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Abstract. This study was carried out to investigate influence of tree height on vegetable growth, produc-
tivity, and labor input in 5 year old slender spindle ‘Fuji’/M.9 apple trees planted with the tree space of
3.2 x 1.2m and trained to the tree height of 2.5m in the apple orchard of Apple Research Station, NIHHS,
RDA in Gunwi County, Korea. Tree height was extended to the tree height of 4.0m for two years. And then,
the tree height was restricted to 2.5 (control), 3.0, 3.5, and 4.0m in 8th year. Yield per 10a was 46, 25, and
4% higher at the tree height of 4.0, 3.5, and 3.0m than at the tree height of 2.5m respectively in first year
and 17, 12, and 10% higher respectively, indicating the taller tree, the higher yield. Soluble solid contents
was highest in the height of 2.5m than in any other treatments for 2 years, but fruit skin color was not clear.
Labor input was increased parallel with the increase of tree height, but yield per labor input was decreased.
Gross income and net income per 10a were increased parallel with the increase of tree height in first year,
but not increased in second year. In considering production, labor input, and economic efficiency, the opti-
mum tree height of slender spindle ‘Fuji’/M.9 apple planted with the tree space of 3.2 x 1.2m was pre-
sumed to be 3.0~3.5m.
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Table 1. Tree height, tree width and canopy volume of slender spindle ‘Fuji’’M.9 apple tree under different tree height for 2

years.
Tree height (cm) Tree width (cm) Canopy volume (m®)
Tree height”
(m) Calendar year
2005 2006 2005 2006 2005 2006
4.0 425 a* 428 a 232a 238a 527a 5.6la
3.5 391 ab 390b 227 ab 223 ab 4.59 ab 442b
3.0 367 be 368b 224 be 216 ab 4.14 be 3.90b
25 344 ¢ 297 ¢ 203 ¢ 202b 3.17¢c 2.64c

“Means followed by the same letter are not significantly different using Duncan’s multiple range test, P = 0.05.

YTree height of slender spindle ‘Fuji’/M.9 apple trees which were planted at 3.2 x 1.2m and trained to 2.5m height until 5
years after planting were extended to 4.0m from 6 years to 7 years after planting. Then these trees were restricted to 2.5m
(control), 3.0, 3.5m and 4.0m in 8th year.

Table 2. TCA, number of branch and average shoot growth of slender spindle ‘Fuji’’M.9 apple tree under different tree
height for 2 years.

TCA increment (cm?) No. of branch (No. branch/ tree) Average shoot growth (cm)

1 Yy
Tree(ﬁf)lgh t Calendar year
2005 2006 2005 2006 2005 2006
4.0 6.5a" 40a 315a 315a 232a 299 a
35 56a 37a 27.5ab 268a 20.1a 292a
3.0 45a 36a 25.8 ab 26.5a 19.0 a 30.6a
2.5 6.7 a 50a 223D 22.3b 19.6a 314a

“Means followed by the same letter are not significantly different using Duncan’s multiple range test, P = 0.05.
’See the footnote of Table 1.
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Table 3. Number of fruit, fruit weight and yield of slender spindle ‘Fuji’/M.9 apple tree under different tree height for 2

years.
No. of fruit Fruit weight Yield

Tree height” (no fruit/tree) (2 Tree (kg/tree) 10a (ton/10a)

(m) Calendar year
2005 2006 2005 2006 2005 2006 2005 2006

4.0 113 a* 110 a 277 ab 277b 312a 304 a 8.la 79a
3.5 97 ab 105 ab 275b 278 b 26.7 ab 28.9 ab 6.9 ab 7.5 ab
3.0 81 bc 100 ab 277 ab 284 ab 223Db 28.6 ab 5.8b 7.4 ab
2.5 72 ¢ 87b 295 a 298 a 2140 2590 5.6b 6.7b

“Means followed by the same letter are not significantly different using Duncan’s multiple range test, P=0.05.

YSee the footnote of Table 1.

Table 4. Fruit quality of slender spindle ‘Fuji’/M.9 apple tree under different tree height for 2 years.

