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Light Conditions and Characteristics of Leaves and Fruit at Different Canopy
Positions in Slender-spindle ‘Hongro’ Apple Trees

Ju-Hee Songl, In-Kyu Kangz, and Dong Geun Choi**

"Jangsu Agricultural Technique Center, Jangsu 597-801, Korea

2Department of Horticultural Science, Kyungpook National University, Daegu 702-701, Korea
*Department of Horticulture, Chonbuk National University, Jeonju 561-756, Korea

*Institute Agricultural Science & Technology, Chonbuk National University, Jeonju 561-756, Korea

Abstract: For this analysis, canopies of slender-spindle ‘Hongro’/M9 apple trees were divided into 4 positions: upper, lower,
exterior, and interior parts. The photosynthetic rate was highest in the external part of the upper canopy of the tree, where
it was 4.5 times higher than in the internal part of the lower canopy. This difference was closely associated with differences
in light penetration based on canopy position. Analysis of leaf growth characteristics showed that the leaves situated in the
internal part of the canopy were larger and thinner than those in the external part of the canopy. The difference in leaf thickness
was mainly due to thickness of the primary layer of palisade tissues (68.5 and 110.3 um for internal and external leaves, respectively).
Fruit weight and quality were closely related to the extent of light penetration. Fruit weight, soluble solid content, and red
skin color were higher in the fruits from the external part of the canopy. Thus, fruit maturity was delayed in the internal
part of canopy. The fruit skin and wax layer were thicker in fruits from the internal canopy than in those from the external
canopy. Therefore, our results indicate a need for improved light penetration in internal parts of the canopy and for split harvesting
depending on maturity at different canopy positions.

Additional key words: fruit maturity, fruit skin, leaf thickness, light penetration, photosynthetic rate
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Fig. 1. Canopy positions of slender-spindle ‘Hongro’/M.9 apple
trees divided for this study. A, upper exterior canopy; B,
upper interior canopy; C, lower exterior canopy; D, lower
interior canopy. The canopy was divided into ‘upper’ and
‘lower’ at 240 cm of tree height.
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Table 1. Photosynthetically active radiation (PAR), photosynthetic rate, transpiration rate, and stomatal conductance of
slender-spindle ‘Hongro’/M.9 apple trees at different canopy positions.

Canopy position”

PAR Photosynthetic rate

Transpiration rate Stomatal conductance

(umol-m™-s™) (umol-m™-s™) (mmol-m*-s™) (mol-m?-s™)
Upper Exterior 1,687.6 a’ 15.8 a 501 a 0.19 a
Interior 8824 b 75 c 3.08 bc 0.14 ab
Lower Exterior 990.3 b 108 b 3.99 ab 0.19 a
Interior 1748 c 35d 2.60 c 012 b

“Upper is over 240 cm and lower is below 240 cm of tree height, and exterior is outer canopy and interior is inner canopy

in slender-spindle ‘Hongro’/M9.

YMean separation within columns by Duncan’s multiple range test, 5% level.
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Table 2. Leaf length, width, and blade thickness of slender-
spindle ‘Hongro’/M.9 apple trees depending on canopy
position.

Leaf Leaf Leaf blade
Canopy position” length width thickness
(cm) (cm) (pm)
Upper Exterior 8.08 > 525a 0.244 a
Interior 7.98 a 531 a 0.244 a
Lower Exterior 8.16 a 521 a 0.237 a
Interior 782 a 554 a 0.195 b

“Upper is over 240 cm and lower is below 240 cm of tree
height, and exterior is outer canopy and interior is inner
canopy in slender-spindle ‘Hongro’/M9.

YMean separation within columns by Duncan’s multiple range
test, 5% level.
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Table 3. Longitudinal of palisade cells, leaf thickness, and ratio of palisade thickness to leaf thickness of slender-spindle ‘Hongro’/M.9

apple at different canopy positions.

