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Abstract

Bloom thinning is an important practice that influences the profitability of the orchard. Hence, we 

assessed the effect of chemical bloom thinning on thinning efficiency and fruit quality of ‘RubyS’ 

apples. Lime sulfur was applied as a bloom thinning agent at 1, 1 + 3, and 2 + 4 days after full bloom 

(DAFB), and non-bloom thinning trees were used as controls. Compared to the control and bloom 

thinning treatments at 1 DAFB and 2 + 4 DAFB, the application of bloom thinning at 1 + 3 DAFB 

greatly decreased the number of fruits per cluster in both terminal and lateral flowers. Although the 

application of bloom thinning at 2 + 4 DAFB decreased the number of fruits per cluster in the 

terminal flower, it did not affect the number of fruits per cluster in the lateral flower when compared 

to the control. At harvest, the number of fruits per tree (fruits/ tree) and yield (kg/ tree) was significantly 

higher in control trees than in bloom-thinned trees. However, fruit quality attributes including fruit 

weight and size, flesh firmness, soluble solids content, area of red-blushed surface, and a* value in 

the fruit were significantly improved by bloom thinning at 1 + 3 DAFB. Therefore, this study 

suggested that applying bloom thinning at 1 + 3 DAFB could serve as an effective thinning 

treatment to manage crop load in trees and improve the quality of ‘RubyS’ apple fruits.

Additional key words: fruit color, fruit size, fruit weight, lateral flowers, terminal flowers

Introduction

Thinning practice of flowers (blooms) or fruits is one of the crop load management strategies used 

by growers in many commercial apple orchards (Dennis, 2000; Fallahi and Greene, 2010; Costa, 

2016) to improve fruit size, color, and quality (Link, 2000). Thinning of flowers or fruits in apple 

trees is conducted using manual, chemical, or mechanical thinning methods (Guak et al., 2009; 

Hehnen et al., 2012; Yoo et al., 2016; Lordan et al., 2018; Allen and Sherif, 2019). In Korea, many 

apple growers still use the hand thinning method for removal of flowers and fruitlets in trees, which 

might be due to a lack of information on the use of chemical or mechanical thinning methods, leading 
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to higher production costs (Chun et al., 2012). However, some researchers reported that the success of using post-bloom 

chemical fruit thinning depends on external factors, including weather conditions (Bayers and Carbaugh, 1991; Yuan, 

2007). Therefore, chemical bloom thinning would be an alternative to hand thinning in apple trees.

Numerous chemical bloom thinning treatments have been used to reduce the flower density in apple trees, including 

lime sulfur, octyl alcohol, ammonium thiosulfate (ATS), 1-naphthaleneacetic acid (NAA), and 6-benzyladenine (BA) 

(Stover et al., 2001; Stopar and Lokar, 2003; Yoo et al., 2016; Yoo et al., 2019; Fruk et al., 2017; Allen et al., 2021). 

Among them, positive effects were reported for lime sulfur in numerous apple cultivars (Bertschinger et al., 2000; Guak 

et al., 2004; McArtney et al., 2004; Stopar, 2004; Yoo et al., 2016; Yoo et al., 2019). Lime sulfur inhibits pollen 

germination and pollen tube growth in the pistil, thereby preventing fertilization (Schupp and Kon, 2019). However, lime 

sulfur can cause spur leaf damage and fruit russeting when applied under high temperature or suboptimal weather 

conditions (Schupp and Kon, 2019). Additionally, the effect of lime sulfur on apple bloom thinning was highly dependent 

on the concentration, time of application, flower density, and cultivar (Chun et al., 2012; Yoo et al., 2016; Yoo et al., 

2019; Allen et al., 2021).

‘RubyS’ (‘Alpsotome’ × ‘Sansa’) is a locally developed new apple cultivar (Kwon et al., 2019), which recently became 

popular in the apple market in Korea owing to its high sweetness. Hence, the production of increased yield with 

high-quality fruit is economically essential for this apple cultivar, and crop load management by chemical bloom thinning 

could be used to produce marketable quality fruits. However, as a new apple cultivar, the effect of bloom thinning by lime 

sulfur on the ‘RubyS’ apple has not yet been reported.

