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ABSTRACT  

 

This study was conducted during two successive seasons 

2005 and 2006 by using "Desert Red" peach cultivar (Prunus 

persica L.) grafted on Nemaguard rootstock. Trees were sprayed 

with a hand sprayer to the run off at the initiation of phase ΙΙΙ of 

the double sigmoid curve before the onset of the climacteric. The 

treatments included putrescine at 5 and 10 mM, GA3 at 200 and 

400 ppm, in addition to each of the above treatments plus 

calcium chloride (at 2%, w/v), CaCl2 alone, and the control 

(water spray). The surfactant tween-80 was added to all 

treatments at 0.05% (v/v). Skin of putrescine-treated fruits 

contained higher amount of chlorophyll a than the control. 

In a similar manner, both GA3 concentrations resulted in 

higher content of chlorophyll a especially in the first season. 

Moreover, CaCl2 treatment did not cause a significant 

change in chlorophyll a in both seasons. Putrescine at 5 or 10 

mM, and CaCl2 did not result in a significant change in 

carotene content, while GA3 at 200 ppm caused a reduction 

in carotenes as compared with the control. Various used 

putrescine and GA3 concentrations caused a significant 

reduction in anthocyanin content as compared with the 

control in both seasons. Similarly, CaCl2 alone was able to 

significantly reduce anthocyanin content in fruit skin while 

its addition to any of putrescine or GA3 treatments did not, 
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generally, caused a significant alteration in anthocyanin 

content. Putrescine at 10 mM consistently reduced TSS/ 

acidity ratio as compared with the control. While, GA3 in 

general, tended to reduce such ratio when compared with 

the control. Meanwhile, CaCl2 did not result in a significant 

change in TSS to acidity ratio in both seasons. Combing 

CaCl2 with each of putrescine or GA3 concentrations did not 

result in added advantage in terms of inducing further 

reduction of deteriming pigments or sugars. This study 

recommended spraying GA3 at 200 ppm or putrescine at 10 

mM (882ppm) or calcium chloride at [2% (w/v), 20,000 

ppm] to delay “Desert Red” peach fruit maturity by, at least 

one week provided that treatments must be applied at the 

beginning of the third phase of the double sigmoid curve. 

 

INTRODUCTION 

 

Peaches are highly demanded by Egyptian consumers. To 

prolong the time of peach marketing which reflects on increasing the 

growers profits, many new cultivars have been cultivated in Egypt. 

Moreover, breaking dormancy early in spring by some agents such as 

Dormix and some cultural practices extended the period of peach 

harvest. Meanwhile, most of the new cultivars reach to maturity in 

mid season which increases the supply and lowers prices. Peach fruits 

are also known with their short shelf life and weak storability. 

Consequently, many fruit are lost which forces peach producers to 

harvest their fruits at minimum maturity. Peach fruits at such stage 

lack the desired flavor and aroma. Peach was classified into 

climacteric fruit ripening. In peach, the rise in ethylene production 

regulates the ripening process (Kende, 1993; Leliever et al, 1997; 

Mathooko et al., 2001). However, the climacteric ethylene in peach is 

an event occurring late when the fruit has already consistently 

softened (Tonutti et al., 1997). For this reason, peach fruits exhibit 

short storage life that limit their commercial potential and induce 

farmers to anticipate the harvest date. As a negative consequence for 

this excessive early harvest, the overall peach fruit quality is reduced 

and does not fulfill the consumer's expectation. Aforementioned, there 

are great need treatments that delay fruit maturity and ripening of 
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peaches and to extend the shelf life of such fruits. To reach this goal 

and improve fruit quality, substances able to interfere with ethylene 

biosynthesis would manipulate peach fruit ripening. Polyamines such 

as "putrescine", gibberellic acid and calcium play important roles in 

the life of fruits and could have the potential to achieve the desired 

goals. Polyamines are well- known regulators of growth and 

differentiation (Bagni and Torrigini, 1992), and compete directly with 

ethylene for their common precursor S-adenosy-L-methionine (SAM) 

(Valero et al., 2002, b). Whereas the high calcium content in fruit 

tissues has been shown to reduce disorders (Sharples & Johnson, 

1977), retard softening and inhibit decay of apples (Conway et al., 

1991). In addition to strengthening cell walls and membranes, calcium 

also regulates some physiological processes that may directly or 

indirectly affect the quality of fruit (Poovaiah, 1988). Gibberellic acid 

was found to delay ripening and senescence of fruits, as well as fruit 

maturity in peaches (Sher-Muhammad et al., 1996, a). Thus, the 

objectives of this research were to delay fruit maturity and ripening of 

"Desert Red" peach fruits by using safe means that could adopted by 

grawers without sacrificing the quality. Such delay would reduce the 

supply of mid-season peaches which benefits peach producers.  

 

MATERIALS AND METHODS 

The study was conducted during two successive seasons 2005 and 

2006 on "Desert Red" peach cultivar (Prunus persica L.) budded on 

Nemaguard peach rootstock and grown in Nubaria region, Beheira 

governorate, Egypt. Trees were healthy, uniform and free of defects. The 

orchard trees were maintained under the standard cultural practices 

commonly adopted for this area. The soil was sandy, well drained and the 

depth of water table was at least at two meters and the trees were under 

dripping irrigation system. Trees were on 5-year-old trees and trained to 

open-vase shape. Trees were sprayed to the run off using a hand sprayer on 

17, 20 April during 2005 and 2006, respectively. Treatments included 

water as the control, Putrescine [1, 4-Diaminobutane(C4H2N2)] at 5 mM 

(441 ppm)or 10 mM (882 ppm), GA3 at 200 or 400 ppm in addition to 

each of the above treatments plus CaCl2 at 2% (w/v) and finally CaCl2 

alone at 2% (w/v). The non-ionic surfactant Tween 80 at 0.05% (v/v) was 

added to all treatments to reduce the surface tension and increase the 
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contact angle of sprayed droplets. The treatments were sprayed at the 

