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Abstract

‘Shine Muscat’, recently introduced into Korea, is a seedless grape (Vitis vinifera) with an edible 

skin and high sugar content. Despite the rapid increase in its cultivation area, there is no research on 

how to apply plant growth regulators (PGR) for seedlessness and floral cluster thinning of ‘Shine 

Muscat,’ which is the basis of this study. Five different PGR treatment methods were applied. Streptomycin 

(SM) at 200 mg·L
-1

 was applied 7 days before blooming in most of the treatment groups, and an 

untreated control was included. Primary treatments were applied 1-3 days after full bloom (DAFB) 

and involved the application of 12.5 or 25.0 mg·L
-1

 gibberellic acid (GA3) and 2.5 or 5.0 mg·L
-1

 

thidiazuron (TDZ) or 5 mg·L
-1
 forchlorfenuron (CPPU), and one treatment involved a second application 

of 200 mg·L
-1

 SM. Secondary treatments were applied 12-15 DAFB and involved the application of 

12.5 or 25.0 mg·L
-1

 GA3 or no PGR treatment. Three different flower cluster treatments were 

applied. Flower clusters were thinned by hand to 3, 4, and 5 cm. Fruit quality was investigated 

through the measurement of the seedlessness rate, cluster weight, berry weight, berry length, berry 

diameter, soluble solids contents, acidity, and aroma. The results showed that the use of SM is 

advantageous for seedlessness when applied 7 days before blooming, and fruit quality differed 

between the CPPU and TDZ treatments. Floral cluster thinning to 3 and 4 cm resulted in higher 

quality grapes compared with thinning to 5 cm. We hope these findings will contribute to establishing 

standards for producing seedless ‘Shine Muscat’ grapes with high fruit quality.

Additional key words: cluster weight, cppu, electronic nose grape, grape soluble solids content, 

thidiazuron

Introduction

In the 1990s, South Korea’s domestic grape (Vitis spp.) production increased substantially, but it 

decreased after the signing of the Free Trade Agreement (FTA) in the 2000s because of increased 

imports and because of the government project supporting the closure of orchards. Since the FTA was 

signed, grapes are imported from Chile, the United States, and Peru. Consequently, consumer trends 

have changed. The main import varieties include ‘Thompson Seedless’, ‘Crimson Seedless’, ‘Red 

Globe’, and ‘Black Sapphire’. The common features of these varieties are that they are seedless 

grapes with edible skin and high sugar content. 

‘Shine Muscat’ is a diploid table grape breed from Japan, with characteristics similar to those of
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European grapes (Yamada et al., 2008). It is relatively new in Korea but gaining increasing popularity over the traditional 

‘Campbell Early’ grapes because of its higher sweetness. ‘Shine Muscat’ seedless grapes can be produced commercially 

by applying gibberellic acid (GA3) to flower and fruit clusters in full bloom and 10 - 15 days after full bloom (DAFB), 

respectively (Yamada et al., 2008). Its large yellow-green berries are juicy and crisp, and the skin is edible. Compared to 

2018, the area of cultivation of ‘Shine Muscat’ grapes increased by 79% in 2019, accounting for 12.9% of the total area 

of grape cultivation, and it is expected to surpass the area of ‘Muscat Bailey A’ and become the third largest area after 

‘Campbell Early’ and ‘Kyoho’ (Yoon et al., 2018).

In contrast to the rapid increase in the cultivation area of ‘Shine Muscat,’ farmers are finding it difficult to grow this 

variety due to the lack of basic cultivation techniques, which have been established for other traditional grape cultivars. 

There is no specific method used to dispose of seedlessness, and the type or timing of the plant growth regulator (PGR) 

treatment used for seedlessness, such as using in accordance with the same method of ‘Kyoho.’

