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ABSTRACT 

 
 CPPU at (0,3,5 and 7 ppm) and GA3 at (0,5,10 and 20 ppm) were applied 
separately or in combination to bunches of 6-year-old Ruby Seedless grapevines 
supported by Spanish Paron trellis and located in Wadi El-Faregh region, Giza 
governorate during 1997 and 1998 seasons. The clusters were sprayed when berry 
size reached 6-8 mm in diameter. The CPPU and/or GA3 treatments significantly 
increased berry weight, size, length and diameter. Bunch weight and yield/vine were 
also significantly increased. Poorly coloured berry percentage (PCBP) was increased 
and reached its maximum under 7 ppm CPPU x 20 ppm GA3 treatments. TSS, 
TSS/acidity and anthocyanin were decreased while acidity showed a reverse trend. 
CPPU and/or GA3 delayed grape ripening by 5 to 21 days compared to the control. 
This delay improved quality, colouration and increased the price. 

 

INTRODUCTION 

 
 CPPU [N-(2-chloro-4-pyridyl)-N-phenyl urea] is a plant growth 
regulator of cytokinin type (Nickell, 1985 and 1986 a and b) which enhances 
cell division, growth and delays senescence (Nickell, 1986b). CPPU is a 
promising compound that positively affects the yield of Thompson Seedless 
grapes (Dokoozalian et al., 1994 and Rizk, 1998), Flame Seedless and 
Muscat Seedless (Ortht, 1990). Lowers juice Brix, anthocyanin content and 
increases juice acidity of Simone and Sovereign Coronation grapes 
(Reynolds et al., 1992). In addition, it increases berry firmness of Honey Red 
grape (Yanshiang et al., 1997). 
 GA3 (Gibberellic acid) is applied in vineyards to increase berry weight 
and size, bunch weight and yield/vine in Thompson Seedless grapes 
(Colapietra et al., 1995; Ezzahouani et al., 1985and Singh et al., 1979), 
Flame Seedless (Wolf et al., 1994), Muscat Seedless (Ortht, 1990 and Wolf 
et al., 1994) and Ruby Seedless (Ezzahouani et al., 1985). Adherence, berry 
firmness and acidity were increased where TSS and TSS/acidity were 
decreased by GA3 application on Thompson Seedless grapes (Abdel-Kawi, 
1984). In the north of Italy, TSS of Ruby Seedless ripe berries was 14.5  
(Manzo and Tamponi, 1979), while in the south of Italy TSS of the ripe berries 
was 17.4 (Liuni et al., 1982)  
 In the desert vineyards, *Ruby Seedless appears in the Egyptian     
markets in the later period of Thompson Seedless appearance. The 
competition of the two varieties is always in favour of Thompson Seedless. 
Hence, the delaying of Ruby Seedless crop in the markets is desirable. 
* Ruby Seedless is a hybrid of Emperor and Sultana Moscata (Pirovano-75) cultivars 
(Olmo et al., 1981). 
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 This investigation aimed to study the effect of CPPU and/or GA3 in 
improving the quality of Ruby Seedless grapes and in raising the possibility of 
these two compounds in delaying its ripening. 

 

MATERIALS AND METHODS 

 
 This investigation was conducted in a private vineyard located in 
Wadi El-Faregh, Giza governorate for two seasons, 1997 and 1998. One 
hundred and twenty eight uniform Ruby Seedless vines of 6-year-old grown 
in sandy soil were chosen. The vines were trained to cordon system, 
supported by Spanish Paron trellis. Distances between vines were 1.5 m and 
4 m between rows. Thirty spurs with 2 buds each were left on each vine at 
pruning time. The number of clusters were adjusted to 20 clusters/vine. 
Fertilizers were added through drip irrigation system. Pesticides were applied 
whenever needed. 
 The design was randomized complete blocks. Experiments were 4 
CPPU levels (0, 3, 5 and 7 ppm) x 4 GA3 levels (0, 5, 10 and 20 ppm) 
factorial and the rest of the treatments, were the combination of CPPU x GA3. 
The final number of treatments was 16 CPPU and GA3 were applied to 
clusters when berry diameter reached 6.8 mm. Each treatment contained 
three replicates with two vines/replicate plus two vines/treatment for recording 
the delaying of crop ripening and colouration. Poorly coloured berries 
percentage (PCBP) was determined as an indicator for colouration. Total 
soluble solids (TSS) was determined when TSS of the control reached 16 (26 
July in the first season and 24 July in the second season), then days needed 
for TSS of each treatment to reach 16 and 18 were recorded. The following 
data were recorded at TSS 16 for each treatment: 

1- Berry weight and size. 
2- Berry length and diameter. 
3- Berry adherence strength and firmness at TSS 16 and 18. 
4- Bunch weight. 
5- Yield per vine. 
6- Acidity was determined according to A.O.A.C. (1970) at TSS 16 and 

18. 
7- TSS/acidity at TSS 16. 
8- Anthocyanin concentration in berry skin was determined at TSS 16 

and 18 following the method described by Hisa and Chichester (1965). 
Variances between treatments were tested using New LSD method as 
mentioned by Waller and Duncan (1969). 

