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 Star Ruby is the main grapefruit (Citrus paradisi) variety grown in Turkey; however, 

small fruit size is a common problem in ‘Star Ruby’ grapefruit. Fruit size is a decisive 

external quality parameter in citrus at the marketing of fresh citrus fruits. Fruit size can be 

enhanced by several techniques such as girdling and thinning. Various plant growth 

regulators are known to affect the growth and size of citrus fruit. The objective of the 

present study was to observe the effects of 2,4 dichlorophenoxypropionic acid-p (2,4-DP-

P) on the fruit size, yield and quality of Star Ruby from 20-year-old trees budded on sour 

orange rootstock in Adana, Turkey in 2007. Four concentrations (50, 100, 150 and 300 

ppm) of 2,4-DP-P were applied 8 weeks after anthesis during physiological fruit drop 

when the mean fruit diameter was 13-15 mm. The results indicated that the application of 

2,4-DP-P increased the fruit size of Star Ruby grapefruit without reducing yield. The 

application had a significant effect on fruit yield except for trees treated with 50 ppm 2,4-

DP-P. Compared with the control trees, applications of 2,4-DP-P increased the number of 

large, commercially valuable Star Ruby (>93 mm, 89-93 mm and 84-89 mm). No effects 

were determined on fruit internal quality parameters. Thus, the results of the present 

study revealed that 2,4-DP-P can be used to improve the fruit size of Star Ruby fruitlets 

during the June drop. 
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Introduction 

Citrus growing areas of Turkey are situated in the 

northern hemisphere of the citrus belt and Turkey has 

very suitable ecological conditions and potential for citrus 

production where 4.293.007 t of citrus fruit were 

produced in 2016 (TUIK, 2017). The east Mediterranean 

Region pro-duces 80% of Turkey’s total citrus fruit and 

99% of the grapefruit. For instance, Turkey produced 

253.120 t of grapefruit in 2016 (TUIK, 2017) and 

exported 183.329 t of this production quantity in the same 

year (AKIB, 2017). The main grapefruit (Citrus paradisi) 

variety grown in Turkey is the ‘Star Ruby’ cultivar. In 

recent years, there has been a large increase in the 

exportation of citrus fruits, especially grapefruit. The 

planting of the ‘Star Ruby’ grapefruit has been extended 

in regions of Turkey that are already developed in terms 

of citriculture. The ‘Star Ruby’ grapefruit is desirable due 

to characteristics such as seed lessness, shape, smooth 

rind, colour and taste. However, small fruit size is a 

common problem in ‘Star Ruby’ grapefruit, especially in 

the older trees of Star Ruby. Moreover, small fruit size is 

the main factors limiting the sales of Star Ruby grapefruit; 

thus, large fruit brings higher prices in the export market 

(Yıldırım et al., 2010; 2012).  

Consumers prefer large fruits; thus, there is a 

significant price difference between large and small fruits 

(Agusti et al., 1994; Guardiola and Garcia Luis 2000; 

Erner et al., 2004). In terms of determining profitability, 

fruit size in citrus fruit has become as important as the 

yield. This phenomenon is readily apparent for small 

mandarin fruits, as well as lemons, sweet oranges and 

large grapefruit species (Guardiola and Garcia Luis, 

2000). Fruit size is affected by many factors including 

irrigation management, soil type, rootstock and ecological 

variables, which can-not be controlled by the producer. 
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Moreover, fruit size is inversely proportional to yield and 

fruit number (Guardiola 1997). The availability of 

carbohydrates (increases fruit size), flower intensity 

(decreases fruit size), competition between 

flowers/fruitlets (decreases fruit size) and abiotic stresses 

(decrease fruit size) are the most important factors 

affecting the final fruit size of citrus fruits (Agusti et al., 

1995; Goldschmidt and Koch et al., 1996; El-Otmani et 

al., 2000) 

Synthetic auxins can be applied to increase fruit size 

(Wheaton, 1981; Gallasch, 1988) Applying synthetic 

auxins during the cell division stage of fruit development 

significantly reduces the number of fruits and increases 

the final fruit size by reducing the competition for 

carbohydrates between fruitlets (Agusti et al., 1995). 