Soluble solid contents (°Brix)

Malic acidity (%) Fruit red color (Hunter value)

.
Tree(lrl:)lght Calendar year
2005 2006 2005 2006 2005 2006

4.0 13.0 b* 132b 033 a 030a 17.7 a 199a

3.5 13.1 ab 13.1b 0.36a 032a 179a 17.7b

3.0 134a 13.1b 0.36 a 029a 183 a 18.2 ab

2.5 13.8a 139a 0.36a 0.28a 17.1a 173 b
“Means followed by the same letter are not significantly different using Duncan’s multiple range test, P = 0.05.
’See the footnote of Table 1.
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Fig. 1. Distribution of fruit weight in slender spindle ‘Fuji’/M.9 apple tree under different tree height for 2 years.

Table 5. Labor time per 10a of slender spindle ‘Fuji’’/M.9 apple tree under different tree height for 2 years.

Pruning time* (hour/10a) Thinning time* (hour/10a) Harvest time* (hour/10a)
Tree height”
(m) Calendar year
2005 2006 2005 2006 2005 2006
4.0 31.8a* 374a 38.6a 36.1a 354a 26.8a
35 24.1b 27.6b 33.8a 274b 346a 213 ab
3.0 18.6¢ 22.6b 22.1b 23.0b 17.6 b 18.5 ab
2.5 13.1d 141c 1820 173 ¢ 16.2b 16.5b

“Means followed by the same letter are not significantly different using Duncan’s multiple range test, P = 0.05.
*See the footnote of Table 1.
*Means calculated as pruning or harvest per tree x 260 trees/10a (No. of Tree per 10a).
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Fig. 2. Ratio of yield/labor time in slender spindle ‘Fuji’/
M.9 apple tree under different tree height for 2 years.
Yield/labor was measured by yield (kg) per 10a/total
labor time (pruning + thinning + harvest time) per 10a
(260 trees/10a). Vertical bars indicate standard errors.
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Table 6. Light penetration ratio on different height of ‘Fuji’/M.9 apple trees under different tree height in 2005.

Light penetration ratio (%)

Tree(lr;e)lgh ¢ Height from ground (cm) Mean
30 90 120 150 180
4.0 16.0 325 31.3 51.7 40.2 343 a
35 30.3 313 47.4 46.5 472 40.5a
3.0 279 30.9 50.7 42.4 32.7 369a
2.5 21.8 26.5 453 60.9 71.1 433a
Mean 24.0 ¢ 30.3 be 43.7 ab 504 a 45.7 ab
Significance
Tree height (T) ns
Height (H) Hkk
(T) < (H) ns

“Means followed by the same letter are not significantly different using Duncan’s multiple range test, P = 0.05.

YSee the footnote of Table 1.
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Table 7. Economic efficiency per 10a of slender spindle ‘Fuji’’M.9 apple trees under different tree height for 2 years.

Tree height” Yield Gross income*® Production cost™ Net income Production cost per kg
(m) (A, kg) (B, W1,000) (C, #1,000) (B-C, #1,000) (C/A, won/kg)
Exp. at 2005
4.0 8,122 a 14,374 a 3,388 a 10,985 a 426 b
3.5 6,929 ab 12,045 ab 3,291 a 8,754 ab 477 ab
3.0 5,800 b 10,144 b 3,040 b 7,105 b 530 ab
25 5,560 a 11,038 b 2,959b 8,079 b 572a
Exp. at 2006
4.0 7,895 a 13,881 a 3,620 a 10,260 a 465 ab
35 7,520 ab 13,740 a 3,440 b 10,300 a 462 ab
3.0 7,442 ab 13,781 a 3,349 b 10,433 a 451b
2.5 6,721 b 14,098 a 3,227 ¢ 10,871 a 510a

“Means followed by the same letter are not significantly different using Duncan’s multiple range test, P = 0.05.

YSee the footnote of Table 1.

*Means calculated as yield (kg) per 10a x each distribution ratio of fruit weight (under 250g, 250~300g, over 300g) x each
price per kg of 3 level on fruit quality [2005: 2,721won (high), 1,760won (middle), 848won (low); 20067 : 2,768won (high),

1,729won (middle), 817won (low)].

“Means calculated as total labour time (total labour time of this study + total labour time of Jang et al. (2009), exclusive time
of pruning, thinning and harvest) x price of male's labor per hour (2005: 7,355won; 2006: 7,500won) + production cost of

Jang et al. (2009), exclusive labor cost.
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