 

RESULTS AND DISCUSSION 
 

1-Berry weight and size: 
 The results of berry weight and size are shown in Tables 1 and 2. 
The data clearly show that CPPU or GA3 and their combinations significantly 
increased berry weight and size. The best results of berry weight were 
recorded with CPPU at 5 and 7 ppm for the first season where the increment 
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was 15% over the control for both treatments. In the second season CPPU at 
7 ppm increased berry weight by 21% than control. Application of GA3 at 20 
ppm increased berry weight by 36% in the first season and 32% in the 
second one. The interaction between CPPU and GA3 obviously induced more 
increases and the highest value was obtained by CPPU at 7 ppm x GA3 at 20 
ppm in both seasons and increments were 53 and 59% in the first and 
second season, respectively. 
 
Table (1): Effect of CPPU and/or GA3 on 50 berries weight (g) of Ruby 

Seedless grapes. 

GA3 
Ppm 

1997 1998 

CPPU ppm CPPU ppm 

0 3 5 7 Mean 0 3 5 7 Mean 

0 
5 

10 
20 

157.2 i 
179.6 g 
210.6 e 
218.1 d 

169.3 h 
203.2 f 
233.8 c 
236.5 bc 

179.4 g 
219.5 d 
234.5 c 
244.2 a 

183.6 g 
222.8 d 
233.0 c 
241.0 ab 

172.4 D- 
206.3 C- 
228.0 B- 
235.0 A- 

148.6 j 
177.9 h 
197.5 g 
205.2 fg 

162.6 i 
206.9 fg 
216.6 je 
217.3 de 

177.4 h 
209.3 ef 
231.4 abc 
227.8 bc 

183.2 h 
225.1 cd 
239.0 a 
236.7 ab 

168.0 C- 
204.8 B- 
221.1 A- 
221.8 A- 

Mean 191.4 C 210.7 B 219.4A 220.1 A  182.3 D 200.3 C 211.5 B 221.0 A  

Values with the same letter (s) are not differ significantly at 5% level  
 A….for CPPU         A- …..for GA3      a…..for CPPU x GA3 

 
The same trend was found for berry size. The biggest berries were 

noticed with CPPU at 5 and 7 ppm, GA3 at 20 ppm, CPPU at 5 ppm x GA3 20 
ppm and CPPU at 7 ppm x GA3 at 20 ppm in both seasons. CPPU induced 
an increase in berry weight and size when applied alone or in combination 
with GA3 (Intrieri et al., 1993; Retamales et al., 1993; Dokoozalian et al., 1994 
and Retamales et al., 1995). The increase in berry weight reached 75% over 
control (Rizk, 1994). GA3 also increased berry weight and size (Weaver, 
1972; Singh et al., 1979; Abdel-Kawi, 1984 and Basiouny, 1994). However, 
(Joublan, 1995) observed that CPPU + GA3 did not affect berry weight or 
size. 
 
Table (2): Effect of CPPU and/or GA3 on 50 berries size (ml) of Ruby 

Seedless grapes. 

GA3 
ppm 

1997 1998 

CPPU ppm CPPU ppm 

0 3 5 7 Mean 0 3 5 7 Mean 
0 
5 

10 
20 

137.3 h 
158.3 fg 
187.7 e 
196.0 de 

150.0 g 
193.3 de 
208.0 bc 
200.0 cd 

155.7 fg 
208.0 bc 
220.7 a 
215.5 ab 

162.3 f 
200.0 cd 
225.0 a 
224.0 a 

151.3 D- 
189.9 C- 
210.4 A- 
208.8 A- 

125.0 j 
152.0 hi 
180.0 g 
191.3 b 

142.7 i 
185.0 fg 
195.0 e 
198.3 de 

152.7 h 
195.0 e 
211.7 bc 
220.0 a 

159.0 h 
195.0 e 
205.0 cd 
218.0 ab 

144.9 D- 
181.8 C- 
197.9 B- 
206.9 A- 

Mean 196.8 C 187.8 B 199.7A 202.8 A  162.1 C 180.3 B 194.9 A 194.3 A  

Values with the same letter (s) are not differ significantly at 5% level  
 A….for CPPU         A- …..for GA3      a…..for CPPU x GA3 

 
2- Berry length and diameter: 
 Berry length and diameter were significantly increased in response to 
CPPU, GA3 and their combinations (Tables 3 and 4). The highest increment 
of berry length was 6% in 1997 and 12% in 1998 resulted from the application 
of 7 ppm CPPU. The increase over the control was 16% and 15% in the first 
and the second season, respectively obtained by the application of 20 ppm 
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GA3. More increases in berry length were achieved as a result of the 
combined application of CPPU and GA3. 
Table (3): Effect of CPPU and/or GA3 on berry length (mm) of Ruby 

Seedless grapes. 

