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ABSTRACT: Agronomic scientists have always sought new methods to promote tomato fruit yields and 
quality. Application of CPPU to different species, including berry fruits improves the fruit size. However, 
there has not been a comprehensive study evaluating the effects of this growth regulator on tomato fruit 
under field conditions. Therefore, the present study was aimed at investigating the effects of CPPU on 
tomato fruit. Effects of different doses of CPPU (0, 10, and 20 mg.L-1) at two different developmental 
stages were evaluated on the final fruit size and quality of tomato under field conditions. Statistical 
analyses showed that the effects of CPPU on fruit mass, volume, density, length and width were 
statistically significant in which the most significant effect was observed at 20 mg.L-1 concentration. The 
effects of CPPU on the fruit biochemical characteristics such as sugar, titratable acids and vitamin C 
contents were not significant. Findings of the present study suggest that CPPU can be used as an effective 
growth regulator for improving the size and quality of tomato fruit. 
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INTRODUCTION 
 

 In many vegetables, the cultivars used for processing are usually different from the fresh consumption cultivars. 
For example, the cultivars used for processing are smaller than the fresh-market tomatoes (Decoteam, 2005). The 
cultivars with thick pericarp wall, small locules, and fewer seeds are more suitable for processing and yield more 
outcomes. Tomato is a member of the nightshade family which is composed of more than 90 percent water and 5 to 
10 percent dry matter. The content of dry matter contributes to the flavor, color, and textural quality traits of the fruit 
(Garcia and Barrett, 2006). Therefore, large-size fruits with a high content of dry matter are a good candidate for the 
processing industries. Although cultivar is probably the most crucial factor determining the size and shape of tomato 
fruits, other major affecting parameters are climatic conditions and agronomic practices. In a certain cultivar, the 
potential size of a fruit is determined by the number of ovarian cells before blossoming, whereas the final size of the 
fruit is determined by duration and the rate of cell division (Janick, 2001).     
 The use of plant growth regulators (PGR) is one way of stimulating cell division or enlargement, both of which 
promote final fruit size. Forchlorfenuron or N-(2-Chloro-4-pyridyl)-N′-phenylurea) (CPPU) is an effective and well-
known PGR for improvement of fruit size through stimulating cell division (KIM . 2006). CPPU is a member of the 
synthetic cytokinin group with phenyl urea structure, with strong inhibitory effects on cytokinin oxidation (Mok and 
Mok, 2001). This synthesis was registered with the trade names of Sitofex and Prestige as a new PGR for grape 
raisins and kiwifruit in 2005 (Mok and Mok, 2001; Notodimedjo, 1999). These PGRs currently have widespread 
application in grape raisins and kiwifruit production.     
 The physiological actions of CPPU in plants include increasing fruit size and improving plant fruiting performance 
by postponing the senescence process (Ahmed and Abdel-aal, 2007). Several studies have been conducted on the 
potential roles and influences of the synthetic substituted phenylureas thidiazuron (TDZ) and CPPU on fruit trees and 
growth. From the findings of these studies, it can be concluded that the main limiting factor of the fruit growth and its 
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final size is a production of cytokinin-like substances (Stern and Flaishman, 2003). Some studies have reported that 
application of synthetic cytokinins was associated with cytokinin-like activity in plant tissues and promoted the fruit 
growth in apple, pear, grape, kiwifruit and persimmon. In a study conducted by JO, (2003) they showed that 16 mgL-
1 CPPU solution treatment at 15 days after pollination improved the fruit size of hardy kiwifruit (Actinidia arguta). 
Furthermore, a positive correlation has been reported by several studies between CPPU treatment and fruit size 
increase in kiwifruit plant (Iwahori, 1988).  Flaishman, (2005) showed that foliar spraying of TDZ and CPPU under 
field conditions induced an increase in Spadona pear fruit size by prolonging the cell division phase, without affecting 
the fruit shape and seed number. They attributed the fruit size increase in the cytokinins-treated fruit to the increase 
in number and size of cells along the fruit radius, both of which were correlated with a prolonged phase of the cell 
division cycle caused by mitotic activity stimulation. Several studies indicated that Sitofex® increased final fruit 
weights in stone and pome fruits (Ahmed and Abdel-aal 2007). Some studies have proven the efficacy of CPPU as 
a PGR to improve the fruit development of some seedless and seeded grape cultivars in field conditions. For 
example, in a study conducted by Zabadal and Bukovac (2005), they showed that CPPU resulted in a significant 
increase in the mass and size of berry and cluster. Cluster compactness was also improved significantly. There was 
a direct relation between the concentrations of CPPU and the size of berries and clusters. Application of Prestige 
under field conditions increased the grape berry size and firmness (Notodimedjo, 1999). Hassan, (2009) concluded 
that CPPU treatment not only improved the quality and final fruit size of fresh-market grape cultivars, but also 
improved the quality of grape during and following the post-harvest shelf-life period. Furthermore, they have shown 
that application of Sitofex® in banana (Musa sapientum L.) increased the bunch weight and length and diameter of 
fingers.   
 As discussed in the literature review, application of CPPU on berry fruits improves the fruit size. On the other 
hand, there has not been, to our knowledge, a comprehensive study evaluating the effects of this growth regulator 
on tomato fruit under field conditions. Therefore, the present study was aimed at investigating the effects of CPPU 
treatment under field conditions at two different developmental stages, on the final fruit size and quality of tomato 
(Solanum lycopersicum L.). Effects of three different concentrations of CPPU were investigated in this study.  
 