Synthetic auxins such as 2,4-dichlorophenoxyacetic acid 

(2,4-D), 2,4,5-trichlorophenoxy acetic acid (2,4,5-T), 

naphthalene acetic acid (NAA) and 2,4 

dichlorophenoxypropionic acid (2,4-DP) have been 

shown to increase fruit size (Guardiola et al., 1988; El-

Otmani et al., 1993; Agusti et al., 1994). Studies made by 

Laskowski et al. (2008) demonstrated a strong correlation 

of higher endogenous Indole acetic acid (IAA) content 

with the growth rate in the Salustiana orange during early 

fruit development.  

In this study, the effects of 2,4-DP-P on fruit size and 

yield of Star Ruby grapefruit cultivar was investigated. 

 

Materials and Methods 

 

Trees and Treatments 

The experiments were conducted on 20-year-old Star 

Ruby grapefruit trees planted on sour orange rootstock at 

8 m × 8 m intervals at the Research Station of Çukurova 

University, Agricultural Faculty Citrus Experiment 

Station, Adana (latitude, 35°23' N; longitude, 36°50'E; 

altitude 27 m) in 2007. The trees were managed and 

selected for uniformity and crop load. In the experimental 

area, the soil was a clay loam (55% clay, 22% silt and 

23% sand containing 11% CaCO3), and the soil pH was 

between 7.20 and 7.29 at a depth of 0–90 cm. The trial 

was organized in a randomized complete block design 

with nine replicates for each treatment.  The trees were 

pruned regularly and irrigated weekly from May to 

October. Pest populations were controlled with a 

recommended pest management program. 2,4-DP-P (25 g 

of dichlorophenoxypropionic acid-p per L) was applied to 

the entire tree at concentrations of 50, 100, 150 and 300 

ppm. At the time of application, the diameters of 125 

randomly selected fruitlets were measured. Treatments 

were performed 8 weeks after anthesis during 

physiological fruit drop, when the mean fruit diameter 

was 13-15 mm. Treatments were applied with a high-

pressure handgun sprayer to the entire tree, and each tree 

received 10 L of the 2,4-DP-P solution, depending on the 

size of the tree. 

 

Fruit Yield and Size 

The fruit was harvested in 2007 at the optimal harvest 

time (in December). The yield per tree (kg/tree) was 

obtained by weighing the harvested fruit. Tree height and 

canopy diameter in the two tree directions (to obtain the 

average diameter) were measured after harvesting. 

Canopy volume (CV) was calculated according to the 

equation reported by Turrell (1946) as follow: CV = 

0.5248 × canopy height x canopy diameter. In addition, 

scion trunk circumferences were measured 10 cm above 

the bud union. The scion trunk circumferences were 

converted into trunk cross-sectional area (TCSA). Yield 

efficiency was estimated as the ratio of fruit yield to 

canopy volume (kg/m3) and trunk cross sectional unit area 

(kg/cm2). A random sample of 25 fruits from each tree 

was collected to analyse for fruit quality. In addition, 

fruits from each of the plots were weighed to determine 

the average fruit size. The fruit was sized at the equatorial 

diameter and graded according to the following 

commercial size classes:  93 mm (class 1), 89 - 93 mm 

(class 2), 84 - 89 mm (class 3), 80 - 84 mm (class 4) and, 

< 80 mm (class 5). 

To determine the fruit retention rate and June drop, the 

number of flowers, fruitlets and fruits were recorded 

during full blossom, fruitlet abscission (a couple of weeks 

after bloom), the June drop and pre-harvest drop. The 

observations were made on four randomly selected 

branches from the four quadrants (north, south, east and 

west) of every tree. 

