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Abstract

The objective of this study was to determine the differences in fruit growth, fruit quality, and
particularly the pedicel vascular bundles of ‘Shigyoku’ and ‘Heukboseok’ grapes, which appeared
to be different in softening at harvest. ‘Shigyoku’ grape matured faster (by about 20 days) than
‘Heukboseok’ grape with slight fruit enlargement after veraison. However, fruit of ‘Heukboseok’
grapes showed remarkable enlargement in both the primary and secondary fruit enlargement
periods. Hypodermal cell layers were not different after veraison in ‘Shigyoku’ grape, but
degradation of the hypodermis cell wall continued in ‘Heukboseok’ grape, resulting in a gradual
decline in firmness. The numbers of hypodermal cell layers in ‘Shigyoku’ and ‘Heukboseok’
grapes were 14.2 and 9.0, respectively. The average content of soluble solids in ‘Shigyoku’ grape
(19.5°Brix) was significantly (p < 0.01) higher than that of ‘Heukboseok’ grape (17.0°Brix). Xylem
of the pedicel did not differ between the two varieties. However, average phloem area after
veraison of ‘Shigyoku’ grape (19044.8 um”) was about 1.8 fold greater than that of ‘Heukboseok’
grape (10509.4 um?), based on the number of cells constituting the phloem. The cell number and
area of the phloem might affect the accumulation of sugars, the main constituents of the cell wall,
thus maintaining the firmness of grapes until late maturity. Therefore, the increased softening of
‘Heukboseok’ grapes at harvest might due to their phloem structure.
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Fig. 1. Seasonal changes in cluster weight of ‘Shigyoku” and ‘Heukboseok’ grapes.
JBV: just before veraison; EV: early veraison; V: veraison; M: maturity; LM: late maturity
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Fig. 2. Seasonal changes in fruit quality and anthocyanin content of ‘Shigyoku” and ‘Heukboseok’ grapes. *, *x(significant
difference between varieties p < 0.05, 0.01. respectively).
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Table 1. Seasonal changes of the skin and flesh cells in ‘Shigyoku’ and ‘Heukboseok’ grapes.
Skin

- - P Flesh cell size (um’)

Day Thickness (um) Cell size (um’) Number of cell layers

Shigyoku Heukboseok — sf Shigyoku Heukboseok — sf Shigyoku Heukboseok — sf Shigyoku Heukboseok — sf
FB 210.6 1723 * 118.0 121.7 ns - - - -
5DAFB 3117 265.2 * 225.7 229.0 ns - - - -
10 DAFB 304.2 303.8 ns 600.5 507.5 ns - - - -
JBV 300.0 328.7 o 1871.5 2191.5 ns 145 159 ns 4070.6 4046.6 ns
EV 289.3 239.7 o 13844 21252 * 15.8 14.6 ns 57215 4205.6 *
\Y 299.5 2254 o 26583 2526.7 ns 14.0 12.0 o 7411.9 63387 ns
M 335.1 2572 ok 33747 30127 ns 142 105 ok 8062.7 8469.3 ns
LM 330.7 225.7 ok 3505.9 43074 ns 142 9.0 ok 8487.1 9704.4 *

™" respectively non-significant, significantly p < 0.05 and p <0.01

FB~ 10 DAFB: cell division period; 30 DAFB: just before veraison of Shigyoku; 40 DAFB: early veraison of Shigyoku; 50-60 DAFB: veraison of Shigyoku; 70-80
DAFB: maturity of Shigyoku; 90 DAFB: late maturity of Shigyoku; 30-40 DAFB: just before veraison of Heukboseok; 50-60 DAFB: early veraison of Heukboseok; 70-
80 DAFB: veraison of Heukboseok; 90-100 DAFB: maturity of Heukboseok; 110 DAFB: late maturity of Heukboseok; FB: full bloom; DAFB: days after full bloom;
JBV: just before veraison; EV: early veraison; V: veraison, M: maturity; LM: late maturity.

