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ABSTRACT 

A field experiment was  performed  during  growing  seasons of  2016/2017 and 2017/2018 in a 
private orchard located at Kafr Shukr, Benha Center, Qualyubia Governorate, Egypt. The investigation 
was conducted on 50-years-old of Valencia orange trees (Citrus sinensis L. Osbeck) budded on sour 
orange (Citrus aurantium L.)  rootstock. The treatments were T1: control treatment (sprayed with water). 
T2 and T3 : trees sprayed with potassium sulphate 1% and 2% .T4 and T5 : trees sprayed with salicylic 
acid at 100ppm conc. and 200ppm,respectivelyT6 and T7:trees sprayed with Oleic acid at250ppm and 
500 ppm conc.; respectively.T8 and T9 :trees sprayed with phenylalanine at 200 ppm and 300ppm; 
respectively.T10: spraying trees with a mixture of (K2SO4 1%+SA 100 ppm + Oleic acid 250 ppm+Ph 
200 ppm).T11:spraying trees with a combination of(K2SO4 2 %+SA200 ppm + Oleic acid 500 ppm + ph 
300 ppm ). The results proved that foliar application with a mixture of (K2SO4  2% + SA200p pm + 
Oleic acid 500ppm +ph 300 ppm) produced significantly the highest fruit yield ; expressed as weight 
and significantly increased peel and pulp weights and fruit juice volume when compared with the 
control treatment and other foliar application treatments. Moreover, the aforementioned treatment; also 
improved fruit volume, fruit length. However, fruit diameter character was the highest by foliar 
application with Oleic acid at 500ppm concentration. This was true during both seasons of the study. 
As for fruit shape index, Oleic acid 500 ppm, ph 300 ppm treatment was significantly supremacy than 
other treatments in the both seasons. All treatments reduced percentage of weight loss, decay % during 
the storage period compared with the untreated fruits (control) during both seasons. Moreover, trees 
sprayed with a mixture of (K2SO4 2%+ SA 200 ppm + Oleic acid 500 ppm + ph 300 ppm) significantly 
reduced fruit decay percentages and markedly increased fruit peel thickness compared with the control 
treatment (water spray) and all other treatments and the difference was significant. Vitamin C was 
decreased with prolonging the storage period of the fruits. All treatments reduced the loss of vitamin C 
in fruits during storage period compared with control. The acidity content was gradually decreased with 
the storage period during the investigated seasons. Vice-versa, fruit total soluble percent and TSS/acid 
ratio greatly increased with increasing storage period. Both total soluble solids % and vitamin C content 
in fruit juice were increased when trees sprayed with a mixture of (K2SO4 2%+ SA 200 ppm + Oleic 
acid 500 ppm + ph 300 ppm ) followed by trees sprayed with Oleic acid at 500ppm concentration. 
Besides, fruit total acidity and TSS/acid ratio significantly augment by spraying trees with this 
treatment. In addition; foliar application with phenylalanine at 300ppm significantly enhanced the ratio 
of TSS/acidity of Valencia orange fruits.   
  
Keywords: Valencia orange (Citrus sinensis), storage period, Oleic acid, phenylalanine, Salicylic acid, 

potassium Sulphate     

 
Introduction 

It is know that citrus fruits are very important in many parts of the world due to it has a high 
nutritional values of minerals, essential oils, salts, sugars and vitamins. In general, citrus fruits 
especially Valencia orange are considered as a sourceof antio- xidant, vitamin C and carotenoids 
(provitamin). Recently, many investigations focused on citrus because it plays important roles in 
resistance against many humandisease  (Del Caro et al., 2004 and Wu et al., 2007).Citrus produced in 
Egypt with around 520.000  acres total cultivated area and produced about 4846579 tons with average 
of 9.83tons  /fed (According to Ministry of Agriculture and land Reclamation of Egypt 2016 /2017).  
Valencia orange area in Egypt is estimated to be 162.000 hectares and produced 3.4 million tons of 
fruits, according to statistics, 2018 and 2019 researchers proved that storage fruits in carton packages 
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under room temperature  is very effective method for prolonging the postharvest life of the fruits and 
keep their quality, particularly when foliar application with some chemical substances; such as; 
potassium sulphate, Salicylic acid, Oleic acid and phenylalanine. These substance are used to improved 
appearance, modifying atmosphere around fruits surface to reduce fruit respiration rate of fruits and 
improve the environmental conditions like humidity and temperature (Baldwin et al.,1995);These 
conditions providing a semi permeable barrier for enhancing carbon dioxide rates and reducing oxygen 
rates and there for reducing respiration retard the ripening, reducing decay and water loss, decrement 
the oxidation reaction rates and metabolic activities, especially transpiration and respiration. The 
Purpose of this study augment juice percent, vitamin C, fruit size, prolonging shelf life fruit and 
storability thus improves fruit quality. 

Potassium is one of most important macro-elements which highly mobile in plants at all levels, 
from individual cell to xylem and phloem transport, this cation plays a major role in enzyme activation, 
protein synthesis, stomatal, function, stabilization of internal pH, photosynthesis, turgor- related 
processes and transport of metabolites potassium improves fruit quality by enhancing fruit size, juice 
contents, size and juice flavor ( Tiwari,2005 and Ashraf et al.,2010) In contrast, K deficiency produces 
small fruits with thin peel. Application of potassium increased mineral content and crop yield (EL-Safty 
et al., 1998) also improved crop quality (Wei and Hua, 2002). Since, potassium plays a regulatory role 
in physiological and bio-chemical processes of citrus plant (Davies and Albringo 1994). Also after 
beginning cultivate a new reclaimed area potassium was the only element which exhibited a low or 
deficient in different Egyptian soils. Khalifa et al.  (2001 ) it suggested that correcting K problem in 
Balady mandarin by soil application of either K2SO4 or KNO3 or sprays of both(Achilea, 2000). Foliar 
potassium sprays can be an effective method to shorten the time required for uptake compared to soil 
application (Embleton et al., 1969). The incidence of disease attack leads to accumulation and depletion 
of different nutrients in both healthy and diseased plant leaves. Potassium sulphate, zinc and manganese 
content were found significantly more in healthy plant leaves as compared to infected plant leaves 
(Marschner, 1996). 

Salicylic acid (SA)an aubiquitous compound regulates a number of processes in plants (Raskin 
et al.,1992).SA is a natural phenolic compound presented in many plants and is an important component 
in the plant signal transduction pathway. Salicylic acid is also involved in local and systemic resistance 
to fungal pathogens (Meena et al., 2001). 
It is known that salicylic acid as a plant growth regulator, can enhance disease resistance of a few 
growing plants or detached plant organs (Qin et al., 2003).                      

Salicylic acid (SA) plays an important roles in endogenous plant growth molecule related to 
defense responses and providing protections from pathogen attack (Beckers and Spoel, 2006., Hayat 
and Ahmad, 2007,Volt, Klessig and Park, 2008) .           

Therefore, spraying tree with salicylic acid before harvesting has been effective on decreasing 
decay in a wide range of fruits during postharvest (related with higher levels of antioxidant enzymes 
during storage period) reducing ethylene production and delaying the postharvest ripening process, 
leading to improved storability. Subsequently, increasing shelf life fruits (Asghari et al., 2010 and 
Babalar et al., 2007).                        

Salicylic acid (SA) reduced decay caused by Botrytis cinerea in tomato decreased ethylene 
production and delayed the ripening process (Wanget al., 2011) as well in kiwifruit (Fatemi and 
Aminifard, 2013). Many researchers were studied the effect of SA preharvest treatments on fruit quality 
are scare and most of them are related to the SA effect on inducing defence responses against fungal 
attack. Thus, SA applied as foliar spray or added to the irrigation solution to strawberry plants,in 
combination with postharvest treatments ,reduced fruit fungal decay and retained overall quality after 
14 days of storage (Babalar  and Khosroshahi,2007 ). To extend storability and marketing of 
pomegranate fruits, good results were obtained with pre-storage application of salicylic 
acid(Wangetal.,2006 .,Sayyari et al.,2009., Siboza et al.,2014) 

Oleic acid (C18H34O2) is a fatty acid that occurs naturally in various animal and vegetable fats 
and olis, It is an colorless oil, although commercial  samples may be yellowish in chemical terms, Oleic 
acid is classified as a monounsaturated omege - 9 fatty acid. (Thomas and Alfred, 2000) The name 
derives from the Latin word oleum, which means oil(Bailey and Bailey, 1929). It is the most common 
fatty acid in nature. (^''9- Octadecenoic acid Retrieved 2018) salts of Oleic acid are called oleates.     
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Being mainly composed by the MUFA Oleic acid (OA) which represents 70-80% of olive oil to 
composition, besides minor phenolic compounds (Owenet al., 2000 ). In the last years many studies 
described the contribution of olive oil to general health, partly due to its high OA content  (Mulvad et 
al., 1996). Further comparisons among the effects of olive oil, safflower oil and a high OA sunflower 
oil on the immune cell functions suggested that the effects Observed were due to OA rather than to the 
non  lipid component of olive oil (Jeffery et al., 1996).In addition OA was demonstrated to induce 
beneficial anti inflammatory effects on autoimmune diseases (Linos et al., 1991). 