initiation of the double sigmoid curve (before the onset of climacteric 

ethylene). The study treatments were arranged in a factorial experiment in 

randomized complete block design. Four replications were used per each 

treatment. Thus forty trees were employed where each tree represented one 

replication. The percentage of total soluble solids (T.S.S %) in fruit juice 

was measured using a hand-refractometer. The acidity was colorimetrical 

based on estimated malic acid using five milliliters of the fruit juice of each 

fruit sample and titrated with sodium hydroxide solution of a known 

normality using phenolphthalein as an indicator (A.O.A.C., 1985). Total 

sugars were determined by using the phenol sulfuric acid method (Smith, 

1956), Reduced sugars were determined according to the Lane and Eynon 

method as described by (Egan et al., 1981). Chlorophyll A; B and Beta-

Carotene were determined according to (Wintermans and Mats, 1965). To 

describe, the procedure briefly: half gram of fresh peel from the green 

cheek was extracted by about 15ml of 85% acetone and 0.5g calcium 

carbonate, the mixture was filtered through a glass funnel and the residue 

was washed with a small volume of acetone and completed to 25 ml. The 

optical density of a constant volume of filtrate was measured at a wave 

length of 662 nm, for chlorophyll A, 644 nm, for chlorophyll B and 440 

nm, for Carotene using spectrophotometer. Anthocyanin was determined 

according to the method of Fuleki and Francis (1968) as follow: 10 grams 

of fresh peel from color cheek, was extracted by using 20 ml of the 

extraction solution (85% ethyl alcohol 95% + 15% HCL 1.5N), the 

mixture was left for the extraction of anthocyanin for 2 weeks, 1 ml of the 

filterate was used to determine the optical density of for 535 nm, after 

adding 5 ml of the extraction solution. The blank was just the used 

extraction solution, using spectrophotometer. The analysis of variance was 

obtained by using SAS computer (2000) software. While comparisons 

among means were made via the Least Significant Differences multiple 

ranges according to Snedecor and Cochran (1972). The data were analyzed 

using SAS (2000) program.  
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RESULTS & DISCUSSIONS 

 

II. The Treatment Factor regardless the time: 

1. Chlorophyll a Content: 

Data of chlorophyll a content as influenced by various 

treatments was shown in Table 1. it was indicated that chlorophyll a in 

putrescine-treated fruits was significantly higher than that of the 

control. Even in the second season, putrescine-treated peaches tended 

to have higher chlorophyll a values than that of the control. In a 

similar way, the formation of chlorophyll a in GA3-treated fruits was 

similar to the found with putrescine in terms of the amount of 

chlorophyll a. the application of calcium chloride did not result in a 

significant change in chlorophyll a. when the combination of 

putrescine (at 5 or 10 mM) plus calcium was compared with that of 

putrescine alone, no added advantage was obtained due to the 

presence of calcium in that aspect.    Similarly, GA3 plus calcium 

caused the formation of chlorophyll a similar to that obtained with 

only GA3 application in both seasons, whether GA3 was used at 200 or 

400 ppm. In general, most treatments did not significantly increase 

chlorophyll a in the peach fruit skin as compared with the control. 

Aforementioned findings agreed with the results of Evans and 

Malmberg (1989) reported that, polyamines were effective as anti-

senescence agent and found to retard chlorophyll loss, membrane 

deterioration and increase in RNase and protease activity. Sher-

Mohammed et al (1997) reported that, the GA3 sprays significantly 

delayed the development of yellow color on the "Redhaven" peach 

fruit.  

2. Chlorophyll b Content: 

With regard to the influence of various treatments on the 

content of chlorophyll b in fruit skin was shown in Table 1, it was 

found that putrescine treatments did not cause a significant change in 

chlorophyll b when compared with the control except in the case of 

putrescine at 10 mM in the first season. The applications of GA3 at 

200 or 400 ppm were not effective in retarding the loss of chlorophyll 

b in fruit skin in both seasons. Furthermore, calcium chloride 

treatment was not able to significantly retard the loss of chlorophyll b 

in peach skin. Even the combination of putrescine, at either used  
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concentrations, plus calcium did not significantly vary in their effect 

on chlorophyll b as compared with that of putrescine in both seasons. 

In a similar pattern, no added advantage was obtained as a result of 

incorporating calcium with GA3 (at either 200 or 400 ppm) with 

regard to chlorophyll b content in "Desert Red" peaches. In peach 

fruits, the rate of chlorophyll b degradation was faster than that of 

chlorophyll a when changes of this pigment were followed after fruit 

set to maturity (Gross, 1987). 

In putrescine, as anti-ethylene compound, and GA3 could 

have retarded the loss of chlorophylls if applied earlier in the season 

which explained the non-significant influenced of such compound on 

chlorophyll b in peaches(Abdel-Gawad and Romani, 1974).  

3. Carotene Contents: 

Data of carotene content in "Desert Red" peaches at harvest 

as influenced by various treatments were shown in Table 1. The data 

revealed that putrescine treatment either at 5 or 10 mM did not 

significantly alter carotene content in the fruit at harvest as compared 

with the control. Moreover, both used putrescine concentrations were 

equally effective on carotenes in the fruit. However, GA3 applications 

at 200 and 400 ppm were able to significantly reduce carotene in both 

seasons when compared with the control. The increase in GA3 to 400 

ppm did not have an additional influence on carotenes as compared 

with applying GA3 at 200 ppm and that trend was consistent in both 

seasons. 

On the other hand, CaCl2 treatment did not lead to a 

significant change in carotenes relative to the control in both seasons. 