Four PGRs were used in this study, including streptomycin (SM), GA3, forchlorfenuron (CPPU), and thidiazuron 

(TDZ). Streptomycin is not technically a PGR, but it is used like a PGR in grape cultivation. It plays a role in increasing 

the period of primary GA3 treatment by suppressing the development of the ovule (Kimura et al., 1996). GA3 is a natural 

plant hormone that contributes to preventing fruit cracking and is currently being used for the induction of seedlessness 

in several grape varieties, such as ‘Kyoho’, ‘Muscat Bailey A’, and ‘Tamnara’ (Kimura et al., 1996; Jung et al., 2017). 

CPPU and TDZ are phenylurea-type cytokinins and play a role in berry enlargement (Reynolds et al., 1992).

In addition, there is also no standardized cluster thinning technique in ‘Shine Muscat’. By leaving the flower cluster 

longer than 5 cm during the floral cluster thinning stage, too much labor is needed for berry thinning later, and by the time 

of harvest, cluster weight is more than 1,000 g. It has been reported that the higher the amount of fruit in apples (Malus 

domestica) and peaches (Prunus persica), the lower the sugar content of the fruit (Awad et al., 2001; Garcia-Pallas et al., 

2001), and in ‘Kyoho’ grapes, the greater the cluster weight, the lower the soluble solids content (SSC) of the fruit (Shim 

et al., 2007). In addition, it is not possible to maintain uniform fruit quality without flower cluster thinning, as the greater 

the cluster weight, the greater the difference is grow bigger in SSC between berries in the upper section (top) and lower 

section (tip) of the cluster (Kim et al., 2015).

In this study, we applied five different PGR treatment methods to examine the effect of PGR types, amounts, and timing 

on the induction of seedlessness, berry development, and quality at harvest time. In addition, we tested the effects of floral 

pruning methods on fruit quality in order to provide growers with standardized production criteria for ‘Shine Muscat’ 

grapes.

Materials and Methods

Plant Materials

This experiment was conducted on ‘Shine Muscat’ grapes (Vitis vinifera) from farms located in Jain-myeon (Gyeongsan) 

and Modong-myeon (Sangju), Gyeongsangbuk-do, Korea. Grapes were grown in rainproof cultivation without heating. 

The distance between the plants was 2.5 m, and the inter-row spacing was 3 m.

The floral cluster thinning treatment groups were treated in duplicate, and the PGR treatment groups were treated in 

triplicate. Four fruit clusters per plant were harvested for the fruit quality evaluation.
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Plant Growth Regulator (PGR) and Streptomycin Treatments

The PGR treatments consisted of five treatment methods. Streptomycin was applied 7 days before blooming in most of 

the treatment groups, the primary PGR treatment occurred at 1-3 DAFB, and the secondary PGR treatment occurred at 

12-15 DAFB. The control group was subjected to the conventional PGR procedure, GA3 (12.5 mg·L-1) and TDZ (2.5 

mg·L-1) as the primary treatment, and GA3 (12.5 mg·L-1) as the secondary treatment, used same method in ‘Kyoho’ grape 

cultivation (Lee et al., 2003). Treatment group 1 was treated with GA3 (25 mg·L-1) and CPPU (5 mg·L-1) as the primary 

treatment, and the secondary treatment was a single treatment of GA3 (25 mg·L-1). Treatment group 2 was treated with 

GA3 (25 mg·L-1) and CPPU (5 mg·L-1) as the primary treatment, and no secondary treatment was performed. Treatment 

group 3 was treated with GA3 (25 mg·L-1) and thidiazuron (TDZ) (5 mg·L-1) for the primary treatment, and GA3 (25 

mg·L-1) was used for the secondary treatment. Treatment group 4 did not receive a pre-treatment with SM treatment but 

GA3 (25 mg·L-1), CPPU (5 mg·L-1), and SM (200 mg·L-1) were applied together as the primary treatment and GA3 (25 

mg·L-1) for secondary treatment.

The PGRs used in this study were 20% agricultural streptomycin hydrate (NH Chemical, Korea), 3.1% GA3 receptor 

(Yooill, Korea), 0.1% liquid CPPU (Arysta LifeScience Korea, Korea), and 1% thidiazuron solution (Bayer CropScience 

Korea, Korea). Streptomycin was sprinkled on to cluster and both the primary and secondary treatments were applied 

using the dipping method.

