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Summary 

Ten years old potted kumquat plants were sprayed 240 ppm streptomycin sulfate 7 days 

before flowering and then followed by GA3 20 ppm or CPPU 10 ppm treatment 7 days after 

flowering. Their fruit quality were investigated in beginning of mature stage in normal and off 

seasons. It was found that the percentage of seedlessness fruit reached 79-85% in both seasons 

and significantly higher than 11-22% of untreated control. In the distribution of seed number, it 

was shown that 65-66% fruits with 2 and 3 seeds, 8-21% fruits with 1 and 4 seed in untreated 

control. Whereas only 11-21% fruits with 1 seed was found in treatments of GA3 and CPPU in 

both seasons. For fruit quality, GA3 and CPPU improved fresh weight 2.5-3 g (23-25%) and 3 - 

4.1g (28-35%) respectively.  GA3 enhanced higher TSS than CPPU and untreated control in 

both seasons. Titrable acidity was lower in fruits of GA3 and CPPU treatments in normal season. 

 

 

Introduction 

Streptomycin was successfully used for seedlessness in grape (Fukunaga and Kurooka, 

1988; Pommer et al., 1996; Ishikawa et al., 1996; Tanarut et al., 2010) and pummelo (Kitajima 

et al., 2004). In the previous experiment (Promtong et al., 2014), it was found that streptomycin 

sulfate 240 ppm could induced 76% seedless fruits in oval kumquat, but fruit became smaller in 

14%.  
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Application of plant growth regulators for fruit enlargement was reported by many 

researchers, such as application of NAA in grape (Rizk-Alla et al., 2011) and mandarin 

(Greenberg et al., 2006; Stover et al., 2006), GA3 in sweet cherry (Silvija et al., 2012) and grape 

(Chen and Yang, 1989; Lin et al., 2009; Nampila et al., 2010), CPPU in pear (Shargal et al., 

2006), persimmon (Hasegawa et al., 1991), kiwifruit (Kim et al., 2006), blueberry (NeSmith, 

2002)and grape (Chen and Yang, 1989; Zabadal and Bukovac, 2006; Nampila et al., 2010), but 

it was fewer reports in oval kumquat. 

The purpose of this experiment tried to use GA3 and CPPU to improve fruit size and 

quality in seedlessness fruits after streptomycin sulfate pretreatment and to compare the 

difference between normal season and off season fruits. 

 

 

Material and Methods 

Plant materials 

This experiment was carried out at the Grape Center of Horticulture Experiment Station, 

National Chung Hsing University, Taichung, Taiwan. Ten-year-old healthy oval kumquat plants 

(grafted on sour orange) were grown in plastic containers (36 cm in diameter) with a 3 : l 

mixture of soil and peat moss media and strong vigor plants (110 cm in height) were selected for 

experiments. For normal season, shoot pruning was carried out on January 15, 2010. After 

having new shoots matured in late March, healthy and uniform shoots were selected for 

treatments. The off season experiment was conducted at Department of Horticulture in National 

Chung Hsing University. 11-year-old oval kumquat plants were used for experiment and shoot 

pruning was carried out on July 15, 2011. After new shoots matured in late August, healthy and 

uniform shoots were selected for treatments. 

Methods of experiment 

1. Streptomycin sulfate and PGRs treatments 

The completely randomized design (CRD) was used in this experiment with 2 treatments 

and 5 replications (potted plants). Twelve shoots with 10 uniform flower buds on each plant for 

this experiment. Streptomycin sulfate 240 ppm was applied to flower buds on April 1 of 2010 

and September 15 of 2011 (7 days before flowering) for normal season and off season, 

respectively. Flower buds sprayed distilled water only was used as the untreated control. 

Following treatment of GA3 20 ppm or CPPU 10 ppm was carried out on April 15 and 

September 15 (7 days after flowering) for normal season and off season, respectively. In both 

seasons, young fruits were thinning to remain10 fruits in treatment of each plant on the 37th 
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days after flowering. All fruits were harvested 150 days after flowering.  

2. Investigation of seed number 

Seed number was counted from 8 fruits per treatment in each plant (totally 40 fruits) and 

calculated the percentage of seedless fruit and seed number distribution.  

3. Fruit quality analysis 

1) Fresh weight of fruit 

Electronic weighing scale was used to weigh each fruit.  

2) Total soluble solids (TSS) of juice 

Determined by handheld tortuous account (Hand refractometer, ATAGO).  

3) Titratable acid (TA) of juice 

Eight fruits of same plant were mixed it’s juice for TA measurement. ATAGO FS-2 was 

used for the measurement of acidity. Juice was diluted by adding 9 ml distilled water into 1ml 

sampled juice, and titrated by using 0.1N NaOH, then calculated as citric acid content. 

