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ABSTRACT 
 

This work was conducted during 2016 and 2017 seasons in a private vineyard situated at Markaz-Badr El-Beheira Governorate, 
Egypt. This study aimed to evaluating the potential effects of foliar applications of Putrescine (Pu) at 0.0, 1.0 and 2.0 mM, Salicylic acid 
(SA) at 0.0, 2.0 and 4.0 mM and the combination among them on yield, fruit quality and storability of Flame seedless grapevine. The 
vines sprayed with these treatments two timeswhen berry reached about 4-6mm in diameter (pea stage) and again at veraison stage. The 
obtained results revealed that the combination treatment contained Pu at 2.0 + SA at 4.0mM improved total yield and clusters quality in 
terms of weight, length and widthas well as berry length, berry diameter, weight, firmness and volume of 100 berries. Moreover, itwas 
the most effective treatment maintaining the quality characters during cold storageat, 0-2°C and 90-95% RH showing the lowest cluster 
weight loss, berry shatter, rachis browning, and berry decay as well as Pectin methylesterase activity. Also, itgave the highest berry 
firmness and removal forcewith maintaining SSC%, acidity, SSC/acid ratio and berries anthocyanin content till 60 days of cold storage, 
however all combination treatments increased significantly the marketable clusters percent and extended cluster shelf life over control. 
   

INTRODUCTION 
 

Flame seedless cultivar grapevine is one of the 
most important local table grapes for export markets. Its 
early yield and berries characterized as a light red color, 
higher SSC%, medium berry size and lower juice acidity. 
It is known that, improvement of different berries quality 
parameters especially size, color and firmness at harvesting 
time and retarding rachis browning, berry shattering and 
leaching of color during cold storage is very important for 
fetching premium prices and increasing economic values.  

Polyamines are organic compounds of low 
molecular weight that are present in different organisms and 
the most important of these compounds Putrescine (Pu), 
spermidine, and spermine (Applewhite et al., 2000). 
Putrescine considered as the primary polyamine in these 
chain biosynthetic alleyway followed by spermidine and 
spermine that produced by consecutive accumulation of 
aminopropyl groups resulting from decarboxylated S-
adenosyl methionine. The proliferation of these materials in 
different plants may clear that, they play a vital role in the 
regulation of plant development. It may affect synthesis and 
degradation of DNA and RNA, reduce activities of some 
enzymes like protease, peroxidase, polygalactouronase, and 
improve ribosomal formation moreover, maintaining cell 
membrane (Wang et al., 1993). Also, Putrescine plays an 
effective role in the improvement of plant growth due to its 
effects on cell division and enlargement. Moreover, it has a 
regulatory role in promoting productivity of several plants 
like grape (Marzouk and Kassem, 2011), sweet pepper 
(Talaat, 2003) and eggplant (El-Tohamyet al., 2008). 
Moreover, Khosroshahi and Ashari (2008) showed that, 
foliar application of polyamines enhancing fruit quality 
throughout various changes in fruit firmness, weight loss, 
soluble solids content and titratable acidity of strawberry, 
apricot, peach and sweet cherry fruits. 

Although the grape (Vitis vinifera L.) is non-
climacteric fruit with a moderately low physiological activity, 
it is very fast perishable and it appears in the losses of 
firmness, leaching of berries color, rachis browning, increase 
berry shatter, development of decays and loss in cluster 
weight, which accelerate the fruit senescence and reduces 
the ability to storage, for  improving this ability, some 
studies showed that polyamines play an important role as 
anti-senescence, where "Flame seedless" grapevine sprayed 

with Pu showed a reduction in color changes, respiration 
rate, chilling symptoms, increase fruit firmness during cold 
storage (Valero et al., 2002). In this respect, Serrano et al. 
(2003) indicated that, Plum fruits treated with Putrescine 
showed a delay and reduction of ethylene production this 
was associated with enhancing fruit firmness, reducing of 
weight loss, and delaying of color changes, and extended 
storage period. 

Several studies were cleared that exogenous 
application of polyamines affects fruit quality throughout 
modify in fruit ethylene production, weight loss, firmness, 
total soluble solids, and titratable acids. These Polyamines, 
especially Pu showed a positive effect on different berries and 
clusters quality parameters of "Thompson seedless" 
grapevine (Marzouk and Kassem, 2011). Foliar application 
of Pu on ‘Thompson seedless’ grapes enhanced the fruit 
quality and yield by increasing the length of rachis and berry 
mass also it may be used as an alternative to GA3, where it 
reduced the berry drop in relative with GA3 and control 
(Koukourikou et al., 2015). Moreover, exogenous application 
of Putrescine reduced fruit decline and increased the shelf life 
of different fruits like apricot (Martínez-Romero et al., 2002), 
sweet cherry (Bal, 2012), strawberry (Khosroshahi et al., 
2007), and plum (Khan et al., 2008). Foliar spray with Pu at 1 
mM, reduced production of ethylene, maintaining fruit 
firmness, reduced SSC%, titratable acids, weight loss, and 
delayed the changing in fruit color which extended the 
storage life of Plum fruits (Serrano et al., 2003).  

Salicylic acid (SA) is classified as an endogenous 
plant growth regulator of phenolic nature and considered as 
a growth promoter. It has shownan important role in plant 
growth regulation, development and enhances plant growth 
under different stresses (Hayat et al., 2010 & Ennab and 
El-Sayed, 2016). Moreover, Salicylic acid improves plant 
growth through controlling stomatal regulation, 
photosynthesis, ion uptake and transport. Also it plays an 
important role in plant resistance to pathogens via inducing 
the production proteins that related to a pathogen (Manaa 
et al., 2014). Recently several researchers cleared the 
advantages of SA applications on fruit quality and 
storability. Salicylic acid plays a vital minor metabolite in 
grape berries, where it improved berry quality parameters 
as color and flavor. Moreover, SA can improve some fruits 
physical properties as size, weight and firmness (Marzouk 
and Kassem, 2011 & Shafiee et al., 2010). Additionally, 
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Salicylic acid applications showed a positive effect on 
reducing clusters weight loss, decay incidence and berry 
softening rate of "Thompson seedless" grape by reducing 
the activation of cell wall degrading enzymes as cellulase, 
xylanase and polygalactouronase during storage (Babalar 
et al., 2007). Similarly, foliar application of Salicylic acid 
improved yield, fruit physical and chemical quality 
characters of apple, kiwi, banana, and jujube (Al-Obeed, 
2011). Moreover, SA plays a role in the resistance to 
pathogens by inducing the production of pathogenesis-
related proteins (Renault et al., 1996).  

Therefore, in view of the enhancement effects of 
Putrescine, Salicylic acid, this study was conducted for 
devaluate the potential effects on yield, berries quality and 
maintaining the quality of "Flame Seedless" grapes cv. during 
cold storage at 0-2 ◦C and 90-95% RH. 
  

MATERIALS AND METHODS 
 

A field experiment was conducted during 2016 and 
2017 seasons on ten years old, "Flame seedless" grapevines 
(Vitis vinifera L.) grown in a private vineyard located at 
Markaz-Badr Beheira Governorate, Egypt. Vines were 
planted at 2 x 3 meters in row and between rows, respectively. 
The vines were trained to bilateral cordon, pruned leaving 60 
eyes per vine as short pruning (2 bud/ spur) with the modified 
Y ship supporting system. Drip irrigation system was adopted. 
Vineyard soil texture was sandy (86% sand, 8% silt and 6% 
clay), soil pH 7.8 and EC 2.2 dSm-1. Normal cultural 
practices usually used for vines in this area were adopted. The 
study was carried out with the aim of evaluating the effect of 
foliar spray with Putrescine at 0.0, 1.0 and 2.0mM, Salicylic 
acid at 0.0, 2.0 and 4.0mM and the combination among them 
on yield and fruit quality at harvest as well as during cold 
storage. The tested vines were arranged in the randomized 
complete blocks designed with three replicates (9 treatments 
x 3 replicates x 3 vines). 
The treatments were: 
T1- foliar spray with tap water (Control) 
T2- foliar spray with Putrescine at 1.0mM (Pu1) 
T3- foliar spray with Putrescine at 2.0mM (Pu2) 
T4- foliar spray with Salicylic acid at 2.0mM (SA1) 
T5- foliar spray with Salicylic acid at 4.0mM (SA2) 
T6- foliar spray with (Pu1) + (SA1) 
T7- foliar spray with (Pu1) + (SA2) 
T8- foliar spray with (Pu2) + (SA1) 
T9- foliar spray with (Pu2) + (SA2) 

The tested vines were sprayed with the above-
mentioned treatments twice: the first one when berry 
reached about 4-6 mm in diameter (pea stage) and the 
second one at veraison stage when 10% of berries/ cluster 
in about 50% of clusters per vine became soft and reached 
the color break (Champa et al., 2015). The sprays were 
done in the morning until runoff. The surfactant Triton B 
was used at 0.05 % to obtain better retention and 
penetration of all treatments. 