There was no added advantage from the incorporation of CaCl2 with 

both putrescine concentrations when compared with just using 

putrescine alone in terms of their influence on carotenes in both 

seasons. Meanwhile, GA3 application at 400 ppm in the presence of 

CaCl2 resulted in higher carotene content than that obtained with GA3 

alone at the same concentration in both seasons. When GA3 

concentration at 200 ppm was applied plus CaCl2, further advantage 

was gained when carotenes in the fruit were compared with the use of 

GA3 at 200 ppm alone. 

Since carotenes are formed early in the fruit life and masked 

by chlorophylls and the treatments were done by the beginning of the 

third phase of the double sigmoid curve, various treatments were not 
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effective on altering carotenes except with GA3 concentrations. That 

trended to delay the maturity processes it was reported that 

gibberellins retard the conversion of chloroplasts to chromoplasts 

(Gross., 1987) which agreed with above finding. However, ethylene 

enhances such conversion (Ben-Arieh and Guelfat-Reich., 1975). 

Since putrescine is an anti-ethylene compound, It was expected that 

putrescine would significantly reduce carotenes at harvest. The 

treatment effect shown in Table was the summation of four weeks 

following the application. 

4. Anthocyanin Contents: 

The effect of various treatments on anthocyanin formation in 

"Desert Red" peaches was reported in Table 1 and illustrated in Photo 

1. The results indicated that putrescine treatments led to a significant 

reduction in anthocyanin content in peach skins whether at 5 or 10 

mM as compared with the control. However, the increase in putrescine 

concentration from 5 to 10 mM did not make a difference in 

anthocyanin content in both seasons. Retardation of anthocyanin 

formation was also found by GA3 applications at 200 or 400 ppm. 

Increasing GA3 concentration did not also further decrease 

anthocyanin in fruit skin. It was also noticeable that the efficacy of 

putrescine on reducing anthocyanin formation was statistically similar 

to that obtained with GA3 concentrations in a consistent manner. 

The application of calcium chloride was also able to delay the 

formation of anthocyanin in peach skin in a significant way when 

compared with the control. Thus, the control fruits were advanced in 

anthocyanin formation in the peach fruit cheeks, when compared with 

all used treatments. The presence of calcium along with putrescine did 

not make a significant difference in anthocyanin content when 

compared with just using putrescine alone in both seasons except with 

putrescine ( at 10 mM) plus calcium in the second seasons. When a 

similar comparison was made between the combination of GA3 plus 

calcium and just GA3 alone, no remarkable change in anthocyanin 

formation was found in fruit skins. As a general conclusion, no 

additional advantage was obtained when CaCl2 was combined with 

either putrescine or GA3 with regard to anthocyanin formation. 

Hence, it could be concluded that each of putrescine, GA3 or 

calcium chloride had the ability to delay peach fruit maturity and 

ripening since anthocyanin formation and intensity are major 
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attributes or criteria for these stages. Trends obtained in this study as a 

result of using various treatments to retard anthocyanin formation 

agreed to these found by several authors that reported the beneficial 

effects of polyamines, such as putrescine to delay color changes and 

increase shelf life, for both climacteric and non climacteric fruits. 

Furthermore, Valero et al., (1999) reported the physiological roles of 

polyamines these compounds in their free forms play critical roles as anti-

senescence agents, from both endogenous and exogenous application, the 

main effects in fruit being retarded color changes, increase fruit firmness, 

delayed ethylene and respiration rate emission and induced mechanical 

resistance. Saure (1990) who reported that, anthocyanin formation may 

be promoted either directly by reducing GA activity, or in directly by 

increasing the level of ethylene and/or ABA, which are GA 

antagonists. The above mentioned results were in agreement with 

these previously reported by many investigator such as Factaeu et al 

(1985), Sher-Mohammed et al (1997). On the other hand, Ochei et al 

(1993) reported that, calcium treatment, delayed fruit ripening in 

Surecrop peach trees. 

5.Total Sugars: 

Results of total sugars in peach fruit tissue as influenced by 

various treatments were reported in Table 1. Quantitatively, a slight 

change occurred in total sugars as a result of putrescine treatments, 

but, generally, the trend toward the reduction of total sugars as 

compared with the control was not consistent between the two 

seasons. Similarly, GA3 applications at 200 or 400 ppm resulted in a 

significant reduction of total sugars only in the second season. Even in 

the case of calcium chloride treatment, no significant change in total 

sugars was found when compared with the control. Thus, no specific 

pattern in total sugars was obtained as a result of putrescine or GA3 

applications. The addition of calcium to putrescine at 10 mM led to a 

significant increase in total sugars in both seasons as compared with 

putrescine alone at 5 mM but only higher than that value of total 

sugars obtained with putrescine (10 mM) in the second season. On the 

other hand, the combination of GA3 plus calcium at both used 

concentrations did not result in a considerable change in total sugars 

as compared with using GA3 alone. Hence, no further change was 

obtained in total sugars, in general, as a result of incorporating 

calcium with either GA3 or putrescine. Aforementioned data agreed 
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with the reported results of Lee-ChongSuk et al (2000) who reported 

that, GA3 tended to reduce the concentration of sucrose and glucose. 

6. Reducing Sugars: 

Fruit content of reducing sugars as influenced by various 

treatments was reported in table 2. The data indicated that putrescine 

whether at 5 or 10 mM did not significantly affect such sugars when 

compared with the control in both seasons. There was even no 

significant difference between reducing sugar contents when 

comparing the influence of putrescine at 5 and 10 mM. Moreover, the 

control fruits contained a similar amount of reducing sugars to that 

obtained with GA3 at 200 or 400 ppm in both seasons. In addition, 

putrescine at both concentrations did not result in a significant 

difference in the amount of reducing sugars when compared with GA3 

at 200 or 400 ppm. The application of calcium chloride did not result 

in any appreciated difference when compared with the control in both 

seasons. The presence of calcium along with putrescine did not make 

a difference in reducing sugar contents when compared with the use of 

putrescine alone at similar concentration. On the other hand, 

combining calcium to GA3 as compared with GA3 alone (at 200 or 

400 ppm) did not result in a consistent trend of reducing sugars 

content in both seasons. Thus, calcium presence along with either 

putrescine or gibberellic acid did not much to the amount of reducing 

sugars in "Desert Red" peaches in this study. Since sucrose is the 

dominant sugar in peach fruits, this might explain the non remarkable 

changes in reducing sugars in this peach cultivar. Such findings were 

in line with Martin et al., (1971), Srivastava et al., (1974). 