 

Fruit Internal Characteristics 

The fruits were cut in half and the thickness of the 

rind was measured with a Digital Caliper (Mitutoyo CD-

15CPX). Using a standard juicer, 25 fruits were weighed 

and juiced. The juice was weighed and expressed as a 

percentage of the total fruit weight. The total soluble 

solids (TSS) content was determined with a portable 

refractometer (FG-103/113) using a few drops of juice. 

The total acidity (TA) of the juice was determined by 

titration with 0.1 N sodium hydroxide (NaOH) using 

phenolphthalein as the indicator. The concentration of 

ascorbic acid was obtained according to the method of 

Pearson (1970) using a Shimadzu UV-1208 (Shimadzu 

Scientific Instruments, Japan) spectrophotometer. The 

method was based on the oxidation of ascorbic acid with 

2,6 dichlorophenol indophenol. The reading on the 

standard curve indicated the ascorbic acid content, and the 

concentration of ascorbic acid was read at 520 nm.  

 

Statistical Analysis 

The experiment was arranged as ten replicates, 

respectively, in a ‘Complete Randomized Design’. Data 

were subjected to one-way analysis of variance 

(ANOVA) using SAS statistical software (SAS v9.0). The 

percentages recorded in fruit retention and June drop 

variables were subjected ANOVA after arc-sin 

transformation. In order to compare treatment means, a 

Tukey’s multiple range test was performed to determine if 

the differences between treatments were significant at a 

confidence level of P<0.05. 

 

Results 

 

Effect on Fruit Yield 

A foliar application of 2,4-DP-P had a significant 

effect on the yield of Star Ruby grapefruit except for trees 

treated with 50 ppm 2,4-DP-P (Table 1). Treatment 2,4-

DP-P led to an increase in the yield of fruit, yield to 
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canopy volume and TCSA. As shown in Table 1, the 

highest fruit yield per tree was obtained from trees treated 

with 300 ppm 2,4-DP-P, followed by 100 and 150 ppm 

2,4-DP-P. The lowest fruit yield was obtained from trees 

treated with 50 ppm 2,4-DP-P and untreated trees. In 

addition, effects of treatments on yield efficiency (kg/cm3 

and kg/cm2) were found to be statistically significant 

considering canopy volume and trunk cross sectional unit 

area at a significance level of α=0.05 (Table1). Regarding 

canopy volume and TCSA, the highest fruit yield 

efficiency was determined in trees treated with 300 ppm 

2,4-DP-P, followed by 100 and 150 ppm 2,4-DP-P 

whereas the lowest yield efficiencies were obtained from 

the trees treated with 50 ppm and control trees.  

The effects of 2,4-DP-P on the fruit retention rate (%) 

and June drop (JD) (%) were statistically significant 

(Table 2). As shown in Table 2, the lowest june drop rate 

was obtained from trees treated with 300 ppm 2,4-DP-P, 

followed by 150 ppm and 100 ppm 2,4-DP-P. The 

application of 2,4-DP-P led to an increase in the fruit 

retention rate. Specifically, the application of 300 and 150 

ppm 2,4-DP-P resulted in high fruit retention rate. Thus, 

2,4-DP-P did not have a thinning effect on the trees, and 

an increase in the fruit retention rate was observed. 

 

Table 1 The effect of the 2,4-DP-p concentration on the yield and yield efficiency of Star Ruby grapefruit. 

Treatments 
Fruit yield 

(kg/tree) 

Yield efficiency 

kg/m3 kg/cm2 

Control 297.00b1 4.987b 0.569b 

50 ppm 276.00b 4.634b 0.528b 

100 ppm 328.50ab 5.516ab 0.629ab 

150 ppm 313.20ab 5.259ab 0.600ab 

300 ppm 365.14a 6.131a 0.699a 

Prob>F 0.0140 0.0138 0.0140 
1Columns of each series (tree yield, yield efficiency) with different letters are significant at a confidence level of 0.05 regarding Tukey’s HSD test.  

