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        HIS INVESTIGATION was carried out to evaluate the effects of 

……spraying two growth regulators, i.e. Cytofex (CPPU) at 6 ppm 

and Gibberellic acid (GA3) at 20 ppm two times (after fruit set and at 

4 mm berries diameter) alone or in combination with calcium chloride 

0.5% at berry veraison on "Thompson seedless" grapes quality during 

cold storage at 0 oC and RH 95 – 98 %. Cluster treated with Cytofex 

(CPPU) showed the lowest weight loss after 60 days of cold storage. 

Moreover, the clusters treated by Cytofex combined with GA3 and 

calcium chloride showed the highest weight loss during shelf life, 

higher berry removal force, the lowest percent of fruit decay and the 

highest marketable fruit. CPPU treatment and its combinations with 

GA3 and or CaCl2 showed the lowest Pectinmethylestraese activity 

after 60 days of cold storage. Clusters sprayed with GA3+CaCl2 

showed the highest berry firmness after 60 days of cold storage. 

Clusters treated by calcium chloride at 0.5% and control showed the 

highest SSC: acid ratio. Moreover, it showed the highest total, 

reducing and non reducing sugars contents after 60 days of cold 

storage.  

 

Keywords: Grapes, GA3, CPPU, CaCl2, Cold storage, Storability, 

Quality. 

 

Grapes (Vitis vinifera L.) is considered one of the most popular and common 

fruits in the world. In Egypt the area of grape vine increased recently and 

reached 171,973 feddan which produces 132,801 tons according to FAO, 2011. 

Thompson Seedless is the most popular cultivar of table grapes in Egypt, as well 

as the export market. Its marketing value depends upon its desirable appearance, 

berry and cluster size and shape. The use of Gibberellic acids (GA3) is quite 

common in table grape production, where the impacts on grapes quality are 

mentioned. Gibberellins affect postharvest grape physical and chemical 

deterioration, especially berry dehydration because of vapor pressure deficit, skin 

browning, and changes in carbohydrates and phenols concentrations (Vial et al., 

2005). Gibberellic acid (GA3) as pre-harvest treatment was reached the highest 

fruit detachment force, markedly the lowest berry drop and improved berry 

firmness, delayed the decrease of soluble solids content (SSC) and vitamin C 

after stored at 0°C in 95% relative humidity for 60 days (Deng et al., 2006), and 
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the lowest weight loss and effective in reducing decay percentage up to third 

week of storage of grapes (Meena et al. 2012). Forchlorfenuron (CPPU) was 

introduced to increase berry size. CPPU stimulates periclinal cell division in the 

berry, leading to be more round, but it also delays maturity and increases rachis 

size and pedicel thickness (Reynolds et al., 1992 and Retamales et al., 1995), 

increases berry shatter during storage (Navarro et al., 2001), but remained 

significantly berry firmness of Thompson Seedless grapes after cold storage 

(Ebisuda and Dokooglian, 2003) and decreased total soluble solids after cold 

storage or ambient stay periods. It reduced berry abscission after 30 days of 

refrigerated storage (1°C) (Zabadal and Bukovac, 2006), and did not increase 

berry shatter (Zoffoli et al., 2009). 

  

Calcium is an important constituent of plant tissues and has a vital role in 

maintaining and modulating various cell functions (Elad and Kirshner 1992). 

Physiologically, it is important in many fruits and vines. Spraying calcium 

chloride (CaCl2) on Thompson Seedless grapevines increased berries firmness 

and decreased the percentage of unmarketable berries after keeping at ambient 

temperature for seven days after harvest (Marzouk and Kassem, 2011), and it 

reduced B. cinerea rots during storage (Ciccarese et al., 2013). Calcium chloride 

treatment decreased weight loss, shattering percentage and delayed the changes 

in firmness, titratable acidity, total soluble solids, vitamin C, anthocyanin content 

and respiration rate during storage periods (Wafaa et al., 2014). 

 

The objectives of this study were to evaluate the effectiveness of pre-harvest 

applications by Cytofex and Gibberellic acid alone or combined with calcium 

chloride on storability and quality during cold storage of “Thompson Seedless” 

grapes. 