GA3 
Ppm 

1997 1998 

CPPU ppm CPPU ppm 

0 3 5 7 Mean 0 3 5 7 Mean 
0 
5 

10 
20 

18.0 f 
21.0 d 
21.7 bc 
22.3 ab 

19.3 e 
21.3 cd 
22.3 ab 
22.7 a 

19.7 e 
21.7 bc 
22.3 ab 
22.7 a 

20.7 di 
22.3 ab 
22.3 ab 
22.7 a 

19.4 C- 
21.8 B- 

22.2 A-B- 
22.6 A- 

18.0 h 
20.0 g 
21.7 cd 
22.0 bc 

20.0 g 
21.3 cde 
22.0 bc 
22.7 ab 

20.3 fg 
21.7 cd 
22.0 bc 
23.0 q 

21.0 ef 
21.7 cd 
23.0 a 
23.3 a 

19.8 D- 
21.2 C- 
22.2 B- 
22.8 A- 

Mean 20.8 C 21.4 B 21.6AB 22.0 A  20.4 C 21.5 B 21.8 B 22.8 A  

Values with the same letter (s) are not differ significantly at 5% level  
 A….for CPPU         A- …..for GA3      a…..for CPPU x GA3 

 
Table (4): Effect of CPPU and/or GA3 on berry diameter (mm) of  Ruby 

Seedless grapes. 

GA3 

Ppm 

1997 1998 

CPPU ppm CPPU ppm 

0 3 5 7 Mean 0 3 5 7 Mean 

0 

5 

10 

20 

13.8 h 

14.8 fg 

15.1 f 

15.3 ef 

14.3 gh 

16.4 d 

16.4 d 

17.1 c 

15.4 e 

17.4 c 

18.7 ab 

18.5 b 

15.8 e 

18.5 b 

18.5 b 

19.2 a 

14.8 D- 

16.8 C- 

17.2 B- 

   17.6 A- 

13.8 j 

15.0 h 

15.3 gh 

15.3 gh 

14.2 i 

15.9 f 

16.4 ef 

16.8 de 

15.2 gh 

17.3 cd 

18.6 a 

18.3 a 

15.8 fg 

17.8 bc 

18.7 a 

18.8 a 

14.8 C- 

16.7 B- 

17.3 A- 

17.3 A- 

Mean 14.8 D 16.1 C 17.5B 18.0 A  14.8 D 15.8 C 17.4 B 17.8 A  

Values with the same letter (s) are not differ significantly at 5% level  
 A….for CPPU         A- …..for GA3      a…..for CPPU x GA3 

 
Berry diameter positively responded to CPPU application. The higher 

concentration of CPPU (7ppm) increased berry diameter by 22% in both 
seasons of the study. Meanwhile, GA3 at 20 ppm induced 19% increase in 
diameter in the first season and 17% in the second one. The most increments 
were found after the application of CPPU at 7 ppm x GA3 at 20 ppm and 
CPPU 5 ppm x GA3 10 ppm in both seasons (Table 4). Our results for CPPU 
are in agreement with those obtained by (Nickell, 1985 and Diaze and 
Maldonado, 1992) and for GA3 by (Dokoozalian et al., 1994 and Cooper et 
al., 1993). 

 
3- Berry adherence strength and firmness: 
 Berry adherence strength and firmness were significantly increased 
as a result of the application of CPPU and/or GA3 (Tables 5 and 6). The 
  
Table (5): Effect of CPPU and/or GA3 on berry adherence strength (gs) 

of Ruby Seedless grapes. 

GA3 
Ppm 

1997 1998 

CPPU ppm CPPU ppm 

0 3 5 7 Mean 0 3 5 7 Mean 
0 
5 
10 
20 

342.3 i 
351.0 h 
355.3 g 
361.3 ef 

357.7 fg 
362.0 de 
362.7 cde 
363.7 cde 

363.3 de 
365.7 cd 
366.3 cbe 
370.3 b 

364.6 cde 
365.7 cd 
370.3 cb 
382.0 a 

357.0 C- 
361.1 C- 
363.7 B- 
369.3 A- 

332.0 h 
343.0 g 
346.3 f 
352.0 de 

345.3 f 
347.7 f 
351.0 e 
355.3 cd 

352.0 de 
353.7 cde 
356.7 cd 
359.0 b 

357.3 e 
361.3 a 
362.3 a 
363.0 a 

346.7 D- 
351.4 C- 
354.1 B- 
357.3 A- 
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Mean 352.5 D 361.5 C 366.4B 370.7 A  343.3 D 349.8 C 355.4 B 361.0 A  

Values with the same letter (s) are not differ significantly at 5% level  
 A….for CPPU         A- …..for GA3      a…..for CPPU x GA3 