 

Table 2 The effect of the 2,4-DP-p concentration on june drop (%) and fruit retention rate (%) of Star Ruby grapefruit. 

Treatments June drop (%)1 Fruit retention rate (%) 

Control 96.58(79.40)2a 3.42(10.65)c 

50 ppm 96.68(79.54)a 3.32(10.50)c 

100 ppm 95.13(77.30)b 4.87(12.75)b 

150 ppm 95.12(77.32)b 4.88(12.73)b 

300 ppm 94.06(75.97)c 5.94(14.07)a 

Pr>F 0.0074 0.0017 
1Columns with different letters are significant at a confidence level of 0.05 regarding Tukey’s HSD test. 2Data in parenthesis are arc-sin transformed 

values. 

 

Table 3 The effect of the 2,4-DP-p concentration on the fruit properties of Star Ruby grapefruit. 

Treatments 
Fruit 

weight (g) 

Fruit diameter 

(mm) 

Rind thick. 

(mm) 

Juice content 

(%) 

TSS 

(%) 

TA 

(%) 
TSS/TA 

Ascorbic acid 

(mg/100 g) 

Control 204.39ab 77.76ab 5.89 40.48 12.25 2.90 4.22 61.97 

50 ppm 216.33ab 78.98ab 6.08 42.69 12.36 3.00 4.12 61.43 

100 ppm 199.95b1 75.88b 5.78 44.25 11.62 3.30 3.52 59.88 

150 ppm 237.67a 82.53a 6.17 41.34 12.63 3.65 3.46 60.37 

300 ppm 210.49ab 79.99ab 6.03 42.69 13.20 2.60 5.08 60.03 

Pr>F 0.0010 0.0013 ns ns ns ns ns ns 
1Columns with different letters are significant at a confidence level of 0.05 regarding Tukey’s HSD test.  

 

 

Effect on Fruit Weight and Fruit Diameter 

Distribution at Maturity 

In terms of fruit weight, treatments had significant 

effects on fruit weight at a significance level of α=0.05 

(Table 3). The highest fruit weight was obtained from 

trees treated with 150 ppm 2,4-DP-P, followed by 50 

ppm, 300 ppm 2,4-DP-P and control trees. The lowest 

fruit weight was observed in the 100 ppm 2,4-DP-P. The 

results showed that the concentration of 150 ppm 2,4-DP-

P increased fruit weight. Generally, 2,4-DP-P applied to 

the entire tree increased the fruit diameter of Star Ruby 

grapefruit except for trees treated with 100 ppm 2,4-DP-P 

(Table 3). The maximum increase in the diameter of the 

fruits was obtained from trees treated with 150 ppm 2,4-

DP-P during physiological drop. According to the results 

obtained in this study 150 ppm 2,4 DP-P application had 

positive effects on fruit diameter and fruit size increased. 

The application of 2,4-DP-P to the entire tree 

significantly increased the diameter of Star Ruby 

grapefruit (Table 3). The maximum increase in the 

diameter of the fruits was obtained from trees treated with 

150 ppm 2,4-DP-P during physiological drop, followed 

by 300 ppm 2,4-DP-P. The smallest fruit diameter was 

obtained from the trees treated with 100 ppm 2,4-DP-P.  

Fig. 1 shows the effects of 2,4-DP-P treatments on the 

distribution of the crop within commercial fruit size 

classes. The results indicated that the frequency 

distribution of the fruit shifted toward larger sizes when 

the trees were treated with 2,4-DP-P. The highest 

percentage of large, commercially valuable Star Ruby 
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fruits (> 93 mm and 89.00-93.00 mm, class 1 and 2, 

respectively) was obtained from trees with treated 150 

ppm 2,4-DP-P, followed by 300 ppm and 100 ppm 2,4-

DP-P. Moreover, compared with the control trees, trees 

treated with 2,4-DP-P produced a higher percentage of 

class 3 (84.00-89.00 mm). The highest percentage of 

commercially unacceptable fruits (diameter < 80 mm) 

was obtained from the control trees. 