7. Non-reducing Sugar: 

The data concerning the effect of various treatments, 

regardless the time, on non-reducing sugars was reported in table 2. 

The data revealed that all used treatments did not cause a significant 

change in non-reducing sugars compared with the control in the first 

season. In the second season, in a similar manner, almost all 

treatment, except GA3 at 400 ppm, were not able to cause a significant 

difference in such sugars. Furthermore, the combination of GA3 at 200 

ppm plus calcium did not vary from the effect of GA3 alone at the 

same concentration in terms of their effect on non-reducing sugars. 

Similarly, GA3 at 400 ppm gave the same above trend. On the other 

hand, putrescine at 5 mM in the presence or absence of calcium did  
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not result in a significant difference in such sugars. However, 

putrescine at 10 mM, in the second season, plus calcium caused a 

significant increase in non-reducing sugars when compared with 

putrescine alone at the same concentration. In general, no appreciated 

change occurred in non-reducing sugars as a total effect of the 

treatments by the end of the experiment.  

8. Total Soluble Solids: 

Data of total soluble solids as influenced by various 

treatments to "Desert Red" peach fruits was reported in table 2. The 

data revealed that putrescine at 5mM was not effective in changing 

TSS content in the fruit in both seasons. A slight reduction in TSS 

occurred by putrescine at 10 mM but only was significant at the 

second season. Moreover, the application of GA3 did not result in a 

consistent reduction in TSS content as compared with the control in 

both seasons. 

Furthermore, the control fruits did not significantly vary from 

those treated with calcium chloride in both seasons. It was found that 

there was no significant difference between the efficacy of putrescine 

and GA3 at all used concentrations in terms of the content of TSS in 

both seasons. The incorporation of calcium with putrescine at 5 or 10 

mM did not significantly affect TSS values when compared with those 

resulting from putrescine alone. The use of GA3 at 200 ppm in the 

presence or absence of calcium did not cause a significant effect on 

TSS values. In a similar manner there was no added advantage on TSS 

content when GA3 at 400 ppm plus calcium was compared with just 

GA3 at the same concentration in both seasons. However, a significant 

reduction in TSS occurred in both seasons when peaches were treated 

with the combination of GA3 at 200 ppm plus calcium as compared 

with the control.  

The above findings agreed with those found by the studies of 

Torrgiani et al (2004) reported that, low TSS and high acidity levels 

are typical of fruits which are reaching the full ripening and the 

substances may have delay the progress of the ripening process as 

compared to control. Facteau (1985) reported that, preharvest 

treatment with GA3 at 10ppm 21 day before harvest significantly 

increased TSS content of fruit compared with control. These results 

are in agreement with findings of several authors such as Amarante et 

al (2005) reported that, GA3 reduced the TSS content in fruits. 
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Moreover, Dirs and Niskaken (1999) reported that, CaCl2 resulted in 

decrease TSS content compared with control. 

9. Juice Acidity: 

Responses of juice acidity of "Desert Red" peach fruits to 

various treatments were shown in table 2. The data indicated to a 

general trend of increase juice acidity as a result of putrescine 

treatments at both concentrations when compared with the control. 

However, such increase was not significant except with putrescine at 

10 mM in the first season. Application of GA3 at 200 ppm was able to 

significantly increase fruit acidity in both seasons.  

Similar trend of results was found with GA3 treatment at 400 

ppm except with GA3 at 400 ppm in the first season. In general, there 

was no significant difference between juice acidity of putrescine-

treated fruits and those treated with GA3. On the other hand, calcium 

chloride treatment did not result in a consistent change in juice acidity 

relative to control.  

The addition of calcium to each putrescine concentrations did 

not make a considerable difference when juice acidity was compared 

with thise treated with putrescine alone. The combination of GA3 

concentrations plus calcium as compared with the effect of GA3 alone 

in terms of their influence on juice acidity did not significantly make a 

difference except with GA3 at 200 ppm plus calcium in first seasons 

that resulted in lower acidity than GA3 ( at 200 ppm ) alone. 

The found results in this study agreed with these found in 

previous research such as Torrgiani et al (2004) reported that, high 

acidity levels are typical of fruits which are reaching the full ripening 

and the substances may have delay the progress of the ripening 

process as compared to control. Similar observations were found by 

Zilka et al (1997), Lee-Chong Suk et al (2000), Amarante et al (2005) 

they reported that, titralable acidity of GA3-treated fruit was 

significantly higher than that of untreated fruit. While Ochie et al 

(1993) reported that, CaCl2 sprays generally increased titralable 

acidity compared with control. Contradictory, El-Sheikh-Ali et al 

(1998) reported that, preharvest treatment with CaCl2 resulted in 

reduced titralable acidity in LeConte pear fruit. 

10. Fruit TSS/Acidity Ratio: 

With regard to the changes in TSS/acidity in the juice of 

"Desert Red" peach fruits as result of various treatments (table 2), the 
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data showed that putrescine at 5 mM was not significantly effective in 

changing such ratio. However, putrescine at 10 mM resulted in a 

significant reduction in TSS to acidity in both seasons as compared 

with the control. In a similar manner, GA3 at 200 ppm was able to 

reduce the ratio of TSS to acidity in a consistent pattern. Application 

of GA3 at 400 ppm to peach fruits also tended to reduce such ratio. 