Flame seedless clusters were harvested in both 
seasons when berry juice reached SSC about 16% according 
to Tourkey et al. (1995). At harvesting time, bunches sample 
were taken randomly from each replicate then it directly 
translocated to the laboratory of Sakha Horticulture Research 
Station, Kafr El-sheikh Egypt. The harvested clusters were 
divided into two groups; the first one was used for achieving 

the initial quality parameters at the picking date. However, 
the second one was packed in 40 x25 x15cm carton boxes 
dimensions. Each treatment was represented by three carton 
boxes each one contains 2kg of clusters. Five clusters per 
carton boxes were weighted and labeled at the picking date 
for determine the cluster weight loss every 15 days of cold 
storage. All boxes were stored in cold room at 0-2 ºC and 90-
95 % RH. Three carton boxes per treatment were taken out 
every 15 days of storage to evaluating the different fruit 
quality parameters. All over cold storage period, the quality 
parameters were repeated at 15, 30,45and 60 days. 

For achieving the purpose of this study, the following 
parameters were done 
1.Yield and fruit physical characters 

At picking date, cluster number/ vine, average cluster 
weight (g), cluster length and cluster width were determined. 
Also, the total yield/ feddan were calculated according the 
equation: 

Yield /feddan(tons) = (yield/vine (kg) x number of vines/ feddan)/ 1000. 
A coefficient of cluster compactness was determined 

by dividing the number of berries per cluster/ cluster length in 
fifteen clusters per treatment. Berry length and diameter (mm) 
were determined in ten berries per cluster using a digital 
vernal clipper. The weight of 100 berries (g) was measured 
using digital balance and volume (ml) of the same berries 
was determined using water displacement method. Also, 
main rachis diameter (mm), secondary rachis diameter (mm) 
and pedicels diameter (mm) was estimated using digital 
vernal clipper. 
2.Picking date and cold storage parameters 
A.Fruit physical characters 

Ten berries/ cluster of five clusters per replicate were 
used for determine both berry firmness and berry removal 
force in gram-force (gf) using push and pull dynamometer 
apparatus model FDP1000 with 1mm thump. The data of 
the two parameters were transformed into Newton power 
units according to El-Abbasy et al. (2015) using a 
transformation factor (1gram-force= 0.00980665 Newton). 
Berry shatter (%) and berry decay (%) was determined as 
percent per cluster weight.  

The physiological loss in cluster weight was 
determined every 15 days of cold storage period using the 
five labeled clusters of each carton boxes according the 
following equation:   

 
Where: Weight after storage = cluster weight after each storage 

periods (15, 30, 45 and 60 day). 
 

Rachis browning index was estimated every 15 days 
of cold storage according to Crisosto et al. (2002) using the 
following scale: 1= healthy (all rachis is green including the 
pedicels), 2= slight (rachis in a good color but pedicels 
showed browning), 3= moderate (secondary rachis as well as 
pedicels became brown) and 4= severe (all rachis became 
brown). 
B. Marketable clusters and shelf life  

Marketable clusters (%) were determined based on 
the percent of sound cluster weight without any decayed 
berries after storage of the initial fresh weight.  
Marketable cluster (%) = (weight of the sound clusters after 

storage/ weight of clusters at 
picking date) x100 
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C. Berries chemical parameters 
Soluble solids content (SSC %) of berry juice was 

estimated by hand refractometer apparatus. The titratable 
acidity (%) of berries juice was determined in mg of tartaric 
acid equivalent by NaOH (0.1N) in 100 ml of berries juice 
(A.O.A.C., 1995). SSC/ acid ratio was calculated. Total 
anthocyanin pigments of berry were determined according to 
Ranganna (1986) using Ethanolic HCL solvent and 
absorbance was recorded using spectrophotometer at 535 
nm wavelength, then it expressed as mg/ 100g fresh weight. 
In addition, total sugars of berries (%) were determined as 
described by Dubois et al. (1956) using 80% ethanol. 
Moreover, Pectin methylesterase activity (PME) was 
determined as described by Anthon and Barrett (2006) using 
50g of berries sample ground in equal volume of a solution 
(50% 2M NaCl and 50 % 10mM phosphate buffer with pH 
7.5). Samples were filtrated then added to 2.5ml of 0.5% 
pectin solution. When sample solution drops down to pH 7, 
amount of 0.1M NaOH was added until pH reached 7.5. A 
time for the solution to drop down to pH 7 again was 
recorded. PME activity is expressed in µmol of hydrophilic 
ester conformed as an indicator for PME activity per 50 g of 
berry fresh weight during one minute (µmol/ g Fw/ min). 
The results were calculated as µmol /100g of fresh weight 
per hour (unit/ h). 
Statistical analysis 

The field and postharvest experiments were ranged 
as randomized complete block design with three blocks. All 
data were analyzed for variance as described by Snedecor 
and Cochran (1980). The treatment means were compared 

using Duncan's multiple range test DMRT (Duncan, 1955). 
Pearson Correlation Coefficient was estimated for some 
selected quality parameters for assessing the relationship 
among them. 
 

RESULTS AND DISCUSSION 
 

1. Yield and cluster characters 
It is obvious from data in Table (1) that, foliar 

application with Putrescine and Salicylic acid alone or in 
combination significantly increased yield/ feddan, cluster 
weight, cluster length and cluster width of "Flame seedless" 
grapevines compared to control in both seasons. The vines 
sprayed with T9 (Pu at 2.0mM +SA at 4.0mM) produced the 
highest values of these parameters compared with others. On 
the other hand, vines of control showed the lowest significant 
values in both seasons. This enhancement of total yield could 
be reflected to increasing cluster weight and length as showed 
in Table (2) which cleared that, there are highly positive 
correlation between total yield with cluster weight (0.95**) 
and cluster length (0.92**). Here we can point out that, 
increasing yield as a result of treatments might be reflected to 
the effect of these substances increasing berry weight. These 
results were supported by those of Kassem et al. (2011) on 
"Flame seedless" and Koukourikou et al. (2015) on 
"Thompson seedless" grapevine, they reported that foliar 
spray with Putrescine and Salicylic acid increased vine yield 
and improved cluster physical characters. Moreover, Ali et al. 
(2014) summarized that, foliar spray of Pu at 1, 2 and 3 mM 
and SA at 2 and 3 mM on ‘Florida King’ peach cultivar trees 
increased fruit weight and total yield.  

 

Table1. Effect of Putrescine and Salicylic acid sprays on yield, cluster weight, length and width of "Flame seedless" 
grape during 2016 and 2017 seasons. 

Treatments 
Yield/feddan(ton) Cluster weight(g) Cluster length(cm) Cluster width(cm) 

2016 2017 2016 2017 2016 2017 2016 2017 
T1 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 

6.34c 
6.75bc 
7.23abc 
6.72bc 
6.82bc 
7.38abc 
7.85ab 
7.99ab 
8.54a 

6.75c 
7.11bc 
7.42bc 
7.18bc 
7.21bc 
8.25abc 
8.72ab 
9.55a 
9.70a 

315.70h 
357.35f 
394.71e 
333.25g 
351.26f 
420.52d 
455.45c 
486.35b 
503.58a 

329.33h 
371.54g 
405.63f 
433.87e 
442.58e 
480.25d 
512.47c 
526.86b 
548.98a 

17.15c 
18.47bc 
18.88abc 
18.10bc 
18.33bc 
19.23abc 
20.72ab 
20.86ab 
21.45a 

16.83e 
17.85de 
18.23de 
17.41de 
18.21de 
19.45cd 
21.51bc 
22.40b 
24.85a 

15.43d 
17.35c 
18.75ab 
17.43c 
18.33bc 
18.85ab 
18.87ab 
19.55a 
19.67a 

16.45e 
18.44cd 
19.68bc 
17.56de 
19.45bc 
19.70bc 
20.08b 
20.56ab 
21.77a 

In a column, means followed by the same letter are not significantly different at the 5% level by DMRT. 
T1= Control, T2=Putrescine at 1.0mM (Pu1), T3= Putrescine at 2.0mM (Pu2), T4=Salicylic acid at 2.0mM (SA1),  
T5=Salicylic acid at 4.0mM (SA2), T6= (Pu1) + (SA1), T7= (Pu1) + (SA2), T8= (Pu2) + (SA1) and T9= (Pu2) + (SA2). 
 