Therefore, this study aimed to assess the efficacy of lime sulfur as a bloom thinner on the removal of flowers in the 

‘RubyS’ apple tree. We also investigated the influence of bloom thinning on the yield and quality characteristics of the 

apple fruits at harvest.

Materials and Methods

Plant Materials and Experimental Field Conditions

The experiment was performed in a commercial orchard located in Yeongcheon, Korea. Five-year-old ‘RubyS’ apple 

trees, planted in the same soil and environmental conditions, were chosen for this experiment. The apple trees were 

grafted to M.9 rootstock planted with 3.0 × 1.5 m spacing in the experimental field. The experimental field was managed 

with standard agricultural practices and an integrated pest management system. Additionally, the trees were irrigated 

using a drip irrigation system and mulched with coarse bark chips. 

Bloom Thinning Treatments

In the experimental field, flowers fully bloomed on April 19, 2021. For bloom thinning, we used a solution of lime 

sulfur (120-fold dilution, 8.33 mL/L) (Be' 22, Hwangbuja, Enbio Co., Jecheon, Korea). We randomly selected a total of 

20 uniform trees. Then, the trees were divided into four groups, and five trees were included in one group. For the first 

group, the bloom thinning treatment was applied to trees only one time at 1 day after full bloom (DAFB) (April 20, 2021). 

For the second group, bloom thinning treatment was applied twice at 1 and 3 DAFB (1 + 3 DAFB; April 20 and 22, 2021). 
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For the third group, bloom thinning treatment was applied twice at 2 and 4 DAFB (2 + 4 DAFB; April 21 and 23, 2021). 

The fourth group was used as a non-bloom-thinning (control) group. All bloom thinning treatments were applied using a 

hand sprayer in the morning (around 9:00 a.m.).

Assessments of the Fruit Set Rate in Terminal and Lateral Flowers, Number of Fruits per Tree, 

and Yield

For the fruit set rate, the number of fruits per cluster in the terminal and lateral flower cluster was counted before and 

after the application (fruitlet stage) of lime sulfur. On August 18, 2021, fruits were harvested and immediately sent to the 

laboratory of the Apple Research Institute, Gunwi, Korea. The number of fruits per tree was counted at harvest time. After 

recording the number of fruits and yield, 10 uniform fruits per tree were randomly selected for evaluation of fruit quality 

attributes.

 

Assessments of Fruit Quality Attributes

Fruit weight was measured using a digital weight balance (AND Co., Daejeon, Korea), and the unit was expressed as 

grams. Fruit size (length and diameter) was measured using a digital caliper (CD-15APX, Mitutoyo Corp., Japan) and 

expressed in millimeters. For fruit coloration, the development of red-blushed surface area in each fruit peel was recorded 

as reported in Serra et al. (2016), and expressed as a percentage. Fruit peel color parameters (L*, a*, and b*) were 

measured at the reddest cheek area of individual fruit using a chromameter (CR-200, Konica Monilta, Japan). Flesh 

firmness (11-mm plunger) was measured at three places in the equatorial regions of each fruit using a digital penetrometer 

(Fruit firmness tester, TR Co., Italy), and expressed as newton (N). Soluble solids content (SSC) was measured on a juice 

sample (0.5 mL) of each fruit using a digital refractometer (PR-201α, Atago Co., Japan), and expressed as oBrix. 

Titratable acidity (TA) was measured by titrating the juice sample (5 mL) of each fruit using the reduction method of 

malic acid (pH 8.1), according to Win et al. (2019), and expressed as % of malic acid equivalent. For the starch pattern 

index (1‒8 score), each fruit was cut horizontally at the equatorial region, and the cutting slices were dipped into iodine 

solution by following a Cornell starch pattern index analysis method (Blanpied and Silsby, 1992).

Statistical Analysis

The SPSS statistical software program was used for all analyzes (Version 25, IBM SPSS Corp., NY, USA). The data 

were subjected to analysis of variance, and the mean differences in the treatments were separated using Duncan’s multiple 

range test at a significance level of p < 0.05. 