MATERIALS AND METHODS 
 

 The present study was conducted in a site, located in Marand county (East Azarbaijan province, Iran) on a local 
cultivar of tomato called "Mahali", in 2010. Fruits of this cultivar are mainly used for paste production. This study was 
arranged in a factorial experiment using randomized complete block design (RCBD) with four replications. The first 
factor was concentration of Sitofex (three levels of 0, 10, and 20 mg.L-1 a. i.) and second factor was the fruit diameter 
(two ranges; 0.5-1.5 cm and 1.5-2.5 cm). The tomato seeds were planted in a prepared nursery in late April. After 
rooting and solidification of the transplants, the planting was performed in the main field in late June. Forty eight 
transplants were planted in four rows with an interval of 30 cm to each other. In late of August, when enough number 
of fruits were produced on the plants, five fruits with predefined diameter were selected and labeled. Treatments 
(Table 1) were applied by spraying on the fruitlets in the morning before sunrise. Each experimental unit consisted 
of two plants and treatments were applied only on the fruitlets. Reaping was done at 40 days later when the fruits 
were fully ripe. The fruits were transferred to the laboratory. 
 In the laboratory, at first, the length and diameter of all fruits were measured and recorded with a digital caliper. 
For all treatments in each replication, three fruits were randomly selected to measure the mass, volume, ascorbic 
acid level and total soluble solids. To calculate the number of seeds, fruits were randomly sampled from different 
replications of each treatment. At the end of data collection procedure, the collected data were statistically analyzed 
with SPSS statistical software for Windows, version 17 (SPSS Inc, Chicago, IL, USA). Comparisons of means were 
performed with Duncan’s multiple range test. A significance level of 0.05 was set for all statistical analyses, except 
where otherwise noted. 
 

Table 1. Applied Treatments (CPPU Concentrations and Fruits Diameter) 
Treatments(Abbr.) 2nd Factor 1st Factor 

CPPU0D<1.5 0.5-1.5 cm Diameter CPPU at Concentration  0 mg/L 
CPPU0D>1.5 1.5-2.5 cm Diameter CPPU at Concentration  0 mg/L 
CPPU10D<1.5 0.5-1.5 cm Diameter CPPU at Concentration  10 mg/L 
CPPU10D>1.5 1.5-2.5 cm Diameter CPPU at Concentration  10 mg/L 
CPPU20D<1.5 0.5-1.5 cm Diameter CPPU at Concentration  20 mg/L 
CPPU20D>1.5 1.5-2.5 cm Diameter CPPU at Concentration  20 mg/L 
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RESULTS AND DISCUSSION 
 

 As it can be seen from Table 2, the effects of CPPU concentration on the length and width of the tomato fruits 
were significant at the significance levels (P values) of 0.05 and 0.01, respectively. However, the effect of the initial 
fruit diameter was not significant. There was no significant correlation between the treatment concentration and fruit 
diameter.  
 

Table 2. Analysis of Variance 
Mean Square  Source 

Width Length df 

304.184** 159.832* 2 Concentration 
70.896ns 34.809ns 1 Fruit Diameter 
90.735ns 104.600ns 2 Concentration × Fruit Diameter 
31.77 36.888 15 Error 

 
 Analyses of the mean comparisons (Table 3), showed a positive correlation between the CPPU concentration 
and the length and width of fruits. The higher the concentrations, the bigger the size of length and width were 
observed; So that the biggest length and width were observed in concentration of 20 mg.L-1. 
 