All berries in the PGR treatment groups were equally thinned to 4 cm. Except for PGR applications and floral cluster 

thinning, cultivation was carried out in the same manner as conventional cultivation.

Floral Cluster Thinning

Floral cluster thinning was conducted 7 days before full bloom, as was the SM treatment. The flower cluster length was 

adjusted to 3, 4, and 5 cm to attain expected cluster weights of 500, 700, and 1,000 g, respectively, for each treatment 

group. Floral cluster thinning was done by hand starting from the bottom of the flower cluster until the desired length was 

reached. Berry thinning was carried out at 15 DAFB, with 35 - 40 berries remaining for the 3 cm treatment group, 45 - 50 

berries remaining for the 4 cm treatment group, and 60 - 65 berries remaining for the 5 cm treatment group. 

The floral cluster thinning treatment groups were equally treated with SM (200 mg·L-1) 7 days before blooming, GA3 

(25 mg·L-1) and CPPU (5 mg·L-1) at the primary treatment, and GA3 (25 mg·L-1) at the secondary treatment. Except for 

PGR applications and floral cluster thinning, cultivation was carried out in the same manner as conventional cultivation.

Fruit Quality Evaluation

Four clusters per plant of ‘Shine Muscat’ grapes grown in Gyeongsan and Sangju were randomly selected to measure 

cluster weight, berry weight, berry length, berry diameter, SSC, and aroma. For berry weight, berry length, and berry 

diameter, 10 berries were randomly selected from each cluster and measured by using an electronic scale and calipers 

(CD-20CP, Mitutoyo Corp., Japan). SSC was determined on 5 berries randomly selected from five different regions in the 

cluster (from top to tip) and the measurements were made using a digital refractometer (PR-101α, Atago, Japan).

Aroma was analyzed using the Heracles II Flash gas chromatography-based electronic nose (Alpha MOS, USA). 

Crushed samples were placed in a vial and heated, and aroma was based on the material’s retention time.
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Table 1. Effects of streptomycin (SM), gibberellic acid (GA3), thidiazuron (TDZ), and forchlorfenuron (CPPU) application on 
berry qualities of seedless ‘Shine Muscat’ grape at harvest time in Gyeongsan city, Korea 

Time of treatment
z
 (mg·L

-1
) Seedless

rate

(%)

Cluster

weight

(g)

Berry

weight

(g)

Berry

length

(mm)

Berry

diameter

(mm)

L/D

ratio

SSC
y

(°Brix)

TA

(%)
BFB DFB DAFB

SM 200 GA3 12.5+ TDZ 2.5 GA3 12.5 100.0 785.65 b
x

14.12 bc 29.76 b 26.12 b 1.14 14.43 d 0.36

SM 200 GA3 25+ CPPU 5 GA3 25.0 100.0 797.68 b 14.53 b 31.40 a 26.20 b 1.20 17.65 b 0.29

SM 200 GA3 25+ CPPU 5 - 98.3 685.06 c 13.45 c 31.82 a 25.16 c 1.26 19.22 a 0.32

SM 200 GA3 25+ TDZ 5 GA3 25.0 100.0 960.03 a 18.41 a 29.33 b 28.92 a 1.01 16.73 c 0.29

- SM 200+ GA3 25+ CPPU 5 GA3 25.0 88.3 841.69 b 14.69 b 32.20 a 25.48 bc 1.26 18.03 b 0.30

z
BFB: 7 days before full bloom, DFB: 1-3 days after full bloom, DAFB: 12-15 days after full bloom.
y
Abbreviations: soluble solids content (SSC), titratable acidity (TA) 
x
Different letters within columns are significantly different by Duncan's multiple range test at p ≤ 0.05.