 
Table (6): Effect of CPPU and/or GA3 on berry firmness (kg/cm2) of   

Ruby Seedless grapes. 
GA3 
Ppm 

1997 1998 

CPPU ppm CPPU ppm 

 0 3 5 7 Mean 0 3 5 7 Mean 

0 
5 
10 
20 

0.61 k 
0.62 k 
0.66 j 
0.68 i 

0.81 h 
0.81 h 
0.81 h 
0.83 g 

0.85 f 
0.86 f 
0.88 e 
0.90 d 

0.96 c 
1.02 b 
1.04 a 
1.05 a 

0.81 D- 
0.83 C- 
0.85 B- 
0.87 A- 

0.60 k 
0.61 k 
0.64 j 
0.67 i 

0.72 h 
0.74 g 
0.77 f 
0.77 f 

0.79 e 
0.81 d 
0.81 d 
0.81 d 

0.86 c 
0.87 bc 
0.88 b 
0.90 a 

0.74 D- 
0.76 C- 
0.78 B- 
0.79 A- 

Mean 0.64 D 0.82 C 0.87B 1.02 A 0.84 0.63 D 0.75 C 0.81 B 0.88 A  

Values with the same letter (s) are not differ significantly at 5% level  
 A….for CPPU         A- …..for GA3      a…..for CPPU x GA3 

 
application of CPPU obviously induced a significant increase in adherence 
strength of Ruby Seedless berries. This increment goes parallel with the 
increasing CPPU concentrations. The highest value was recorded in CPPU 
treatment at 7 ppm in both seasons. Similar responses were found with GA3 
treatment. The combined application of CPPU and GA3 maximized the 
adherence strength response. The highest value was obtained from 
application of CPPU at 7 ppm x GA3 at 20 ppm. The same trend was found 
when TSS reached 18 (Table 10). Berry firmness followed the same trend of 
adherence strength response. (Yanshiang et al., 1997) discussed two 
possible explanations to interpret the produced increment on berry firmness. 
The first, assumes that cytokinin or CPPU increased flesh firmness by 
maintaining the total pectin and Ca contents at higher concentrations. The 
second is increasing the number of flesh layer. It seems that these 
explanations could be acceptable to clarify our results. The effect of CPPU on 
increasing berry firmness was reported by (Yanshiang et al., 1997), where 
the increases in berry adherence and firmness induced by GA3 application 
were reported by (Singh et al., 1979; Youssef et al., 1983 and Abdel-Kawi et 
al., 1984). 
 
4-Bunch weight: 
 The CPPU application significantly increased bunch weight of Ruby 
Seedless grapevine (table 7). The most effective treatment was CPPU at 7 
ppm, which raised bunch weight by 39% than the control in both seasons. In 
a similar way, GA3 at 20 ppm induced an increase reached 35% and 38% 
than control in the first and the second season, respectively. More significant 
increases in bunch weight were obtained when CPPU interacted with GA3. 
The combined application of CPPU and GA3 produced a synergistic response 
in bunch weight exceeding that obtained with CPPU or GA3 alone. CPPU at 7 
ppm x GA3 at 20 ppm produced the heaviest bunch weight. The increments 
were 79% and 88% in the first and the second season, respectively. The 
increase in bunch weight is a result of the increase in berry weight and size 
(Tables 1 and 2). 
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 Our results were in a agreement with those found by (Rizk, 1994 and 
Rong et al., 1998). 
 
Table (7): Effect of CPPU and/or GA3 on bunch weight (g) of Ruby 

Seedless grapes. 

GA3 
Ppm 

1997 1998 

CPPU ppm CPPU ppm 

0 3 5 7 Mean 0 3 5 7 Mean 

0 
5 
10 
20 

642.3 p 
676.7 o 
722.3  
790.1  

685.7 h 
848.7 hi 
851.7 h 
895.0 fg 

765.3 kl 
913.7 f 

1051.7 b 
1045.0 bc 

787.3 jk 
971.7 e 

1018.3 cd 
1150.0 a 

720.2 D- 
852.7 C- 
911.0 B- 
970.0 A- 

636.0 h 
688.3 ij 
735.0 gh 
780.0 f 

678.3 j 
836.7 e 
844.7 e 
883.3 d 

718.0 hi 
869.7 je 
1073.3 b 
971.7 c 

750.0 fg 
944.3 c 

1059.3 b 
1200.0 a 

695.0 D- 
834.8 C- 
928.1 B- 
958.8 A- 

Mean 707.8 D 820.0 C 943.9B 981.8 A  710.0 D 810.8 C 908.2 B 788.4 A  

Values with the same letter (s) are not differ significantly at 5% level  
 A….for CPPU                A- …..for GA3                   a…..for CPPU x GA3 

 
5- Yield per vine: 

The results of yield/vine (Table 8) were similar to those of bunch 
weight in the preceding table (7). Yield/vine was significantly increased by 
CPPU and/or GA3 applications. 
  
Table (8): Effect of CPPU and/or GA3 on yield/vine (kg) of Ruby   

Seedless grapes.  

GA3 
ppm 

1997 1998 

CPPU ppm CPPU ppm 

0 3 5 7 Mean 0 3 5 7 Mean 

0 
5 

10 
20 

12.8 hi 
13.5 h 
14.4 g 
15.8 f 

13.7 h 
17.0 e 
17.0 e 
17.9 d 

15.3 f 
18.1 d 
20.4 b 
20.9 b 

15.7 f 
19.4 c 
21.0 b 
23.0 a 

14.4 D- 
17.0 C- 
18.2 B- 
19.4 A- 

12.7 j 
13.8 i 
14.7 gh 
15.6 g 

13.6 i 
16.7 f 
16.9 f 
17.7 e 

14.4 gi 
17.4 ef 
21.5 b 
21.2 b 

15.0 gh 
18.9 cd 
21.5 b 
24.0 a 

13.9 D- 
16.7 C- 
18.1 B- 
19.6 A- 

Mean 14.1 D 16.4 C 18.7B 19.8 A  14.2 D 16.2 C 18.6 B 19.3 A  

Values with the same letter (s) are not differ significantly at 5% level  
 A….for CPPU         A- …..for GA3      a…..for CPPU x GA3 