 

Effects on the Internal Characteristics of Fruit 

Data in Table 3 showed the effect of 2,4- DP-P 

treatments on fruit internal quality of Star Ruby 

grapefruit. All treatments did not affect fruit internal 

quality and significant differences in the rind thickness, 

juice content, TSS content, acidity (TA), TSS/TA ratio 

and Ascorbic acid were not observed. There were no 

trends observed for internal fruit quality due to treatments 

with 2,4- DP-P.  

 

 
Figure 1 Frequency distribution of the diameter of Star 

Ruby grapefurit at harvest 

 

Discussion 

 

The results of the present study indicated that, the 

application of 2,4-DP-P increased the fruit yield and yield 

efficiency (kg/tree, kg/m3 and kg/cm2). The time and rate 

of 2,4-DP-P application had a positive effect on the yield 

except for trees treated with 50 ppm 2,4-DP-P, and a 

reduction in fruit yield was not observed. A foliar 

spraying treatment of 2,4-DP-P at the concentration of 

300 ppm resulted the highest fruit yield followed by 100 

and 150 ppm 2,4-DP-P. Similar results were obtained by 

Chao et al. (2004), who studied Fina Sodea clementine 

mandarins, and found that a post bloom application of 

2,4-D (2,4-Dichlorophenoxyacetic acid) significantly 

increased the yield. In addition to Abd El-Rahman et al. 

(2011), reported that the application of 50 ppm GA with 

or without 0.5% urea increased fruit yield. Similarly, a 

significant increase in the fruit yield of Star Ruby 

grapefruit was determined from 150 ppm 2,4-DP 

(Yesiloglu et al., 2017; Koç, 2012). In addition to Yazıcı 

et al. (2016), who studied Star Ruby grapefruit, and 

reported that 100 and 150 ppm 2,4-DP increased fruit 

yield. Greenberg et al. (1996), who indicated that 2,4-DP 

application increased total yield of Valencia orange.  

The application of 2,4-DP-P significantly improved 

the fruit retention rate and june drop. Specifically, trees 

treated with 2,4-DP-P displayed significantly higher fruit 

retention rates than the control trees, and thinning effects 

were not observed. The results obtained in the present 

study are in concordance with those of Saraswathi et al. 

(2003), who demonstrated that the highest fruit retention 

rate was obtained (28.32%) from trees treated with 20 

ppm 2,4-D. In comparison, the fruit retention rate of the 

control trees in the aforementioned study was only 

20.32%. Similarly, Yesiloglu et al. (2017) and Koç 

(2012), who studied Star Ruby grapefruit, reported that 

2,4-DP (150 ppm) treatment led to an increase in the fruit 

retention rate in comparison with the control trees. In 

another study reported that, 100 and 150 ppm 2,4-DP 

applications increase the fruit retention of Star Ruby 

grapefruit (Yazıcı et al., 2016). In a previous study, the 

application of 2,4-D (15 mg L_1) delayed the abscission 

of navel oranges (Stewart and Klotz 1947). Moreover, 

foliar applications of 2,4-DP significantly reduced 

abscission in mature Washington navel sweet oranges 

(Agusti et al., 2006). 

The results of the present study indicated that the fruit 

weight of trees treated with 150 ppm 2,4-DP-P was higher 

than that of the control. Specifically, an increase in the 

fruit weight was observed when treatments were applied 

during natural physiological fruit drop (when the mean 

fruit diameter was 13-15 mm). The results obtained in the 

present study are in agreement with those described in a 

previous report by Greenberg et al. (1996), who studied 

the effects of 2,4-DP on Valencia oranges. Similarly, 

Yazıcı et al. (2016) and Koç (2012) reported that 150 ppm 

2,4-DP-P treatment in Star Ruby grapefruit increased fruit 

size. Moreover, the results of the present investigation 

concur with those of Duarte et al. (1996), who studied 

Esbal clementine mandarins, and found that the average 

fruit weight of trees treated with 2,4-D was greater than 

that of the control. Moreover, Modise et al. (2009) 