The effects of Oleic acid in the reduction of inflammation, modulation of leukocytes activity, 
enhancement of bactericidal and fungicidal action and attenuation of the effects of utoimmune diseases 
(Sales-Campos et al., 2013).OA induces a sustained effect on reactive oxygen species(ROS) production 
and this may be related to the increased fungicidal activity observed in cells treated with OA.(Martins 
et al 2011). 
         Phenylalanine (symbol phe or F) is an essential α-amino acid with the formula C9H11No2. It can 
be viewed as a abenzyl group substituted for the methyl group of alanine, or aphenyl group in place  of 
a terminal hydrogen of  alanine. This essential amino acid is classified as neutral, and nonpolar because 
of the inert and hydrophobic nature of the benzyl side chain."Nomeciature and Symbolism for Amino 
Acids and peptides "Retrieved 5 March 2018. 
In plants phenylalanine is the starting compound used in the synthesis of flavonoids . Lignan is derived 
from phenylalanine and from tyrosine. Phenylalanine is converted to cinnamic acid by the enzyme 
phenylalanine ammonialyase (Nelson et al (2000).                
       Phenylalanine may be a case in point. An orange tree can convert this amino acid into cinnamic 
acid, a precursor to compounds thought to be important to the trees defense system. But the researchers 
found that juice squeezed from oranges of HLB - positive trees had significantly higher concentrations 
of phenylalanine, which suggests that the HLB pathogen may have interfered with the trees conversion 
of phenylalanine to cinnamic acid. (U.S. Department of Agriculture january 14,2013 by Marcia wood. 
Have demonstrated that certain fungi can degrade phenylalanine by a pathway involving an initial 
deamination to cinnamic acid, as happens in plants. Ametabolic pathway for the metabolism of 
phenylalanine via cinnamic (Min Woo Hyun et al., 2011). 
Phenylalanine ammonia - lyase (PAL) and therefor triggering the phenylpropanoid flavonoids pathways 
then, these explained that SA as a safe signaling molecule could promote nutritional quality and 
enhanced health promoting and properties of fruits (Tareen et al. 2012). 
 
Materials and Methods                                                                                                                          
         The present investigation was conducted in a private orchard located at Kafr Shukr Benha Center, 
Qualyubeia Governorate, Egypt  during two successive  seasons 2016/2017 and 2017/ 2018. The study 
was carried out on  50 - years - old trees of Valencia orange(Citrus sinensis, L. Osbeck) budded on sour 
orange (Citrus aurantium, L.) rootstock grown in clay loamy soil and spaced of 5 x 5 meters a part 165 
trees/fed under flood irrigation system Sixty six trees were selected at random for this study. Trees were 
nearly uniform as possible in their growth vigor, diseases free. 
 
The treatments of the experiment are as follows: 
1- Control, (Sprayed with water).                               
2- Spraying trees with potassium sulphate at1%. 
3- Spraying trees with potassium sulphate at 2%. 
4- Spraying trees with salicylic acid at 100 ppm.   
5- Spraying trees with salicylic acid at 200 ppm. 
6- Spraying trees with Oleic acid at 250 ppm . 
7- Spraying trees with Oleic acid at 500 ppm. 
8- Spraying trees with phenylalanine at 200 ppm. 
9- Spraying trees with phenylalanine at 300ppm. 
10-Spraying trees with (K2SO4 1%+SA 100 ppm + Oleic acid 250 ppm +ph 200 ppm).                             
11-Spraying trees with (K2SO4 2% +SA 200 ppm + Oleic acid 500 ppm +ph 300 ppm).                          
 
          Each spraying treatment and their combinations were performed thrice during preharvest just 
after fruit setting on April 25th

, mid- July and mid - September.                                                                       
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       Triton B as a wetting agent was added to spraying solutions at 0.05% and spraying was done till 
run off (5L solution/tree) the untreated trees received water only containing Triton B .  
                                       
A- Fruit yield determination:    
        Fruit yield was recorded for each replicate tree at harvest stage (July) in both seasons which was 
expressed as number of fruits/tree, and weight of fruit (gm), fruit yield (kg/tree).                                
 
B- Fruit quality:        
       Sample of six fruits per tree for each replicate (tree) was collected randomly at harvest time in both 
season; fruits of each replicate were taken in order to determine physical fruit properties such as an 
average of fruit weight (g), peel weight (g), pulp weight (g) and fruit juice volume (cm3), fruit diameter 
(cm), fruit length (cm) and fruit volume (cm3), fruit shape Index(cm).  
 
C- Storage method:     
            The fruits were placed in aerated carton boxes of each treatment carton boxes dimension were 
30x40x10 cm and each treatment was represented at twenty two boxes (9 fruits/box) and stored under 
room temperature for the period of 90 days and physical properties as weight loss%, decay%, peel 
thickness (cm) also chemical fruit properties were determined such as vitamin C (mg/100 mL juice 
),T.S.S, acidity, T.S.S/acidity ratio.  Analysis was conducted every 30 days interval during storage using 
three fruits from each replicate of each treatment.                                                                                                                                                                             
 

1- Weight loss (%). 

  Percent weight loss  = 
Initial weight of fresh fruit (g) - Weight after interval (g) 

x 100 
Initial weight of fresh fruit (g) 

          Interval = 30 days 
 
2- Decay percentage    

Decay % =                         
No. of fruit decay 

x 100 
No. of fruit at the beginning of storage                                         

 
      Decayed fruits were counted and recorded by visual examination (decayed fruits included all the 
shrieked, injured or spoiled, resulting from microorganisms infections  percentage of decay  was 
calculated in relation to total initial weight of stored fruits (Cheour et al., 1990 ).                                                       
 
3- Fruit juice content % 

 
Weight of extracted juice     

x 100 
Fruit weight 

 
4- Total soluble solid (T.S.S) 

A hand refractometer was used to determine the soluble solids content in fruit juice according to 
AOAC (2015)                                                        
 
5- Total acidity % 

Total acidity was measured by titrating 5ml juice on 0.1 N NaOH solution and was then 
determined as the percent of citric acid (Equation 2)                                                                                          

Citric acid %      = 
Standard solution (N) X base solution (ml)x 0.06404 

x 100 
Total juice volume (ml) 

 The equivalent weight of citric acid = 0.06404         

 
Juice volume = 5 mL

                                                       
6- T.S.S/Acid ratio = 

 
             T.S.S                                                                          

x 100 
Total acid content                                       
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7- Ascorbic acid content (vitamin C) mg/100ml                 
         Ascorbic acid was determined by using 2.6 dichloro phenol indophenols titration   dye method as 
described by AOAC , (2015),  ten of the fresh sample was blended with 3% metaphosphoric acetic acid 
extracting solution to homogenous slurry, then 5ml of the filtrate extract were then titrated with standard  
indophenols until reached to pink end point . 
 
Statistical analysis   
          Randomized complete block design (RCBD) was used of each treatment was replicated  three 
times as one tree for each replicate thus the total number of trees in this experiment was 99 (11treatments 
x 3 replicate x 3 tree in each replicate and least significant difference test  (L.S.D) at 5% Level was used 
to differentiate means according to Snedecor and Cochran (1995) .  
 
Results and Discussions   
 
Effect of foliar application with potassium sulphate, salicylic acid, Oleic acid, phenylalanine and 
their combinations on number of fruit/tree, average fruit weight and fruit yield (kg /tree):   
          Data in Table (1) indicated that foliar application with a mixture of (K2SO41% + SA 100 ppm 
+ Oleic acid 250 ppm +ph 200 ppm ) gave significantly the highest number of fruits/tree compared 
with other treatments including the control(spraying with water). These results held true during both 
seasons of the study.    
         Concerning the effect of foliar potassium sulphate, Salicylic acid, Oleic acid,  phenylalanine and  
of their combinations on average fruit weight; results in Table (1)   showed that foliar sprays with a 
combination of (K2SO4 2%+SA 200 ppm + Oleic acid 500 ppm+ph 300 ppm ) produced heaviest fruits 
than that of the control fruits which gave the least  values of fruit weight and the differences were 
statistically significant . Similarly,  foliar application of Oleic acid at 500 ppm concentration gave 
markedly higher fruit weight; followed in descending order foliar application with a mixture of (K2SO4 
2% +SA 200 ppm + Oleic acid 500 ppm + ph 300 ppm). 
          As for fruit yield expressed as kg/tree ; it seemed that the same treatment which  caused an 
augment  in fruit number /tree and an average fruit weight also caused an increment in fruit yield 
(kg/tree); or other words, foliar sprays with a mixture of (K2SO4 2% +SA 200 ppm +Oleic acid 500 
ppm + ph 300 ppm ) produced significantly the highest fruit yield;  followed by foliar application with 
Oleic acid at 500 ppm concentration when compared with other spraying treatments and the control 
trees (spraying with water ) (Table1). Conversely, control treatment ; in both seasons, resulted in 
significantly the lowest fruit yield .            
        Generally, higher yields were achieved when activated acyl donors were applied instead of Oleic 
acid (Adamczak et al. 2009 ).  
       Increased in fruit weight of" Canino"apricot fruits as treated with Oleic acid 400 ppm during the 
two seasons (Attia, 2010).  
       The more pronounced modification was obtained with Oleic acid treatments at 400 ppm whether 
in the presence or absence of ethephon. This effectiveness of Oleic acid could be related to its ability to 
influence the membrane permeability, rigidity, fluidity and regulation of cellular functions (Maxfield 
and Tabas, 2005)  

A number of researchers studied the effect of the amino acid in the form of foliar applications on 
plant efficiency yield and productivity. Focused on the role of mineral nutrition on the  productivity and 
quality of pepper. Amino acids are a good source of nitrogen which is essential for improving pepper 
fruits and yield. Foliar application is a complementary side by side to the fertilizing done in the ground 
(Mendes et al., 2016). 
       Foliar application phenylalanine at concentration of (100-200 ppm) respectively, the results from 
this study showed that Treatment (200 ppm phenylalanine) affected positively on fresh weight in the 
fruits of two pepper(capsicum annuum L) cultivars (Saadoon and Athraa, 2017). 

Foliar  spray with  phenylalanine ( 150-300 ppm) on  roselle plant ( Hibiscus sabdariffa L.) 
increased  fruit number/ tree ,  yield/plant  and  per feddan as  compared  with control 
(Ahmed et al., 2016). 
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Table 1:  Effect of foliar application with potassium sulphate, salicylic acid, Oleic acid,  phenylalanine,  and their 
combinations on number of fruits/tree, fruit weight(g),Yield/tree (kg) of Valencia orange trees 
during2016/ 2017 and 2017/2018 seasons .   

