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Effect of Tree Height on Light Transmission, Spray Penetration, Tree Growth,
and Fruit Quality in the Slender-spindle System of ‘Hongro’/M9 Apple Trees
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Abstract: This study was carried out to determine the effect of tree height on light transmission, spray penetration, tree growth
performance, fruit quality attributes, and labor productivity in the slender-spindle system of ‘Hongro’/M.9 apple trees. With
increasing tree height, the light penetration into the internal parts of the canopy decreased, especially in the lower canopy.
Leaf area index (LAI) increased with increasing tree height, thereby leading to a reduction in the extent of spray penetration
into the interior of the canopy. With increasing tree height, shoot growth was more vigorous but produced slender shoots in
the upper canopy compared to the lower canopy. Although the soluble solid content and coloration of fruit decreased, there
was no difference in fruit firmness and acidity. In addition, the number of final fruit set increased, although the production
of large fruit (> 305 g) decreased. The increase in tree height also significantly increased the labor required for practices such
as thinning of flowers and fruits, pruning, and harvesting. Nevertheless, this problem of increased in labor input in taller trees
would was eased by use of a mechanical lift. Utilizing a lift for thinning the flowers of trees 4.5 m in height saved 14.6 min
per tree, compared to the use of ladder. Therefore, it is highly considerable that in order to enhance light transmission and
fruit coloration, light conditions should be improved in the internal tree canopy of slender-spindle systems.

Additional key words: canopy, floral bud, leaf area index (LAI), mechanical lift, tree vigor
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Table 1. Light transmission (%) in the slender-spindle system of ‘Hongro’/M.9 apple trees with different tree heights, determined
at the position of 1, 2, and 3 m above the ground and 20, 40, and 60 cm distant from the trunk at each height.

Tree height Height above ground

Distance from trunk (cm)

(m) (m) 20 40 60
3.0 1 43.5 43.5 81.7
2 52.7 52.7 93.0
35 1 33.6 45.0 66.5
2 35.0 53.0 83.7
3 57.9 90.1 J
4.0 1 23.2 31.2 57.8
2 27.3 42.6 72.8
3 45.4 66.6 90.1
4.5 1 20.9 30.3 54.3
2 23.7 335 66.7
3 37.4 59.5 83.2
F-test”
Source DF F value Pr > F
Tree height (A) 3 105.72 < .0001
Measuring height (B) 2 251.03 < .0001
Distance from trunk (C) 2 657.34 < .0001
A x B 5 3.36 0.0093
AxC 6 2.30 0.0448
B x C 4 10.09 < .0001
AxBxC 9 0.73 N.S*

“Mean F-test of light transmission according to the tree height, position above the ground, and distance from trunk, alpha =

5% level.
YNot measured.
*No significant.
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Table 2. Effect of sprayer type on the spray coverage (%) in slender-spindle system of ‘Hongro’/M.9 apple trees with different
tree heights and canopy locations (exterior and interior) determined at the position of 1, 2, 3, and 4 m above the ground.

Position above the ground (m) and canopy location

Tree height

Spray type (m) 1 2 3 4
Interior  Exterior Interior  Exterior Interior  Exterior Interior  Exterior
Common SS° 3.0 48.7 77.4 56.1 79.4 Y - - -
35 47.5 73.2 57.9 73.6 56.5 70.4 - -
4.0 43.6 76.9 44.1 77.3 52.2 74.4 - -
4.5 31.3 80.5 46.4 79.5 55.0 82.8 29.9 62.3
High spray nozzle 3.0 49.1 80.9 58.9 79.8 - - - -
equipped S5 3.5 48.7 72.3 55.1 715 50.6 80.0 - -
4.0 45.3 78.7 47.4 72.6 60.8 83.2 - -
4.5 37.7 80.1 47.3 73.2 55.0 79.0 60.3 78.2
F-Test"
Source DF F value Pr > F
Spray type (A) 1 28.66 < .0001
Tree height (B) 3 13.59 < .0001
Position above ground (C) 3 39.02 < .0001
Canopy location (D) 1 2,580.20 < .0001
A x B 3 5.35 0.0013
AxC 3 44.19 < .0001
AxD 1 3.93 0.0482
B x C 5 5.92 < .0001
B xD 3 19.84 < .0001
CxD 3 30.20 < .0001
A xBxC 5 2.42 0.0352
AxBxD 3 7.08 0.0001
AxCxD 3 4.71 0.0030
BxCxD 5 5.94 < .0001
AxBxCxD 5 1.54 N.S".