 

Materials and Methods 

 

This study was carried out during the two seasons of 2012 and 2013 on seven 

years old, vigorous, fruitful "Thompson Seedless" (Vitis vinefera L.) grapevine. 

The study was conducted in a private vineyard located in El-Moatamadia in EL-

Mahala El-Kobra, Gharbia Governorate. The vines were planted in loamy clay 

soil at 1.5 in row and x 3 meters between rows. The vines were head-trained and 

cane-pruned. The total number of eyes per vine ranged from 40 to 45 buds. 

Normal cultural practices as recommended by the Ministry of Agriculture and 

Land Reclamation for grapevines were done. Two hundred and sixteen to be 

healthy and as uniform as possible in both vigor and crop load vines were 

selected to be healthy and as uniform as possible in both vigor and crop load. 

The selected vines were divided into three plots, each treatment represented by 

nine vines in plot. The replicate was represented by three vines. The clusters 

sprayed by the following treatments: 
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T1- GA3  20 ppm 

T2- CPPU 6 ppm 

T3- CaCl2 0.5% 

T4- GA3 20 ppm+CPPU 6 ppm 

T5- GA3  20 ppm + CaCl2 0.5% 

T 6- CPPU 6 ppm + Cacl2 0.5% 

T7- GA3  20 ppm + CPPU 6 ppm + CaCl2 0.5% 

T8- Control 

 

Gibberelic acid (GA3) at 20 ppm was sprayed at two times (after fruit set and 

again at 4 mm berries diameter), Forchlorfenuron (CPPU) 6 ppm was sprayed at 

4 mm berries diameter, Calcium chloride (CaCl2.) 0.5% was sprayed at berry 

veraison and control ( sprayed with water at verasion). Clusters were picked after 

117 and 122 days of full bloom in two seasons, respectively. At harvest time, 

clusters were picked early morning and transported within three hours at ambient 

temperature (28 
o
C & 75 % RH) to laboratory of Horticulture Res. Inst., El-Giza, 

Egypt. The clusters were packed in perforated carton boxes (50 X 35 X 15 cm), 

and slow- release SO2 pads were placed in carton boxes to control Botrytis decay 

during cold storage. SO2 pads were replaced with new ones every 15 days. All 

carton boxes were stored at 0 ºC and 95 -98 % RH. Every treatment was 

represented by three carton boxes (4 kg of clusters per carton box as replicate) 

for every storage period. Each carton box contained three clusters were weighed 

and labeled at picking time to determination the cluster weight loss during the 

different cold storage periods.  

At the picking date (zero time of cold storage) and after every 15 days up to 

60 days of cold storage, samples of three carton boxes per treatment were taken 

out to evaluate the storability of Thompson seedless grape as affected by the pre-

harvest treatments. 

 

 

The following parameters were measured 

Physical properties 

Every 15 days of cold storage period up to 60 days, the labeled three clusters 

were reweighed after storage. The clusters weight loss was calculated as 

percentage related to the weight of the same clusters before cold storage. Three 

clusters from each replicate were weighed and kept in the ambient room 

temperature (28 ºC & 75 % RH) for three days to determine the shelf life weight 

loss percentage (related to the initial cluster weight). Ten berries per cluster were 

separated and, berry firmness was measured in gram force (gf) using hand 

dynamometer model FDP1000 with a thump (1mm), also the berry removal 

force was measured in (gf) using the same apparatus. Data of berry firmness and 

removal force were transformed into Newton units using standard factor (1 gram 

force = 0.00980665 Newton). Shattering was determined by given two light 

shakes by hand for every cluster in sample. The shattered berries were weighed. 

Shattering was calculated by dividing the shattered berries weight by cluster 

weight before the shaking and expressed as percentage. Decayed berries were 
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separated, weighted and expressed as percentage per cluster weight. Marketable 

cluster was recorded and expressed as the percentage of the sound cluster weight 

without any decayed berries, related to the initial fresh weight before the storage 

period. Marketable cluster (%) = (sound cluster weight after storage period/ fresh 

cluster weight before storage) x 100. 

 

Berry quality:  Soluble solid contents (SSC) of berries juice was measured using 

the hand refractometer apparatus and expressed as a percent. Titratable acidity 

was determined as mg of tartaric acid equivalent using NaOH (0.1N) in 100 ml 

of berries juice. SSC: acid ratio was calculated. Juice pH of the berries juice was 

determined for each replicate and each treatment using Micro Computer pH 

version 6071, then the average pH per treatment was calculated.  