verified the results of Duarte et al. (1996) and 

demonstrated that various concentrations of 2,4-D had a 

significant effect on fruit weight. Several other auxins 

such as 3,5,6-TPA, GA3 and chelated zinc/GA3 have also 

been reported to increase the weight of fruit (Agusti et al., 

1995, 2001; Abd El-Moneim et al., 2007).  

Fruit size is a decisive external quality parameter in 

citrus at the marketing of fresh citrus fruits. Thus, 

synthetic auxins are commonly used to increase the size 

of fruit for fresh consumption. In the present study, fruit 

diameter was significantly affected by the application of 

2,4-DP-P. Specifically, treatment with 2,4-DP-P increased 

the number of large fruits and reduced the number of 

fruits with a diameter >80 mm. In previous studies, fruits 

harvested from trees treated with 2,4-DP were 

significantly larger than that of the control trees, 

indicating that the application of 2,4-DP and 2,4-D 

increased fruit size (El-Otmani et al., 1993; Erner et al., 

1993; Agusti et al., 1996; Greenberg et al., 1996; Koch et 

al., 1996; Gravina et al., 1998; Mesejo et al., 2003; Chao 

et al., 2004; Erner et al., 2004; Fang et al., 2008; Koç, 

2012; Yazıcı et al., 2016). 2,4-DP has given good results 

in increasing the fruit size of various citrus varieties 

without any significant thinning effects (Vanniere and 

Arcuset, 1989; Agusti and Almela, 1991). Similar results 
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have also been reported for other auxins. For instance, 

applications of 10-20 ppm 3,5,6-trichloro-2 

pyridiloxyacetic acid (3,5,6-TPA) increased the fruit size 

of Fino lemons (Garcia-Lido et al., 1992), satsuma 

mandarins (Agusti et al., 1994) clementine mandarins 

(Agusti et al., 1995) and Fina Sodea clementine 

mandarins (Chao and Lovatt, 2010). In addition, Gravina 

et al. (1998) demonstrated that treatment with 3,5,6-TPA 

increased the mean fruit size of Ellendale tangor. 

Moreover, Summers et al. (2008) found that the 

application of 3,5,6-TPA (10 mg L-1) to fruit with an 

average diameter of 24 mm increased the size of fruit by 

6.9-7.4 cm. Similarly, applications of naphthalene acetic 

acid increased the fruit size of Okitsu mandarin 

(Rivadeneira et al., 2015), Fino clementine mandarins 

(Van Rensburg et al., 1996) and Valencia oranges 

(Greenberg et al., 1996). In addition to Ferrer et al. 

(2017), reported that an increase in the fruit size of 

Murcott tangor treated with BA.  

The major internal fruit quality, including rind 

thickness, juice content, total soluble solids, total acid and 

ascorbic acid, were generally not affected by 2,4-DP-P 

treatments, as previously observed by other researchers 

(Davies et al., 1999; Agusti, 2000; Pozo et al., 2000; 

Saraswathi et al., 2003; Almeida et al., 2008; Yazıcı et al., 

2016; Ferrer et al., 2017). 

 

Conclusions  

 

In this study, we tried to determine how fruit size and 

yield affected by the usage of auxin treatments. As a 

conclusion regarding the parameters estimated in this 

study, treatments had positive effects on fruit yield and 

size in Star Ruby grapefruit and also 150 ppm 2,4-DP-P 

treatment had better results than control trees in terms of 

the commercially valuable fruits. According to the 

preliminary results obtained from this study, the yield is 

high and sustainable and due to the increase in fruit size, 

150 ppm 2,4 DP application is recommended for Star 

Ruby grapefruit.   
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