Results and Discussion

Effect of Bloom Thinning on the Fruit Set Rate

In all bloom thinning treatments, the application of lime sulfur at 1 + 3 DAFB was the most effective thinning treatment 

for the ‘RubyS’ apple tree (Table 1). The number of fruits per cluster in terminal flowers was significantly decreased by 
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bloom thinning at 1 + 3 DAFB (1.69), compared to the control (3.07), bloom thinning at 1 DAFB (2.69), and bloom 

thinning at 2 + 4 DAFB (2.48). In lateral flowers, the number of fruits/ cluster was also decreased by bloom thinning at 1 

+ 3 DAFB (0.89), compared with the control (1.72), bloom thinning at 1 DAFB (1.16) and bloom thinning at 2 + 4 DAFB 

(1.39). However, the application of bloom thinning at 2 + 4 DAFB decreased only the number of fruits/ cluster in terminal 

flowers, but not in lateral flowers, compared to the control. Additionally, the number of fruits/ cluster in terminal and 

lateral flowers was not different between the bloom thinning treatments of 1 DAFB and 2 + 4 DAFB (Table 1).

The application timing of thinning in apple trees is important to achieve the optimum result (Jones et al., 1992; Dennis, 

2000; Guak et al., 2004), and the earlier thinning time was more effective than the later thinning time (Bayers and 

Carbaugh, 2002; Allen et al., 2021). In general, lime sulfur thins flowers by inhibiting pollen germination, pollen tube 

growth, and fertilization (Peck et al., 2017; Schupp and Kon, 2019). Inconsistent bloom thinning responses may be 

attributed to application timing since pollen tubes can reach the base of the style within 48 hours (Yoder et al., 2009). 

Thus, delaying application by one or two days can result in failure of the bloom thinner treatment because the treatment 

would have little or no effect on fertilization and fruit set of earlier pollinated flowers (Yoder et al., 2009; Yoder et al., 

2013; Peck et al., 2016; Peck et al., 2017). However, the growth rate of pollen tubes may vary by cultivar and temperature 

(Yoder et al., 2009; Yoder et al., 2013). Therefore, determining the optimum application timing is critical for successful 

bloom thinning practices. Additionally, Yoo et al., (2016) reported that two applications of lime sulfur had a greater effect 

on thinning in terminal flowers, lateral flowers, and reduction of the fruit set rate than a single application. A similar result 

was observed in the double application of lime sulfur at 1 + 3 DAFB, compared to a single application at 1 DAFB and the 

control. Previous studies reported that two lime sulfur applications are typically needed for apple bloom thinning 

(Schmidt et al., 2011; Allen and Sherif, 2019; Allen et al., 2021). However, no consistent effect was observed in various 

application timings with lime sulfur in ‘Hongro’ and ‘Fuji’ apples (Chun et al., 2012). The double application of lime 

sulfur at 2 + 4 DAFB was less effective than double application at 1 + 3 DAFB, which might be due to the timing of the 

application as discussed above. 

Effect of Bloom Thinning on the Number of Fruits per Tree, Yield, Fruit Weight, and Fruit Size 

The number of fruits per tree was significantly higher in control trees than in bloom-thinned trees at harvest (Table 2). 

Additionally, the yield (kg per tree) was also higher in control trees than in bloom-thinned trees. However, the number of 

fruits per tree and yield were not significantly different among the bloom thinning treatments. Fruit weight was 

significantly increased in the 1 + 3 DAFB and 2 + 4 DAFB treatments compared with the control. However, fruit weight 

Table 1. Effect of bloom thinning on the fruit set rate of the terminal and lateral flower cluster of ‘RubyS’ apples

Thinning treatments Terminal Fruits per cluster Lateral Fruits per cluster 

Non-bloom thinning (control) 3.07 ± 0.18z ay 1.72 ± 0.51 a

Bloom thinning (1 DAFB) 2.69 ± 0.51 ab 1.16 ± 0.07 a

Bloom thinning (1 + 3 DAFB) 1.69 ± 0.28 c 0.89 ± 0.08 b

Bloom thinning (2 + 4 DAFB) 2.48 ± 0.23 b 1.39 ± 0.11 a

zThe data are expressed as mean ± standard error (n = 5). (*Flowers per cluster are counted in the 5 individual trees).
yMeans within a column are separated using Duncan’s multiple range test at p < 0.05. 