Table3. Effect of CPPU concentration in length and width of fruit 
CPPU concentration Length (cm) Width (cm) 

0 mg/L 51.5 b 49.41 b 
10 mg/L 54.82 ab 53.45 ab 
20 mg/L 60.35 a 61.52 a 

 
 Our findings are in agree with the results of other studies reporting the promoting effects of CPPU on the  length 
and width of grape fruit (Patil ., 2006). Cecilia-peppi and Fidelibus (2008) studied the effect of CPPU on seedless 
grapes during two consecutive years. They found that the length and width of grape berries increased in the first year 
of treatment, whereas CPPU had no significant effect on the length of grape berries in the second year. It seems that 
the special effects of CPPU on the morphology of different fruits are significantly dependent on the genotype and 
environmental conditions.  
 Fruit Mass and Volume: The results of the analysis of variance showed a significant difference (P≤ 0.01) between 
different concentrations of treatment with respect to fruit mass and volume. There was a significant increase in the 
fruit mass following an increase in the CPPU concentration. This result is in consistent with some previous studies 
indicating a positive correlation between the fruit mass and CPPU concentration; the more the concentration of CPPU 
applied, the higher the fruit mass was gained (Cecilia-peppi and Fidelibus 2008; Zabadal and Bukovac, 2005).  
 The highest mass was observed in the treatment group of CPPU20D>1.5 (CPPU: 20 mg.L-1, Fruit diameter > 
1.5 cm). This treatment showed significant differences with other treatment groups. The lowest mass was obtained 
from the CPPU0D>1.5 treatment. At concentrations of 0 and 10 mg.L-1, there was no significant difference between 
the fruits treated at the lower diameter range (0.5 – 1.5 cm) and those at the higher diameter range (1.5 – 2.5 cm). 
In the other words, at low concentrations of CPPU, the developmental stage of the fruit did not influence the overall 
efficacy of the treatment, but in high concentrations this factor imposed high influence. Zabadal and Bukovac (2005), 
studied the effect of CPPU on seedless and seeded grape cultivars. They concluded that berry and cluster mass 
were higher in all CPPU treatments than the control. Magnitude of increase in the berry mass in concentration of 15 
mg.L-1 was higher than 5 and 10 mg.L-1, but the cluster mass in these three concentrations did not show significant 
differences. 
 As it can be seen from Table 3, the effects of CPPU treatments on fruit size and mass were highly similar, in 
which the highest fruit sizes were obtained in the CPPU20D>1.5 treatment group. There was no significant difference 
between this group and the CPPU10D>1.5 treatment. Initial diameter of the CPPU-treated fruits was an important 
factor in the final fruit size. There was no significant difference between CPPU0D<1.5, CPPU0D>1.5, CPPU10D<1.5, 
CPPU10D>1.5 and CPPU20D<1.5 treatment categories. Among the different treatments, the highest mass to volume 
ratio (density) was observed in the CPPU20D>1.5 group which was significantly different from the other treatments. 
In general, the most improvement in the mass, volume, and density of the treated fruits were observed in the higher 
concentrations and the concentration of the CPPU, as compared with the initial fruit diameter, was more crucial factor 
determining the overall effect.  
 Quality and quantity promoting effects of CPPU in some crops including grape (Patil ., 2006), kiwifruit 
(Antognozzi, 1996; Famiani, 1997; Iwahori, 1988; KIM ., 2006), pear (Flashman ., 2005), persimmon (Sugiyama and 



Intl J Farm & Alli Sci. Vol., 3 (8): 930-934, 2014 

 

933 
 
 