2. Cluster compactness and rachis characters 
Data in Table (3) cleared that, foliar application of Pu 

and SA alone or in combination significantly enhanced 
cluster compactness and all rachis parameters in terms of the 
diameter of main rachis, secondary rachis and pedicels 
diameters of "Flame seedless" grape clusters in both seasons. 
All combination treatments (T6,T7, T8 and T9) showed the 
lowest significant values of cluster compactness coefficient 
in both seasons except T6 which showed moderate values in 
the second one. On the contrary, the vines of control 
produced the highest values in both seasons. The reduction 
in cluster compactness coefficient might due to the increase 
rachis elongation (Koukourikou et al. (2015). The vines 
sprayed with Pu (T2 and T3) alone and combined with SA 
(T6, T7, T8 and T9) treatments recorded the highest significant 
values of main rachis and pedicels diameters. However, the 

vines treated with T3, T8 and T9 showed the highest 
significant values of secondary rachis diameter. This trend 
was true during both seasons. On the contrary, vines treated 
with T4, T5 and control cleared the lowest values of all the 
above characters in both seasons. The obtained results are in 
harmony with those of Koukourikou et al. (2015) reported 
that, Putrescine foliar applications on "Thompson seedless" 
vines at 10 mg L-1 during three times (pre-bloom, full-bloom 
and post-bloom stages) significantly enhanced rachis weight, 
length and dimensions. 
3. Berry physical characters 
A. Length, diameter, weight and volume of 100 berries 

From data of Table (4) it could be noticed that, foliar 
spray with Putrescine and Salicylic acid alone or in 
combinations enhanced berry characters of "Flame seedless" 
grapevine as compared to control. The combination 
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treatments were more effective in this respect, where vines 
received T7, T8 and T9 treatments produced the highest 
significant values of berry length and diameter in both 
seasons except T7 in the second one. The highest significant 
values of weight and volume of 100 berries were recorded 
with vines that received T9 treatment during both seasons. 
However, vines of control (T1) showed the lowest values of 
whole the above-mentioned berry characters in both seasons. 
The positive effect of these treatments may be related to 
active cell division in the initial stages of fruit development. 
This active cell division possibly needs sufficient 
polyamines. This cell division gives way to cell enlargement 
which enhanced different fruit quality characters and finally 

increases total yield. Whereas, decreasing in polyamines 
during the late stage of fruit maturity conceders as a signal 
for fruit ripening (Malik and Singh, 2004). Moreover, 
application of Salicylic acid showed an effective role 
enhancing the productivity of different crops via increasing 
the total leaf area and pigments of photosynthesis these 
positive effects were reflected on cluster and berry physical 
properties (Hayat et al., 2010). These results are supported 
by those of Kassem et al. (2011) who summarized that, the 
spray with Putrescine during different stages of cluster 
growth increased berry weight, length and width moreover, 
enhanced berries quality grade (marketable) of "Flame 
seedless" grapevines. 

 

Table 2.The Pearson Correlation Coefficient (r) among some chosen quality parameters of "Flame seedless" grape 
as affected by Putrescine and Salicylic acid sprays  
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Yield/feddan 
Cluster weight 
Cluster length 
B. firmness 
B. removal force 
Berry shatter %  
Berry decay %  
Weight Loss 
PME activity 
SSC % 
Acidity % 
SSC/acid ratio 
Anthocyanin 

1 
0.95** 
0.92** 
-0.25 
-0.33 
0.43 
0.51 
0.41 
0.22 
-0.36 
0.45 
-0.55 
-0.62 

 
1 

0.83* 
-0.53 
-0.34 
0.62 
0.35 
0.55 
0.32 
-0.45 
0.52 
-0.57 
-0.23 

 
 
1 

0.67 
0.75 
0.24 
-0.55 
0.35 
0.21 
0.23 
-0.22 
-0.39 
-0.27 

 
 
 
1 

0.92** 
-0.85* 
-0.92** 
-0.95* 
0.96* 
-0.52 
0.48 
0.25 
-0.21 

 
 
 
 
1 

-0.94** 
-0.91** 
-0.87 
-0.76 
-0.24 
0.45 
-0.52 
0.68 

 
 
 
 
 
1 

0.94** 
0.92** 
0.89* 
0.75 
-0.68 
0.55 
0.63 

 
 
 
 
 
 
1 

0.92** 
0.95** 
0.78 
-0.55 
0.67 
0.28 

 
 
 
 
 
 
 
1 

0.92** 
0.74 
-0.63 
0.57 
0.26 

 
 
 
 
 
 
 
 
1 

0.72 
-0.82* 
0.67 
0.33 

 
 
 
 
 
 
 
 
 
1 

-0.46 
0.82* 
0.89** 

 
 
 
 
 
 
 
 
 
 
1 

-0.75 
-0.75* 

 
 
 
 
 
 
 
 
 
 
 
1 

0.78* 

 
 
 
 
 
 
 
 
 
 
 
 
1 

*and **=significance at 0.05 and 0.01, respectively. 
 

Table 3.Effect of Putrescine and Salicylic acid sprays on cluster compactness and diameter of the main rachis, 
secondary rachis and pedicels of "Flame seedless" grape during 2016 and 2017 seasons 

Treatments 
CompactnessCoefficient Main rachisdiameter(mm) Secondary rachisdiameter (mm) Pedicelsdiameter(mm) 

2016 2017 2016 2017 2016 2017 2016 2017 
T1 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 

1.22a 
1.12ab 
1.06abc 
0.97bc 
0.95bc 
0.85c 
0.87c 
0.91c 
0.85c 

1.32a 
1.21ab 
1.11bc 
1.02bc 
1.05bc 
1.05bc 
0.97c 
0.93c 
0.95c 

5.56b 
7.13a 
7.86a 
5.42b 
5.65b 
7.23a 
7.33a 
7.62a 
7.57a 

6.02b 
7.45a 
7.93a 
6.13b 
6.21b 
7.58a 
7.47a 
7.88a 
7.78a 

2.65c 
3.62b 
4.21a 
2.72c 
2.85c 
3.78b 
3.68b 
4.15a 
4.22a 

3.24e 
3.89bc 
4.25a 
3.42e 
3.47e 
3.85cd 
3.81cd 
4.35a 
4.45a 

2.23b 
2.87a 
2.95a 
2.31b 
2.37b 
2.81a 
2.78a 
2.90a 
2.88a 

2.53c 
2.92b 
3.21a 
2.46c 
2.62c 
3.04a 
2.98a 
3.15a 
3.11a 

In a column, means followed by the same letter are not significantly different at the 5% level by DMRT. 
T1= Control, T2=Putrescine at 1.0mM (Pu1), T3= Putrescine at 2.0mM (Pu2), T4=Salicylic acid at 2.0mM (SA1),  
T5=Salicylic acid at 4.0mM (SA2), T6= (Pu1) + (SA1), T7= (Pu1) + (SA2), T8= (Pu2) + (SA1) and T9= (Pu2) + (SA2). 