 
The highest yield was achieved by CPPU 7 ppm and/or GA3 at 20 

ppm and the increments percentages than control were:  
First season  Second season 

CPPU at 7 ppm    40   36 
GA3 at 20 ppm    35   41 
CPPU at 7 ppm x GA3 at 20 ppm 80   89  
 

The combined application of CPPU and GA3 produced a pronounced 
response, that the increments induced by the combined application were 
twice or more than the individual application of CPPU or GA3. 
The increase in yield/vine is related to the increase in bunch weight. The 
obtained data are confirmed by the results of (Abdel-Kawi, 1984; Nickell, 
1985 and Rizk, 1994).  
 
6- Colouration : 
 The aim of this investigation was to delay the ripening of Ruby 
Seedless table grape. So, delaying colouration is one of the tools to achieve 
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the aim. The results of (PCBP) are illustrated in (Fig.1 and 2). It is clear that 
CPPU and/or GA3 induced an increase in PCBP. The more increase in the 
concentration of CPPU and/or GA3, the more increase of PCBP. The highest 
PCBP value was recorded at the application of 7 ppm CPPU or 20 ppm GA3 
and their combination. As time advanced, PCBP started to decrease but the 
highest PCBP values still noticeable at the application of 7 ppm CPPU in 
combination with all GA3 concentrations. At TSS 18, it is clear that all PCBP 
were decreased and the values were similar to the control. The highest 
values were recorded for 7 ppm CPPU and all GA3 concentrations (Fig 1 and 
2) It is logic that the results of PCBP took a reverse trend compared to those 
of anthocyanin (Table 13). 
 The highest yield/vine was achieved by the application of 7 ppm 
CPPU x 20 ppm GA3 (Table 8) accompanied by low values of anthocyanin 
(Table 13) and higher PCBP (Fig.1and 2). At the same time, the application 
of 5 ppm CPPU x 10 ppm GA3 produced yield/vine less about 21% and 20% 
in the first and second seasons, respectively than 7 ppm CPPU x 20 ppm 
GA3 and accompanied by higher anthocyanin concentration and lower PCBP. 
So, the increment in yield/vine induced by 7 ppm CPPU x 20 ppm GA3 could 
not be neglected, but more work is needed to improve the level of 
anthocyanin and decrease PCBP. 
 The delay in ripening produced by CPPU x GA3 is desired for Ruby 
Seedless grapes in regard to marketing especially in the desert areas. The 
results indicated that CPPU x GA3 delayed the harvest of Ruby Seedless 
table grape to the second half of August which raise its price from 70 piasters 
at the fourth week of July to 115 piasters/kg at the second week of August 
then to 135 paisters per kg at the third week of the same month. (Personal 
communication with the owner of the farm).  

The appearance of Romi Ahmer table grape variety in August made 
no problem for its poor colour in that period and loose bunches.  
 Delaying colouring as results of applying CPPU and/or GA3 were 
reported by (Intrieri et al., 1993 and Wolf et al., 1994). 
 

7-Total soluble solids (TSS): 
It is obvious from Table (9) that CPPU and GA3 in addition to their 

interactions delayed sugar accumulation in juice of Ruby Seedless grape 
berries. CPPU caused a significant decrease in TSS. The lowest value was 
recorded at the application of high concentration of CPPU (7 ppm). The same 
trend was observed for GA3. Meanwhile, neither CPPU nor GA3 applications 
produced the level of TSS 16%. More significant decreases in TSS were 
found as a result of the combined application of CPPU and GA3 with the 
exception of 0 ppm CPPU x 0 ppm GA3, 3 ppm CPPU x 0 ppm GA3 and 0 
ppm CPPU x 5 ppm GA3. The lowest values were recorded when high 
concentrations of CPPU and GA3 were applied. 
As the time advanced TSS increased and days needed to reach TSS 16 and 
18 are found in table 10. It is clear that the rate of sugar accumulation was 
slower under treatments with high CPPU and/or GA3 concentration compared 
to the lower ones. 
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 It is clear that small berries needed few days to accumulate sugars in 
comparison to large ones. The above results showed evidence that CPPU 
and/or GA3 delayed maturation of Ruby Seedless grapes for several days.  
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This delay is logic since CPPU and/or GA3 increased berry size (Table 2), 
delayed sugar accumulation (Table 9) consequently, delayed ripening. These 
results are in accordance with those of (Intrieri et al., 1993; Retamales et al., 
1993; Dokoozalian, 1994; Wolf et al., 1994 and Rizk, 1998). 
 

 
Table (9): Effect of CPPU and/or GA3 on TSS of Ruby Seedless grapes. 