A B C D E

Fig. 1. Shape of ‘Shine Muscat’ clusters at harvest time. The details of plant growth regulator treatments (mg·L
-1
) for each 

7 days before full bloom, 1-3 days after full bloom, and 12-15 days after full bloom, respectively, are as follows: SM 
200,GA 12.5+TDZ 2.5, GA 12.5 (A); SM 200, GA 25+CPPU 5, GA 25 (B); SM 200, GA 25+TDZ 5, untreated (C); SM 200, 
GA 25+TDZ 5, GA 25 (D); Untreated, SM 200+GA 25+TDZ 5, GA 5 (E). Abbreviations: streptomycin (SM), GA3 (GA), 
thidiazuron (TDZ), forchlorfenuron (CPPU).

Statistical Analysis

One way analysis of variance (ANOVA) were conducted. And statistical analysis of the experimental results was 

performed using the IBM SPSS Statistics 23 program (SPSS, Inc.). The inter-processing significance verification was 

verified at the 0.05% level through the Duncan's multiple range test.

Results

Plant Growth Regulator (PGR) and Streptomycin Treatments

The fruit quality was evaluated from grapes harvested in Gyeongsan city. The seedlessness percentage 98.3 - 100% in 

four treatments treated SM before full bloom (BFB), but the seedlessness percentage was 88.3% when SM was mixed 

with GA3 and CPPU at 1 - 3 days after full bloom (DFB) (Table 1). Cluster weight and berry weight were greater in the 

group 3 of doubled PGR level (SM 200 at BFB, GA 25+TDZ 5 at DFB, GA 25 at DAFB), which had 960.03 g of cluster 

weight and 18.41 g of individual berry weight when compared with those of the conventional (SM 200 at BFB, GA 12.5 

+ TDZ 2.5 at DFB, GA 12.5 at DAFB) group, which were 785.65 g and 14.12 g, respectively (Table 1).
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Table 2. Effects of streptomycin (SM), gibberellic acid (GA3), thidiazuron (TDZ), and forchlorfenuron (CPPU) application on 
berry qualities of seedless ‘Shine Muscat’ grape at harvest time in Sangju city, Korea 

Time of treatment
z
 (mg·L

-1
) Seedless

rate

(%)

Cluster

weight

(g)

Berry

weight

(g)

Berry

length

(mm)

Berry

diameter

(mm)

L/D

ratio

SSC
y

(°Brix)

TA

(%)
BFB DFB DAFB

SM 200 GA3 12.5+ TDZ 2.5 GA3 12.5 100.0   713.45 c
x

14.82 c 31.38 b 26.40 c 1.19 18.84 b 0.20

SM 200 GA3 25+ CPPU 5 GA3 25.0 100.0   711.31 c 14.17 c 32.84 a 24.74 d 1.33 18.80 b 0.21

SM 200 GA3 25+ CPPU 5 - 100.0   616.00 d 12.27 d 30.23 c 23.88 e 1.27 20.35 a 0.21

SM 200 GA3 25+ TDZ 5 GA3 25.0 100.0 1008.43 a 19.10 a 33.12 a 28.81 a 1.15 16.17 d 0.28

- SM 200+ GA3 25+ CPPU 5 GA3 25.0 92.6   801.38 b 16.73 b 32.83 a 27.30 b 1.20 17.94 c 0.19

z
BFB: 7 days before full bloom, DFB: 1-3 days after full bloom, DAFB: 12-15 days after full bloom.
y
Abbreviations: soluble solids content (SSC), titratable acidity (TA). 
x
Different letters within columns are significantly different by Duncan's multiple range test at p = 0.05.

A

B 

C 

D 

E 

Fig. 2. Shape of ‘Shine Muscat’ berries at harvest time. The details of plant growth regulator treatments (mg·L
-1

) for each 7 
days before full bloom, 1-3 days after full bloom, and 12-15 days after full bloom, respectively, are as follows: SM 200, GA 
12.5+TDZ 2.5, GA 12.5 (A); SM 200, GA 25+CPPU 5, GA 25 (B); SM 200, GA 25+TDZ 5, untreated (C); SM 200, GA 
25+TDZ 5, GA 25 (D); Untreated, SM 200+GA 25+TDZ 5, GA 5 (E). Abbreviations: streptomycin (SM), GA3 (GA), 
thidiazuron (TDZ), forchlorfenuron (CPPU).