Meanwhile, calcium chloride treatment, regardless the time factor, 

was not effective in reducing TSS/acidity in fruit tissue. The 

combination of putrescine plus calcium whether at 5 or 10 mM of 

putrescine did not result in a significant difference in TSS to acidity 

ratio. Furthermore, GA3 at 200 or 400 ppm in the presence of calcium 

chloride not significant vary in their influenced on TSS to acidity 

ratio. The effectiveness of putrescine at 5 mM on TSS/acidity did not 

considerably change when compared with its combination with 

calcium. Again putrescine efficacy at 10 mM on TSS/acidity was 

similar to that found with its combination with calcium in both 

seasons. Aforementioned results were supported by the results of 

previous studies such as Torrgiani et al (2004)  reported that, all the 

concentration of polyamines (putrescine and spermidine) and 

application times tested, reduced the SSC/acidity ratio as compared to 

control, mainly. On the other hand, Dris and Niskaken (1999) reported 

that, CaCl2 decreased the TSS/acidity ratio compared with control.  
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Photo 1: Variations in the exposed colored cheek of "Desert Red" 

peach fruits as influenced by various treatments compared with 

the control. 



 

 

 

 

 

 

J.Agric.&Env.Sci.Alex.Univ.,Egypt                                 Vol.6 (1)2007 

 

74 

III. The Time Factor Regardless The Treatments 

Changes in chlorophyll a, b in "Desert Red" peaches as 

influenced by various time of sampling were shown in Table 2. The 

data indicated that, chlorophyll a, b was lost by the progress of time, 

in the fifth week (at harvest) the contents of chlorophylls was 

significantly decreased compared with the previous weeks, 

respectively. The loss of chlorophylls was accompanied to the 

maturation changes in peach fruit.    

Changes in carotene contents in "Desert Red" peaches in 

response to various times of sampling were shown in Table 2. After 2 

weeks of applying various treatments, it was found that carotenes in 

the fruits tended to decrease from on week to another until the fifth 

week of application when a significantly increase in carotenes was 

gained when compared with carotene data after 3 and 4 weeks of 

chemical treatments. This trend of results was consistent in both 

seasons and agreed with the finding of (Lessertios and Moneger., 

1978) who determined the seasonal changes of carotenes in peach 

fruits and found a gradual decline in carotenes throughout the third 

phase of fruit life cycle followed by an increase at maturity and 

continued until ripening.  

Data of fruit coloration as influenced by various times of 

sampling were shown in Table 2. The results showed that, at harvest 

(the fifth week) the contents of anthocyanin was higher significantly 

compared with the other weeks, respectively. During the processes of 

fruit maturity, the chlorophylls were disappearing and anthocyanin 

was increase as a consequence of maturation changes which involved 

of the autocatalytic production of ethylene. As known, peach fruit 

coloration is ethylene dependent and the increase of anthocyanin in 

the late of phase three is stimulated by ethylene, as is chlorophylls 

loss.    

Data of total, reducing and non reducing sugars of “Desert 

Red” peach as affected by various time of sampling were presented in 

Table 2. The data indicated that, total sugars was increased by the 

time, as the results shown, the fifth week (at harvest) was a 

significantly higher of total sugars compared with the previously 

weeks, respectively. In a similar trend to the above finding, the non 

reducing sugars were increased by time. The data shown that, fifth 
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week (at harvest) was a higher contents of non reducing sugars when 

compared with the previously weeks in the growth curve. 

Contradictory, reducing sugars was increased in the progress of time 

at the third week and second week, in two seasons, respectively, and 

then, it began decrease to the lower levels at harvest. As results 

shown, the fifth week (at harvest) was a lower contents of reducing 

sugars as compared with the previously weeks.   

Similar observations were found by Monselise (1986) who 

reported that, total sugar accumulates throughout development with a 

surge during the final swell through the onset of maturation. Starch 

and dextrins steadily decline reaching a minimum in mature fruit. The 

greatest contribution to the sugar accumulation comes, however, from 

a parallel increment in the rate of photosynthesis. 

Changes in carotenes in "Desert Red" peaches as influenced 

by various time of sampling were shown in Table 2. The data revealed 

that, total soluble solids was increased by time at forth week, after 

that, at fifth week its began decrease. The forth week was a higher of 

TSS contents compared with another weeks, but at harvest (fifth 

week) the TSS contents of peach fruits was lower than its contents in 

the forth week. TSS contents were increased in the progress of fruit 

maturation as a consequence of accumulation of sugars (non reducing 

sugars and pigments).         

Data of juice acidity of “Desert Red” peach as affected by 

various sampling time were presented in Table 2. The data revealed 

that, juice acidity was increased and reached to a higher levels at forth 

week, and then began decrease. The forth week was significantly a 

higher levels compared with the previously weeks. At harvest (fifth 

week), juice acidity was lower than that in the forth week. 

Similar observations were found by Charlmers and van den 

Ende (1975) reported that, total acidity steadily increases to a peak 

during stage three. This may come early or late in different varieties, 

independently from the time of the ripening. Ryugo and Davis (1958). 

reported that, Total acidity in mature fruit is directly related to the 

peak height and inversely related to the duration of the decline. Malic 

and citric acids are most important components, with malic acid levels 

closely paralleling titrable acidity.  

Changes in the TSS to acidity ratio throughout the sampling 

periods following spray were shown in Table 2. The data indicated to 
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a decline in such ratio by reaching to the third week of spray followed 

by a significant increase in the fourth week of spray in both seasons. 

This decline in the TSS to acidity ratio might by related to the increase 

in fruit respiration by that time which needed more breakdown of 

soluble materials especially sugars. The fifth week sample indicated to 

a similar TSS/acidity ratio to that found in the fourth week which that 

peach fruits might have reached to maturity by the fourth week of 

spray. 