Treatment Number of 
fruits/tree 

Average fruit 
weight(g) 

Yield/tree(kg) 

First 
season 

Second 
season 

First 
season 

Second 
season 

First 
season 

Second 
season 

Control 237.30J 243.30 k 168.70k 170.00k 40.03K 41.36k 
K2SO4  1% 285.60I 306.60I 220.00J 223.30J 62.83J 68.46J 
K2SO4  2% 290.70g 296.30J 246.70h 248.30h 71.72h 72.18I 
SA 100 ppm 287.30h 310.50h 240.00I 243.30I 68.95I 75.54h 
SA 200 ppm 294.60f 313.30g 275.30d 276.70d 81.10d 86.69d 
Oleic acid 250 ppm 296.66e 320.65d 256.70f 260.00f 76.15f 83.37f 
Oleic acid 500 ppm 315.65b 325.20b 278.30b 281.30b 87.85b 91.48b 
Ph 200 ppm 297.65e 315.45f 253.30g 255.00g 75.39g 80.44g 
Ph 300 ppm 311.56d 318.30e 277.60c 278.70c 86.48c 88.71c 
K2SO4 1% + SA 100 ppm+ Oleic 
acid 250ppm + Ph 200 ppm 320.50a 330.20a 258.00e 265.00e 80.83e 85.75e 

K2SO4 2%+ SA 200 ppm+ Oleic 
acid 500 ppm+ Ph 300 ppm 
 

313.30c 323.60a 280.00a 285.00a 89.74a 94.10a 

Means in the same column followed by the same letter(s) are not significantly different at 5% probability 
 
Effect of foliar application with potassium sulphate, salicylic acid, Oleic acid,  phenylalanine and 
their combinations on some physical fruit properties (peel weight, pulp weight and juice volume): 

  The results in Table (2) revealed that foliar sprays with a mixture of (K2SO4 2% + SA 200 ppm 
+ Oleic acid 500ppm + ph 300 ppm ) markedly achieved the highest values of peel weight during both 
seasons of study followed by spraying trees with a combination of (K2SO4 1% + SA 100 ppm + Oleic 
acid 250 ppm  + ph 200 ppm). These results were supported by significant differences. On the contrary, 
control treatment resulted in significantly the least values of peel weight when compared with the other 
treatments.     
 
Table 2: Effect of foliar application with potassium sulphate,  salicylic acid, Oleic acid,  phenylalanine  and   their 

combinations on some fruit physical characteristics( peel weight, pulp weight, Juice volume) of Valencia 
orange trees during 2016/2017 and 2017/2018 seasons. 

Treatment 
Peel weight  (g) Pulp weight(g) Juice volume (cm3) 

First 
season 

Second 
season 

First 
season 

Second 
season 

First 
season 

Second 
season 

Control 32.00k 30.00k 123.70J 130.23J 102.55k 104.63k 
K2SO4  1% 43.00J 44.00J 163.36I 167.42I 144.35J 151.40J 
K2SO4  2% 45.00I 46.00I 180.30h 186.36h 162.60I 170.35I 
SA 100 ppm 46.00h 48.00h 182.52g 190.34g 164.50h 175.60h 
SA 200 ppm 47.00g 50.00g 211.55d 216.75d 194.25d 200.75d 
Oleic acid 250 ppm 49.00e 52.00e 194.85f 204.33e 176.75f 188.28f 
Oleic acid 500 ppm 55.00c 56.00c 215.54b 226.32b 198.25b 210.54b 
Ph 200 ppm 48.00f 51.00f 194.55f 201.36f 175.66g 186.30g 
Ph 300 ppm 53.00d 54.00d 213.64c 225.74b 196.58c 209.75c 
K2SO4 1%+SA 100 ppm+ 
Oleic acid 250 ppm + Ph 200 
ppm 

56.00b 57.00b 196.85e 223.36c 178.65e 207.35d 

K2SO4 2% + SA 200 ppm + 
Oleic acid 500ppm + Ph 
300ppm 

57.00a 59.00a 218.33a 230.65a 202.33a 219.36a 

Means in the same column followed by the same letter(s) are not significantly different at 5% probability   
 
Concerning pulp weight character; results in Table (2) clearly indicated that foliar application of 

a combination with (K2SO4 2% + SA 200 ppm + Oleic acid 500 ppm +Ph 300 ppm ) ; in both seasons, 
significantly increased  pulp weight of  Valencia orange fruits, followed in descending order by spraying 
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trees with Oleic acid at 500 ppm concentration  and phenylalanine at 300 ppm concentration in  both 
season when compared with the other chemical substances and water spray control treatment (Table2).  
As for the effect of foliar sprays with potassium sulphate, salicylic acid, Oleic acid, phenylalanine and 
their combinations on fruit juice volume as shown in Table(2). The results showed that the same trend 
was also noticed as that of pulp weight. In other word, foliar spray with a mixture of (K2SO42% + 
SA200 ppm +  Oleic acid 500 ppm +Ph 300 ppm ) gave the highest juice volume compared to those of 
the control treatment ; followed by foliar application with Oleic acid at 500 ppm concentration and the 
differences were statistically significant .    
In  juice from  HLB - symptomatic  Valencia  and  Hamlin oranges , the concentration of  asparagine 
and phenylalanine were over two times higher than in juice from healthy oranges, and histidine content 
also increased (Chin et al., 2014).Flavonoids, particularly hesperidin, narirutin and dydimin were higher 
in the  peel, pulp and juice of HLB- infected trees (Dagulo et al., 2010; Hijaze et al., 2013;Kiefl et 
al.,2018 ). 
 
Effect of foliar application with potassium sulphate, salicylic acid, Oleic acid, phenylalanine and 
their combinations on some fruit physical characteristics (fruit volume, fruit diameter, fruit length 
and fruit shape index ) : 

The results in Table (3) clearly indicate that the combination of (K2SO4 2%+ SA 200ppm +  
Oleic acid 500 ppm +ph 300 ppm),in both seasons, significantly increased fruit volume followed by 
Oleic acid spray at 500 ppm concentration. Besides, foliar sprays of phenylalanine at 300ppm and 
salicylic acid at 200ppm concentration also increased fruit volume, particularly in the first season of the 
study compared with other treatments including control treatment and the differences were significant.  
        For fruit diameter character, results in Table (3) reveal that foliar application with Oleic acid at 
500ppm in both seasons, gave the highest fruit diameter compared with control treatment and the 
difference was significant. Furthermore, foliar sprays with a mixture of (K2SO4 2%+ SA200ppm + 
Oleic acid 500 ppm + ph 300 ppm), phenylalanine at 300ppm concentrations, produced fruits that 
significantly higher in fruit diameter during both experimental seasons. Besides, spraying trees with 
salicylic acid at 200 ppm or a mixture of (K2SO4 1% +SA 100 ppm + Oleic acid 250 ppm + ph 200 
ppm), also increased fruit diameter.  

Concerning fruit length parameter, results in Table(3) show that spraying trees with a combination 
of (K2SO4 2%+ SA 200 ppm + Oleic acid 500 ppm + Ph 300 ppm ) significantly scored fruit the highest 
length followed by  foliar sprays  with Oleic acid at 500ppm and salicylic acid at 200ppm concentrations 
when  compared with the other treatments and the control (water spray trees). These results held true 
during  both seasons  of the study .    

Regarding the fruit shape characters are presented in Table (3), results showed that significant 
differences were observed  with some foliar spraying treatments and control trees in fruit shape, 
especially Oleic acid 500 ppm, Ph 300p pm treatment in both seasons.  
        The aforementioned results seemed to be in general agreement  with those reported by Maha (2016) 
who worked on grapefruit var. Foster; fruits were treated with four different materials of edible coatings 
(Paraffin oil ,CaCl2 6 %, salicylic acid 4 mM and Arabic gum) . These mentioned fruits were stored at 
room temperature (13±2Co) for 40 days (the end of storage) and the other fruits were stored cold. storage 
for 80 days (the end of storage). Results indicated that physical and chemical fruit properties were 
affected by coating and storage period.  

Coated grapefruits showed considerable delay in the properties change of fruits comparing with 
the untreated fruits (control) and insignificant difference between treated fruits in both storage 
conditions in the two seasons. Maha ,(2016) concluded that using these  materials were useful for 
coating fruits to prolong marketing and storage period with the highest fruits quality. Moreover , EL -
Mahdy et al.,(2017) on Baladymandarin trees; they divided the trees in two groups; first group was 
sprayed with potassium sulphate in orchard at three times sequential (March, June and August) and the 
second group was sprayed with water (control ). Orange fruits of both treatments were collected in 
maturity stage and dipped in salicylic acid (SA) at 4mM/L in Laboratory .They studied some physical 
and chemical properties of  fruits every 10 days till 50 days (the end of storage  ). They concluded  that 
salicylic acid and had a positive effect on  fruit quality of the fruits treated with SA single or combined  
with potassium sulphate. 
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Table 3: Effect of foliar application with potassium sulphate,  salicylic acid,   Oleic acid, phenylalanine,   and 
their combinations, on some fruit physical characteristics (fruit volume, fruit diameter, fruit length, fruit 
shape Index) of Valencia orange trees during 2016/2017 and 2017/2018 seasons  

Treatment 

Fruit volume 
(cm3) 

Fruit  diameter 
(cm) 