 

Table. 4. Effect of Putrescine and Salicylic acid sprays on berries length, diameter, weight and volume of "Flame 
seedless" grape during 2016 and 2017 seasons 

Treatments 
Berry length(mm)` Berry diameter(mm) Weight of 100berries(g) Volume of 100berries(ml) 

2016 2017 2016 2017 2016 2017 2016 2017 
T1 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 

17.54c 
18.46bc 
18.67bc 
18.10bc 
18.19bc 
19.80ab 
20.56a 
21.34a 
21.45a 

18.01d 
18.76cd 
18.88cd 
18.22cd 
18.24cd 
19.55c 
21.34b 
22.24a 
22.85a 

16.25e 
17.67cd 
18.57cd 
17.43d 
17.75cd 
18.85c 
22.57a 
22.43a 
22.56a 

17.02d 
17.94cd 
18.20cd 
17.90cd 
18.07cd 
18.75c 
20.32b 
21.45a 
21.76a 

242.23g 
267.54f 
285.73de 
262.36f 
278.52e 
292.46d 
335.35c 
355.23b 
385.31a 

234.45h 
256.26f 
272.47e 
242.73dh 
248.53fg 
285.43d 
321.62c 
334.45b 
364.37a 

175i 
211h 
225g 
232f 
242e 
267d 
275c 
283b 
325a 

218f 
233e 
245d 
219f 
221f 
252c 
258bc 
263b 
292a 

In a column, means followed by the same letter are not significantly different at the 5% level by DMRT. 
T1= Control, T2=Putrescine at 1.0mM (Pu1), T3= Putrescine at 2.0mM (Pu2), T4=Salicylic acid at 2.0mM (SA1), 
T5=Salicylic acid at 4.0mM (SA2), T6= (Pu1) + (SA1), T7= (Pu1) + (SA2), T8= (Pu2) + (SA1) and T9= (Pu2) + (SA2). 
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B. Berry removal force 
Data of Table (5) showed that, foliar applications with 

all treatments enhanced berry removal force as compared to 
control (T1) at picking date. The combination (T6, T7, T8 and 
T9) treatments reached the highest values without significant 
differences among them at picking date during both seasons 
except T6 treatment in the second one. During storage time, 
berry removal force tended to reduce with the incidence of 
storage time. At the end of storage period (60 days), the 
highest values were observed with T8 and T9 treatments in 
both seasons. The lowest values of this character were 
recorded with control (T1) at harvest time in both seasons. By 
the end of the storage period, there was no significant 
difference between control (T1) and (T2) treatments. These 
results were supported by the correlation data presented in 

Table (2) where, it showed a highly negative correlation 
between berry removal force vs. berry shatter (-0.94**), berry 
decay (-0.92**) and negative correlation vs. Pectin 
methylesterase enzyme (PME) activity (-0.87) and weight 
loss % (-0.76). The effect of both Pu and SA might due to 
inhibiting the formation of abscission layers that reduced fruit 
drop (Ponce et al., 2002). These findings are in harmony with 
that of Champa et al. (2014) and Koukourikou et al. (2015) 
they concluded that, Pu applied pre or postharvest treatments 
enhanced different cluster quality parameters of "Thompson 
seedless" and "Flame seedless" at picking date and during 
cold storage including berry attachment. Moreover, Lo’ay, 
(2017) reported that, foliar spray with SA at 4 mM on 
"Superior seedless" vines was significantly effective in berry 
separation force. 

 

Table 5. Effect of Putrescine and Salicylic acid sprays on berry removal force and firmness (Newton)of "Flame 
seedless" grape during cold storage at 0-2ºC and RH 90-95% in 2016 and 2017 seasons. 

Treatments 

   Berry removal force (Newton)    
2016  2017 

Cold storage periods in days   Cold storage periods in days 
0 15 30 45 60 Mean  0 15 30 45 60 Mean 

T1 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 
Mean 

2.9b 
3.5ab 
4.2ab 
4.0ab 
4.1ab 
4.4a 
4.7a 
4.7a 
4.7a 
4.1A 

2.5b 
2.9b 
3.5ab 
2.8b 
3.6ab 
4.1a 
4.2a 
4.5a 
4.5a 

3.6AB 

2.2c 
2.5c 

3.3abc 
2.5bc 
3.2abc 
3.7ab 
3.9a 
4.1a 
4.2a 
3.3B 

2.1e 
2.2de 
3.1bc 
2.3de 
2.8cd 
3.3abc 
3.5ab 
3.8a 
3.7a 
2.9B 

1.9d 
1.9d 
2.5c 
2.1cd 
2.4c 
2.9b 
3.1ab 
3.4a 
3.5a 
2.6B 

2.3E 
2.6D 
3.3B 
2.7CD 
3.2B 
3.7AB 
3.9A 
4.1A 
4.1A 

 

 

2.1e 
2.8d 
4.0bc 
3.8c 
3.0d 
4.3ab 
4.5a 
4.8a 
4.8a 
3.8A 

1.8e 
2.2de 
3.4c 
3.4c 
2.4d 
3.9b 
3.7bc 
4.5a 
4.6a 

3.3AB 

1.5e 
1.9d 
3.2bc 
3.0c 
2.0d 
3.5b 
3.4b 
4.2a 
4.2a 
3.0B 

1.3e 
1.4e 
2.8cd 
2.6d 
1.5e 
3.1bc 
3.1b 
3.8a 
3.9a 
2.6C 

0.8d 
1.0d 
2.2c 
2.2c 
1.0d 
2.8b 
2.8b 
3.6a 
3.6a 
2.2D 

1.5E 
1.9D 
3.1BC 
2.9C 
1.9D 
3.5B 
3.5B 
4.2A 
4.2A 

 
 

 Berry Firmness (Newton) 
T1 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 
Mean 

1.4d 
1.8cd 
1.9c 
1.7cd 
1.7cd 
2.2bc 
2.4ab 
2.6a 
2.7a 
2.0A 

1.1e 
1.5d 
1.7cd 
1.5d 
1.6cd 
1.9bc 
2.0ab 
2.1ab 
2.2a 

1.7AB 

0.9e 
1.2d 
1.4cd 
1.2d 
1.4cd 
1.5cd 
1.7bc 
1.9b 
2.1a 
1.5B 

0.7d 
1.0cd 
1.2c 
1.0cd 
1.2c 
1.2c 
1.4bc 
1.7ab 
1.9a 
1.3B 

0.4c 
0.9bc 
1.0bc 
0.9bc 
1.0bc 
1.1bc 
1.2b 
1.4ab 
1.8a 
1.1C 

0.9 C 
1.3B 
1.4B 
1.3B 
1.4B 
1.6AB 
1.7AB 
1.9A 
2.2A 

 

 1.3d 
1.7c 
1.8c 
1.6cd 
1.5cd 
2.6b 
2.7b 
2.9a 
3.1a 
2.1A 

1.2d 
1.4cd 
1.6c 
1.3cd 
1.3cd 
2.3b 
2.4b 
2.7a 
2.9a 

1.9AB 

1.0d 
1.1d 
1.4c 
1.1d 
1.1d 
2.1b 
2.2ab 
2.4a 
2.5a 
1.6B 

0.8d 
0.9cd 
1.3c 
1.0cd 
0.9cd 
1.9b 
2.0ab 
2.2a 
2.2a 
1.5B 

0.7d 
0.8cd 
1.0c 
0.8cd 
0.8cd 
1.6b 
1.9ab 
1.9a 
2.0a 
1.3B 

1.0D 
1.2CD 
1.4C 
1.2CD 
1.1CD 
2.1B 
2.2AB 
2.4A 
2.5A 

 

 

In a column under each character, means followed by the same letter are not significantly different at the 5% level by DMRT. 
T1= Control, T2=Putrescine at 1.0mM (Pu1), T3= Putrescine at 2.0mM (Pu2), T4=Salicylic acid at 2.0mM (SA1), 
T5=Salicylic acid at 4.0 mM (SA2), T6= (Pu1) + (SA1), T7= (Pu1) + (SA2), T8= (Pu2) + (SA1) and T9= (Pu2) + (SA2). 
 