 

Results 

1. Normal season 

Effects of GA3 and CPPU after streptomycin sulfate pretreatment on seed number, it was 

found their normal and total seed number of fruit were significantly less than the untreated 

control, whereas more empty seed number was found in fruits of treatments. For the percentage 

of seedless fruit, it was shown that 79-84% was obtained in treatments of streptomycin sulfate 

and GA3 or CPPU, which was significantly higher than 11% of untreated control (Table 1).  

 

Table 1. Effects GA3 and CPPU after streptomycin sulfate pretreatment on seed number and 

percentage of seedless fruit in oval kumquat in normal season. 

zStreptomycin sulfate was treated on the 7th day before flowering, GA3 and CPPU were treated 

on the 7th day after flowering. Flowering time was April 8, 2010.  
yMeans within a column followed by the same letter are not significantly different by Duncan’s 

MRT at p < 0.05. 

Treatmentsz 
Seed number / fruit Seedless fruit 

(%) Normal Empty Total 

Untreated control 3.2ay 0.5b 3.7a 11.5b 

SM 240 ppm GA3 20 ppm 0.2b 1.1a 1.3b 84.6a 

SM 240 ppm  CPPU 10 ppm 0.5b 1.9a 2.4b 79.2a 
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In the distribution of seed number, result showed there were 65% fruits with 2 and 3 seeds, 

21% fruits with 1 and 4 seeds in untreated control, whereas only 15-21% fruits with 1 seed and 

79-84% seedless fruits was found in treatment of streptomycin and GA3, CPPU (Fig. 1). 

For effects of GA3 and CPPU after streptomycin sulfate pretreatment on fruit quality, it was 

found that GA3 and CPPU improved fruit weight 2.5 g and 3 g, respectively. It increased 

23-28% in relative ratio as compared with untreated control. The total soluble solids of juice in 

fruits of GA3 treatment were significantly higher than that in CPPU treatment and untreated 

control. For the titrable acidity, it was lower in fruits of GA3 and CPPU treatments (Table 2). 

2. Off season 

Effects of GA3 and CPPU after streptomycin sulfate pretreatment on normal seed and total 

seed number of fruit were similar to normal season. They were less than the untreated control, 

and had more empty seed in fruits. For the percentage of seedless fruit, it was found that 

81-85% was also obtained in treatments of GA3 and CPPU. Although it had higher percentage in 

22% as compared with normal season in untreated control, but it showed significantly lower 

percentage than that of treatments (Table 3). 

For the distribution of seed number in off season, it was found that 22% fruits was seedless 

in untreated control which was 11% higher, but 1 and 4 seeds was 13% lower than that in 

normal season. Fruit with 2 and 3 seeds was 66% which showed the same percentage as normal 

season. Whereas there was no fruit has more than 1 seed and only 15-19% fruits with 1 seed 

was found in treatments of GA3 and CPPU (Fig. 2). 

Fig. 1. Effects of GA3 and CPPU after streptomycin sulfate pretreatment on distribution of seed 

number in oval kumquat fruits in normal season. 
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Table 2. Effects of GA3 and CPPU after streptomycin sulfate pretreatment on fruit quality of 

oval kumquat in normal season. 

zStreptomycin sulfate was treated on the 7th day before flowering, GA3 and CPPU were treated    

on the 7th day after flowering. Flowering time was April 8, 2010.                                        
yMeans within a column followed by the same letter are not significantly different by Duncan’s 

MRT at p < 0.05. 
xRelative ratio to the untreated control. 

 

Table 3. Effects GA3 and CPPU after streptomycin sulfate pretreatment on seed number and  

percentage of seedless fruit in oval kumquat in off season. 

zStreptomycin sulfate was treated on the 7th day before flowering, GA3 and CPPU were treated 

on the 7th day after flowering. Flowering time was September 22, 2011.                                   
yMeans within a column followed by the same letter are not significantly different by Duncan’s 

MRT at p < 0.05. 

 

For the distribution of seed number in off season, it was found that 22% fruits was seedless 

in untreated control which was 11% higher, but 1 and 4 seeds was 13% lower than that in 

normal season. Fruit with 2 and 3 seeds was 66% which showed the same percentage as normal 

season. Whereas there was no fruit has more than 1 seed and only 15-19% fruits with 1 seed 

was found in treatments of GA3 and CPPU (Fig. 2). 

For the effect of GA3 and CPPU after streptomycin sulfate pretreatment on fruit quality, 

results were shown a similar trend as in normal season. GA3 and CPPU increased fruit weight 

Treatmentsz 
Fresh weight 

of fruit (g) 
Total soluble solids 

(oBrix) 
Titratable acidity

(mg/ 100 ml) 
Untreated control 10.6by(100)x 7.5b 1.8a 
SM 240 ppm  GA3 20 ppm  13.1a.(123) 8.2a 1.6b 
SM 240 ppm  CPPU 10 ppm 13.6ay(128) 7.7b 1.5b 

Treatmentsz 
Seed number / fruit Seedless fruit 

(%) Normal Empty Total 

Untreated control 3.0ay 0.9b 3.7a 22.4b 

SM 240 ppm GA3 20 ppm 0.3b 1.7a 2.0b 85.0a 

SM 240 ppm  CPPU 10 ppm 0.4b 1.7a 2.1b 81.0a 
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3g and 4.1g respectively, it increased 25-35% in relative ratio as compared with untreated 

control. The total soluble solids of juice in GA3 treatment was also significantly higher than that 

in CPPU treatment and untreated control. However, there was no significant difference in 

titrable acidity between GA3, CPPU treatments and untreated control (Table 4). 

