+ 1 13+ 2 14+ 2
8C-9-111 4+ 1 7+ 1 13+ 1 18+ 1 29+ 2 37+ 2
8C-14-8 2z 0 5+ 1 14+ 1 16+ 2 16+ 2 28+ 3
8H-5-3 1+ 0 4+ 1 14+ 1 14+ 1 16+ 2 17+ 1
8H-6-4 1+ 0 2+ 0 8+ 0 7+ 1 10+ 2 9+ 1
8H-9-1 2z 0 7+ 1 17+ 1 18+ 3 22+ 3 23+ 2
8S-60-74 1+ 0 4+ 1 7+ 1 9+ 1 13+ 2 11+ 1
Fuji O 16+ O 74+ 4 185+ 7 315+ 35 O
Total shoot length (cm)
8C-7-20 7%+ 10 128+ 27 260+ 28 346z 4 617+ 54 576+%
8C-9-111 184 £ 20 415+ 39 743+ 66 856* 38 1429+ 67 1544+
8C-14-8 88+ 12 196+ 36 457+ 26 503+ 28 536+ 78 878z
8H-5-3 88 + 8 203+ 25 606+ 35 532+ 34 715+ 71 758+%
8H-6-4 56 + 4 68+ 7 266+ 37 250+ 24 392+ 50 340%
8H-9-1 135+ 15 403+ 55 754+ 74 869+ 91 1030+ 119 1058+
8S-60-74 67+ 11 172+ 22 288+ 26 375+ 26 685+ 83 536z
Fuji O 1191+ 68 5451+ 5 9250+ 505 9620+ 1231 O
Y Average+ SE.
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Fig. 1. Total numbers of lateral branch more than 30cm in 7-year old trees.
A8C-7-20, B:8C-9-111, C:8C-14-8, D:8H-5-3, E:8H-6-4, F:8H-9-1,
G:8S-60-74, H:Fuji
Vertical bars represent S.E. of the means.
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Average node length of 1-year old branch.
0 1 2

3
| | | |

(cm)

Fuji H
8H-9-1 -
85-60-74

Fig. 2. Average node length of 1-year old branch in 2 columnar-type on Marubakaido and *  Fuji’ on M.9EMLAD
Vertical bars represent S.E. of the means.
1-year old branch indicates a shoot growing this year.
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Fig. 3. Total weight of pruning branches between 7-years[]
A: 8C-7-20, B: 8C-9-111, C: 8C-14-8, D: 8H-5-3, E: 8H-6-4, F:8H-9-1, G: 8S-60-74, H: Fuji
Vertical bars represent S.E. of the means
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Fig. 4. The influence of columnar-type on total numbers of flower buds per 10 cm more than 2-year old branch
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from 5 to 7-year old trees.
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Fig. 5. The influence of columnar-type trees on total numbers of flower buds per 10 cm on each branch.
A 1-year old branch, B: 2-year old branch, C: 3-year old branch, D : more than 4-year old branch
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Table 3. The influence of colunmar-type on the yield per tree or 10a.

Yield per tree (kg/tree) Cumulative Yield per 10a (kg/10a) Cumulative
Tree age (year old) yield Tree age (year old) yield
2 3 4 5 6 7 (ka) 2 3 4 5 6 7 (kg)
8C-7-20 0 0 0.6 0.1 29 0 36 0 0 280 48 1453 0 1781
8C-9-111 0 0 05 0.0 0.5 0 1.0 0 0 225 20 230 0 475
8C-14-8 0 0 01 0 1.0 04 11 0 0 70 0 474 218 544
8H-5-3 0 0.0 11 0.3 4.6 0.7 6.0 0 25 540 131 2280 369 2976
8H-6-4 0 0 0.3 0.1 13 0 0.7 0 0 170 63 645 0 878
8H-9-1 0 0.0 1.0 0.2 1.8 0.8 3.0 0 15 515 115 922 376 1567
85S-60-74 0 0 11 0 4.7 0 58 0 0 565 0 2366 0 2931
Fuji O 0 29 111 289 0 42.9 0 0 286 1111 2895 O 4292
Yield was calculated the follow : 7 columnar type trees were planted at 4mx 0.5m.
(500 trees / 10a) and ‘Fuji’ trees were planted at 4mx 2.5m(100 trees / 10a).
O kg/lem?0 O
0 [
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Fig. 6. The influence of columnar-type trees on cumulative yield per cross-sectional area.
A:8C-7-20, B:8C-9-111, C:8C-14-8, D: 8H-5-3, E:8H-6-4, F:8H-9-1, G: 8S-60-74, H: Fuiji
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Fig. 7. The influence of columnar-type trees on the yield per cross-sectional area, occupied area and tree volume.

A 8C-7-20, B: 8C-9-111, C: 8C-14-8, D: 8H-5-3, E:8H-6-4, F: 8H-9-1, G: 8S-60-74, H: Fuji
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Table 4. The influence of columnar type on the fruit quality.

00o00ooooooooooo2oo04

4-year old trees

6-year old trees

Fruit Brix % Acidty Preharvest Fruit Brix % Acidty Preharvest

weight (9/100ml) drop weight (9/100ml) drop

) (%) ) (%)

8C-7-20 253+ 220 99+ 01 058+ 002 Bxr 7 184+ 5 110+ 01 041+ 001 39+ 5
8C-9-111 189+ 23 107+ 01 078+ 0.05 67+ 8 147+ 5 107+ 01 056+ 001 75+ 16
8C-14-8 223+ 10 104+ 04 054+ 001 66+ 2 161+ 7 119+ 04 054x 002 9+ 7
8H-5-3 235+ 10 109+ 02 0.75% 001 24+ 5 203+ 3 133+ 01 052+ 001 32+ 4
8H-6-4 187+ 19 105+ 02 059+ 001 25+ 5 184+ 1 111+ 01 051+ 001 36+ 5
8H-9-1 206+ 17 103+ 02 058+ 0.02 59+ 10 167+ 3 113+ 01 047+ 004 80+ 10
85-60-74 246+ 7 96+ 01 073+ 001 27+ 3 214+ 4 107+ 01 058+ 0.02 34+ 8
Fuji 332+ 9 162+ 02 047+ 0.01 4+ 2 310+ 10 148+ 03 039+ 0.01 5+ 1

U Averaget S.E.
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