C. Berry firmness  
Data of Table (5) cleared that, berry firmness were 

enhanced with the application of Putrescine and Salicylic 
acid alone as well as combinations compared to control at 
picking date and also during cold storage period in both 
seasons. The vines received the combination (T8 and T9) 
treatments showed the highest significant values as 
compared to other treatments at picking date in both seasons. 
During cold storage, T9 treatment showed the best berries 
firmness till 60 days in the first season. However, by the 
second one, there is no significant difference between T8 and 
T9. On the contrary, the loss firmness occurred progressively 
with control (T1) during storage time in both seasons. The 
positive effect of Pu and SA in maintaining firmness might 
due to decreasing the activity of cell wall degrading enzymes 
as xylanase, cellulose and polygalacturonase. In addition, it 
had a close relation with physiological water loss from fruits 
during storage as showed in Table (2), since there was a 
highly negative relationship between firmness vs. enzyme 

activity of Pectin methylesterase (PME) (-0.95**) and weight 
loss percent (-0.96**). These results are supported by both 
Kassem et al., (2011) and Ponce et al., (2002) they 
summarized that, Pu spray delayed maturation and ripening 
of “Flame seedless” grape and reducing berry softening. 
Moreover, it was effective in decreasing respiration rate 
which maintaining the firmness of peach fruits during cold 
storage (Bal, 2013). 
D. Berry shatter% 

Figure (1) showed that, all treatments were effective 
in reducing the berry shattering percent at harvest time as 
well as during cold storage. The vines treated by T6, T7, T8 

and T9 reached the lowest values at picking date in both 
seasons. During storage, the clusters harvested from vines 
treated with T9 recorded the lowest berries shattering till the 
end of the storage period. However, control (T1) vines 
showed the highest percent at picking date and during all 
storage period in both seasons. The positive effect of 
treatments reducing berry shatter percent might due to 
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inhibition of the activity of ethylene biosynthetic enzymes 
which conceders as the primary product of abscission layers 
(Taiz and Zeiger, 2010). In this line, numerous of authors 
explained that, there is a positive relationship between 

cluster weight loss and berry shatter since, increasing water 
loss causes not only berry softening but also berry shattering 
(Zhang et al., 2003 and Babalar et al., 2007). 
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Figure 1. Effect of Putrescine and Salicylic acid sprays on berryshatter %of "Flame seedless" grapevine during 

cold storage at 0-2ºC and RH 90-95% in 2016 and 2017 seasons. 
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Figure 2. Effect of Putrescine and Salicylic acid sprays on berry decay % of "Flame seedless" grape during cold 

storage at 0-2ºC and RH 90-95% in 2016 and 2017 seasons. 
T1= Control, T2=Putrescine at 1.0mM (Pu1), T3= Putrescine at 2.0mM (Pu2), T4=Salicylic acid at 2.0mM (SA1),  
T5=Salicylic acid at 4.0mM (SA2), T6= (Pu1) + (SA1), T7= (Pu1) + (SA2), T8= (Pu2) + (SA1) and T9= (Pu2) + (SA2). 
 
E. Berry decay % 

Figure (2) cleared that, application of SA and Pu 
alone or in combinations showed an enhancement effect 
in reducing decays at harvesting date. Salicylic acid (T4 

and T5) treatments and their combinations with Pu (T6, T7, 
T8 and T9) did not show any berry decay at picking date 
in both seasons. During cold storage T9 recorded the 
lowest significant percent of berry decay at the end of 
storage however; control (T1) showed the highest 
percentages in both seasons. This reduction in decay 
incidence may due to the known effect of Salicylic acid 
in increasing the accumulation of phenolic compounds, 
induced term of numerous defense genes and improved 
resistance of berries against fungal attack by increasing 
activities of anti-oxidant enzymes (Xu and Tian, 2008). 
Also, polyamines applications are thought to delaying 
fruit senescence through inhibiting the formation of 
enzymes that are necessary to ethylene synthesis 
(Torrigiani, 2004 and Shiri et al., 2012). 
4. Rachis browning index  

Regarding the rachis browning index, Figure (3) 
showed an increase in rachis browning with the incidence of 
storage time from 15 till 60 days of cold storage. The 
clusters harvested from vines of control (T1) tended to 
changes rachis color to brown faster than all treatments 
during storage. The lower changes of rachis color were 
observed with T8 and T9 treatments up to 60 days of cold 
storage in both seasons. These results are supported by 

correlation coefficient results presented in Table (2) that 
showed a highly positive relationship between shattering 
berries and each of berry decay (0.94**) and cluster weight 
loss (0.92**). The effect of treatments might due to inhibiting 
polyphenol oxidase enzymes which appear to increase 
during storage concurrently increasing phenolic compounds 
accumulation which plays an important role as antioxidants 
(Peng and Jiang, 2006). 

These results are in agreement with those of Tareen 
et al. (2012) who reported that,  Salicylic acid showed a 
positive effect on reducing water loss which maintaining 
healthy of cluster rachis of "Flame seedless" grape. Also, 
Putrescine applications were effective in maintaining 
phenolic compounds of the berries thus reduced the 
incidence of rachis browning in grape cv. Shahroudi during 
cold storage (Shiriet al., 2012).  
5. Cluster weight loss% 

The results illustrated as Figure (4) cleared that, 
foliar sprays with Pu as well as SA were effective in 
reducing cluster weight loss as compared to control during 
both seasons. Generally, the loss in cluster weight percent 
was increased with prolonged storage time. This loss of 
cluster weight was less severe with all treatments as 
compared to control (T1). The application of T8 and T9 
were more effective in reducing the physiological cluster 
weight loss during all storage period. At the end of the 
storage period (60 days), vines treated with T9 showed the 
lowest values in both seasons. This result is in harmony 
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with that of Lu et al. (2011) and Tareen et al. (2012) they 
concluded that, Salicylic acid applications reduced the 
weight loss of different vegetable and fruit products during 

storage and maintaining fruit quality. Moreover, Putrescine 
applications were effective in decreasing cluster weight 
loss of "Flame seedless" grape (Champa et al., 2014).  
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Figure3. Effect of Putrescine(Pu) and Salicylic acid (SA) sprays on rachis browning index of "Flame seedless" 

grapevine during cold storage at 0-2ºC and RH 90-95% in 2016 and 2017 seasons 
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Figure4. Effect of Putrescine and Salicylic acid sprays on cluster weight loss, of "Flame seedless" grapevine 

during cold storage at 0-2ºC and RH 90-95% in 2016 and 2017 seasons. 
T1= Control, T2=Putrescine at 1.0mM (Pu1), T3= Putrescine at 2.0mM (Pu2), T4=Salicylic acid at 2.0mM (SA1),  
T5=Salicylic acid at 4.0mM (SA2), T6= (Pu1) + (SA1), T7= (Pu1) + (SA2), T8= (Pu2) + (SA1) and T9= (Pu2) + (SA2). 
 

 

6. Berries chemical characters 
A. Berries anthocyanin 

Berries anthocyanin content was clearly reduced 
with the use of Pu and SA as well as interaction 
treatments as showed in Figure (5). However, control (T1) 
showed the higher values at picking date in both seasons. 
During cold storage, all treatments including control 
showed a slight increase of anthocyanin up to 30 
days.The control (T1) treatment showed a rapid reduction 
in berries anthocyanin after 45 days of storage.On the 
contrary, other treatments (T2 to T9) showed an increase 
in these pigments until the end of storage time. By the 

end of storage (60 days) control treatment showed the 
lowest significant values concurrently T6 and T7 reached 
the highest values. This trend was true during both 
seasons. The effect of treatments in maintaining berries 
anthocyanin may due to known role of Pu and SA in 
retarding the degradation of chlorophyll that reduction 
skin color changes throughout the storage and retarding 
senescence rate in table grapes (Champa et al., 2015). 
Similar results were recorded by Ullah and Jawandha, 
(2013) concluded that, application of Pu showed a slow 
rate of conversion from green to yellow and chlorophyll 
degradation in peach fruits. 
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Figure 5. Effect of Putrescine and Salicylic acid sprays on berries anthocyanine content of "Flame seedless" grape 
during cold storage at 0-2ºC and RH 90-95% in 2016 and 2017 seasons. 