Yamaki, 1995), mango (Notodimedjo, 1999) and melon (Hayata ., 2001) have also been observed. Mechanisms by 
which CPPU improves the fruit size are different and dependant on the fruit types and cultivars. In grape, CPPU 
facilitates the increase of fruit size through stimulating the cell development and water accumulation in the cells (Patil 
., 2006). In kiwifruit, fruit size showed a direct relation with the number of pericarp cells. Similarly, CPPU treatment 
in apple increases fruit size by stimulating cell division and increasing the cell numbers.  
 In this study, fruit size increase was accompanied by an increase in their mass volume (density). Therefore, it 
seems that increase in tomato fruit size is also affected by the aforementioned mechanisms and cell number, as 
compared with tissue water content, has more strong positive correlation with fruit size. Lack of significance alteration 
in the total amount of soluble solid materials confirms the above-mentioned view and shows that fruit size increase 
is not probably due to the water absorption elevation. Fruit size improvement, caused by high cell division rate, results 
in multicellularity of tissue (more pulp), which subsequently raises the level of dry matter content. Importance of the 
dry matter content is relatively higher in the processing tomato cultivars, as compared to other cultivars. High level 
of dry matter increases the fruiting performance per unit area which is accompanied by a high-quality product, since 
CPPU treatment has no adverse effect on tomato quality.  
 Number of fruit seeds: Results from analysis of variance indicated that there was a significant difference (P≤ 
0.01) between different treatments with respect to the seed number. CPPU treatment reduced the seed number of 
the tomato fruits. Based on the mean comparison analyses, the lowest seed number was observed in the 
CPPU20D<1.5 treatment, however there was no significant difference between this treatment and the two treatments 
of CPPU10D>1.5 and CPPU20D>1.5. In addition, the highest seed number was observed in the CPPU0D<1.5 
treatment, but this treatment showed no significant difference with the CPPU10D<1.5 group. Patil . (2006) reported 
a significant reduced in the number of seeds per berry in CPPU-treated grapes. They observed that in Anab-e-Shahi 
cultivar the seed number per berry was significantly reduced following the CPPU application at concentrations of 1, 
2, and 5 mg.L-1. However, in Dilkush cultivar, the effective concentration was 1 mg.L-1. It has been reported that 
different concentrations of CPPU had no significant effects on the seed number in kiwifruit (Kim ., 2006). As 
mentioned previously, low number of seeds in processing tomato cultivars is an important advantage; thus application 
of CPPU in tomato fruits, in addition to the previous positive effects, decreases the seed number which is an important 
factor specially in processing cultivars. 
 Soluble solids and ascorbic acid contents: Results of the analysis variance showed that CPPU application did 
not change significantly soluble solids and vitamin C contents, and there was no significant difference among the 
treatments. Several researchers have reported that CPPU has not significant effect on the quality of some fruits such 
as mango (Notodimedjo, 1999) and persimmon (Sugiyama and Yamaki, 1995). However, some studies have 
reported that CPPU application decreases soluble solids content in grape (Cecilia-peppi and Fidelibus, 2008; Patil, 
2006). Patil and colleagues (2006) reported that water accumulation in the fruit cells improves the berry size; 
therefore the level of soluble solids was reduced. Results of studies investigating the effects of CPPU on kiwifruit 
indicate that these effects on the quality characteristics of the fruit depend on species and cultivar. Iwahori . (1988) 
reported that the levels of soluble solids in kiwifruit (Actinidia chinensis Planch) were not affected by CPPU treatment. 
Furthermore, it was reported that the level of soluble solids in other kiwi species, A. arguta, were reduced following 
the CPPU application. In addition, application of CPPU (1-5 mg.L-1) in this cultivar decreased the vitamin C content 
in the fruits. Famiani . (1997) observed that CPPU treatment in a kiwifruit cultivar, two weeks after anthesis, increased 
the soluble solids content of the treated fruits.  Stability of the soluble solids content in tomato following CPPU 
application, may demonstrate that modifications in cell division are the main reason of fruit size improvement. 
Therefore, when the fruit growth improvement is assigned to cell development and water absorption, then soluble 
solids content should be reduced.  
 
Conclusions 
 Findings of the present study showed that application of CPPU at early stages of fruiting can significantly improve 
the quality and quantity indices of tomato fruit production. Furthermore, consistency of the overall content of the 
soluble solids in fruit following the CPPU treatment maintains and promotes the fruit quality, mass, volume and the 
fruiting performance per unit area. CPPU can be effectively used for the processing tomato production. In addition, 
the CPPU-treated fruits have appropriate parameters for fresh consumption. There are various factors influencing 
the mechanism of actions of CPPU and the extent of its effects such as time of application and concentration of the 
treatment. More comprehensive and detailed studies are still needed to clarify the mechanism of action of this growth 
regulator on tomato and to define the suitable variables and conditions for extracting the best outcome. 
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