When comparing the CPPU (group 1) and TDZ (group 3) treatment, the cluster weight and berry weight were greater 

in the TDZ (960.03 and 18.41 g, respectively) treatment, than those of the CPPU (797.68 g and 14.53 g, respectively) 

treatment (Table 1). It was also shown that TDZ had a significant effect on the increase in berry diameter (Fig. 1, Table 1). 

For no secondary treatment, the SSC was the highest at 19.22°Brix, but the berry weight was 13.45 g, slightly lower than 

the 14 - 16 g yield aim of the ‘Shine Muscat’ grapes. The grapes harvested in Sangju showed similar characteristics to 

those harvested in Gyeongsan (Table 2).
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Fig. 3. Overlapping of sensors for volatiles of ‘Shine Muscat’ grape with CPPU and TDZ treatment as detected by the 
electronic nose. Hexanal had a retention time of 49.95 s, and 2-hexen-1-ol had a retention time of 56.72 s.

Fig. 4. Principal component analysis based on ‘Shine Muscat’ aroma characteristics with CPPU and TDZ treatments at 
harvest time. Components were separated by CPPU and TDZ.

The aroma analysis by the electronic nose showed that hexanal and 2-hexen-1-ol were higher in the TDZ treatment 

(group 3) than in the CPPU treatment (group 1) (Fig. 3). Hexanal and 2-hexen-1-ol are clear, colorless liquids known to 

smell of freshly cut grass (Ömür-Özbek and Dietrich, 2008). Principal component analysis separated these aroma 

components by the CPPU and TDZ treatments (Fig. 4).

Floral Cluster Thinning

When considering the effect of adjusting the cluster weight by floral cluster thinning, the grape clusters harvested in 

Gyeongsan and Sangju weighed, respectively, 475.1 and 607.1 g for the 3 cm treatment group, 766.3 and 735.9 g for the 

4 cm treatment group, and 981.4 and 958.2 g for the 5 cm treatment group (Fig. 5, Table 3).
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A B C

Fig. 5. Shape of ‘Shine Muscat’ clusters at harvest time following floral cluster thinning to 3 cm (A), 4 cm (B), and 5 cm (C). 

Table 3. Effects of different lengths of floral cluster thinning by hand on berry development of ‘Shine Muscat’ grape at 
harvest time in Gyeongsan and Sangju city, Korea

Thinning dose
z

(Tip lengths)

Cluster weight

(g)

Berry weight

(g)

Berry length

(mm)

Berry diameter

(mm )

Gyeongsan city

3 cm 475.1 c
y

12.8 b 30.4 b 25.4 b

4 cm 766.3 b 15.5 a 32.7 a 26.7 a

5 cm 981.4 a 13.7 b 30.1 b 25.1 b

Sangju city

3 cm 607.1 c
y

16.1 a 33.9 a 25.9 a

4 cm 735.9 b 15.2 a 32.2 b 25.9 a

5 cm 958.2 a 15.8 a 33.1 ab 26.5 a

z
Floral cluster thinning was conducted 7 days before full bloom. 
y
Different letters within columns of each area are significantly different by Duncan's multiple range test at p ≤ 0.05.

The average berry weight of fruit harvested in Sangju was 16.1, 15.2, and 15.8 g for the 3, 4, and 5 cm treatment groups, 

respectively, showing no significant differences between each other. There were also no significant differences in the 

berry diameter, and although significant results were produced in the berry length between the 4 cm treatment group and 

the rest of the treatments, the difference was minimal. SSC was 19.0°Brix at 3 cm, 18.9°Brix at 4 cm, and 18.5°Brix at 5 

cm, and tended to decrease gradually as the cluster weight increased. The longer the remaining flower cluster, the greater 

the SSC of the berries of the top and tip (Figs. 5 and 6, Table 4) compared with those in the middle regions of the clusters.