Fruit length (cm) 
Fruit shape Index 

(cm) 
First 

 season 
Second 
season 

First  
season 

Second  
season 

First  
season 

Second  
season 

First  
season 

Second  
season 

Control 173.75J 175.33J 6.13 e 6.22g 6.21 f 6.50 f 1.01a 1.04a 
K2SO4  1% 225.33I 228.55I 7.24d 7.37 f 7.30 e 7.50e 1.01a 1.02a 
K2SO4 2% 251.75g 253.45h 7.68abc 7.71 e 7.82cd 7.94bcd 1.02a 1.03a 
SA 100ppm 245.32h 254.52h 7.72abc 7.80 e 7.80cd 7.89bcd 1.01a 1.01a 
SA 200ppm 277.40c 280.33d 8.12a 8.13 bc 8.20a 8.26bc 1.01a 1.02a 
Oleic acid 250 ppm 261.74e 266.35f 7.91ab 8.05bcd 7.85c 8.00bcd 0.992b 0.993b 
Oleic acid 500 ppm 283.35b 286.56b 8.33 a 8.38 a 8.25a 8.27 b 0.990bc 0.986c 
Ph 200 ppm 257.55f 262.33g 7.86abc 7.98bcd 7.72cd 7.84bcd 0.982d 0.982d 

Ph 300 ppm 282.64b 
283.70 

c 
8.18a 8.21a 8.02cd 8.06bc 0.980de 0.982de 

K2SO4 1%+SA 100 
ppm +Oleic acid 250 
ppm +200 ppm 

263.45d 272.33e 8.10ab 
8.12 
bcd 

8.14ab 8.16bc 1.00a 1.00 a 

K2SO4 2% + SA  
200ppm +Oleic acid 
500ppm + Ph 300 ppm 

286.65a 292.56a 8.29 a 8.31a 8.34a 8.43a 1.00a 1.01 a 

Means in the same column followed by the same letter(s) are not significantly different at 5% probability   

   

         Salicylic acid Phenylalanine 500 ppm 
K2SO4 1-2 % +SA 100 ppm+Oleic acid 

500 ppm 

 

K2SO4 2% + SA 200 ppm +Oleic 
acid 500 ppm + Ph 300 ppm 

Control Oleic acid   500 ppm 

 
Our results seem to be concomitant with those results  obtained by EL-Mahdy et al., (2017) that a 
mixture spraying of potassium  sulphate at 2% +  salicylic acid 200 ppm + Oleic acid 500 ppm+  
phenylalanine 300 ppm)  improved physical fruit quality of Valencia orange fruits . 
        Foliar application with Oleic acid at 400ppm on "Caninno" apricot (Prunus armeniaca L.) 
increased fruit diameter, fruit length and fruit size during the two seasons (Attia et al.,2010 ).      
       Application of Oleic acid 400mg/L resulted in a significant increase in berry length as compared 
with control treatment in both seasons. The results indicated that Oleic acid at 400mg/L increased the 
berry diameter as compared with the control treatment in first season (Said, 2018). 
      Growth parameters of genoveser basil (Ociumum basillicum L. var .Genoveser), phenylalanine 
applied at 50 or 100ppm concentration showed a positive effect on all the growth parameters. The 
highest values were obtained in first and second cuts. The increments in plant height, plant diameter, 
plant fresh compared to control reached  
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(Reham et al., 2016). 
 
Effect of foliar application with potassium sulphate, salicylic acid, Oleic acid, phenylalanine and 
their combinations on weight loss % :     

It was clear from Table (4) that during storage intervals (0.0 , 30 , 60 , and 90 days); the control 
fruits achieved significantly the highest weight losses percentages followed in descending order by 
foliar spray of potassium sulphate at 1%concentration. On the other hand, foliar sprays with a mixture 
of (K2SO4 2% +SA 200 ppm +Oleic acid 500 ppm+ Ph300 ppm) resulted in a reduction of fruit weight 
losses percentages and  the  differences were statistically  significant when compared with control and  
the other treatments .  These results held true throughout storage intervals and during both seasons of 
the study. This result agree with those reported  by Tigist and Tolawak (2016)who found that avocado 
fruit "local variety" when stored in carton with polysheet low percentage weight loss and less firmness 
loss were observed .     
 
Table 4:  Effect of foliar application with potassium sulphate, salicylic acid, Oleic acid, phenylalanine, and their 

combinations on the weight Loss% during storage period in carton packages at room temperature of 
Valencia orange during 2016/2017 and 2017/2018 seasons 

Treatment 
Initial 

30 
days 

60 
days 

90 
days 

Initial 
30 

days 
60 

days 
90  

days 
First season Second season 

Control 0.00 16.06a 17.05a 18.80a 0.00 15.55a 16.15a 17.22a 
K2SO4  1% 0.00 10.21b 12.17b 15.10b 0.00 9.85b 11.75b 15.04b 
K2SO4  2% 0.00 9.35c 11.62d 14.85b 0.00 9.22c 11.49c 14.86b 
SA 100ppm 0.00 9.10d 11.90c 14.50c 0.00 8.86d 10.95d 14.43c 
SA 200ppm 0.00 8.35e 10.86e 13.93d 0.00 8.13e 10.73e 13.37e 
Oleic acid 250ppm 0.00 7.88fg 10.45fg 13.68d 0.00 6.90h 10.33f 13.58d 
Oleic acid 500ppm 0.00 7.33I 10.29g 12.55f 0.00 6.60I 9.95g 12.43f 
Ph 200 ppm 0.00 8.00f 10.58f 13.65de 0.00 7.75F 10.73e 13.86d 
Ph 300 ppm 0.00 7.72gh 10.43fg 13.38e 0.00 7.54g 10.42f 13.50e 
K2SO4 1%+SA 100 ppm + 
Oleic Acid 250 ppm +  ph 
200ppm 

0.00 7.60h 10.25g 12.77f 0.00 6.75hI 9.85g 12.04g 

K2SO4 2% + SA200 ppm + 
Oleic acid 500 ppm + Ph 300 
ppm 

0.00 7.11J 9.07h 11.89g 0.00 6.35J 8.88h 11.33h 

Means in the same column followed by the same letter(s) are not significantly different at 5% probability   

             
Our results seem proved that a combination of (potassium sulphate, Oleic acid ,salicylic acid 

,phenylalanine ;seemed to be maintained moisture content  of Valencia orange fruits and preventing 
water loss ; therefore , these chemical substances significantly reduced weight loss percentages during 
storage periods . Besides , Mahsaet al ;  (2012) using blood orange fruits ; found that fruit weights and 
some chemical properties were decreased for fruit stored at different temperatures. Moreover, EL-
Mahdy et al; (2017) studied the effect of some pre- and postharvest treatments on the ability of" Balady 
"orange fruits to storage. They concluded that salicylic acid (SA) alone or with combined with 
potassium sulphate  had a positive effect on fruit quality including delaying weight loss percentage and 
increasing fruit juice content percent . 
         Prehravest application of Oleic acid at 400 ppm on 'Canino'' apricots either at pit - hardening or at  
15- 20 % fruit coloration, enhanced the fruit quality at harvest and after one week of shelf life at room 
temperature especially ,fruit weight loss and storability  (Attia et al., 2010).      
      The positive role of Oleic acid on reducing berry weight loss percentage after seven days on shelf 
life might be attributed to its influence on the properties of cellularme- 
mbranes such as membrane  permeability, fluidity and rigidity (Maxfield  and Tabas,  2005 ).  Preharvest  
application of Oleic acid at 400mg/L, show that weight loss%  lowest percentage was achieved ranging 
between 3.38 - 2.98-% in the two studied seasons compared with control and all other treatments (said 
,2018). 
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Effect of foliar application with potassium sulphate, salicylic acid, Oleic acid, phenylalanine and 
their combination on  the  decay percent  during  storage period.                                                                                 

The results in Table (5) generally, revealed that the decay percentages of Valencia orange fruit 
which stored in carton at room temperature greatly increased with prolonged storage period towards 90 
days of storage intervals under all different foliar spraying treatments circumstances during both 
seasons of the study. Magnitude, that foliar sprays with a mixture of (K2SO4 2% +SA 200 ppm + Oleic 
acid 500 ppm + Ph 300 ppm) was followed by spraying treatments with phenylalanine at 300 ppm 
concentration then foliar application with Oleic acid at the rates of 250ppm and 500 ppm .These 
aforementioned treatments significantly reduced decay percentage of fruits when compared with the 
other spraying treatments and the control. Conversely, the control treatment (sprayed with water) 
significantly increased the decay percent during storage period in both seasons of the study. These 
results seemed to be agreement with those reported by Sanchez, (2001) who reported that avocado fruit 
can dehydrate at the relatively high environmental temperatures and mechanical injuries during 
handling will stimulate higher and faster fruit decay. Added, sometimes physiological disorder in the 
postharvest stage are originated in nutritional imbalances of the trees.  
 
Table 5: Effect of foliar application with potassium sulphate, salicylic acid, Oleic acid, phenylalanine, and their 

combinations  on the  decay %  during  storage  period in carton packages at room temperature of 
Valencia orange during 2016/2017 and 2017/2018 seasons.  