 

Chemical properties 

 Pectinmethylesterase activity determination (PME) 

Frozen samples of berries (50g) were assayed for PME enzyme activity via a 

titration technique developed by Anthon and Barrett (2006)  

 

Sugar contents (total, reducing and non reducing sugars) (%) 

Total, reducing and none reducing sugars contents were determined using 

80% ethyl alcohol. The total sugars content was measured as recommended by 

Dubois et al., (1956).The reducing sugars were determined by Nelson Arsenate 

Molybdate Colorimetric method according to Malik and Singh (1980). The non-

reducing sugars content was calculated by the difference between total sugars 

and reducing sugars.  

  

Cluster total qualities index 

To get a general proper meaningful value of the determined quality 

parameters, cluster total quality index was calculated according to El-Abbasy 

(2006). This was calculated as a sum of the absolute units for the values of SSC: 

acid ratio, marketable clusters (MC), berry firmness (F) and berry removal force 

(RF). The absolute unit of value was calculated by dividing the measured 

parameter value by the highest recorded value for the same parameter in the 

same season. The author supposed that the cluster overall quality index equal: 

[(25 % SSC: acid ratio + 25% (MC) + 25% (F) + 25% (RF)) /4]. 

 

Statistical analysis 

Analysis of variance method as split plot design according to Snedecor and 

Cochran (1972), and means were compared by DMRT according to Duncan (1955). 

 

Results and Discussion 

Physical properties  

Cluster weight loss (%)  
Cluster weight loss during cold storage and shelf life were consistently higher 

in CaCl2 treatment than those of the other treatments (Table 1). The loss in 

cluster weight is proportionally increased with the storage period increased. 
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Cluster weight loss showed negative correlations with berry firmness, removal 

force and titratable acidity (Table 4). These results are confirmed by Carvajal-

Millán et al. (2001) and Zoffoli et al. (2009).  

 

Berry firmness, removal force and shattering 

Clusters treated with GA3+CaCl2 and GA3+CPPU+CaCl2 had significantly 

higher berry firmness and berry removal force during the two seasons, 

respectively followed by clusters treated with GA3+CPPU (Table 1). The lowest 

value was obtained with control treatment during the both seasons. Data showed 

that, grapes firmness was reduced as cold storage period increased, where the 

highest firmness was recorded at zero time of storage followed by 15 days of 

cold storage period and the lowest firmness was noticed after 60 days cold 

storage period. Berry firmness and removal force showed negative correlations 

with PME activity (-0.81 and -0.89, respectively) (Table 4). Significantly the 

lowest value of berries shatter was showed with GA3+CPPU+CaCl2 treatment. 

Data cleared the increasing of berry shatter with the increasing of storage periods 

and the lowest value was showed at zero storage time. Berries shatter showed a 

positive correlation with pectinmethylestrase (PME) activity (0.75). These 

results are in harmony with Chervin et al. (2009) and Zabadal and Martin (2006). 

The increase in firmness is ascribed to increased cell turgidity as sugar and 

potassium are downloaded in the berries, stimulating water uptake driven by 

osmotic pressure of the berries. Since water loss occurs during cold storage, the 

decrease in berry firmness is ascribed to water loss, resulting in less turgid 

vacuoles of cells. Moreover, pre-harvest Ca treatments used to increase Ca 

content of the cell wall was effective in delaying senescence, resulting in firmer 

and higher fruit quality (Raese and Drake 2008). Spraying GA3 after fruit set 

enhanced the number of epidermis and hypodermal layers in berry skin and 

increasing the diameter, thickness of bark and diameter of wood cylinder of the 

berry pedicel (Rizk-Alla et al., 2011). Marzouk and Kassem (2011) concluded 

that, spraying calcium chloride resulted in, berry adherence strength increased.  