 

IIII. The Effect of the Interaction between Treatment and Time: 

1- Chlorophyll a: 

Chlorophyll a content of "Desert Red" peaches as influenced 

by the interaction between treatments and time was recorded in Table 

3. The data proved that the control fruits gradually lost chlorophyll a 

in a significant way from one week to another following the 

application date. However, after one week of spray, almost all 

treatments were not able to make a significant change in chlorophyll a 

when compared with the control. As the time progressed following 

spray, the content of chlorophyll a declined significantly from week 

one to five by all treatments in both seasons. However, even by 

reaching to the forth week after application, there was no significant 

difference in chlorophyll a between putrescine-treated fruits and the 

control. Similarly, results were found with to with GA3-treated 

peaches. The addition of calcium chloride to either putrescine or GA3 

treatments did not result in a significant change in chlorophyll a over 

time after spray. Thus, the data suggested that chlorophyll a change 

was not a critical factor in the process of delaying peach maturity by 

using treatments. Moreover, by all treated peaches tended to have 

higher chlorophyll a content than that found in the control fruits. Thus, 

increase in chlorophyll a, however was not statistically significant in 

two seasons. 

2- Chlorophyll b: 

The effect of the interaction between treatments and time on 

chlorophyll b was shown in Table 4. The data revealed that all 

treatments were not effective on changing chlorophyll b by the end of 

first week following spray when compared with the control. The 

weekly decline in chlorophyll b from the first to the fifth week in the 
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control fruits was significant. However, such difference up to the third 

week following spray in most cases. By reaching to the forth week 

following the application putrescine treatment either at 5 or 10 mM 

caused a significant increase in chlorophyll b in both seasons. 

However, the difference in chlorophyll b between the control and 

putrescine (at 5 or 10 mM) in the presence of calcium chloride was 

not significant at the same harvesting date. Calcium chloride 

treatments was not able to induce a significant change in chlorophyll b 

whether in the forth week or fifth week of the application. In spit of 

the retarding effects of GA3 to fruit ripening, but such retardation 

could not be attributed to chlorophyll b in this study since this trait did 

not change significantly by the fifth week after application. Similar 

conclusion was reached when GA3 plus calcium effect on chlorophyll 

b was compared with that of the control after five weeks of the 

application in terms of chlorophyll b content.         

3- Carotene Content: 

After 5 weeks of applying the treatments, putrescine (at 5 or 

10 mM) gained a significantly increase in carotenes as compared with 

control in the fourth week following the applications (Table 5). This 

was true with GA3-treated fruits at 400 ppm but was not true with 

GA3-treated fruits at 200 ppm. However, by the fifth week of spray, 

only GA3-treated fruits at 200 ppm had significantly lower amount of 

carotenes than the control. Furthermore, GA3 at 400 ppm attained a 

significantly decline in carotene in the fourth week as compared with 

the control in the fifth week in both seasons. When the data was 

compared earlier after 2 weeks of spray, it was found that only GA3 

(at 400 ppm) and GA3 at 200 ppm plus CaCl2 were able to 

significantly reduce the amount of carotene in the fruit when 

compared with the control after the same period of spray. The data 

also revealed that carotenes in putrescine-treated fruits either at 5 or 

10 mM did not significantly vary from carotenes in the control fruits 

throughout the sampling periods from the second to the fifth week of 

spray. When a similar comparison was made with GA3 at 200 or 400 

ppm, it was found that GA3-treated fruit at 200 ppm had a similar 

amount of carotenes as compared with the control throughout the 

sampling period (from week 2 to week 5 of spray) except with fifth 

week where carotenes decreased significantly by GA3 at 200 ppm. 

However, GA3 at 400 ppm resulted in a different trend throughout the 
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sampling period since it was able to cause a significantly decline in 

carotene by the second week of spray as compared with the control, 

then carotenes did not vary by third and fourth weeks, then increased 

again by the fifth week to a level similar to the control. On the other 

hand, calcium-treated fruits did not vary in their carotene content 

throughout the sampling weeks following spray when compared with 

that of the control fruits. The incorporation of CaCl2 into GA3 or 

putrescine solutions did not make a significant change in the trend of 

results as compared with its absence from these solutions in both 

seasons.  

4- Anthocyanin Content: 

The response of "Desert Red" peaches to the interaction 

between treatments and time in terms of anthocyanin content in the 

skin was reported in Table 6.  The data shown that anthocyanin 

formation in the fruit skin of the control needed more than three weeks 

after spray to reach to a significant amount. Putrescine at 5 mM 

showed its effect on retarding fruit coloration after 4 weeks of spray, 

when compared with the control. However, putrescine at 10 mM was 

more effective in that aspect since the significant reduction in 

anthocyanin content appeared only after 3 weeks of spray. The 

consistent retardation of anthocyanin formation by GA3 whether at 

200 or 400 ppm also was manifested after 4 weeks of spray. 

Meanwhile, there was no significant difference between the influence 

of GA3 and putrescine at both used concentrations. The incorporation 

of calcium with GA3 or putrescine did not lead to an appreciated 

change in anthocyanin content in the fruit skin over time. Calcium 

alone, on the other hand, was able to delay anthocyanin formation but 

after 4 weeks of spray. After 5 weeks of the application, it was evident 

that the control fruits of "Desert Red" were superior in their content of 

anthocyanin when compared with all other treatments. Furthermore, 

putrescine and GA3 were equally effective on reducing anthocyanin 

content after 5 weeks of spray.    

5- Total Sugars Percentage: 

Changes in total sugars of “Desert Red” peaches in response 

to the interaction between treatments and time were reported in Table 

7. The data showed a gradual increase in total sugars of the control 

and treatments over time from the first to fifth week after spray. The 

increase in total sugars from one week to another following spray was 
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significant until harvest. However, the consistent increase in total 

sugars with putrescine 10 mM occurred by the third week after spray. 