T1= Control, T2=Putrescine at 1.0mM (Pu1), T3= Putrescine at 2.0mM (Pu2), T4=Salicylic acid at 2.0mM (SA1),  
T5=Salicylic acid at 4.0mM (SA2), T6= (Pu1) + (SA1), T7= (Pu1) + (SA2), T8= (Pu2) + (SA1) and T9= (Pu2) + (SA2). 
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B. Pectin methylesterase activity (PME) 
The activity PME was severely affected treatments 

versus control as showed in Figure (6). The vines received 
T7, T8 and T9 treatments recorded the lowest activity values 
(unit/h). On the contrary, control (T1) showed the highest 
values at picking date in both seasons. During cold storage, 
the activity of this enzyme showed a severe increasing with 
control but it was increased slightly with the others. The 
combination (T7, T8 and T9) treatments cleared the lowest 
level of PME activity starting 15 up to 60 days of cold 
storage. Moreover, data in Table (2) cleared anegative 

relationship between PME activity vs. berry firmness  
(-0.96**) and removal force (-0.76). On the contrary, it 
showed positive relationships with berry shatter (0.89*), 
berry decay (0.95**) and cluster weight loss (0.92**). These 
results are in harmony with that of Champa et al. (2014) 
reported that Pu application at 1.0 mM maintained the 
quality and extended the shelf life of grape cv. “Flame 
seedless” up to 60 days in cold storage (3-4 oC and 90-95% 
RH) and it was effective in reducing the rate of berry 
softening and suppressed Pectin methylesterase activity. 
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Figure 6. Effect of Putrescine and Salicylic acid sprays on Pectin methylesterase activity of "Flame seedless" grape 

berries during cold storage at 0-2ºC and RH 90-95% in 2016 and 2017 seasons. 
T1= Control, T2=Putrescine at 1.0mM (Pu1), T3= Putrescine at 2.0mM (Pu2), T4=Salicylic acid at 2.0mM (SA1),  
T5=Salicylic acid at 4.0mM (SA2), T6= (Pu1) + (SA1), T7= (Pu1) + (SA2), T8= (Pu2) + (SA1) and T9= (Pu2) + (SA2). 
 

C. JuiceSSC% 

Data presented in Table (6) cleared that, application 
of Pu and SA alone or in combinations reduced the 
accumulation of SSC% in berries of "Flame seedless" grape 
versus control. The vines treated with T7, T8 and T9 recorded 
the lowest significant percent at picking time in the first 
season as well as that treated with T8 andT9 in the second one. 
However, the highest percentages were recorded with 
control (T1) in both seasons. Regarding storage period, foliar 
application of Pu and SA especially at T6, T7, T8 and T9 were 
more effective maintaining and retarding degradation of 
SSC% during cold storage. However, control (T1) showed 
the highest declination degree after 45 days of storage during 
both seasons. These results are in line with that of Lo’ay, 
(2017) who showed that, application of SA at 4mM 
maintained total solid content (SSC%) during shelf life and 
effective for delaying cluster ripening of ‘Superior seedless’ 
grapes. Also, Champa et al. (2014) reported that, "Flame 
Seedless" grape berries treated with Pu showed the lowest 
SSC% as compared to control during 60 days of cold storage. 
Moreover, the SSC% showed a declination in untreated 
berries by 1.4% and treated berries by only 0.4% decreasing.  
D. Titratable acidity 

The titratable acidity of berry juice was affected all 
foliar treatments versus control at picking date and during 
cold storage as showing in Table (6). The vines received 
T6, T7 and T9 recorded the highest significant percentages 
however, the lowest values were observed with control 
(T1) at picking date. In addition, all spray treatments 
maintained the acidity of berries at higher levels till 60 
days of storage as compared to control (T1) in the first 
season. In the second one, nearly trend was noticed 
especially with combination treatments. These findings are 
accordance with that of Champa et al. (2015) who 

summarized that, Salicylic acid applications were effective 
suppressing degradation of SSC% and acidity during cold 
storage of "Flame Seedless" fruits. In addition, Abdel-
Salam (2016) reported that SA applications reduced SSC% 
and acidity of berry juice of "Bez El-Naka" grape cultivar. 
E. SSC/acid ratio 

Data illustrated in Table (7) cleared that, the spray 
treatments under study reduced SSC/acid ratio as 
compared to control (T1) during both harvesting date and 
cold storage in both seasons. The combination treatments 
(T7, T8 and T9) showed the lowest significant ratio 
compared with others at picking date in the two seasons. 
During cold storage, applications of T8 and T9 were more 
effective in reducing this character in both seasons. Our 
results are in agreement with those of Babalar et al. (2007) 
on strawberry and Ezzat et al. (2017) on apricot, they 
concluded that, polyamines applications were effective 
delaying maturity and fruits ripening. 
F. Total sugars (%) 

Data of Table (7) cleared that, total sugars of "Flame 
seedless" grape berries were affected Putrescine and Salicylic 
acid sprays. The highest significant values were recorded 
with control berries at harvesting time in both seasons. 
However, the lowest values were obtained with T8 and T9 in 
the first season and T9 in the second one. All treatments 
including control tended to increase total sugars percent 
during cold storage. Control (T1), T2 and T3 treatments 
showed a reduction in this parameter with the extending of 
storage to 60 days of storage. On the other hand, the 
combination treatments (T6, T7, T8 and T9) showed a slight 
increase during all storage period in the first season. In the 
second one, nearly trend was noticed. These results could be 
ascribed to the effect of Pu delaying senescence process 
through enhancing protein synthesis, retarding cell 
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degradation and reduced respiration rate (Mahajan et al., 
2010 and Razzaq et al., 2014).  Also, Lo’ay (2017) concluded 

that, Salicylic acid was effective for delaying fruit ripening 
and maintain cluster quality of ‘Superior seedless’ grapes. 

 

Table 6. Effect of Putrescine and Salicylic acid sprays on berries SSC% and titratable acidity (%)of "Flame 
seedless" grape during cold storage at 0-2ºC and RH 90-95% in 2016 and 2017 seasons. 

Treatments 

SSC% 
2016  2017 

Cold storage periods in days  Cold storage periods in days 
0 15 30 45 60 Mean  0 15 30 45 60 Mean 

T1 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 
Mean 

17.4a 
16.5ab 
16.3ab 
16.4ab 
16.3ab 
16.1ab 
15.9b 
15.8b 
15.6b 
16.3A 

17.5a 
16.9ab 
16.4b 
16.7ab 
16.4b 
16.3b 
16.1b 
16.0b 
15.9b 
16.5A 

17.9a 
17.0ab 
16.7ab 
16.8ab 
16.5b 
16.5b 
16.4b 
16.3b 
15.9b 
16.7A 

17.6a 
17.1ab 
16.7ab 
16.9ab 
16.7ab 
16.8ab 
16.8ab 
16.4b 
16.0b 
16.8A 

17.4a 
17.3ab 
16.4ab 
16.9ab 
16.9ab 
16.8ab 
16.9ab 
16.5ab 
16.3b 
16.8A 

17.6A 
17.0AB 
16.5B 
16.8AB 
16.6B 
16.5B 
16.5B 
16.2B 
16.0B 

 

 

18.0a 
16.5b 
16.3bc 
16.3bc 
16.1bc 
16.0bc 
15.7bc 
15.4c 
15.3c 
16.2A 

18.3a 
16.7b 
16.4bc 
16.3bc 
16.4bc 
16.3bc 
15.9bcd 
15.5cd 
15.4d 
16.3A 

18.4a 
16.9b 
16.5bc 
16.4bc 
16.5bc 
16.5bc 
15.9c 
15.7c 
15.7c 
16.5A 

18.3a 
16.9b 
16.8b 
16.7bc 
16.6bc 
16.9b 
16.1bc 
15.8c 
15.9c 
16.7A 

18.0a 
17.0b 
16.9bc 
16.9bc 
16.7bc 
16.9bc 
16.4bc 
16.0c 
16.0c 
16.7A 

18.2A 
16.8B 
16.6BC 
16.5BC 
16.5BC 
16.5BC 
16.0BC 
15.7C 
15.6C 

 
 Total titratable acidity (%) 
T1 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 
Mean 

0.68b 
0.72ab 
0.74ab 
0.70ab 
0.72ab 
0.77a 
0.78a 
0.76ab 
0.78a 
0.74A 

0.57b 
0.67a 
0.70a 
0.67a 
0.68a 
0.71a 
0.70a 
0.72a 
0.72a 

0.68AB 

0.54b 
0.64a 
0.66a 
0.64a 
0.64a 
0.68a 
0.66a 
0.68a 
0.68a 
0.65B 

0.51c 
0.58b 
0.60ab 
0.60ab 
0.61ab 
0.66a 
0.62ab 
0.65a 
0.65a 
0.61C 

0.48c 
0.55b 
0.58ab 
0.56b 
0.57ab 
0.63a 
0.60ab 
0.62a 
0.63a 
0.58D 

0.56B 
0.63A 
0.66A 
0.63A 
0.64A 
0.69A 
0.67A 
0.69A 
0.69A 

 