The SSC of grapes harvested from Gyeongsan was the lowest in the 3 cm treatment group and highest in the 4 cm 

treatment group (Table 4). There was a noticeable effect of cluster weight on the SSC of the fruit harvested in Sangju. For 

the 3 cm treatment group, the difference between the average SSC of the berries of the top and tip was approximately 

0.7°Brix, whereas the difference between the SSC of the berries of the top and tip increased to 1.4°Brix (at 4 cm) and 

1.8°Brix (at 5 cm) as the cluster weight increased (Table 4).
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A B C

Fig. 6. Shape of ‘Shine Muscat’ berries at harvest time following floral cluster thinning to 3 cm (A), 4 cm (B), and 5 cm (C). 

Table 4. Comparison of soluble solids content (SSC) among the fruit from different lengths of floral cluster thinning by hand 
in ‘Shine Muscat’ grape at harvest time in Gyeongsan and Sangju city, Korea

Thinning dose
z

(Tip lengths)

SSC (°Brix)

TO
y

TM MD MT TP AVG

Gyeongsan city

3 cm 13.9 13.8 13.2 13.6 12.9 13.5 c
x

4 cm 19.6 19.5 18.3 18.1 18.2 18.7 a

5 cm 15.9 15.5 15.4 15.5 14.8 15.4 b

Sangju city

3 cm 19.4 19.2 19.0 18.8 18.7 19.0 a

4 cm 19.5 19.3 18.9 18.5 18.1 18.9 ab

5 cm 19.4 19.1 18.7 18.0 17.6 18.5 b
z
Floral cluster thinning was conducted 7 days before full bloom. 
y
Abbreviations: top (TO), top-middle (TM), middle (MD), middle-tip (MT), tip (TP), average (AVG). 
x
Different letters within columns are significantly different by Duncan's multiple range test at p ≤ 0.05.

Discussion

The fruit quality characteristics of ‘Shine Muscat’ grapes treated with the different PGR treatments showed that the 

use of TDZ led to the largest berry size, while the SSC was the highest following the CPPU primary treatment with 

no secondary treatment, but the low berry weight resulted in poor commercial properties. The berries were also 

elliptical-shaped when subjected to CPPU treatment, and large and long when TDZ was used. The SSC was lower in the 

TDZ treatment group, but it seems that this can be overcome by further slowing down the harvest season or leaving shorter 

flower clusters. Based on the aroma analysis, the CPPU treatment is effective to reduce the smell of grass associated with 

hexanal and 2-hexen-1-ol.

The average number of berries in the 3 cm treatment group in Gyeongsan and Sangju was 37.2 and 37.8, respectively, 

but there was a significant difference in cluster weight of more than 100 g, and berry weight was also remarkably different, 

at 12.8 and 16.0 g, respectively. In particular, the SSC difference was over 5°Brix (Tables 3 and 4).

It has been reported that as the leaf area decreases, the quality of fruit decreases (Park et al., 2011). In ‘Kyoho,’ heavy 

pruning was associated with excessive economic losses caused by poor fruit quality, such as delayed coloring and reduced 

sugar content. In this context, the different characteristics between the 3 cm treatment on plants grown in Gyeongsan and 

Sangju can be attributed to the poor tree strength in the corresponding group in Gyeongsan (Song and Ko, 1999).

The cluster weight of the 5 cm treatment group was similar between Gyeongsan (981.4 g) and Sangju (958.2 g), but the 
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SSC was 15.4°Brix and 18.5°Brix, and the berry weight was 13.7 and 15.8 g, respectively, being significantly lower in 

Gyeongsan, which can also be attributed to the poor tree strength. However, the tendency of berries located lower in the 

cluster to have a lower SSC than upper berries was also evident in Gyeongsan (Table 4).

The longer the length of the flower cluster, the more excessive the cluster weight was, and the sugar level tended to 

decrease slightly. In particular, it is thought that the difference in the SSC between berries of the top and tip will increase 

as the cluster weight increases, making it difficult to produce uniform-quality grapes.