GA3 
ppm 

1997 (26 July) 1998 (24 July) 

CPPU ppm CPPU ppm 

0 3 5 7 Mean 0 3 5 7 Mean 
0 
5 

10 
20 

16.0 a 
16.0 a 
15.5 b 
15.5 b 

16.0 a 
14.5 c 
14.2 d 
13.8 f 

15.1 b 
14.3 d 
14.0 e 
13.7 f 

14.5 c 
14.3 d 
14.0 e 
13.5 f 

15.4 A- 
14.8 B- 

14.4 B-C- 
14.1 D- 

16.0 a 
15.9 a 
15.4 b 
15.2 b 

15.8 a 
14.0 c 
13.8 d 
13.5 d 

15.1 b 
14.0 c 
13.5 d 
13.5 d 

14.7 b 
14.0 c 
13.3 e 
13.2 e 

15.4 A- 
14.5 B- 
14.0 C- 
13.9 C- 

Mean 15.8 A 14.6 B 14.3 Bc 14.1 C  15.6 A 14.3 B 14.2 B 13.8 C  

Values with the same letter (s) are not differ significantly at 5% level  
 A….for CPPU         A- …..for GA3      a…..for CPPU x GA3 
 

Table (10): Effect of CPPU and/or GA3  on days needed to TSS to reach 
16 and 18 after control, physical and chemical 
characteristics of Ruby Seedless table grapes. 

CPPu 
Ppm 

GA3 

ppm 

Days needed to TSS to reach 
16 and 18 after control 

16             18 

Adherance 
strength at TSS 

18 

Firmness at  
TSS 18 

Acidity at  
TSS 18 

Anthocyanin at 
TSS 18 

1997 1998 1997 1998 1997 1998 1997 1998 1997 1998 1997 1998 
0 0 - - 4 5 335 d 332 d 0.55 c 0.50 c 0.43 a 0.44 a 1.65 a 1.93 a 

3 0 - - 4 5 350 c 348 c 0.75 b 0.71 b 0.43 a 0.44 a 1.55 a 1.85 a 

5 0 5 6 5 5 360 b 367 b 0.75 b 0.68 b 0.43 a 0.45 a 1.55 a 1.84 a 

7 0 7 8 6 5 365 b 372 b 0.90 a 0.80 a 0.45 a 0.45 a 1.31 b 1.35 b 

0 5 - - 4 5 350 c 359 c 0.78 b 0.61 b 0.43 a 0.46 a 1.59 a 1.84 a 

0 10 3 3 4 5 355 bc 365 bc 0.76 b 0.63 b 0.43 a 0.47 a 1.59 a 1.85 a 

0 20 5 4 6 7 360 b 371 b 0.77 b 0.64 b 0.44 a 0.46 a 1.56 a 1.86 a 

3 5 5 6 5 6 368 b 379 b 0.75 b 0.63 b 0.46 a 0.47 a 1.58 a 1.86 a 

3 10 6 8 6 6 365 b 375 b 0.77 ab 0.65 b 0.46 a 0.48 a 1.57 a 1.86 a 

3 20 6 8 7 7 367 b 379 b 0.78 b 0.65 b 0.46 a 0.49 a 1.53 a 1.87 a 

5 5 6 9 6 8 371 b 382 ab 0.75 b 0.70 b 0.46 a 0.49 a 1.58 a 1.89 a 

5 10 7 10 8 8 369 b 377 b 0.81 a 0.72 b 0.49 a 0.50 a 1.55 a 1.83 a 

5 20 7 10 6 8 370 ab 378 b 0.82 a 0.74 ab 0.51 a 0.50 a 1.55 a 1.83 a 

7 5 9 11 7 9 380 a 384 a 0.91 a 0.78 a 0.52 a 0.52 a 1.25 b 1.30 b 

7 10 10 11 8 9 385 a 387 a 0.93 a 0.78 a 0.53 a 0.49 a 1.25 b 1.34 b 

7 20 10 12 8 9 389 a 395 a 0.95 a 0.83 a 0.53 a 0.52 a 1.20 b 1.26b 

 
From Tables 2 and 10 sound results could be summarized as follows: 

Treatments 

Days needed to reach TSS 
16 and 18 after control 

% increase in berry size 
than control 

1997 1998 
1997 1998 

16         18 16      18 
Control 
CPPU at 7 ppm 
GA3 at 20 ppm 
CPPU at 5 ppm + GA3 at 10 ppm 
CPPU at 7 ppm + GA3 at 20 ppm  

0 
7 
5 
7 

10 

0 
6 
6 
8 
8 

0 
8 
4 

10 
12 

0 
5 
7 
8 
9 

0 
19 
38 
61 
63 

0 
20 
43 
69 
74 

 
Acidity: 

Juice acidity was significantly increased by the application of CPPU 
and/or GA3 (Table 11). It is obvious that all CPPU concentrations significantly 
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increased berry acidity compared to the control. Meanwhile, the only 
significant response of GA3 was obtained when the highest concentration (20 
ppm) was applied. Hence, CPPU was more effective in lowering the 
degradation rate of acidity than GA3. The same trend was observed as a 
result of CPPU x GA3. However, the differences disappeared when TSS 
reached 18.Similar observations were reported by (Dokoozalian et al., 1994; 
Wolf et al., 1994 and Rizk, 1998). 
 