A

H

Fig. 3. Morphological structure of ‘Shigyoku” and ‘Heukboseok’ grapes. A,D: 5 days after full bloom(cell division period); B,E:
veraison; C,F; maturity; A-C: ‘Shigyoku’ grape; D-F: ‘Heukboseok’ grape; F: flesh; H: hypodermis; IS: intercellular space; OE: outer
epidermis; TC: tannin cell.
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Table 2. Seasonal changes in the phloem vascular bundle at ‘Shigyoku’ and ‘Heukboseok’ grapes.

Phloem

Day Total cell number Cell number/cm’ Area (um’) Cell size (um’)

Shigyoku Heukboseok  sf Shigyoku Heukboseok ~ sf Shigyoku Heukboseok ~ sf Shigyoku Heukboseok — sf
FB 29.6 263 ns 193 257 ** 1530.1 10220  ns 13.0 9.7 ns
5DAFB 52.1 25.7 * 16.0 18.8 ok 3263.3 1363.8 * 15.7 133 ns
10DAFB 80.1 470 ns 142 10.8 *x 5630.6 43715  ns 17.6 233 ns
BV 86.5 101.7 ns 134 94 o 6455.7 107513 * 18.7 27.0 *
EV 174.9 89.3 * 10.1 93 ns 173853 10019.0 * 26.0 250 ns
Vv 179.2 96.5 * 9.6 8.8 ns 185314 10928.5 * 26.6 289 ns
M 177.1 112.0 * 10.1 93 ns 19831.1 10374.1 * 26.8 27.1 ns
LM 177.0 96.6 * 8.7 9.0 ns 204313 10716.0 * 289 27.8 ns

™" respectively non-significant, significantly p < 0.05 and p <0.01

FB~ 10 DAFB: cell division period; 30 DAFB: just before veraison of Shigyoku; 40 DAFB: early veraison of Shigyoku; 50-60 DAFB: veraison of Shigyoku; 70-80
DAFB: maturity of Shigyoku; 90 DAFB: late maturity of Shigyoku; 30-40 DAFB: just before veraison of Heukboseok; 50-60 DAFB: early veraison of Heukboseok; 70-
80 DAFB: veraison of Heukboseok; 90-100 DAFB: maturity of Heukboseok; 110 DAFB: late maturity of Heukboseok; FB: full bloom; DAFB: days after full bloom;

JBV: just before veraison; EV: early veraison; V: veraison; M: maturity; LM: late maturity.

Table 3. Seasonal changes in the xylem vascular bundle at ‘Shigyoku’ and ‘Heukboseok’ grapes.

Xylem

Day Total cell number Cell number/cm’ Area (um’) Cell size (un’)

Shigyoku Heukboseok  sf Shigyoku Heukboseok ~ sf Shigyoku Heukboseok  sf Shigyoku Heukboseok  sf
FB 250 336 ns 13.0 195 ** 1918.1 17108  ns 19.2 12.8 **
5DAFB 43.8 270 ns 9.6 9.9 ns 4527.0 2566.8 * 259 253 ns
10 DAFB 453 273 ns 6.1 84 ok 7392.7 32255 * 40.8 29.6 wk
BV 64.1 975 ns 5.8 48 * 11007.5 240927  ns 430 52.8 *
EV 1184 89.8 ns 4.0 34 * 294743 272208  ns 622 755 ns
\% 1229 86.6 ns 43 33 * 30780.6 258650  ns 62.5 765 ns
M 109.2 814 ns 33 29 ns 328339 283576 s 723 87.1 nsns
LM 116.7 76.0 ns 4.0 34 * 28726.6 220128 s 61.6 724 ns

™" respectively non-significant, significantly p <0.05 andp <0.01

FB~ 10 DAFB: cell division period; 30 DAFB: just before veraison of Shigyoku; 40 DAFB: early veraison of Shigyoku; 50-60 DAFB: veraison of Shigyoku; 70-80
DAFB: maturity of Shigyoku; 90 DAFB: late maturity of Shigyoku; 30-40 DAFB: just before veraison of Heukboseok; 50-60 DAFB: early veraison of Heukboseok; 70-
80 DAFB: veraison of Heukboseok; 90-100 DAFB: maturity of Heukboseok; 110 DAFB: late maturity of Heukboseok; FB: full bloom; DAFB: days after full bloom;
JBV: just before veraison; EV: early veraison; V: veraison; M: maturity; LM: late maturity.
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