 

Berry decay (%)  

  Marketable fruits (%)  

The lowest marketable clusters were obtained with the control treatment 

(Table 1) 98.45 and 97.62 %) compared with the other treatments, in both 

seasons, respectively. Significantly high percentage of marketable fruits was 

noticed after 30 days of storage period, and the lowest percent was showed after 

60 days of storage period. Marketable fruits showed pronounced negative highly 

correlation with clusters weight loss (-1.00) (Table 4).  Marzouk and Kassem 

(2011) reported that GA3 and cytofex (CPPU) sprayed on "Thompson seedless" 

grapes at two stages of berry development, pea stage (4 -5 mm fruit diameter) 

and vèraison stage reduced the percentage of unmarketable fruits.  
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 Berry quality  

Table 2 showed higher SSC: acid values of control and CaCl2 treatments 

compared to the other treatments. Data showed that, SSC: acid ratio generally 

increased as the storage period increased. After 60 days of cold storage, clusters 

scored statistically the highest value in the two seasons. On contrary 15 days, 

stored fruits scored the lowest values. This low value reflected to higher SSC (R
2 

= 0.75) and low titratable acidity (R
2
 = -0.84). The decreasing in SSC: acid ratio 

of all growth regulators and its combination as compared to control and CaCl2 

treatments could be explained according the results of Deng et al. (2006) who 

reported that, clusters of Kyoho grapes (Vitis vinifera X V. labrusca) sprayed 

with GA3 as a pre-harvested treatment delayed the increase of soluble solids 

content (SSC) at 0°C in 95% relative humidity for 60 days, and  Nilnond and 

Labantao (2010) who concluded that, GA3 mixed with CPPU tended to produce 

the higher percent of berry acidity. The increment in titratable acidity may 

reflecting a late maturation of berries on treated vines as shown by Ezzahauani 

(2000) on Perlette grape cv. Gibberellic acid (GA3) at 50 ppm mixed with CPPU 

at 5 – 10 ppm tended to produce the highest percent of berry acidity (Nilnond 

and Labantao, 2010). Also Smith (2008) on 'Merlot clone 181' grape vines and 

Strydom (2013) on some grape cultivars, concluded that applications of 

forchlorfenuron (CPPU) during different flowering stages resulted in increase in 

fruit titratable acidity. The highest values of berry juice pH were observed with 

GA3+CPPU+CaCl2 treatment during both seasons (Table 2). The berry juice pH 

generally was slightly affected by the storage period especially in the first 

season. After 60 days of cold storage, clusters scored statistically the highest 

value. On contrary 15 days stored fruits scored the lowest values.  

  

Pectinmethylestraese activity (PME) (unit/h)  

Data in Table 2 clear that, the clusters of control treatment had the highest 

PME activity (Table 2) followed by that treated with GA3 and GA3+CaCl2. 

However, the lowest PME activity was showed with CPPU treatment and its 

combinations (CPPU, GA3+CPPU, CPPU+CaCl2 and GA3+CPPU+CaCl2). PME 

activity gradually increased with advancing storage periods during two seasons. 

Significantly, the highest PME activity was observed after 60 days followed by 

that after 45 days of cold storage while, the lowest value was noticed after 15 

days of storage. 
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 Sugars content  

The present treatments showed different affects on total, reducing and non 

reducing sugars contents in the two seasons. The higher value was obtained with 

CaCl2 treatment (Table 3) and the lowest value was obtained in clusters of 

GA3+CPPU+CaCl2 treatment in the first season. By the second sea the clusters 

of control showed significantly the highest value. However, the lowest value was 

obtained with CPPU and GA3+CPPU+CaCl2 treatments. Total and reducing 

sugars contents generally increased, whereas non-reducing decreased as the cold 

storage period increased in the two seasons. After 60 days cold stored clusters 

scored statistically the highest value in the two seasons. Statistically, the lowest 

values of total and reducing sugars contents during storage were noticed after 15 

days of cold storage during the two seasons. Rusjan (2010) studied the eventual 

impacts of the GA3 application at 20 and 50 ppm on grapevine (Vitis vinifera L.) 

varieties ‘Cardinal’ and ‘Michele Palieri’, on grape storage potential and concluded 

that, the statistically highest total sugar concentration was determined at 50 ppm. 

GA3 treatments at 25 to 75 ppm, applied on bunch at full bloom, significantly 

reduced sugar contents of "Kishrnish Charni' grapes. The reducing sugar content 

was observed following treatment with GA3 at 75 ppm (Khan et at., 1996). 