Meanwhile, after three week of spray, formation of total sugars by 

putrescine at 5 and 10 mM was similar to that found by GA3 at 200 

and 400 ppm. The incorporation of calcium chloride to GA3 at both 

concentrations did not lead to an appreciated change in total sugars as 

compared with that found with GA3 alone after four weeks of spray. 

Values of total sugars obtained with CaCl2 alone over the five weeks 

of sampling after spray did not significantly vary from those obtained 

with the control fruit. Putrescine at 5 and 10 mM plus calcium did not 

lead to a considerable difference over the five weeks period of 

sampling after spray. In general, there was no superior treatment in 

terms of its ability to retard total sugar accumulation in "Desert Red" 

peaches, over the sampling period.  

 

6- Reducing sugars Percentage:  
Data regarding the effect of the interaction between 

treatments and time on reducing sugars of “Desert Red” peaches was 

shown in Table 8. The data revealed that reducing sugars of the 

control fruits tended to increase after 2 and 3 weeks of spray relative 

to the first week but were drastically reduced after 4 and 5 weeks in 

both seasons. Similar trend was found with the putrescine at 5 mM 

where the significant reduction in reducing sugars occurred after 4 and 

5 weeks of spray. Moreover, reducing sugars after 5 weeks were 

further reduced as compared with the forth week. GA3 application at 

200 and 400 ppm gave similar trend of results as those found with 

putrescine over time. However, reducing sugars content in the control 

fruits after one week of spray did not significantly vary from those of 

all other treatments at the same sampling time. The incorporation of 

calcium chloride with putrescine at 5 or 10 mM resulted in a 

significant increase in reducing sugars after 2 weeks of spray relative 

to the first week, then such sugars were significantly declined by 

reaching to the forth and fifth weeks following spray. The influence of 

GA3 plus calcium on reducing sugars from one week to another after 

spray was similar to that above found by putrescine plus calcium. 

Thus, various treatments led to similar pattern of reducing sugars over 

the five weeks that following the application date.     
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7- Non-reducing Percentage: 

Non-reducing sugars were also studied in relation to the 

interaction between treatments and time as reported in Table 9. Up to 

the second week following spray, there was no significant change in 

the control in non-reducing sugars. Then by the third week, non-

reducing sugars were increased markedly. The magnitude of such 

weekly increase from the third to the fifth week following spray was 

statistically significant. In general, one week after spray, there was no 

significant difference in non-reducing sugars between treatments and 

the control. As the time progressed, differences in non-reducing 

sugars between the control and some treatments were not considerable 

when compared at various time after spray. Even with calcium 

chloride alone, the increment in non-reducing sugars, starting after 2 

weeks of spray, was significant from one week to another until fifth 

week. Thus, non of treatments was able to induce a significant change 

in such sugars as compared with the control or other treatments over 

the five weeks period after spray. It is important to emphasize that 

GA3 at 200 or 400 ppm and putrescine at 5 or 10 mM did not cause 

variations in non-reducing sugars even in the last three weeks before 

harvest. The data also clarified the important of the last week in 

increasing markedly the amount of non-reducing sugars before 

harvesting whether in the control or treatments.         

8- Total Soluble Solids:  
The effect of the interaction between treatments and time on 

the content of total soluble solids (TSS) in "Desert Red" peaches was 

shown in Table 10. A significant increase in TSS occurred in the 

control fruits by the second week as compared with the first week 

following spray. Such increase continued from week to another in a 

significant manner. Putrescine at 5 or 10 mM also caused a significant 

increase in TSS in the second week following spray. This was not the 

case with GA3 since the increase in TSS was not consistent by the 

second week relative to the first one. Calcium chloride treatment also 

did not cause a delay in the accumulation of TSS since the amount of 

TSS by the second week was higher than that found by the first week 

following spray. The presence of calcium along with putrescine at 5 or 

10 mM resulted in inconsistent increase in TSS up to the third week 

following spray. Even in the case of GA3 plus calcium chloride, the 

consistent in TSS started by the forth week after spray as compared 
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with the first week. In general, non of treatments was able to 

accelerate the process of accumulating TSS in "Desert Red" peaches. 

At the fifth week following spray, no considerable difference was 

reported between various treatments and the control.  

9- Juice Acidity:  
Titratable acidity data in “Desert Red” peaches as influenced 

by the interaction between treatments and time was reported in Table 

11. It was found that such acidity in the control fruits increased 

significantly during the second and third weeks of spray relative to the 

first week then slightly declined or stayed constant.  This rise in 

acidity occurring consistently by the forth week of spraying putrescine 

at 5 mM. Meanwhile, use of putrescine at 10 mM lead to considerable 

increase in acidity that started early in the second week of spray and 

remained statistically greater than that of the control over the 

following weeks until harvest. GA3 (at 200 ppm) influence on 

titratable acidity varied from than that found by putrescine over time. 

There was a significant rise in that acidity by the third and forth weeks 

of spray when compared with the fifth week, then acidity declined by 

the fifth week but in a non significant way when compared with the 

forth week. These trends of acidity also true for GA3 at 400 ppm. The 

influence of calcium chloride on fruit acidity was even different over 

time since the consistent increase in such acidity started relatively late 

by the forth and fifth weeks following spray. However, the presence 

of calcium along with putrescine at 5 and 10 mM or with GA3 at both 

used concentrations did not remarkably change the magnitude of fruit 

acidity over time until reached to the fifth week. Thus, putrescine and 

GA3 solutions seemed to accelerate the increase fruit acidity while 

calcium chloride alone needed more time to significantly raise such 

acidity.    

