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Abstract

This study was carried out to compare fruit quality outcomes according to berry set levels, and to
analyze the relationships among epicuticular wax, skin cell development, texture characteristics,
and cracking sensitivity due to contact with neighboring berries under a condition of excessive-berry
set per cluster of ‘Jinok’ and ‘Campbell Early’ grapes. A berry thinning treatment of both cultivars
reduced the numbers of berries per cluster to 45, 60, 75, and 90 at 20 days after full bloom. With
regard to the fruit quality characteristics, the number of berries, the berry density, and the cluster
weight all showed increases with higher berry set levels, but the 75 and 90 berry thinning levels
showed lower soluble solid contents and higher acidity than the 45 and 60 berry treatments.
Significant berry cracking occurred in the 75 and 90 berry treatments in both cultivars, though its
occurrence was significantly lower in the ‘Jinok’ than the ‘Campbell Early’ grape. A ‘platelet’
shape of epicuticular wax was observed on the non-contact side of the berries, but the contact sides
of neighboring berries were poorly developed. The epidermal cells (outer and sub-epidermal) of the
contact sides of neighboring berries were pressed down by internal and external growth pressure
more than they were in normal betrries (non-contact), showing a long oval shape with a long length
and width. On the contact sides of neighboring berries of the ‘Jinok’ and ‘Campbell Early’ grapes,
berry hardness was reduced by 23.9% and 36.5%, respectively, compared to non-contact berries.

Additional key words: berry hardness, berry thinning, cracking, epicuticular wax, epidermal cell,

Vitis labruscana
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Fig. 1. Changes in berry length (A, C) and diameter (B, D) during the growth stage of ‘Jinok’ (A, B) and ‘Campbell Early’ (C,
D) grapes as influenced by the various berry set levels used here, i.e., 45, 60, 75, and 90 berries per cluster. Vertical bars
represent the standard error of the means (n = 20). The legend shows the number of berries per cluster.
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Fig. 2. Photographs of cluster at harvest (30 days after full bloom) of ‘Jinok’ (A) and ‘Campbell Early (B) grapes as influenced

by various berry set levels (45, 60, 75, and 90 berries per cluster).

Table 1. Effects of various berry set levels (45, 60, 75, and 90 berries per cluster) on fruit quality at harvest (90 days after full

bloom) of ‘Jinok’ and ‘Campbell Early’ grapes

Cultivar Berry set level Berry number Berry Berry weight Svl:;tr Soluble solids T;t;a(ti.?tt;le Hunter a
(per cluster)  (percluster)  density” (® (°Brix) value’
@ ()
45 40.1d* 248d 52a 207.0d 16.7a 023b 1.7b
_ 60 622¢ 3.84c 50a 309.8 ¢ 16.6a 023b 19b
75 775b 4.78b 48a 372.1b 16.0b 027a 2.3 ab
90 953a 5.838a 49a 466.1 a 155¢ 027a 26a
45 412d 2.54d 54a 221.1d 16.1a 0.26b 22a
60 594c¢ 3.67¢ 53a 315.6¢ 160a 0.28 ab 20a
Campbell Early
75 80.7b 498b 52a 419.5b 15.1b 029a 26a
90 96.4 a 595a 5.1a 494.1a 152b 030a 2.1a
Significance
Cultivar (A) NS NS NS NS * * NS
Berry set level (B) ** ** * ok * * NS
AxB NS NS NS NS NS NS NS
“Number of berries per 1 cm of cluster length (number of berries per cluster / cluster length).
¥-60 (green) ~ + 60 (red).
*Means separation within columns according to Duncan’s multiple range test at p < 0.05.
NS * and ™ correspondingly indicate not significant or significant at p < 0.05 and p < 0.01, respectively.
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Fig. 3. Changes in cluster with cracked berries (A, C) and level of berry cracking per cluster (B, D) during the growth stage
of ‘Jinok’ (A, B) and ‘Campbell Early (C, D) grapes as influenced by various berry set levels (45, 60, 75, and 90 berries per
cluster).
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Fig. 4. Field emission scanning electron microscopy (FE-SEM) images of epicuticular wax deposited onto the surfaces of
berries observed on non-contact (A, B, E, and F) and contact sides of neighboring berries (C, D, G, and H) in ‘Jinok’ (A-D)
and ‘Campbell Early’ (E-H) grapes, taken 70 days after full bloom. A, C, E, and G were observed at x2,000 and B, D, F, and
H were observed at x10,000. EWC: epicuticular wax crystals.

Table 2. Skin cell characteristics of berries of ‘Jinok’ and ‘Campbell Early grapes determined from both non-contact and
contact sides of neighboring berries taken 70 days after full bloom

Outer epidermal cell Sub-epidermal cell
Cultivar Classification” O-6E (um)”
Length (um) Width (um) Length (um) Width (um)
Tinok Non-contact 32.1+1.63* 7.6+0.61 105.3 +4.40 30.3+£2.04 172.4+6.99
Contact 273+1.30 6.3+0.35 772+3.11 23.9+2.03 133.6+7.77
Campbell Non-contact 26.1+1.15 83+0.26 104.7+4.86 353+2.54 196.8 +5.88
Early Contact 243+ 147 5.3+0.30 85.7+2.58 18.1+1.13 1393+3.54
Significance
Cultivar (A) NS NS NS NS NS
Classification (B) NS NS NS NS NS
AxB * * NS ** NS

“Non-contact (normal) and contact sides of neighboring berries.

¥ O-6E: Width from the outer epidermis to six layers of the sub-epidermis.

*Means + standard error (n = 25).

NS * and ™" correspondingly indicate not significant or significant at p <0.05 and p <0.01, respectively.
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Table 3. Texture characteristics of berries of ‘Jinok’ and ‘Campbell Early’ grapes determined from both non-contact and
contact sides of neighboring berries taken 70 days after full bloom

Cultivar Classification’ Hardness Springiness Cohesiveness ~ Gumminess Chewiness Resilience
(ko) (mm) 6) (ko) (MJ)
Tinok Non-contact ~ 6.48+0.394  0.44+0.015 0.39+0.040 2480225 1,1044+115.78 0.17+£0.024
Contact 4.93+0.250 0.40+0.013 0.42+0.038 2.16£0342  903.6+167.80 0.20+0.023
Campbell Non-contact ~ 6.11+0.571 0.39+£0.019  0.41+£0.064 2.38+0361 1,140.5+258.37 0.20+0.039
Early Contact 3.88+0.327 0.36+£0.013 0.62+0.032 236+0.235 1,017.8+£95.68  0.38+0.034
Significance
Cultivar (A) NS * NS NS NS NS
Classification (B) * * NS NS NS NS
AXB NS NS * NS NS *

“Non-contact (normal) and contact sides of neighboring berries.
Y Means+standard error (n = 10).
N and * correspondingly indicate not significant or significant at p < 0.05.
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271 20| : WAL, A, G}, I, BOAM| 3L, Vitis labruscana
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