DAFB: Days after full bloom.
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was not significantly different between the control and 1 DAFB treatment. The increase in fruit size depends on fruit 

length and diameter. Fruit length was highest in fruits from trees treated at 1 + 3 DAFB, and fruit diameter was highest in 

fruits from trees treated at 2 + 4 DAFB. However, the ratio of fruit length per diameter (L/D ratio) was not significantly 

different among the treatments (Table 2). The reduction of fruits per tree (crop load) in bloom-thinned trees is due to the 

lime sulfur-induced reduction in the number of fruits within each fruiting cluster. Similar results were also reported in 

previous studies (Yoder et al., 2013; Peck et al., 2017). Additionally, a recent study reported significantly larger fruit 

weight and size in bloom-thinned trees at harvest, along with a lower yield and number fruits per tree, compared with 

untreated trees (Allen et al., 2021). The increase in fruit weight in bloom-thinned trees due to reduced inter-fruit 

competition in each flower cluster (Shin et al., 2019; Stover et al., 2001; Kamiab et al., 2020). Additionally, a significant 

increase in fruit weight by lime sulfur application was also reported in ‘Gamhong’ apple (Yoo et al., 2016; Yoo et al., 

2019). Similar results were also observed in this study, especially for the fruits from trees in the 1 + 3 DAFB treatment. 

Effect of Bloom Thinning on the Fruit Quality

Flesh firmness was significantly higher in fruits from trees of the 1 + 3 DAFB treatment than in fruits from control trees 

(Table 3). However, flesh firmness was not significantly different in fruits among the bloom thinning treatments. 

Additionally, flesh firmness was not significantly different in fruits from control trees and fruits from trees treated at 1 

DAFB and 2 + 4 DAFB. The SSC was significantly higher in fruits from trees treated at 1 DAFB and 1 + 3 DAFB, 

compared with fruits from control trees. However, the SSC in fruits from trees treated at 2 + 4 days DAFB was not 

significantly different from that in other treatments (Table 3). In fruits from all treatments, the TA, SSC/TA ratio, and 

starch index were not significantly different (Table 3).

Flesh firmness is an indicator of fruit hardness, and it is used to measure the stage of fruit maturity (Harker et al., 2008). 

Also, SSC and TA are important for taste, and contribute to the sweetness of the fruit. Additionally, Harker et al. (2008) 

Table 2. Effect of bloom thinning on the number of fruits per tree, yield (kg per tree), fruit weight, and fruit size of ‘RubyS’ 
apples

Thinning treatments
Number of 

fruits per tree

Yield 

(kg per tree)

Fruit weight

(g)

Fruit size (mm)

Length (L) Diameter (D) L/D ratio

Non-bloom thinning 

(control)
365.00 ± 33.00z ax 19.27 ± 2.77z a 52.95 ± 1.69y c 46.23 ± 0.66y b 49.92 ± 0.84y c 0.92 ± 0.01y a

Bloom thinning

(1 DAFB)
211.00 ± 4.00 b 11.95 ± 0.36 b 56.35 ± 2.24 bc 46.38 ± 0.86 ab 51.23 ± 0.34 bc 0.91 ± 0.01 a

Bloom thinning

(1 + 3 DAFB)
190.00 ± 29.26 b 11.60 ± 1.64 b 62.42 ± 1.08 a 48.70 ± 0.35 a 52.69 ± 0.46 ab 0.92 ± 0.00 a

Bloom thinning

(2 + 4 DAFB)
224.00 ± 25.54 b 13.88 ± 1.48 b 61.02 ± 1.56 ab 48.06 ± 0.80 ab 53.03 ± 0.28 a 0.91 ± 0.01 a

zThe data (within a column) are expressed as mean ± standard error (n = 5). (*Number of fruits per tree and yield are counted in the 5 individual 

trees).
yThe data (within a column) are expressed as mean ± standard error (n = 50). (*Fruit weight and size are measured in the 10 individual fruits 

per tree).
xMeans within a column are separated using Duncan’s multiple range test at p < 0.05. 