10- TSS/Acidity Ratio:  
Changes in TSS / acidity ratio as influenced by various 

treatments over time were shown in Table 12. Such ratio in the control 

fruits was declined in a considerable manner by the third week of 

spray as compared with the first week then rose again by reaching to 

the fifth week. Meanwhile, there was no significant difference in the 

ratio of TSS to acidity between the control and all other treatments 

after one week of spray in both seasons. Putrescine at 5 and 10 mM 

resulted in a difference trend of TSS to acidity ratio since the decline 
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in such ratio was faster than that was found in the control in the first 

season but was not difference from by reaching to the fifth week. 

Application of GA3 at 200 ppm caused to a significant reduction in the 

third week of spray relative to the first week in the TSS / acidity ration 

then such ratio rose again and stayed at that level until the fifth week. 

However, GA3 at 400 ppm resulted in slightly different behavior of 

TSS / acidity ratio since the significant decline in such ratio by third 

week was followed by another week of spray which stayed at same 

level until harvest. The application of calcium chloride resulted in 

slight but inconsistent reduction in the TSS to acidity ratio by the forth 

week of spray and remained at that level until the fifth week of spray. 

Non of the treatments resulted in a significant change in TSS to 

acidity ratio by the fifth week of spray as compared with the control. 

The presence of calcium chloride along with putrescine at 5 or 10 mM 

did not change trends of TSS to acidity when compared with those 

found with putrescine alone. Similar conclusion was reached when 

GA3 at both concentrations was compared with GA3 in the presence of 

calcium chloride in terms of their influence on TSS / acidity ratio.  
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 الملخص العربى
 

تاثير البيوترسين و حمض الجبريلليك و الكالسيوم على خصائص الجودة و تاخير اكتمال 
 الخصائص الكيماوية للثمار.:  Bنمو ثمار الخوخ "ديزرت ريد". 

 
 1, أحمد سعيد الصباغ2, أحمد عبده عيسى1, أحمد عبدالكريم اسماعيل1كريم محمد فرج

 , دمنهور. 44748قسم البساتين )فاكهة(, كلية الزراعة بدمنهور, جامعة االسكندرية ص ب  4
 قسم الفاكهة, كلية الزراعة بالشاطبى, جامعة االسكندرية , االسكندرية.  4

 
على اشجار صنف الخوخ  4448, 4447اجريت هذه الدراسة خالل موسمين متتالين 

نيماجارد, و قد تم رش االشجار برشاشة يدوية "ديزرت ريد" و المطعومة على اصل ال
حتى نقطة الجريان السطحى و تم الرش فى بداية المرحلة الثالثة من منحنى نمو الثمار 
الزيجمودى, اى قبل بداية تنفس النضج للثمار بهدف دراسة امكانية تاخير اكتمال نمو ثمار 

و قد اشتملت المعامالت على  ذلك الصنف و معرفة مدى تاثر الخصائص الكيماوية للثمرة.
ملى موالر, حمض الجبريلليك بتركيزى  44او  7استحدام كل من البيوترسين بتركيزى 
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% )وزن/حجم(,و الكنترول 4جزء فى المليون , كلوريد الكالسيوم بتركيز  644, 444
)رش بالماء(, باضافة لكل من تركيزين البيوترسين او حمض الجبريلليك فى وجود كلوريد 

% 4047لكل محاليل المعامالت بتركيز  4:لكالسيوم. أضيفت المادة الناشره توين ا
)حجم/حجم(. و قد وجد ان الثمار المعاملة بالبيوترسين احتوت على قدر اكبر من الكلورفيل 
أ و ذلك بالمقارنة بالكنترول, و بطريقة مشابهة ادت المعاملة بحمض الجبريلليك الى 

ل أ خاصة فى الموسم االول بينما لم يؤثر كلوريد من الكلورفيالحصول على محتوى اعلى 
الكالسيوم معنويا على كلورفيل أ فى كال الموسمين, كما وجد ان تركيزى البيوترسين, و 
كذلك كلوريد الكالسيوم بمفردة لم تؤثر معنويا على محتوى الثمار من الكاروتينات, بينما 

فى المليون نقص معنوى فى جزء  444نتج عن معاملة حمض الجبريلليك عند تركيز 
جزء فى المليون  644الكاروتينات و ذلك بالمقارنة بالكنترول. لكن مضاعفة التركيز الى 

جزء فى المليون, و  444لم بنتج عنها زيادة معنوية فى الكاروتينات بالمقارنة مع معاملة 
حدوث نقص  قد ادت كل تركيزات البيوترسين و حمض الجبريلليك و كلوريد الكالسيوم الى

معنوى فى االنثوسيانين فى كال الموسمين, بينما وجود الكالسيوم فى تركيبة اى من 
تركيزات البيوترسين او حمض الجبريلليك لم يؤد الى تغير معنوى فى محتوى االنثوسيانين 
بالمقارنة مع عدم وجودة. و قد وجد ان هناك نقصا فى نسبة المواد الصلبة الذائبة الى 

ملى موالر, كما كان ذلك هو  44بطريقة ثابتة باستخدام البوترسين بتركيز  الحموضة و
االتجاه العام لنتائج معامالت حمض الجبريلليك, بينما لم يؤثر كلوريد الكالسيوم معنويا على 
تلك النسبة فى كال الموسمين, و قد اثبتت النتائج ان اضافة كلوريد الكالسيوم الى من 

حمض الجبريلليك لم يكن ذو ميزة اضافية من ناحية اعطاء اثر  تركيزى البيوترسين او
اضافى على خفض محتوى الثمار من الصبغات او السكريات. و توصى الدراسة باستخدام 

GA3  4::ملى موالر )اى   44جزء فى المليون, او البيوترسين بتركيز  444بتركيز 
"ديزرت ريد" لمدة حوالى اسبوع جزء فى المليون ( لتاخير اكتمال نمو ثمار صنف الخوخ 

على االقل مع العلم ان الرش يجب ان يتم عند بداية المرحلة الثالثة من منحنى نمو الثمار 
 الزيجمودى المزدوج. 
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