In summary, prior to the PGR treatments and floral cluster thinning, the consumer's preference should be identified first, 

and high-quality grapes should be produced by a 3 or 4 cm floral cluster thinning. For producing 100% seedlessness 

grapes, it is advantageous to treat with SM 7 days before blooming. In addition, if the secondary treatment is not 

performed, the berry size does not increase properly, which makes the product less commercially viable. Comparing 

CPPU to TDZ, the TDZ treatment was more effective for increasing berry size, which greatly increases the berry weight 

and cluster weight, but results in a lower SSC. To obtain large-sized berries by TDZ treatment, it is thought that quality 

fruit can be produced by adjusting the length of the remaining flower cluster to 2.0 - 2.5 cm and the number of target 

berries to lower than 30.

Literature Cited

Awad MA, De Jager A, Dekker M, Jongen WMF (2001) Formation of flavonoids and chlorogenic acid in apples as affected by crop load. 

Sci Hortic 91:227-237. doi:10.1016/S0304-4238(01)00266-7

Garcia-Pallas I, Val J, Blanco A (2001) The inhibition of flower bud differentiation in ‘Crimson Gold’ nectarine with GA3 as an alternative 

to hand thinning. Sci Hortic 90:265-278. doi:10.1016/S0304-4238(01)00229-1

Jung, CJ, Hur, YY, Moon, JS, Jung, S-M (2017) Pre-bloom application of gibberellin in ‘Tamnara’ grape increases γ-aminobutyric acid 

(GABA) production at full bloom. Hortic Environ Biotechnol 58:568-575. doi:10.1007/s13580-017-0062-z

Kim SJ, Park SJ, Koh SW, Jung SM, Hur YY, Nam JC, Park KS (2015) Laborsaving effect and fruit characteristics of grape ‘Campbell Early’ 

according to pedicel thinning. Korean J Plant Res 28:290-295. doi:10.7732/kjpr.2015.28.2.290

Kimura PH, Okamoto G, Hirano K (1996) Effects of gibberellic acid and streptomycin on pollen germination and ovule and seed 

development in ‘Muscat Baily A’. Am J Enol Vitic 47:152-156

Lee JC, Piao YL, Kim JK, Lee KS, Hwang YS (2003) Induction of seedlessness in ‘Kyoho’ and ‘Pione’ grapes (Vitis labruscana) with 

application of streptomycin, GA3, and thidiazuron. Korean J Hortic Sci Technol 44:87-91

Ömür-Özbek P, Dietrich AM (2008) Developing hexanal as an odor reference standard forsensory analysis of drinking water. Water 

Research 42:2598-2604. doi:10.1016/j.watres.2008.01.010

Park SJ, Kim JG, Jung SM, Noh JH, Hur YY, Park KS (2011) Influence of leaf number on berry quality of ‘Campbell Early’ grape. J 

Bio-Environ Control 20:211-215

Reynolds AG, Wardle DA, Zurowski C, Looney NE (1992) Phenylureas CPPU and thidiazuron affect yield components, fruit composition, 

and storage potential of four seedless grape selections. J Am Soc Hortic Sci 117:85-89. doi:10.21273/JASHS.117.1.85 

Shim SB, Kwon YH, Hong YP, Park HS (2007) Comparison of fruit quality and vegetative growth in ‘Kyoho’ grape by crop load and 

thinning. Korean J Hortic Sci Technol 25:383-389

Song GC, Ko KC (1999) Effects of pruning and debudding on the growth, nutrition and berry setting of Vitis labruscana B. cv. Kyoho. J 

Kor Soc Hortic Sci 40:221-224

Yamada M, Yamane H, Sato A, Hirakawa N, Iwanami H, Yoshinaga K, Ozawa T, Mitani N, Shiraishi M, et al. (2008) New grape cultivar 

‘Shine Muscat’. Bull Natl Fruit Tree Res Stn 7:21-38

Yoon JY, Choi GR, Park HW, Hong SP, Kim SY, Park KH (2018) Agriculture Outlook Information. KREI 2018(12, Fruits):10, KREI, Naju, 

Jeollanam-do, Republic of Korea