 
Table (11): Effect of CPPU and/or GA3 on acidity % of Ruby Seedless 

grapes. 

GA3 
ppm 

1997 1998 

CPPU ppm CPPU ppm 

0 3 5 7 Mean 0 3 5 7 Mean 
0 
5 

10 
20 

0.44 e 
0.64 d 
0.68 cd 
0.72 cd 

0.78 bc 
0.84 ab 
0.86 ab 
0.89 ab 

0.84 ab 
0.89 ab 
0.88 ab 
0.90 a 

0.86 ab 
0.89 ab 
0.90 a 
0.93 a 

0.73 B- 
0.81 A-B-- 
0.83 A-B- 
0.85 A- 

0.45 d 
0.70 c 
0.73 c 
0.74 c 

0.83 b 
0.86 ab 
0.87 ab 
0.88 ab 

0.86ab 
0.86 ab 
0.88 ab 
0.90 a 

0.88 ab 
0.89 ab 
0.96 a 
0.93 a 

0.80 B- 
0.83 A-B- 
0.85 A- 
0.86 A- 

Mean 0.62 B 0.84 A 0.87A 0.90 A  0.70 C 0.86 B 0.88 AB 0.90 A  

Values with the same letter (s) are not differ significantly at 5% level  
 A….for CPPU         A- …..for GA3      a…..for CPPU x GA3 

 

9-TSS/acidity: 
 
Table (12) illustrated TSS/acidity as affected by CPPU and/or GA3. All CPPU 
concentrations significantly decreased this ratio compared to the control. 
These decreases showed an opposite trend to CPPU concentrations. The 
same notice was found as a result of GA3 application. CPPU x GA3 
treatments significantly decreased TSS/acidity. The lowest values were 
recorded when the high concentrations of CPPU x GA3 were applied.  
The lower TSS/acidity values are due to higher acidity values (Table 11). We 
agree with (Joublan et al., 1995) that CPPU and/or GA3 delayed grape 
ripening in terms of TSS and TSS/acidity. 
 

 
Table (12): Effect of CPPU and/or GA3 on TSS/acidity of Ruby Seedless grapes.  

GA3 
ppm 

1997 1998 

CPPU ppm CPPU ppm 

0 3 5 7 Mean 0 3 5 7 Mean 
0 37.7a  21.2 d 19.0 de 18.6 e 23.0 A- 35.5 a 19.3 c 18.6 cd 18.2 c 22.9 A- 

5 25.3 b 19.0 de 17.9 ef 17.9 ef 20.0 B- 23.1 b 18.6 cd 18.6 cd 17.9 de 19.6 B- 

10 23.5 bc 18.6 e 18.2 e 17.8 ef 19.5B-C- 21.9 b 18.4 cd 18.2 cd 16.7 e 18.8 C- 

20 22.2 c 17.9 ef 17.8 ef 17.2 f 18.8 D- 21.6 b 18.2 cd 17.8 de 17.2 de 18.7 C- 

Mean 27.1 A 19.0 B 18.2 C 17.9 C  25.5 A 18.6 B 18.3 B 17.5 C  

Values with the same letter (s) are not differ significantly at 5% level  
 A….for CPPU         A- …..for GA3      a…..for CPPU x GA3 

10-Anthocyanin: 
 The application of CPPU and/or GA3 significantly decreased 
anthocyanin concent. compared to the control (Table 13). It is obvious that 
increasing the concentration of CPPU or GA3 significantly decreased 
anthocyanin. The lowest values were recorded as a result of applying the 
high concentration of CPPU and/or GA3. At TSS 18 (Table 10) anthocyanin 
was significantly increased with all treatments compared to treatments 
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contained 7 ppm CPPU. It is obvious that there was no significant difference 
between control and these treatments, which indicate that the delay of 
ripening of Ruby Seedless grapes increased anthocyanin contents in the skin 
and consequently improved its colouration. It was found that the change in 
grape colour from green to purple was delayed as a result of CPPU 
application (Intrieri et al., 1995). Moreover, (Wolf et al., 1994) recommended 
CPPU dosages not more than 5 mg/L due to negative effects on berry 
colouring. Similar results were observed when (Joublan et al.,1995) applied 
CPPU and/or GA3 on Moscatel Roseda grapes. (Rong et al., 1998) explained 
that CPPU and/or GA3 stimulated cell division during early fruit development 
and cell enlargement during later stages and increasing the concentration of 
fruit endogenous growth regulators particularly IAA, which delayed fruit 
ripening and colouring. 
 

Table (13): Effect of CPPU and/or GA3 on anthocyanin concentration 
(O.D. at 530 nm) of Ruby Seedless grapes. 