DAFB: Days after full bloom.
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reported that SSC and firmness are economically important parameters in the marketplaces that determine the quality of 

fruits and consumer acceptability. Moreover, the improvement of fruit quality attributes is related to the application time 

of bloom thinning treatments. The bloom thinning treatment applied at nearly full bloom improved quality attributes more 

than bloom thinning applied at a later time (Tromp, 2000; Bayers and Carbaugh, 2002). A similar improvement of quality 

attributes in fruits from the 1 + 3 DAFB treatment were observed in our study. However, non-significant changes in 

quality attributes were observed in ‘Fuji’ apples treated with lime sulfur at various application times (Chun et al., 2012). 

Therefore, the effects of bloom thinning with lime sulfur on fruit quality attributes could vary by the cultivar used. The 

starch index is used to evaluate apple fruit maturity, and to estimate the harvest window (Blanpied and Silsby, 1992; 

Doerflinger et al., 2015). In this study, the starch index score of fruits from trees treated at 1 + 3 DAFB was significantly 

lower than that in fruits from control trees. Therefore, the higher starch index score in fruits from control trees indicated 

that starch degradation to sugar was increased in control fruit, leading to faster fruit maturity.

Effect of Bloom Thinning on the Fruit Coloration

Fruit color is important for consumer preference and poor-colored fruits have lower market value. Hence, we measured 

the area of the red-blushed surface and other color parameters (L*, a*, and b*) in fruit at harvest (Table 4). The area of the 

red-blushed surface in the fruit peel was significantly enhanced by bloom thinning treatments, especially for fruits from 

trees treated at 1 DAFB and 1 + 3 DAFB, compared with fruits from control trees. Similar results were also observed in 

the fruit peel a*. However, the area of red-blushed surface and a* in fruits were not significantly different between the 2 

+ 4 DAFB treatment and the control. Interestingly, L* and b* were substantially higher in fruits from control trees than in 

fruits from trees treated at 1 DAFB and 1 + 3 DAFB. However, L* and b* were not significantly different between fruits 

from control trees and trees treated at 2 + 4 DAFB (Table 4). 

In apples, fruit peel color enhancement is strongly associated with the amount of light exposure to fruit (Takos et al., 

2006; He and Giusti, 2010). Robinson and Lopez (2009) reported that fruit color could decrease in fruits from trees with 

a high number of fruits per tree. In this study, a significantly higher number of fruits per tree was observed in control trees, 

which thereby affected fruit peel color. However, a* in ‘Fuji’ apple was not significantly enhanced by bloom thinning 

with lime sulfur (Yoo et al., 2019). Additionally, the L* and b* values were higher in ‘Fuji’ but lower in ‘Hongro’ apple 

fruits from untreated trees compared with fruits from bloom-thinned trees (Chun et al., 2012). However, in this study, 

higher values of L* and b*, and lower values of a* were observed in fruits from control trees. Therefore, the development 

Table 3. Effect of bloom thinning on flesh firmness, soluble solids content (SSC), titratable acidity (TA), SSC/TA ratio, and 
starch index of ‘RubyS’ apples

Thinning treatments Flesh firmness (N) SSC (°Brix) TA (%) SSC/TA ratio Starch index (1‒8)

Non-bloom thinning (control) 90.85 ± 1.42z by 13.66 ± 0.04 b 0.54 ± 0.03 a 25.45 ± 1.42 a 6.67 ± 0.17 a

Lime sulfur (1 DAFB) 95.80 ± 0.77 ab 14.20 ± 0.22 a 0.53 ± 0.03 a 26.81 ± 1.74 a 6.33 ± 0.17 ab

Lime sulfur (1 + 3 DAFB) 97.62 ± 2.53 a 14.42 ± 0.18 a 0.58 ± 0.01 a 24.75 ± 0.63 a 6.00 ± 0.29 b

Lime sulfur (2 + 4 DAFB) 94.42 ± 1.94 ab 14.04 ± 0.06 ab 0.63 ± 0.06 a 22.68 ± 2.50 a 6.17 ± 0.17 ab

zThe data are expressed as mean ± standard error (n = 50). 
yMeans within a column are separated using Duncan’s multiple range test at p < 0.05.