 

0.54b 
0.67a 
0.70a 
0.66ab 
0.69a 
0.73a 
0.77a 
0.79a 
0.78a 
0.70A 

0.49b 
0.62ab 
0.65a 
0.61ab 
0.62ab 
0.69a 
0.72a 
0.73a 
0.72a 

0.65AB 

0.45b 
0.58ab 
0.61ab 
0.57ab 
0.58ab 
0.63ab 
0.67a 
0.70a 
0.69a 
0.61B 

0.41b 
0.53ab 
0.57a 
0.53ab 
0.54ab 
0.57a 
0.60a 
0.67a 
0.66a 
0.56C 

0.38b 
0.51ab 
0.55a 
0.50ab 
0.50ab 
0.53ab 
0.56a 
0.62a 
0.60a 
0.53C 

0.45B 
0.58AB 
0.62A 
0.57AB 
0.59AB 
0.63A 
0.66A 
0.70A 
0.69A 

 
In a column under each character, means followed by the same letter are not significantly different at the 5% level by DMRT. 
T1= Control, T2=Putrescine at 1.0mM (Pu1), T3= Putrescine at 2.0mM (Pu2), T4=Salicylic acid at 2.0mM (SA1), 
T5=Salicylic acid at 4.0mM (SA2), T6= (Pu1) + (SA1), T7= (Pu1) + (SA2), T8= (Pu2) + (SA1) and T9= (Pu2) + (SA2). 

 

Table 7. Effect of Putrescine and Salicylic acid sprays on berries SSC/Acid ratioand total sugars of "Flame 
seedless" grape during cold storage at 0-2ºC and RH 90-95% in 2016 and 2017 seasons. 

Treatments 

   SSC/Acid ratio    
2016  2017 

Cold storage periods in days  Cold storage periods in days 
0 15 30 45 60 Mean  0 15 30 45 60 Mean 

T1 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 
Mean 

25.6a 
23.0bc 
22.0cd 
23.4b 
22.6bc 
21.0de 
20.4e 
20.3e 
20.1e 
22.1E 

30.8a 
25.3b 
23.4cd 
24.9b 
24.1bc 
22.9cd 
23.0cd 
22.2d 
22.0d 
24.3D 

33.1a 
26.6b 
25.3cd 
26.4b 
25.8bc 
24.3ef 
24.9de 
23.9fg 
23.4g 
26.0C 

34.6a 
29.5b 
27.8c 
28.2c 
27.3c 
25.6d 
27.2c 
25.2d 
24.6d 
27.8B 

36.3a 
31.4b 
28.3d 
30.2c 
29.7c 
26.8e 
28.2d 
26.7e 
25.8e 
29.3A 

32.1A 
27.1B 
25.4DE 
26.6BC 
25.9CD 
24.1FG 
24.8EF 
23.8FG 
23.2G 

 

 

33.3a 
24.7b 
23.2c 
24.7b 
23.4c 
21.9d 
20.4e 
19.5e 
19.6e 
23.4D 

37.3a 
26.9b 
25.2c 
26.7b 
26.5b 
23.6d 
22.0e 
21.3e 
21.4e 
25.7C 

40.9a 
29.1b 
27.1c 
28.8b 
28.5b 
26.2c 
23.8d 
22.4e 
22.7e 
27.7B 

44.6a 
31.9b 
29.6d 
31.5bc 
30.9c 
29.6d 
26.9e 
23.7f 
24.1f 

30.3AB 

47.4a 
33.3b 
30.7d 
33.7b 
33.3b 
31.8c 
29.3e 
25.8f 
26.7f 
32.5A 

40.7A 
29.2B 
27.2C 
29.1B 
28.5B 
26.6C 
24.5D 
22.5E 
22.9E 

 
 Total sugars (%) 
T1 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 
Mean 

17.8a 
17.6ab 
17.4ab 
17.7ab 
17.3ab 
16.8ab 
16.1ab 
16.2b 
16.2b 
17.0A 

17.9a 
17.7a 
17.5ab 
17.7a 
17.4ab 
17.2ab 
16.5bc 
16.5bc 
16.3c 
17.2A 

17.8a 
17.8a 
17.7a 
17.8a 
17.7a 
17.2ab 
16.7ab 
16.7ab 
16.5b 
17.3A 

17.3ab 
17.8ab 
17.7ab 
17.9a 
17.8ab 
17.5ab 
16.9ab 
16.8ab 
16.7b 
17.4A 

17.1ab 
17.7ab 
17.7ab 
17.8a 
17.8a 
17.8a 
17.2ab 
17.0ab 
16.9b 
17.4A 

17.7A 
17.7A 
17.6A 
17.8A 
17.5A 
17.2AB 
16.6B 
16.6B 
16.4B 

 

 

16.6a 
15.8ab 
15.4ab 
15.4ab 
15.4ab 
15.4ab 
15.3ab 
15.3ab 
15.2b 
15.5A 

16.9a 
15.8ab 
15.7ab 
15.5ab 
15.5ab 
15.4b 
15.4b 
15.5b 
15.4b 
15.7A 

16.9a 
16.1ab 
15.8b 
15.7b 
15.6b 
15.6b 
15.5b 
15.5b 
15.4b 
15.8A 

16.8a 
16.1ab 
15.9ab 
15.8ab 
15.7ab 
15.6b 
15.6b 
15.7b 
15.5b 
15.9A 

16.8a 
16.0ab 
15.8b 
15.7b 
15.7b 
15.7b 
15.7b 
15.7b 
15.6b 
15.9A 

16.8A 
15.9AB 
15.7AB 
15.6AB 
15.6AB 
15.5B 
15.5B 
15.5B 
15.4B 

 
In a column under each character, means followed by the same letter are not significantly different at the 5% level by DMRT. 
T1= Control, T2=Putrescine at 1.0mM (Pu1), T3= Putrescine at 2.0mM (Pu2), T4=Salicylic acid at 2.0mM (SA1), 
T5=Salicylic acid at 4.0mM (SA2), T6= (Pu1) + (SA1), T7= (Pu1) + (SA2), T8= (Pu2) + (SA1) and T9= (Pu2) + (SA2). 

 

7. Cluster shelf life 
Shelf life in days at room temperature experiment 

was started directly after picking date and after each storage 
period (15, 30, 45 and days of cold storage). It was 
terminated when about 50% of pedicles turned to brown 

color completely. Data of Table (8) showed the 
enhancement effect of different Pu and SA treatments on 
extending shelf life of "Flame seedless" grape cluster over 
control. Vines treated with T9 showed the highest extending 
the shelf life in days at picking date during both seasons. The 
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interaction (T6, T7, T8 and T9) treatments were more 
effective in this respect as compared to control, especially T8 
and T9 treatment after each cold storage period in both 
seasons. This enhancement effect on shelf life period might 
due to the role of Pu reducing physiological weight loss of 
clusters, the activity of oxidative enzymes and retarding fruit 
softening. Also, SA increased phenolic compounds and 

enhancing resistant system as previously shown in this study. 
These results are in line with those of Perez-Vicente et al. 
(2002) who reported that, exogenous polyamines 
applications delayed color changes, reduced mechanical 
damage, chilling injury susceptibility and increase shelf life 
in both climacteric and non-climacteric fruits.  

 

Table 8. Effect of Putrescine and Salicylic acid sprays on shelf life in days over control of "Flame seedless" grape 
after cold storage at 0-2ºC and RH 90-95% in 2016 and 2017 seasons. 