Treatment Initial 30 days       60 
days     

 90  days Initial 30 days     60 days    90  days 

             First season   Second season 
Control 0.00 30.22a 46.38 a 64.53a 0.00 28.20 a 43.52 a 62.45 a 
K2SO4 1% 0.00 12.33b 14.00 b 19.25 b 0.00 11.25 b 13.76 b 19.10 b 
K2SO4 2 % 0.00 11.25c 12.55  c 18.48 c 0.00 10.20 c 12.06c 18.34 c 
SA 100 ppm 0.00 10.85d 11.64 d 17.38 d 0.00 9.56 d 11.22d 17.11 d 
SA 200 ppm 0.00 10.28e 11.10e 17.00 d 0.00 9.10 e 10.85 d 16.85 d 
Oleic acid 250 ppm 0.00 7.76 g 10.54 f 15.65 f 0.00 7.35 f 10.45 d 15.40 e 
Oleic acid 500 ppm 0.00 7.25 h 10.12f 15.20 f 0.00 7.00 f 10.00 e 15.00 e 
Ph 200 ppm 0.00 8.86 f 11.00 e 15.88 e 0.00 8.56 e 10.89 f 15.45 e 
Ph 300 ppm 0.00 7.40 h 10.20 f 15.33 f 0.00 7.25 f 10.10 g 15.20 e 
K2SO4 1%+SA 100 
ppm+ Oleic acid 250 
ppm + Ph 200 ppm 

0.00 8.92 f 11.15 e 15.95 e 0.00 8.84 e 11.00 g 15.63 e 

K2SO4 2% + SA 200 
ppm + Oleic acid 500 
ppm + Ph 300 ppm 

0.00 6.83 I 8.35 g 14.30 g 0.00 6.33 g 8.20 h 14.06 f 

Means in the same column followed by the same letter(s) are not significantly different at 5% probability   
 
Orchards should have a balanced nutrition and fruit should be handled carefully ; in order to increase 
post-harvest life (shelf life) and preserve quality. In this concern, Tigist and Tolawak (2016) using 
avocado fruits; concluded that the fruits stored in polysheet  and carton with polysheet scored a bit 
higher dry weight and reduced decay of fruits than the fruits stored in wooden box with straw, sack. 
Fruits stored in polysheet and carton with polysheet it took longer periods for ripening compared with 
the fruit stored in wooden  box with straw, sack and open air. Moreover, Maha, (2016) worked on 
grapefruit, and delayed the properties change of fruits by coating with paraffin oil, salicylic acid and 
Arabic gum and  mentioned  that these materials were useful for coating fruits to prolong marketing 
and storage period (shelf life with highest fruits quality ). EL-Mahdy et al., (2017) using balady orange 
fruits; reported that salicylic acid had a positive effect on fruit quality and decay of fruits treated with 
salicylic acid as single or combined with potassium sulphate  
        In jujube plants, preharvest foliar sprays with 2.0mM of SA inhibited decay caused by   Alternaria 
alternata and Monillinia fructicola at harvest, and the inhibitory effect persisted during long-term 
storage (Cao et al., 2013). 

Chitosan coating either combined or not with Oleic acid at different percentages delayed the 
manifestation of fungal infection in comparison with the untreated strawberries against grey  mould . A 
chitosen  and  Oleic acid  mixture  showed less infection of strawberry fruits during storage. An increase 



Middle East J. Appl. Sci., 9(4): 943-962, 2019 
EISSN: 2706 -7947    ISSN: 2077- 4613                                             DOI: 10.36632/mejas/2019.9.4.12 

953 

in the concentration of Oleic acid improved the antimicrobial properties of chitosan (Vargas et al., 
2006). 
          Chitinase and phenylalanine amonio lyase , b-Aminobutyric acid treatment also contributed to 
the accumulation of hydrogen peroxide, while decreasing the rate of superoxide radical production 
concurrently, BABA increased the activity of superoxide dismutase while inhibiting catalase and 
ascorbate peroxidase activities .These results indicated to the authors that increased disease resistance 
of mango fruit after BABA treatment during stage might be attribute to an elicitation of defense 
response  involving  in the enhancement of defense response involving in the enhancement of defense 
related enzyme activities and modulation of antioxidant system activities (Zhang et al., 2013).               
          Accordingly, Pre- harvest foliar sprayed trees with SA induced also enhancement of phenolic 
content at harvest in Navel oranges (Huang et al .,2008) and jujube(Cao et at.,2013)fruits. However,the 
precise mechanism by which salicylates increase phenolic compounds is not yet elucidated. one 
explanation could be attributed to the role of SA as a signal molecule inducing  the biosynthesis of 
defense compounds, such as phenolics.In addition, it has been shown that SA stimulates phenylalanine 
ammonia lyase ( PAL) activity (Yao and Tian,2005  ) 
 
Effect of  foliar  application with  potassium sulphate,  salicylic acid,  Oleic acid, phenylalanine 
and their combinations on peel thickness during storage periods:          

Results in Table (6) clearly show that foliar application with a combination of (K2SO4 2% +SA 
200 ppm + Oleic acid 500 ppm + ph acid 300 ppm )  was   significantly  supremacy  treatment  in their  
fruit  peel thickness ; followed  by  foliar sprays with Oleic acid at 500ppm concentration, In this respect, 
when compared with the other treatments  and  the  control trees . Conversely, control treatment gave 
significantly   the least values in rind thickness during storage periods. The aforementioned results held 
true during both experimental seasons. Again, from Table(6)  It was clear  that fruit peel thickness was 
significantly reduced during storage periods (30,  60  and   90 days ) comparing with the initial storage 
period through both seasons of the study .  

Phenylalanine ammonialyase  (PAL)  was extracted from acetone powders of  peel tissues. The 
enzyme extract was partiall purified with ammonium sulfate and assayed by following the increase in 
absorbance at 290Mm as previously described (Riov et al., 1968).     

 
Table 6: Effect of foliar application with potassium sulphate,  salicylic acid, Oleic acid, phenylalanine and  their 

combinations on peel thickness(cm)during storage period in carton packages at room temperature of 
Valencia  orange during 2016/ 2017 and 2017/2018 seasons  .             

Treatment 
Initial 30 

days      
  60 
days     

 90   
days 

Initial 30  
days      

60  
days     

90  
days 

First Season  Second Season 
Control 0.33g 0.29I 0.26h 0.21I 0.35h 0.32g 0.28h 0.24h 
K2SO4 1% 0.41f 0.36h 0.32g 0.27h 0.43g 0.37f 0.33g 0.29g 
K2SO4 2% 0.55b 0.43de 0.34f 0.31ef 0.56bc 0.46c 0.41d 0.33de 
SA 100 ppm 0.49d 0.40g 0.36ef 0.30fg 0.54d 0.44d 0.39e 0.32ef 
SA 200 ppm 0.56ab 0.45c 0.40d 0.33d 0.57ab 0.47c 0.42cd 0.35c 
Oleic acid 250 ppm 0.47e 0.41fg 0.37e 0.29g 0.50f 0.42e 0.39e 0.31f 
Oleic acid 500 ppm 0.56ab 0.48b 0.44b 0.37b 0.57ab 0.49b 0.44b 0.38b 
Ph 200 ppm 0.46e 0.42ef 0.35f 0. 31ef 0.49f 0.41e 0.36f 0.34cd 
Ph 300 ppm 0.52c 0.46c 0.42c 0.35c 0.55cd 0.47c 0.43bc 0.37b 
K2SO4 1%+SA 100 ppm 
+Oleic 
acid 250 ppm + Ph acid 
200 ppm 

0.50d 0.44de 0.40d 0.32de 0.52e 0.45cd 0.41d 0.33de 

K2SO4 2% + SA 200 
ppm + Oleic acid 500 
ppm + Ph acid 300 ppm 

0.57a 0.51a 0.46a 0.40a 0.58a 0.53a 0.48a 0.42a 

Means in the same column followed by the same letter(s) are not significantly different at 5% probability   
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Effect  of  foliar  application with   potassium sulphate,   salicylic acid,   Oleic acid, phenylalanine 
and their combinations on vitamin C content :          

Results in Table (7) clearly show that initial periods of storages had a higher vitamin C 
concentration in all treatments and the values were gradually decreased during the storage intervals 
every 30 days and the least values occurred at 90 days of storage. The result proved that a mixture of 
(K2SO4 2%+ SA  300ppm +Oleic acid 500ppm +ph 300 ppm) lead to a significant increase of fruit 
juice vitamin C content followed in descending order by Oleic acid treatment at 500ppm concentration 
when compared with the other treatments and the control. Besides, phenylalanine treatment markedly 
raised vitamin C concentration comparing with the control treatment (Table 6). Conversely, the control 
treatment 90 along significantly. The lowest values in this respect. These results were in line with those 
reported by Maha, (2016) on grapefruit var. Foster; it was found that physical and chemical properties 
including ascorbic acid of the fruits were affected by coating and storage. Ascorbic acid reached to a 
higher value in all treated fruits compared with control in the two seasons (Ali and Gobran, 2002, Ali 
et al., 2009 and Ali et al., 2013).  

 
Table 7: Effect of foliar application with potassium sulphate, salicylic acid, Oleic acid, phenylalanine and their 

combinations on vitamin C content (mg / 100mL juice ) during storage period in carton packages at 
room temperature of Valencia orange during 2016/ 2017 and 2017/2018 seasons 

Treatment 
Initial 

30 
days 

60  
days 

90 
days 

Initial 
30 

days 
60 

days 
90 

days 
First season Second season 

Control 44.75k 40.55I 36.88g 32.50I 45.30f 41.22g 37.36g 33.32h 
K2SO4 1% 52.80J 48.40h 43.20f 39.40h 53.12e 50.23f 46.45f 42.58g 
K2SO4 2% 53.60I 49.20g 45.56e 41.84g 53.76e 50.35f 46.11f 42.23g 
SA 100 ppm 54.40h 51.40f 47.40d 43.66f 54.80d 52.11e 48.23e 44.45f 
SA 200 ppm 55.60g 52.30d 48.22c 44.77cd 56.00c 53.15d 49.05d 45.65e 
Oleic acid 250 ppm 56.00f 52.12d 48.10c 44.25e 56.48bc 53.22d 49.25d 45.56d 
Oleic acid 500 ppm 57.42b 53.22b 49.30b 45.65b 57.86b 54.00b 50.13b 46.46b 
Ph 200 ppm 56.48e 52.80c 49.00b 45.12c 56.80bc 53.14d 50.00b 46.05c 
Ph 300 ppm 56.88d 51.75e 47.65d 43.45f 57.20b 52.12e 48.18e 44.36f 
K2SO4 1% + SA 100 
ppm + Oleic acid 250 
ppm+ Ph 200 ppm 

57.25c 52.23d 48.45c 44.64d 57.60b 53.50c 49.68c 45.84d 

K2SO4 2%+SA 200 
ppm + Oleic acid 500 
ppm + Ph 300 ppm 

58.40a 54.16a 50.45a 47.14a 58.88a 55.13a 51.33a 48.33a 

Means in the same column followed by the same letter(s) are not significantly different at 5% probability   
 

Maha, (2016) mentioned that coating grape fruit with (paraffin oil like Oleic acid in our 
experiment, Ca Cl2 6%, salicylic acid 4mM and Arabic gum ) markedly delayed in the properties 
change of fruits comparing with the untreated fruits (control). It,s Concluded that these materials were 
useful for coating fruits to prolong marketing and storage period with the highest fruits quality 
.Moreover, Masha et al., (2012) using blood orange ;who reported that fruit ascorbic acid content was 
decreased for the fruits stored at different temperatures. They concluded that a significant correlation, 
between antioxidant activity and total phenolic compounds (p≤0.01). Likewise, EL- Mahdy et 
al.,(2017) working on Balady orange fruits ;  who  concluded  that a  positive  effect of potassium 
sulphate and salicylic acid on fruit quality of the fruits treated with SA single or combined with 
potassium  sulphate during storage periods .  