DAFB: Days after full bloom.
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of fruit peel color could depend on the cultivar used. But, for the ‘RubyS’ cultivar, red pigmentation could be enhanced 

by bloom thinning treatment, mainly when applied at 1 + 3 DAFB.

In conclusion, bloom thinning of apple trees with lime sulfur decreased the fruit set rate of the terminal and lateral 

flowers in the tree. Although the application of lime sulfur reduced the number of fruits per tree and fruit yield, it produced 

higher quality fruits. However, the effect of lime sulfur depends on the timing of application. Among the different 

treatments used in this study, the application of lime sulfur at 1 + 3 DAFB was the most effective bloom thinning treatment 

for managing crop load in the tree and improving fruit size and weight, flesh firmness, SSC, and fruit peel color of 

‘RubyS’ apples. 

Literature Cited

Allen WC, Kon T, Sherif SM (2021) Evaluation of blossom thinning spray timing strategies in apple. Horticulturae 7:308. doi:10.3390/hor

ticulturae7090308

Allen WC, Sherif SM (2019) Chemical blossom thinning in Virginia apple orchards. V A Coop Ext Bul, 1-2. Available via https://ext.vt.edu/

content/dam/pubs_ext_vt_edu/spes/spes-110/SPES-110.pdf Accessed 11 February 2019

Bayers RE, Carbaugh DH (1991) Effect of chemical thinning sprays on apple fruit set. J Am Soc Hortic Sci 1: 41-48. doi:10.21273/HORTTE

CH.1.1.41

Bayers RE, Carbaugh DH (2002) Effects of thinning time on yield, fruit size, and return bloom of ‘York’ and ‘Golden Delicious’ apple trees. 

J Tree Fruit Produc 3:55-63. doi:10.1300/J072v03n01_05

Bertschinger L, Weibel F, Stadtler W, Schmid A, Hohn H, Evequoz C, Pfammatter W (2000) Thinning procedures for regulating apple fruit 

quality and yield. Pro 13th Int IFIAM SCI Conf, Basel, Switzerland, pp 28-31

Blanpied GD, Silsby KJ (1992) Predicting harvest date window for apples. Cornell Coop Ext 221:1-12. Available via https://ecommons.cor

nell.edu/handle/1813/3299. Assessed July 1992

Chun IJ, Zheng WW, Choi C, Song YY, Kwang IK, Hirst P (2012) Multiple application of lime sulfur for fruit thinning of ‘Fuji’ and ‘Hongro’ 

apple trees. J Bio-Environ Control 21:445-451. doi:10.12791/KSBEC.2012.21.4.445

Costa G (2016) Two decades of activity of the ‘Fruit Chemical Thinning’ working group of the EUFRIN network. Acta Hortic 1138:1-7. 

doi:10.17660/ActaHortic.2016.1138.1

Dennis FGJ (2000) The history of fruit thinning. Plant Growth Regul 31:1-16. doi:10.1023/A:1006330009160

Doerflinger FC, Miller WB, Nock JF, Watkins CB (2015) Relationship between starch pattern indices and starch concentrations in the four 

apple cultivars. Postharv Biol Technol 110:86-95. doi:10.1016/j.postharvbio.2015.07.012

Fallahi E, Greene DW (2010) The impact of blossom and postbloom thinners on fruit set and fruit quality in apples and stone fruits. Acta 

Hortic 884:179-187. doi:10.17660/ActaHortic.2010.884.20

Fruk M, Vukovic M, Jatoi MA, Fruk G, Buhin J, Jemric T (2017) Timing and rates of NAA as blossom and fruitlet chemical thinner of apple 

cv. Braeburn. Emirates J Food Agric 29:156-162. doi:10.9755/ejfa.2016-07-910

Guak S, Kim EJ, Kook JR, Choi DG (2009) MaxCel® as a postbloom thinner for ‘Hongro’ and ‘Fuji’ apples. Hortic Environ Biotechnol 