“Mean speed sprayer.

YMean F-test of spray coverage according to the spray type, tree height, position above ground, and canopy location, alpha
= 5% level.

*Not measured.

“No significant.
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Table 3. Effect of tree height on plant growth and winter pruning amount in slender-spindle system of ‘Hongro’/M.9 apple

trees.
Tree Tree TCA No. of Shoot Shoot No. of Pruning amount (g)
height width (cm?) branchs  length diameter leaves LAI
(m) (cm) (per tree)  (cm) (mm) per shoot 1-year wood Older wood Total
3.0 1614 + 56" 445 + 54 174 + 12 190 335 a 134 b 150 d 685 + 54° 1,157 + 113 1,843 + 157
3.5 1753 + 7.7 489 + 71 19.2 + 0.5 209 bc 324 ab 146 ab 170 c 784 + 84 1485 + 52 2,270 + 127
4.0 184.4 + 44 547 £+ 49 227 £+20 21.8b 310bc 151 a 200b 811 +51 1,745 + 127 2,556 + 172
4.5 1922 + 59 551 +35 274 +21 248a 3.02c 153 a 221 a 805+41 1584+ 89 2390 + 154

"Mean * standard deviation (SD).

YMean separation within column by Duncan’s multiple range test, 5% level.

Fig. 1. The number of floral buds per tree in slender-spindle
system of ‘Hongro’/M.9 apple trees with different tree heights.
A 3.0 m; B, 3.5 m; C, 4.0 m; D, 4.5 m. Letters “I” and “E”
stand for interior and exterior canopy, respectively, and 1,
2, and 2, position above the ground. For example, I-1 is
the interior canopy at a position of 1 m above the ground.
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Table 4. Effect of tree height on fruit characteristics in slender-spindle system of ‘Hongro’/M.9 apple trees.

Tree No. of Fruit

Titratable

Hunter values

height fruit weight OSS(.: acidity Firmness

(m) (per tree) 63) (°Brix) (%, malic acid) (kg/@ 5 mm) L a b
3.0 84.3 d" 3335 a 13.7 a 0.15 a 217 a 49.2 a 37.7 a 216 a
35 105.0 ¢ 312.6 ab 134 a 0.15 a 214 a 47.3 ab 353 Db 247 a
4.0 1291 b 292.1 be 132 a 0.15 a 213 a 434 ¢ 322 ¢ 211 a
4.5 1583 a 279.0 c 13.2 a 0.14 a 2.16 a 45.3 bc 317 ¢ 20.5 a

Mean separation within column by Duncan’s multiple range tester, 5% level.

L, 0 (black) - 90 (light); a,

60
O= 2559
1255~ 3050

| P1305~ 3259 T
W35
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50

30
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20

Fruit yield (kg/tree)

10

2 7

4.0 4.5
Tree height (m)

\

Fig. 2. Effect of tree height on fruit yield per tree, categorized
by fruit size, in the slender-spindle system of ‘Hongro’/M.9
apple trees. Mean is reported with SD.
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Table 5. Labor input required for tree management in slender-spindle system of ‘Hongro’/M.9 apple trees with different tree

heights and worker movement types.

Worker Tree height Labor input (min per tree)

movement type (m) Flower thinning Fruit thinning Harvesting & Selection Winter pruning

Ladder 3.0 18.5 20.8 20.1 13.2
3.5 22.9 234 254 17.6
4.0 25.6 31.8 30.8 233
4.5 33.2 37.3 35.6 335

Mechanical lift 3.0 12.6 15.7 16.8 10.3
3.5 15.5 17.7 19.6 12.8
4.0 17.2 19.6 21.8 14.7
4.5 18.6 209 22.7 17.4

Significance

Worker movement type (A) * * * NS

Tree height (B) NS NS NS NS

A x B - - ook -
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