Longitudinal (um)

Leaf Thickness Ratio of palisade to

Canopy position”

1st palisade 2nd palisade (nm) leaf thickness (%)
Exterior 0.4 * 567 729 + 2.45 5033 + 11.34 36.4
Interior 68.5 + 544 51.3 + 1.09 340.1 + 5.23 35.2

“Exterior is outer canopy and interior is inner canopy in slender-spindle ‘Hongro’/M9.

YMean * SD by 10 replications of 3 trees.
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Canopy position
Exterior
Upper
Interior
Exterior
Lower
Interior

Fig. 2. Development of fruit skin color of ‘Hongro’/M.9 apple fruits at different canopy positions. Upper is over 240 cm and
lower is below 240 cm of tree height, and exterior is outer canopy and interior is inner canopy in slender-spindle ‘Hongro’/MO.
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Fig. 3. Light micrograph (100x) of cross section of ‘Hongro’/M.9 apple leaf from the exterior (A) and interior canopy (B). Leaf
was research on 7, Aug, 2011.
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Fig. 4. Light micrograph (200x) of cross section of ‘Hongro’/M.9
apple fruit harvested from the exterior (A) and interior
canopy (B). Fruits were harvested on 10 Sep, 2011. WL,
wax layer; OE, epidermis; H, hypodermis; IS, intercellular
space; SG, starch granules; TC, tannin cell; F, flesh.
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Table 4. Fruit characteristics of ‘Hongro’/M.9 apple at different canopy positions.

Fruit Fruit Fruit

Hunter value

L.z . . L/D Titratable acidi Firmness
Canopy position w?gg)ht dl?grit)er l(erggn%l ra/tio (°Brix) (%, malic acid';y (kg/@ 5 mm) L a b
Upper Exterior 29223 @ 8891 a 8597 a 097 a 1290 a 0.14 a 273 ab 359Db" 388a 199b
Interior 289.60 a 87.22 a 82.80 a 095 a 12.70 ab 0.13 a 237 b 371 b 356 a 204 b
Lower Exterior 283.37 a 86.01 a 80.40 a 0.93 a 12.75 ab 0.15 a 233 b 39.0 ab 375 a 20.1 b
Interior 27821 b 7959 b 7487 b 094 a 1205 b 0.15 a 297 a 411 a 264 Db 249 a

“Upper is over 240 cm and lower is below 240 cm of tree height, and exterior is outer canopy and interior is inner canopy

in slender-spindle ‘Hongro’/M9.

v Mean separation within columns by Duncan’s multiple range test, 5% level.
L, 0 (Black)-90 (Light); a, -60 (green)-+60 (red); b, -60 (blue)-+60 (yellow).
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Table 5. Concentrations of glucose, fructose, xylose, and sucrose in ‘Hongro’/M.9 apple fruits harvested at different canopy

positions.

Concentration (%)

Canopy position”

Glucose Fructose Xylose Sucrose Sum.
Upper Exterior 2.38 @’ 497 a 0.034 a 2.65 a 10.04 a
Interior 212 b 4.99 a 0.026 b 240 a 9.54 a
Lower Exterior 2.26 ab 5.06 a 0.021 b 2.56 a 9.90 a
Interior 171 c 487 a 0.021 b 1.76 b 836 b

“Upper is over 240 cm and lower is below 240 cm of tree height, and exterior is outer canopy and interior is inner canopy

in slender-spindle ‘Hongro’/M9.

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

Table 6. The number, size, and thickness of epidermis cells
in ‘Hongro’/M.9 apple fruit at different canopy positions.

Canopy Cell number Cell size Thickness
positions” (ea/1,000 pm?) (um?) (um)
Exterior 2.57 + 042" 389.11 83.3 + 3.75
Interior 3.63 + 0.11 275.55 133.3 + 895

“Exterior is outer canopy and interior is inner canopy in slender-
spindle ‘Hongro’/MO.
YMean * SD by 10 replications of 3 trees.
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