Foliar application with phenylalanine of (100 - 200ppm ) a highest response  for vitamin C was 
found with  200 ppm in the fruits of two pepper Capsicum annuum L cultivars, chilli and sweet namely 
Ninar and Mystro respectively  ( Saadoon and Athraa,  2017). 
 
Effect of foliar application with potassium sulphate, salicylic acid, Oleic acid, phenylalanine and 
their combination on total soluble solids percentages(T.S.S%):         

It seem that total soluble solids percentages were slightly increased during different storage 
intervals durations when compared with initial storage periods during both seasons of the study (Table 
8). The results in Table (8) clearly reveal that foliar sprays with a combination of (K2SO4 2% +SA 
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200ppm +Oleic acid 500 ppm + ph 300ppm); in both storage seasons; achieved the highest total soluble 
solids percentages in fruit juice compared with the control and the differences were statistically, 
significant . Followed in descending order by foliar application with Oleic acid and salicylic acid at 
500ppm and 200ppm concentrations.  Moreover, foliar sprays with Oleic acid at 500 ppm concentration, 
in the second season, gave significantly the highest values in TSS% during the initial stage of storage 
periods and after 30 days of storage periods which were 13.21 and 13.32 % ; respectively. On the other 
hand, control treatment recorded in high significant the least values in this respect (Table 8). This results 
agree with those reported by Maha (2016) who stated that" TSS was increased when storage period 
increased" . The increase in total soluble solids in treated fruits is directly correlated  to the reduce of 
ethylene production(Kazemi etal.,2011).  

 
Table 8: Effect of application with potassium sulphate , salicylic acid, Oleic acid, phenylalanine and their 

combinations on the T.S.S% during storage period in carton packages at room temperature of Valencia 
orange during 2016/2017 and 2017/2018 seasons. 

Treatment 
 

Initial 30 
days      

  60 
days     

 90  
 days 

Initial 30  
days      

60 days    90  
days 

               First Season               Second Season 
Control 11.00f 11.24I 11.30I 11.43J 11.25g 11.32g 11.43I 12.00I 
K2SO4 1% 12.25e 12.33h 12.42h 12.53I 12.35f 12.48f 12.54h 12.75h 
K2SO4 2% 12.60c 12.76e 12.88e 12.90e 12.70c 12.84bc 12.96e 13.05f 
SA acid 100 ppm 12.40d 12.52g 12.63g 12.73g 12.55e 12.63e 12.76g 13.20e 
SA acid 200 ppm 12.90b 13.03bc 13.16bc 13.23c 13.10a 13.21a 13.32c 13.44c 
Oleic acid 250 ppm 12.20e 12.35h 12.44h 12.60h 12.38f 12.46f 12.52h 12.75h 
Oleic acid 500 ppm 13.05b 13.16b 13.28b 13.35b 13.21a 13.32a 13.43f 13.55b 
Ph 200 ppm 12.56c 12.64f 12.75f 12.83f 12.68d 12.77bcd 12.86f 12.96g 
Ph 300 ppm 13.00b 13.13bc 13.22bc 13.32b 13.16a 13.28a 13.35c 13.54b 
K2SO4 1%+SA 100 ppm+ 
Oleic  acid 250 ppm + Ph 200 
ppm 

12.70c 12.84d 12.96d 13.08d 12.86b 12.95b 13.13d 13.32d 

K2SO4 2% + SA 200 ppm 
+Oleic acid 500 ppm + ph 
300 ppm   

13.18a 13.27a 13.38a 13.43a 13.24a 13.36a 13.52a 13.66a 

Means in the same column followed by the same letter(s) are not significantly different at 5% probability   
 
Furthermore, cell walls contain large amounts of polysaccharides, mainly pectin and cellulose, and are 
digested due to the activity of the cell wall degrading enzymes that leading to a significant increase in 
TSS content  (Sabir et al.,2004 ;Montanaro et al .,2006 ,El-Anany et al. ,2009 and  Ali et al.,2010 ).  
physical  and  chemical properties of  grapefruit  including  total soluble solids percentage were affected 
by salicylic acid (SA) coating and showed a considerable delay in the properties change of fruits 
comparing with the untreated fruits (control). Concluded that these materials of (paraffin oil ,Ca Cl2 
6% ,salicylic acid4mM and Arabic gum) were useful for prolonging marketing and storage period with 
the highest fruits quality. Besides,the amound of total soluble solids is important for quality 
characteristics of most fruits that will affect the flavor and marketability of the fruits, actually represents 
as the amount of soluble sugars (Shwartz et al .,2009 ).   
           Our results proved that salicylic acid might be inhibits ethylene biosynthesis retards the 
senescence by preventing the conversion of ACC into ethylene(Leslie et al.,1988); thus, increased 
Valencia orange fruits self life. In this concern ,E L -Mahdy et al., (2017) stated that spraying trees with 
salicylic acid or combined with potassium sulphate had a positive effect on Balady orange fruit quality 
including TSS% and TSS/acid ratio .  
           Preharvest spray on berry with a mixture of( Pro Tone 100mg/L +Methionine 100mg/L +Oleic 
acid 400mg/L) gave significantly the highest TSS % compared with the other treatments during the two 
seasons. However, Preharvest application of Oleic acid at 400 mg/L the TSS%  significantly was 
increased  compared  with untreated control. (Said, 2018). 
         Attia et al., (2010) show that preharvest application on" Canino" apricot with of Oleic acid 400ppm 
increased TSS. 
           Foliar spray with phenylalanine (150-300ppm) increased TSS of roselle sepals in both seasons of 
the study as compared with control(Ahmed et al., 2016). 
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Effect of foliar application with potassium sulphate, salicylic acid, Oleic acid,  phenylalanine and 
their combination on the acidity percentage : 

The results in Table (9) indicated in general that fruit juice acidity was gradually reduced from 
initial time of storage till the end of storage ( 90 days) or decreased towards the end of storage( 90 days) 
particularly after 60 and 90 days of storage periods. All treatments significantly decreased the acidity 
content comparing with the untreated fruits (control) which had the highest values,also the foliar 
application with a mixture of (K2SO4 2% +SA 200ppm +Oleic acid 500ppm +ph 300ppm) decreased 
juice acidity during the periods (initial , 30 , 60 , 90 days of storage periods ) and then significantly 
increased (sharply)at 90 days of storage when compared with the control (untreated). Fruit sprayed with 
Oleic acid 500ppm contained the lowest acidity percentage as compared with control and all other 
treatments. These results held true during both seasons of the study (Table 9 )., In accordance with those 
results that reported by EL-Mahdy et al., (2017) using "Balady orange'' fruits ; they found that salicylic 
acid (SA) had a positive effect on fruit quality of the fruits including juice acidity percent when treated 
with SA single or combined with potassium sulphate . It seemed that salicylic acid had a main role in 
delaying ripen and senescence of fruits by stimulating the accumulation of biologically active 
compounds and antioxidant  enzymes such as catalase (CAT), peroxidase (POD) and superoxide 
dismutase (SOD)leading to a reduce in free radical levels(Huang et al.,2008 ).  

 
Table 9: Effect of foliar application with  potassium sulphate, salicylic acid, Oleic acid, phenylalanine and their 

combinations on the acidity % during storage period in carton packages at room temperature  of Valencia 
during 2016/2017 and 2017/2018 seasons. 

 
Treatment 

Initial   30 days       60 
days     

 90  days Initial 30 days     60 days     90  
days 

          First Season              Second Season   
Control 1.129a 1.092a 1.056a 1.026a 1.126a 1.090a 1.054a 1.025a 
K2SO4 1% 1.118b 1.087b 1.049b 1.020b 1.113b 1.085b 1.047b 1.016b 
K2SO4  2% 1.103c 1.073c 1.045 c 1.012c 1.100c 1.069c 1.041c 1.011c 
SA acid 100ppm 1.094d 1.066d 1.029d 1.005d 1.089d 1.064d 1.022d 1.002d 
SA acid 200ppm 1.086e 1.063d 1.025d 1.000e 1.084e 1.059e 1.023d 0.999d 
Oleic acid 250ppm 1.076f 1.051edf 1.015ef 0.978efg 1.074f 1.046h 1.012def 0.975ef 
Oleic acid 500ppm 1.0669 1.041g 1.008g 0.968I 1.063g 1.038I 1.005g 0.962h 
Ph200ppm 1.082e 1.059ed 1.023e 0.986ef 1.080e 1.056f 1.018de 0.983e 
Ph300ppm 1.073f 1.045g 1.011g 0.970h 1.072f 1.040I 1.008g 0.975g 
K2SO4 1% + SA 100 
ppm + Oleic acid 250 
ppm  + ph 200 ppm 

1.084e 1.056ed 1.019e 0.984ef 1.082e 1.053f 1.015de 0.980e 

K2SO4  2% + SA 200 
ppm  
+ Oleic acid 500 ppm 
+ Ph 300ppm     

1.078f 1.054ed 1.018ef 0.982ef 1.075f 1.051fg 1.016de 0.978ef 

Means in the same column followed by the same letter(s) are not significantly different at 5% probability   
 