50:181-187

Table 4. Effect of bloom thinning on the red-blushed surface area and fruit peel color (L*, a*, and b*) of ‘RubyS’ apples

Thinning treatments Red-blushed surface (%)
Fruit peel color

L* a* b*

Non-bloom thinning (control) 61.00 ± 6.24z by 50.51 ± 3.84 a 12.21 ± 4.52 b 19.86 ± 1.61 a

Bloom thinning (1 DAFB) 74.00 ± 4.62 a 42.33 ± 1.54 b 23.55 ± 1.11 a 16.38 ± 0.63 b

Bloom thinning (1 + 3 DAFB) 75.33 ± 1.76 a 41.61 ± 1.03 b 23.02 ± 1.31 a 16.20 ± 0.49 b

Bloom thinning (2 + 4 DAFB) 69.67 ± 3.48 ab 46.57 ± 1.87 a 17.49 ± 1.72 b 18.29 ± 0.81 ab

zThe data are expressed as mean ± standard error (n = 50).
yMeans within a column are separated using Duncan’s multiple range test at p < 0.05. 

DAFB: Days after full bloom.



260 Horticultural Science and Technology

Effects of Bloom Thinning with Lime Sulfur on Fruit Set, Yield, and Fruit Quality Attributes of ‘RubyS’ Apples

Guak S, Looney NE, Beulah M (2004) Thinning of Fuji and Gala apple with lime sulfur and other chemicals. Acta Hortic 636:339-346. 

doi:10.17660/ActaHortic.2004.636.41

Harker FR, Kupferman EM, Marin AB, Gunson FA, Triggs CM (2008) Eating quality standards for apples based on preferences. Postharv 

Biol Technol 50:70-78. doi:10.1016/j.postharvbio.2008.03.020

He J, Giusti MM (2010) Anthocyanin: natural colorants with health-promoting properties. Annu Rev Food Sci Technol 1:163-187. 

doi:10.1146/annurev.food.080708.100754

Hehnen D, Hanrahan I, Lewis K, McFerson J, Blanke M (2012) Mechanical flower thinning improves fruit quality of apples and promotes 

consistent bearing. Sci Hortic 134:241-244. doi:10.1016/j.scienta.2011.11.011

Jones KM, Bound SA, Oakford MJ (1992) Identifying the optimum thinning time for ‘Red Fuji’ apples. J Hortic Sci 67:685-694. doi:10.108

0/00221589.1992.11516299

Kamiab F, Rasouli P, ZamaniBahramabadi E (2020) Application of some bloom thinning techniques to overcome alternate bearing in 

pistachio (Pistaciavera L.). Hortic Environ Biotechnol 61:31-39. doi:10.1007/s13580-019-00187-9

Kwon SI, Kim JH, Kim SA, Kwon YS, Lee J (2019) ‘RubyS’, a small apple. HortScience 54:2067-2069. doi:10.21273/HORTSCI14003-19

Link H (2000) Significance of flower and fruit thinning on fruit quality. Plant Growth Regul 31:17-26. doi:10.1023/A:1006334110068

Lordan J, Alins G, Avila G, Torres E, Carbo J, Bonany J, Alegre S (2018) Screening of eco-friendly thinning agents and adjusting 

mechanical thinning on ‘Gala’, ‘Golden Delicious’ and ‘Fuji’ apple trees. Sci Hortic 239:141-155. doi:10.1016/j.scienta.2018.05.027

McArtney S, White M, Latter I, Campbell J (2004) Individual and combined effects of shading and thinning chemicals on abscission and 

dry-matter accumulation of ‘Royal Gala’ apple fruit. J Hortic Sci Biotechnol 79:441-448. doi:10.1080/14620316.2004.11511787

Peck GM, Combs LD, Delong CN, Yoder KS (2016) Precision apple flower thinning using organically approved chemicals. Acta Hortic 

1137:47-52. doi:10.17660/ActaHortic.2016.1137.7

Peck GM, Delong CN, Combs LD, Yoder KS (2017) Managing apple crop load and diseases with bloom thinning applications in an 

organically managed ‘Honeycrisp’/MM.111’ orchard. HortScience 52:377-381. doi:10.21273/HORTSCI11412-16