GA3 
ppm 

1997 1998 

CPPU ppm CPPU ppm 

0 3 5 7 Mean 0 3 5 7 Mean 

0 
5 

10 
20 

1.15 a 
1.05 b 
1.02 b 
0.95 d 

1.15 a 
1.03 b 
0.99 c 
0.93 d 

1.11 a 
0.96 c 
0.93 d 
0.90 d 

1.06 b 
   0.90 de 

0.87 ef 
0.84 f 

1.12 A- 
0.99 B- 
0.95 C- 
0.91 D- 

1.32 a 
1.14 c 
1.06 cd 
0.96 e 

1.25 b 
1.09c 
1.02 d 
0.94ef 

1.20b 
1.02d 
0.96 e 
0.91f 

1.09 c 
0.89fg 
0.91 f 
0.88 g 

1.22 A- 
1.04 B- 
0.99 C- 
0.92 D- 

Mean 1.04 A 1.03 A 0.98B 0.92 C  1.12 A 1.08 B 1.02 C 0.94 D  

Values with the same letter (s) are not differ significantly at 5% level  
 A….for CPPU         A- …..for GA3      a…..for CPPU x GA3 
 

 From the foregoing discussion, it is clear that CPPU and/or GA3 

Treatments delayed Ruby Seedless table grape ripening and improved its 
quality. These effects reflected in increasing its price. To achieve good 
results, it is recommended to spray the bunches when berry diameter 
reaches 6-8 mm with 5 ppm CPPU + 10 ppm GA3.  
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نننرشتتعناقيد تتبناقتتكنجتتقبن تتقهنر  تت نا تتر ن ن ن نن ن ن ن نن نن نن نن نن ن ن ننن نننن نن ن ننننستتق  عن ر تتي ن يقةر لتتدن ق رب ق تتدن  با تت ن ق تتي نننن6ن نننن ن ن نن ن نن ن نن نن ن نننن ن نن ن ننننننن ن ن نن نن نن

ننت يا تكن ق تير بن  عراتدنةيجتدنات ن  ب ن ننن نن ن نن ن نن نن ن ن ن ن ننن ن ن نننننن نن نن ننننننن قفتير ن  ايا تدن قز تعـن  ت نن نن نننن ن ننن ن ننن ن نن نننن تر  تعنجتفرن نننCPPUنن نن نن نن ن ننن7نن نننن5  ن ننن3نن
ننزعءنا ن ق ل  بنأ ن ننن ن ننن نننن ننن ن ننن تر  عننجتفرن نن3GAن نن ننن نن ن ن01نن نننن5نن ن01نن نننن ننزتعءنات ن ق ل ت بنأ ن ا  تيناقتب ين تيبندةترن قا تننن نننن ن ننن نن ننن ننن ننن ن ن ن نن ننن ن ننن نننن ن نن ن ننيعنن ن

نن تر  حن ت بن نننن ن نن ن ت ن نأ حتاعننن8-ن6نن ن ن ن نننن ققتتيجهنأبن قتيزنع تيبـن يق  تدنات ن عبن ازت ن قا تيعن نةت لن دةترن قا تدن ننننننننن نن نننن ن نن نن ن ن نننن ننن ننننن ن ن نن ن ن نن ن نن نن نن ن نننننن نن ننن نن ننن نننننن
ن عبن قيقل بن  ا ن ن ننن ننن نننن ن نننج لن ق ر  ن ن  ينع بعن ققس دن ق ج  دنقلا يعن قرب جدن قتلت  بن ستزلعن ق يي لتدن نن ن نننن نن ن ن نن نن نننننن نننن نننن ننن نننن نن نن نننن نن ننننن ننن ننن ن نننن ن ن ن نننن ن ننزتعءنات نننن7ننن ن نن ن ن

نن ق ل  بن ن ننن نن عنننCPPUنن ن01ن ننزعءنا ن ق ل  بنننن ن ننن نننن ننن ن ننأال ن اج ل/ ر دن أال نقس دن ج  دنقلا يعنرب جتدن قتلت  نن3GAن نننننن نننن نن ننن نننن نن نن نن نن ننن نن نن نن ن ن ن نن ن ن ن ن نن نن ننبنن
ننن نأ تتين ق تت  بن قجتتل دن قا ج تتدن ق ل تتدن ن ق تت  بن قجتتل دن قا ج د/ قا  حتتدن  ق اتتت  ن تتبن  ن نن ن ن ن ن ننن نن ن ن ن ن نننن نننننننن ننن نننننن ن نننننن ن نن نننن ن ننننننن ننن نننننن ن ننننن نننننلأقث ستت يق ننن ن نبنالتتبن قةننن ننننن ننفتت نننن ن

نن يق  ينً نإحيادنإق ن ينس قنأبعن ق يي اعن قسي لدنإق ن قتأة رنات نقحتهن قيقتكنتتر  حن ت بن نننن ن نن ن نن ن ن نننن ن ننن ن نن نن نننننن نننن نننن نننن ن ن نن ن نننن نننن نن ننن نن نننن ننن ننننًننن نن ن00-ن5ن ن ت  ن ليرقتننن ن ننن ننن نندنن
نننن يق قتر ل نأب ن ا ن قتأة رنإق نتاس بنز بـن قيقيد بن ق يي لدن ع يبـنتل قهين ع يبـن قسيرن ن ن ن نننننننن ن ننن نن نننننننن ن نن نن نن ن ننننننننن نننننن ن نن نن ن ننن نننن نن نننننننن نن ننننن ن ن ننن ن ننن
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