Treatments 
 Shelf life in days over control  

2016    2017 
0 15 30 45 60 Mean  0 15 30 45 60 Mean 

T1 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 
Mean 

0.00c 
3.00b 
3.00b 
3.00b 
3.25ab 
3.50ab 
3.75ab 
4.25ab 
4.50a 
3.19A 

0.00c 
1.75b 
2.25ab 
1.75b 
2.00ab 
2.00ab 
2.25ab 

2.50ab 
3.00a 
1.94C 

0.00c 
2.00ab 
2.25ab 
1.75b 
2.00ab 
2.25ab 
2.25ab 
2.75ab 
3.00a 

2.03AB 

0.00d 
2.00b 
3.00a 
1.25c 
1.25c 
2.75ab 
3.00a 
3.50a 
3.50a 

2.25AB 

0.00c 
1.75b 
1.75b 
2.00ab 
1.75b 
2.00ab 
2.00ab 
2.25ab 
3.00a 
1.83C 

0.00C 
2.20AB 
2.45AB 
1.95B 
2.05B 
2.50AB 
2.65AB 
3.05A 
3.40A 

 

 

0.00c 
2.25b 
3.50ab 
2.25b 
2.50b 
3.25ab 
3.75ab 
4.25a 
4.50a 
2.92A 

0.00c 
2.00b 
2.00b 
2.25ab 
2.50ab 
2.50ab 
2.75ab 
2.75ab 
3.75a 

2.28AB 

0.00d 
1.75c 
2.00b 
1.25c 
1.50c 
2.25ab 
2.75ab 
3.25a 
3.50a 

2.03AB 

0.00d 
1.75c 
1.75c 
1.25c 
1.75c 
1.75c 
2.25b 
2.75b 
3.00a 
1.81B 

0.00e 
1.50d 
1.75c 
1.75c 
2.00c 
2.25bc 
2.00c 
2.50b 
3.00a 
1.86B 

0.00C 
1.85B 
2.20AB 
1.75B 
2.05AB 
2.40AB 
2.70AB 
3.10A 
3.55A 

 
In a column, means followed by the same letter are not significantly different at the 5% level by DMRT. 
T1= Control, T2=Putrescine at 1.0mM (Pu1), T3= Putrescine at 2.0mM (Pu2), T4=Salicylic acid at 2.0mM (SA1), 
T5=Salicylic acid at 4.0 mM (SA2), T6= (Pu1) + (SA1), T7= (Pu1) + (SA2), T8= (Pu2) + (SA1) and T9= (Pu2) + (SA2). 
 

8. Marketable clusters (%) 
The results in Table (9) showed that, vines treated 

with the combination between Pu and SA (T6, T7, T8 and T9) 
recorded the highest marketable clusters percentages 
followed by that received Pu at higher concentration (T3) 
however, control (T1) vines showed the lowest 
percentages. This trend was true at picking date and overall 
storage periods with regarding that the marketable clusters 
percent was reduced with prolonged of cold storage period. 
The present results were supported by El-Sayed (2013) 
who reported that, Pu applications gave the lowest values 
of both shattering and unmarketable berries percentages. 
Also, Lo’ay, (2017) reported that, SA is effective for 
delaying fruit ripening and maintain cluster quality of 
‘Superior seedless’ grapes. 
 

Table 9. Effect of Putrescine and Salicylic acid sprays 
on marketable clusters of "Flame seedless" 
grape after cold storage at 0-2ºC and RH 90-
95% in 2016 and 2017 seasons. 

Treatments 

 Marketable clusters (%)  

At picking date After 60 days of cold storage 

2016 2017 Mean 2016 2017 Mean 
T1 
T2 
T3 
T4 
T5 
T6 
T7 
T8 
T9 
Mean 

96.5b 
97.3ab 
97.7ab 
97.4ab 
97.3ab 
98.3a 
98.4a 
98.5a 
98.8a 
98.0 

97.3b  ̀
97.6ab 
97.9ab 
97.5ab 
97.5ab 
98.8a 
98.7a 
98.7a 
98.8a 
98.3 

96.9B 
97.5AB 
97.8AB 
97.5AB 
97.4AB 
98.6A 
98.6A 
98.6A 
98.8A 

 

87.1c 
94.5b 
96.9ab 
96.8ab 
96.8ab 
97.2a 
97.5a 
97.5a 
97.6a 
95.6 

85.5b 
95.2ab 
96.7ab 
95.8ab 
96.5ab 
97.1a 
97.3a 
97.3a 
97.5a 
95.3 

86.3C 
94.9B 
96.8A 
96.3AB 
96.7AB 
97.2A 
97.4A 
97.4A 
97.6A 

 
In a column, means followed by the same letter are not significantly 

different at the 5% level by DMRT. 

T1= Control, T2=Putrescine at 1.0mM (Pu1), T3= Putrescine at 

2.0mM (Pu2), T4=Salicylic acid at 2.0mM (SA1), T5=Salicylic acid at 

4.0mM (SA2), T6= (Pu1) + (SA1), T7= (Pu1) + (SA2), T8= (Pu2) + (SA1)
and T9= (Pu2) + (SA2). 

CONCLUSION 
 

The exogenous applications of Putrescine at 2mM 
plus Salicylic acid at 4mM two times; when berry reached 
about 4-6 mm in diameter and retreated at veraison stage 
were effective in increasing yield and enhancing cluster and 
berry quality characters of "Flame seedless" grape at picking 
date. Moreover, it reduced cluster weight loss, maintained 
berry firmness, stabilized berries anthocyanine, reduced 
juice acidity, berry softening, berries decay and rachis 
browning during cold storage at 0-2 º C and 90-95 % RH. It 
suppressed other ripening related changes as Pectin 
methylesterase activity. Thus, this treatment can be used 
commercially to enhancing yield maintaining quality during 
cold storage and extend the shelf life of "Flame seedless" 
grape with acceptable fruit quality. 
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 لعنب الفsيم سيدلس سين و حمض السلسليك على المحصول وجودة الثمار والقدرة التخزينيةيوتربالب تأثيرالرش
  2مصطفى فھميھيام  و  2مھا حسيب عبد العزيز،   1ونىصابرسعد بسيٮ

  مصر - الجيزة  - الزراعية  مركزالبحوث  –البساتين  بحوث معھد  -العنب بحوث قسم1
 مصر –الجيزة  - الزراعية  مركزالبحوث  -البساتين بحوث معھد- تداول الفاكھة بحوث قسم 2
  

وذلك �ختبار  جمھورية مصر العربية اصة بمركز بدرمحافظة البحيرةفى مزرعة خ 2017و 2016خqل موسمى  الدراسة أجريت ھذه
المقارنة  معاملةبا�ضافة الى بينھا  الجمع لكملليمول و كذ 4و 2ملليمول وحمض السلسليك بتركيزات  2و 1سين بتركيزات الرش بالبيوتر

ند مرتين ا�ولى عمعامqت ال رشتم . روالفليم عديم البذ لثمارعنب ة التخزينيةرالقدوتأثير ذلك على المحصول وصفات الجودةو(الكنترول) 
ل اوضحت النتائج تأثر كل من المحصو .)veraisonالثانية عند بداية مرحلة طراوة الحبات وبداية التلوين (مل و 6- 4وصول الحبات الى قطر 

زيادة المحصول  بينھما ا�كثر فاعلية فى وسين و حمض السلسيلك وكان الجمعبالرش بكل من البتر ورفليم عديم البذلعنب الجودة الصفات و
ملليمول)  4+ حمض السلسيلك  2بتروسين بكq المركبين بالتركيزا�على (الرش  معاملة اظھرت مقارنة. فى مقابل معاملةجودة الثمارو

 100الصqبة وحجم ال و (القطر والطول ووزنوالحبات  لعرض)(الوزن والطول وا لعناقيدصفات ا التحسن فى وكذامعنويا  ا�على المحصول
 0اثناء التخزين البارد على درجة حرارة من  كما كانت ھذة المعاملة ا�كثر تاثيرا فى الحفاظ على صفات الجودة ) مقارنة بمعاملة المقارنة .حبة
 اط الحبات  ونسبة ا�عفانرانفالفقد فى وزن العنقود و فى نسبة اظھرت القيم ا�قل معنوياحيث  %  95الى  90مئوى ورطوبة نسبية من  2الى 

زيم تحلل البكتين فى حين اظھرت القيم ا�على كما ادت الى خفض نشاط ان وكذلك نسبة العناقيد غير الصالحة للتسويق . العنقودن محورتلوو
المواد الصلبة الكلية الذائبة والحموضة ونسبة المواد الصلبة الى  نسبة محتوى الثمار منلصqبة الحبات وكذا القوة الqزمة لنزعھا مع الحفاظ على 

زيادة معنوية فى نسبة العناقيد كما ان كل معامqت الجمع ادت الى  يوم من التخزين البارد. 60صبغة ا�نثوسيانين و ذلك حتى و الحموضة
 الصالحة للتسويق وكذالك فترة العرض مقارنة بالكترل.