Robinson TL, Lopez S (2009) Crop load and nutrition affect Honeycrisp apple quality. NY Fruit Q 17:24-28

Schmidt TR, Auvil TD, Castillo HF, McFerson JR (2011) Crop load management of tree fruits in the Pacific Northwest of USA. Acta Hortic 

903:759-766. doi:10.17660/ActaHortic.2011.903.105

Schupp JR, Kon TM (2019) Apple crop load management: Blossom thinning apples with lime sulfur. Penn State Coop Ext Bul ART-770:1-8. 

Available via https://extension.psu.edu/apple-crop-load-management-blossom-thinning-apples-with-lime-sulfur. Accessed 26 

March 2019

Serra S, Leisso R, Giordani L, Kalcsits L, Musacchi S (2016) Crop load influences fruit quality, nutritional balance, and return bloom in 

‘Honeycrisp’ apple. HortScience 51:236-244. doi:10.21273/HORTSCI.51.3.236

Shin HW, Kim GH, Choi C (2019) Effects of plant growth regulators and floral cluster thinning on fruit quality of ‘Shine Muscat’ grape. 

Hortic Sci Technol 37:678-686. doi:10.7235/HORT.20190068

Stopar M (2004) Thinning of flowers-fruitlets in organic apple production. J Fruit Ornam Plant Res 12:77-83

Stopar M, Lokar V (2003) The effect of ethephon, NAA, BA and their combinations on thinning intensity of ‘Summerred’ apples. J Central 

Euro Agric 4:399-404

Stover E, Fargione M, Risio R, Yang X, Robinson T (2001) Fruit weight, crop load, and return bloom of ‘Empire’ apple following thinning 

with 6-Benzyladenine and NAA at several physiological stages. HortScience 36:1077-1081. doi:10.21273/HORTSCI.36.3.1077

Takos AM, Jaffe FW, Jacob SR, Bogs J, Robinsoon SP, Walker AR (2006) Light-induced expression of a MYB gene regulates anthocyanin 

biosynthesis in red apples. Plant Physiol 142:1216-1232. doi:10.1104/pp.106.088104

Tromp J (2000) Flower-bud formation in pome fruits as affected by fruit thinning. Plant Growth Regul 31:27-34. doi:10.1023/A:100634

2328724

Win NM, Yoo J, Kwon SI, Watkins CB, Kang IK (2019) Characterization of fruit quality attributes and cell wall metabolism in 1-methylcyclo

propene (1-MCP)-treated ‘Summer King’ and ‘Green Ball’ apples during cold storage. Front Plant Sci 10:1513. doi:10.3389/fpls.201

9.01513

Yoder KS, Peck GM, Combs LD, Byers RE (2013) Using a pollen tube growth model to improve bloom thinning for organic production. 

Acta Hortic 1001:207-214. doi:10.17660/ActaHortic.2013.1001.23

Yoder KS, Yuan R, Combs LD, Byers RE, McFerson JR, Schmidt TR (2009) Effects of temperature and the combination of liquid lime sulfur 

and fish oil on pollen germination, pollen tube growth, and fruit set in apples. HortScience 44:1277-1283. doi:10.21273/HORTSCI.4

4.5.1277

Yoo J, Kang BK, Kim DH, Lee J, Lee DH, Kweon HJ, Choi IM, Jung HY, Choung MG, et al. (2016) Effect of flower and fruit thinner on fruit 

set and fruit quality of ‘Gamhong’ apples. Korean J Hortic Sci Technol 34:24-31. doi:10.12972/kjhst.20160006

Yoo J, Kwon JG, Cho YJ, Jung HY, Kim WS, Kang IK (2019) Effects of octyl alcohol treatments on fruit set and fruit quality attributes in 

‘Fuji’ apples. Hortic Sci Technol 37:455-462. doi:10.7235/HORT.20190046

Yuan R (2007) Effects of temperature on fruit thinning with ethephon in ‘Golden Delicious’ apples. Sci Hortic 113:8-12. doi:10.1016/j.sci

enta.2007.01.005