It also increases the resistance of chilling injury, accumulation of phenolic compounds and prolonging 
storage life of fruits  (Zhang et al.,2003 and Chen et al.,2006 ). Again, EL-Mahdy et al., (2017) also 
reported that the acidity percentage was gradually decreased with prolonging of storage period by foliar 
application with potassium sulphate and salicylic acid or with a combination together. Moreover, all 
treatments significantly increased the acidity content comparing with control, so the untreated fruits had 
the lowest values of acidity . The same trend was also obtained for acidity  content in our investigation. 
Besides, Willis et al., (1998) and (Yaman and Bayoindirli ,2002) stated that increasing acidity of citrus 
fruits, by foliar spraying with potassium; was reported by (Gill et al.,2005) and (Rattanpal et al.,2008) 
on kinnow mandarin. on the other hand,(Cicala and Catara, 1994) and (Miller et al.,1998)working on 
Tarocco orange and Mid-kinght Valencia and Robyn navel orange repectively ;they demonstrated that 
potassium foliar application did not affect on fruit acidity. In addition, our results are in the line with 
those obtained by Maha.,(2016) using grapefruit ''foster'' ; who oserved that acidity content was 
gradually decreased with the extending the storage period in both room temperature and cold storage. 
She stated that fruits stored either room temperature or cold storage had the high values of acidity 
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compared with untreated once during the storage period .Citrus fruits contain considerable amount of 
orangic acid ; the main organic acids in the juice are oxalic ,tartaric, malic ,lactic, citric and ascorbic 
acid .Citric acid considered the most  abundant acid of the total acid constituents of the juice followed 
by malic acid (Karadeniz, 2004) . Concluded that the reduction of acid contents during fruits  storage 
was referred to the use of acids in the fruit as a source of energy and respiration thereby, the conversion 
of organic acids  to form of sugar. 
          Preharvest sprayed of Oleic acid 400mg/L with a mixture of ( Pro Tone + Methionine + Oleic 
acid) on berry decreased acidity compared with control(Said, 2018 ).Attia et al.,(2010). Foliar 
application with Oleic acid at 400 ppm decreased acidity of "Canino"  apricots. 
 
Effect of foliar application with potassium sulphate, salicylic acid, Oleic acid,   phenylalanine 
and their combination on TSS/acid ratio during storage period: 

In general, total soluble solids/acid ratio was significantly increased with prolonging storage 
period experimenting her in comparing with the initial period of storage (Table10). The results proved 
that all spraying treatments of chemical substance seemed to be significantly on TSS/acid ratio during 
storage periods especially 30 and  60 days of storage in both experimental seasons.  
Table 10: Effect of foliar application with potassium suphate, salicylic acid, Oleic acid,  phenylalanine  and  their  

combinations on the T.S.S /acidity % during storage period in carton at room temperature of valencia  
orange during 2016/2017 and 2017/2018 seasons. 

Treatment  Initial 30 days 60 days 90  days Initial 30 days 60 days 90  
days 

First Season Second Season 
Control 9.74f 10.29f 10.70g 11.14g 9.99f 10.38e 10.84f 11.70h 
K2SO4  1% 10.95e 11.34e 11.83f 12.28f 11.09e 11.50d 11.97e 12.54g 
K2SO4 2% 11.42d 11.89c 12.32e 12.74e 11.54cd 12.01ab 12.44d 12.90f 
SA 100ppm 11.33d 11.74cd 12.27e 12.66e 11.52cd 11.87abc 12.48d 13.17d 
SA 200ppm 11.87b 12.25b 12.83 13.23b 12.08c 12.47a 13.02b 13.45c 
Oleic acid 250 ppm 11.33d 11.75cd 12.25e 12.88d 11.52cd 11.91abc 12.37d 13.07e 
Oleic acid 500 ppm 12.24a 12.64a 13.17a 13.79a 12.42a 12.83a 13.36a 13.94a 
Ph 200 ppm 11.60c 11.93c 12.46d 13.01c 11.74c 12.09ab 12.63bc 13.18d 
Ph 300 ppm 

12.11a 12.56a 13.07a 13.73a 12.27b 12.76a 13.24a 
13.88 

a 
K2SO4 1% + SA100 
ppm + Oleic acid 250 
ppm + ph 200 ppm 

11.75b 12.15b 12.96ab 13.08c 11.88c 12.29ab 12.93b 13.59b 

K2SO4 2% + SA 200 
ppm + Oleic  acid 500 
ppm + ph 300ppm 

12.22a 12.59a 13.14a 13.67a 12.31a 12.71a 13.30a 13.93a 

Means in the same column followed by the same letter(s) are not significantly different at 5% probability   
 
Oleic acid treatment at 500ppm concentration owns high significantly supremacy treatment for 

TSS/acid ratio comparing with the control treatments with extending storage period. These results are 
in line with those reported by EL-Mahdy et al., (2017) using'' Balady'' orange fruits; they reported that 
the TSS/acid ratio is indicator for reaching the fruits to ripening stage . In general , with proloning of 
storage period,the percentage of TSS% was increased and the acidity% was decreased therefor the 
TSS/acid ratio is increased. They added that at the end of storage ; highest reduction of TSS/acid ratio 
was observed. Likewise, Maha,2016) also demonstrated that the rate of TSS/acid increased with 
increasing storage period ; added that at the end of storage there were no significant differences between 
the treated fruits which stored in room temperature and cold storage . in the first season, vice _ versa , 
in the second one was noticed . she referred that due to the use of citric acid in the process of respiration 
of fruits led to more TSS as structural formula of citric acid is similar to glucose therefore decrease in 
citri acid is correlated with increase in TSS/acid ratio so sugar  contents had become higher than acids. 
These results were also reported by Manazano and Diaz, (2001). On avocado fruits ;( Tigist and 
Tolawak ,2016) in Ethiopia ; reported that avocado fruits in stored in polyseet and carton with polysheet 
displayed low percentages weight loss ,less firmness and highest TSS,TA, Acid to suger ratio, pH, Shelf 
life and ripening period value.  Concluded that these packaging materials were best storage material to 
producer, traders or consumers my use the technology in order to get good quality avocado fruit at the 
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end of ripening period . Moreover, Soltani et al.,2010 ; as well as,( Afshar and Rahimi, 2010) stated 
that increase of TSS in fruits probably due to the hydrolysis of starch to soluble sugars such as glucose 
,sucrose and fructose(Manzano and Diaz,2001). Added that during ripening and softening process; 
starch is broken down to the simple soluble sugars and also the amount of soluble pectin will increase; 
leading to fruit softening . Besides, Titrable  Acidity  (TA) decrease in total acidity and increase in total 
sugars and TSS during storage at room temperaturewas also reported by Policegoudra and 
Aradhya,(2007). Similarly,Kulkarni and Aradhya, (2005) suggested that a slow decrease in acidity, 
concomitant with increase TSS and Total sugar content, is an intrinsic process during ripening of fruits 
to impart the flavor. 
        Attia et al.,(2010) using "Canino'' apricots ,found that preharvest application of Oleic acid at 
400ppm increased TSS/ acidity ratio.  
        Foliar application of Oleic acid treatment at 400mg/L increased TSS/ acidity ratio of berry as 
compard with control (Said, 2018). 
Foliar spray of amino acids from (0.25 to 0.50%)  increased TSS/ acidity ratio of peach (Abd El-Razek  
et al.,2018). 
 
Conclusion 

It could be concluded that foliar application with a combination of ( k2SO4 2% + SA  200 ppm + 
Oleic acid 500ppm + ph 300ppm ) was the efficient treatment for improving fruit yield, peel and pulp 
weights, fruit juice volume, fruit volume, fruit length fruit diameter ,after harvest and participated in 
reduced fruit weight, peelthickness , fruit decay percentage and increased  TSS%  and  TSS/acid  ratio 
during  storage  period .  Besides, the aforementioned treatment with foliar spray of Oleic acid at 500 ppm 
enhanced vitamin c content, fruit diameter and decrease acidity percent of Valencia orange fruit juice. 
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	The effects of Oleic acid in the reduction of inflammation, modulation of leukocytes activity, enhancement of bactericidal and fungicidal action and attenuation of the effects of utoimmune diseases (Sales-Campos et al., 2013).OA induces a sustained effect on reactive oxygen species(ROS) production and this may be related to the increased fungicidal activity observed in cells treated with OA.(Martins et al 2011).
	1- Control, (Sprayed with water).                              
	1- Weight loss (%).
	Foliar  spray with  phenylalanine ( 150-300 ppm) on  roselle plant ( Hibiscus sabdariffa L.) increased  fruit number/ tree ,  yield/plant  and  per feddan as  compared  with control
	(Ahmed et al., 2016).
	Table 1:  Effect of foliar application with potassium sulphate, salicylic acid, Oleic acid,  phenylalanine,  and their combinations on number of fruits/tree, fruit weight(g),Yield/tree (kg) of Valencia orange trees during2016/ 2017 and 2017/2018 seasons .  

	Means in the same column followed by the same letter(s) are not significantly different at 5% probability
	Effect of foliar application with potassium sulphate, salicylic acid, Oleic acid,  phenylalanine and their combinations on some physical fruit properties (peel weight, pulp weight and juice volume):
	  The results in Table (2) revealed that foliar sprays with a mixture of (K2SO4 2% + SA 200 ppm + Oleic acid 500ppm + ph 300 ppm ) markedly achieved the highest values of peel weight during both seasons of study followed by spraying trees with a combination of (K2SO4 1% + SA 100 ppm + Oleic acid 250 ppm  + ph 200 ppm). These results were supported by significant differences. On the contrary, control treatment resulted in significantly the least values of peel weight when compared with the other treatments.    
	As for the effect of foliar sprays with potassium sulphate, salicylic acid, Oleic acid, phenylalanine and their combinations on fruit juice volume as shown in Table(2). The results showed that the same trend was also noticed as that of pulp weight. In other word, foliar spray with a mixture of (K2SO42% + SA200 ppm +  Oleic acid 500 ppm +Ph 300 ppm ) gave the highest juice volume compared to those of the control treatment ; followed by foliar application with Oleic acid at 500 ppm concentration and the differences were statistically significant .   