 

Cluster total quality 

The highest value of cluster total quality was obtained with GA3+CaCl2 

treatment, whereas, the lowest value was obtained in clusters of control in the 

first season (Table 3). By the second season, clusters treated with CPPU, 

CPPU+CaCl2 and GA3+CPPU+CaCl2 treatments showed significantly the 

highest values, whereas the lowest values were obtained with CaCl2 and control 

treatments. Cluster total quality was decreased as the storage period increased. 

The lowest value was noticed after 60 days of cold storage in both seasons, and 

the highest values were noticed after 15 days of storage in the first season. In the 

second season, the differences among 15, 30 and 45 days of cold storage were 

not significant. Cluster total quality showed positive correlation with some 

cluster quality parameters (Table 4) such as, berry removal force (0.95) and 

berry firmness (0.94), marketable fruits (0.64), and negative correlation with 

fruit decay (-0.69), shatter (-0.73), total sugar (-0.60), non reducing sugar (-0.53) 

and SSC (-0.66). 
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تأثير الرش بحمض الجبرلين والسيتوفكس والكالسيوم كلوريد قبل 

 الحصاد على القدرة التخزينية للعنب البناتي "طومسون سيدلس"
 

اسامة كمال العباسى
*

، السيد محمد المرسى 
*

، فاطمة عصمت ابراهيم 
**

و مها  

حسيب عبد العزيز
** 

*
طنطا و –جامعة طنطا  –كلية الزراعة  -قسم البساتين

**
 -عهد بحوث البساتينم

 مصر. –القاهرة  –مركز البحوث الزراعية 

 

م  علي كرمات العنب عمر  2013و  2012أجريت هذه الدراسة خلال موسمى 

 -محافظة الغربية  –المحلة الكبرى  -سبع سنوات بمزرعة خاصة بالمعتمدية 

ات مصر. لدراسة تأثير رش عناقيد العنب البناتى "طومسون سيدلس" ببعض منظم

جزء في المليون )مرتين الاولى بعد العقد  20بتركيز  GA3)النمو وهى الجبرلين )

 6بتركيز  CPPU)مم( والسيتوفكس ) 4و الثانية عند وصول الحبات الى قطر 

مم( وكذا الرش بكلوريد  4جزء في المليون )عند وصول الحبات الى قطر 

( وذلك لدراسة تأثيرها على )عند مرحلة طراوة الحبات ٪ 0.5الكالسيوم بتركيز 

القدرة التخزينية للعناقيد المعاملة عند التخزين على درجة حرارة صفر درجة مئوية 

. وقد اوضحت النتائج ان معاملة رش العناقيد  ٪ 98الى  95ورطوبة نسبية من 

يوم.  60بالسيتوفكس ادت الى تقليل الفقد فى وزن العناقيد اثناء التخزين المبرد لمدة 

ا اظهرت المعاملة بالسيتوفكس منفردا او بالاضافة الى اى من الجبرلين او كم

يوم  60خلال  كلوريد الكالسيوم او كلاهما الى تقليل نشاط انزيم بكتين مثيل استريز

من التخزين المبرد. وقد اظهرت المعاملة بكل من السيتوفيكس و الجبرلين و 

قد فى وزن العناقيد خلال فترة العرض كلوريد الكالسيوم معا زيادة معنوية فى الف

التسويقى )حياة الرف( الا انها اظهرت اعلى قوة التصاق للحبات بالعنقود و اقل 

نسبة للاصابة بالاعفان و اعلى نسبة من العناقيد القابلة للتسويق. كما ادت معاملة 

فى صلابة رش العناقيد بالجبرلين و كلوريد الكالسيوم معاً الى إحداث زيادة معنوية 

يوم من التخزين المبرد. وقد اظهرت المعاملة بكلوريد الكالسيوم و  60الثمار بعد 

كذا معاملة الكنترول الى احداث زيادة معنوية فى كل من السكريات الكلية الذائبة و 

نسبة السكريات الكلية الذائبة الى الحموضة و اقل نسبة للحموضة  للثمار, كما 

 ريات الكلية و السكريات المختزلة و غير المختزلة وذلكاظهرت أعلى نسبة للسك

 يوم من التخزين المبرد.  60بعد 