 

Fig. 2. Effects of GA3 and CPPU after streptomycin sulfate pretreatment on distribution of seed 

number in oval kumquat fruits in off season. 

 

Table 4. Effects of GA3 and CPPU after streptomycin sulfate pretreatment on fruit quality of 

oval kumquat in off season. 

zStreptomycin sulfate was treated on the 7th day before flowering, GA3 and CPPU were treated 

on the 7th day after flowering. Flowering time was September 22, 2011.                                   
yMeans within a column followed by the same letter are not significantly different by Duncan’s 

MRT at p < 0.05.  
xRelative ratio to the untreated control. 

Treatmentsz 
Fresh weight 

of fruit (g) 
Total soluble solids

(oBrix) 
Titratable acidity

(mg/ 100 ml) 
Untreated control  11.6by (100)x 7.6b 1.6a 
SM 240 ppm  GA3 20 ppm 14.6ay (125) 8.6a 1.7a 
SM 240 ppm  CPPU 10 ppm 15.7ay (135) 7.7b 1.5a 
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Discussion 

Streptomycin sulfate induced about 100% seedless fruit in grapes (Fukunaga and Kurooka, 

1988; Pommer et al., 1996; Tanarut et al., 2010) and ‘Tosa Buntan’ pomelo (Kitajima et al., 

2004). In this experiment, streptomycin sulfate pretreatment and follow applied with GA3 or 

CPPU in oval kumquat resulted in producing a lower percentage of seedless fruit in 79-85%, but 

most of seeded fruits contained only 1 small seed. It was considered that there were high 

percentages in viable pollen and pollen germination after streptomycin sulfate treatment 

(Promtong et al., 2014). For the distribution of seed number in fruit, it was shown that the 

distribution of untreated control was different between normal season and off season (Wang and 

Yang, 1984). Whereas no difference was found in the distribution of seed number between GA3 

and CPPU treatment after streptomycin sulfate pretreatment in both seasons. This result implied 

that climatic change does not affect its distribution of seed number. 

For the fruit size, it was found that fresh weight decreased 15% after streptomycin sulfate 

240 ppm treatment in the previous experiment (Promtong et al., 2014). In this experiment, the 

following treatment of GA3 and CPPU improved 23-25% and 28-35% in normal season and off 

season, respectively. The enhancing effect of GA3 in cell enlargement was due to the increase in 

sink strength for accumulating nutrients (Lu et al., 1995; Taleb and Zahra, 2010; Zhenming et 

al., 2008). CPPU showed more effect in cell division and enlargement (Hamada et al., 2008).  

For the total soluble solids, GA3 treatment improved 0.5-1o Brix as compared with CPPU 

treatment and untreated control in both seasons because the sink strength of GA3 treated fruit 

became higher (Sarkar and Ghosh, 2005; Taleb and Zahra, 2010). For the titrable acidity, it was 

no significant difference between GA3, CPPU treatments and untreated control in off season, but 

the titrable acidity became lower after treatment of GA3 and CPPU in normal season. It seemed 

that GA3 and CPPU improved fruit maturity easily under warmer climate (Nkansah et al., 

2012). 
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GA3及 CPPU 對無子長實金柑 (Fortunella 

margarita Swingle)果實品質之影響 
 

 

石 巧 月 1)   李 金 龍 2)   楊 耀 祥 3) 
 

 

關鍵字：鏈黴素、種子數、果實大小 

 
摘要：本研究以 10 年生盆栽長實金柑植株為試驗材料，分別在正產期及非正產

期之開花前 7 日先以鏈黴素 (streptomycin sulfate) 240ppm 噴施花蕾誘導無子化，

再於花後 7 日以 GA320ppm 或 CPPU10ppm 處理幼果後，在果實開始成熟時調查

其對果實品質之影響。 

由試驗之結果發現，兩產期經鏈黴素及 GA3 或 CPPU 處理者的無子率可達

79-85%，顯著高於未處理對照組的 11-22%。在種子數的分布率，可知未處理的對

照組 65-66%的果實含有 2 個及 3 個種子，8-21%含有 1 個及 4 個種子。相對地在

GA3或 CPPU 處理者則僅有 11-21%的果實含有 1 個種子，其他為無子。在果實的

品質，GA3促進果實的鮮重增加 2.5-3g(23-25%)，CPPU 則促進 3-4.1g(28-35%)。

GA3在兩產期皆增加果實糖度，GA3及 CPPU 在正產期會促使果實酸度降低。 
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