	Effect of foliar application with potassium sulphate, salicylic acid, Oleic acid, phenylalanine and their combinations on some fruit physical characteristics (fruit volume, fruit diameter, fruit length and fruit shape index ) :
	Effect of foliar application with potassium sulphate, salicylic acid, Oleic acid, phenylalanine and their combination on  the  decay percent  during  storage period.                                                                                
	The results in Table (5) generally, revealed that the decay percentages of Valencia orange fruit which stored in carton at room temperature greatly increased with prolonged storage period towards 90 days of storage intervals under all different foliar spraying treatments circumstances during both seasons of the study. Magnitude, that foliar sprays with a mixture of (K2SO4 2% +SA 200 ppm + Oleic acid 500 ppm + Ph 300 ppm) was followed by spraying treatments with phenylalanine at 300 ppm concentration then foliar application with Oleic acid at the rates of 250ppm and 500 ppm .These aforementioned treatments significantly reduced decay percentage of fruits when compared with the other spraying treatments and the control. Conversely, the control treatment (sprayed with water) significantly increased the decay percent during storage period in both seasons of the study. These results seemed to be agreement with those reported by Sanchez, (2001) who reported that avocado fruit can dehydrate at the relatively high environmental temperatures and mechanical injuries during handling will stimulate higher and faster fruit decay. Added, sometimes physiological disorder in the postharvest stage are originated in nutritional imbalances of the trees. 
	Means in the same column followed by the same letter(s) are not significantly different at 5% probability  
	Orchards should have a balanced nutrition and fruit should be handled carefully ; in order to increase post-harvest life (shelf life) and preserve quality. In this concern, Tigist and Tolawak (2016) using avocado fruits; concluded that the fruits stored in polysheet  and carton with polysheet scored a bit higher dry weight and reduced decay of fruits than the fruits stored in wooden box with straw, sack. Fruits stored in polysheet and carton with polysheet it took longer periods for ripening compared with the fruit stored in wooden  box with straw, sack and open air. Moreover, Maha, (2016) worked on grapefruit, and delayed the properties change of fruits by coating with paraffin oil, salicylic acid and Arabic gum and  mentioned  that these materials were useful for coating fruits to prolong marketing and storage period (shelf life with highest fruits quality ). EL-Mahdy et al., (2017) using balady orange fruits; reported that salicylic acid had a positive effect on fruit quality and decay of fruits treated with salicylic acid as single or combined with potassium sulphate 
	        In jujube plants, preharvest foliar sprays with 2.0mM of SA inhibited decay caused by   Alternaria alternata and Monillinia fructicola at harvest, and the inhibitory effect persisted during long-term storage (Cao et al., 2013).
	Chitosan coating either combined or not with Oleic acid at different percentages delayed the manifestation of fungal infection in comparison with the untreated strawberries against grey  mould . A chitosen  and  Oleic acid  mixture  showed less infection of strawberry fruits during storage. An increase in the concentration of Oleic acid improved the antimicrobial properties of chitosan (Vargas et al., 2006).
	          Chitinase and phenylalanine amonio lyase , b-Aminobutyric acid treatment also contributed to the accumulation of hydrogen peroxide, while decreasing the rate of superoxide radical production concurrently, BABA increased the activity of superoxide dismutase while inhibiting catalase and ascorbate peroxidase activities .These results indicated to the authors that increased disease resistance of mango fruit after BABA treatment during stage might be attribute to an elicitation of defense response  involving  in the enhancement of defense response involving in the enhancement of defense related enzyme activities and modulation of antioxidant system activities (Zhang et al., 2013).              
	Effect of  foliar  application with  potassium sulphate,  salicylic acid,  Oleic acid, phenylalanine and their combinations on peel thickness during storage periods:         
	Results in Table (6) clearly show that foliar application with a combination of (K2SO4 2% +SA 200 ppm + Oleic acid 500 ppm + ph acid 300 ppm )  was   significantly  supremacy  treatment  in their  fruit  peel thickness ; followed  by  foliar sprays with Oleic acid at 500ppm concentration, In this respect, when compared with the other treatments  and  the  control trees . Conversely, control treatment gave significantly   the least values in rind thickness during storage periods. The aforementioned results held true during both experimental seasons. Again, from Table(6)  It was clear  that fruit peel thickness was significantly reduced during storage periods (30,  60  and   90 days ) comparing with the initial storage period through both seasons of the study . 
	Phenylalanine ammonialyase  (PAL)  was extracted from acetone powders of  peel tissues. The enzyme extract was partiall purified with ammonium sulfate and assayed by following the increase in absorbance at 290Mm as previously described (Riov et al., 1968).    
	Table 6: Effect of foliar application with potassium sulphate,  salicylic acid, Oleic acid, phenylalanine and  their combinations on peel thickness(cm)during storage period in carton packages at room temperature of Valencia  orange during 2016/ 2017 and 2017/2018 seasons  .            
	Means in the same column followed by the same letter(s) are not significantly different at 5% probability  
	Effect  of  foliar  application with   potassium sulphate,   salicylic acid,   Oleic acid, phenylalanine and their combinations on vitamin C content :         
	Means in the same column followed by the same letter(s) are not significantly different at 5% probability  
	Effect of foliar application with potassium sulphate, salicylic acid, Oleic acid, phenylalanine and their combination on total soluble solids percentages(T.S.S%):        
	Means in the same column followed by the same letter(s) are not significantly different at 5% probability  
	Effect of foliar application with potassium sulphate, salicylic acid, Oleic acid,  phenylalanine and their combination on the acidity percentage :
	Means in the same column followed by the same letter(s) are not significantly different at 5% probability  
	In general, total soluble solids/acid ratio was significantly increased with prolonging storage period experimenting her in comparing with the initial period of storage (Table10). The results proved that all spraying treatments of chemical substance seemed to be significantly on TSS/acid ratio during storage periods especially 30 and  60 days of storage in both experimental seasons. 
	Table 10: Effect of foliar application with potassium suphate, salicylic acid, Oleic acid,  phenylalanine  and  their  combinations on the T.S.S /acidity % during storage period in carton at room temperature of valencia  orange during 2016/2017 and 2017/2018 seasons.
	Means in the same column followed by the same letter(s) are not significantly different at 5% probability  
	Oleic acid treatment at 500ppm concentration owns high significantly supremacy treatment for TSS/acid ratio comparing with the control treatments with extending storage period. These results are in line with those reported by EL-Mahdy et al., (2017) using'' Balady'' orange fruits; they reported that the TSS/acid ratio is indicator for reaching the fruits to ripening stage . In general , with proloning of storage period,the percentage of TSS% was increased and the acidity% was decreased therefor the TSS/acid ratio is increased. They added that at the end of storage ; highest reduction of TSS/acid ratio was observed. Likewise, Maha,2016) also demonstrated that the rate of TSS/acid increased with increasing storage period ; added that at the end of storage there were no significant differences between the treated fruits which stored in room temperature and cold storage . in the first season, vice _ versa , in the second one was noticed . she referred that due to the use of citric acid in the process of respiration of fruits led to more TSS as structural formula of citric acid is similar to glucose therefore decrease in citri acid is correlated with increase in TSS/acid ratio so sugar  contents had become higher than acids. These results were also reported by Manazano and Diaz, (2001). On avocado fruits ;( Tigist and Tolawak ,2016) in Ethiopia ; reported that avocado fruits in stored in polyseet and carton with polysheet displayed low percentages weight loss ,less firmness and highest TSS,TA, Acid to suger ratio, pH, Shelf life and ripening period value.  Concluded that these packaging materials were best storage material to producer, traders or consumers my use the technology in order to get good quality avocado fruit at the end of ripening period . Moreover, Soltani et al.,2010 ; as well as,( Afshar and Rahimi, 2010) stated that increase of TSS in fruits probably due to the hydrolysis of starch to soluble sugars such as glucose ,sucrose and fructose(Manzano and Diaz,2001). Added that during ripening and softening process; starch is broken down to the simple soluble sugars and also the amount of soluble pectin will increase; leading to fruit softening . Besides, Titrable  Acidity  (TA) decrease in total acidity and increase in total sugars and TSS during storage at room temperaturewas also reported by Policegoudra and Aradhya,(2007). Similarly,Kulkarni and Aradhya, (2005) suggested that a slow decrease in acidity, concomitant with increase TSS and Total sugar content, is an intrinsic process during ripening of fruits to impart the flavor.
	        Attia et al.,(2010) using "Canino'' apricots ,found that preharvest application of Oleic acid at 400ppm increased TSS/ acidity ratio. 
	        Foliar application of Oleic acid treatment at 400mg/L increased TSS/ acidity ratio of berry as compard with control (Said, 2018).
	Foliar spray of amino acids from (0.25 to 0.50%)  increased TSS/ acidity ratio of peach (Abd El-Razek  et al.,2018).
	It could be concluded that foliar application with a combination of ( k2SO4 2% + SA  200 ppm + Oleic acid 500ppm + ph 300ppm ) was the efficient treatment for improving fruit yield, peel and pulp weights, fruit juice volume, fruit volume, fruit length fruit diameter ,after harvest and participated in reduced fruit weight, peelthickness , fruit decay percentage and increased  TSS%  and  TSS/acid  ratio during  storage  period .  Besides, the aforementioned treatment with foliar spray of Oleic acid at 500 ppm enhanced vitamin c content, fruit diameter and decrease acidity percent of Valencia orange fruit juice.
	Ahmed S.H. G., W. S.Nosir.,2016. Improving productivity and chemical  constituents  of  Roselle  plant (Hibiscus sabdariffa L.)  as  Affected   by  phenylalanine, L-Tryptophan  and  Peptone Acids  Foliar Application.Middle East J .Agric.Res., 5(4) :701-708
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