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ABSTRACT 
     The present investigation was conducted during three successive seasons 2017, 2018 and 2019 
years, respectively on Washington navel orange (Citrus sinensis L. Osbeck) twenty five years old 
budded on sour orange (Citrus aurantium L.) rootsock at Giza experimental station Agricultural 
Research center, Egypt. To study the effect of foliar application with Potassium sulphate K2SO4 at (2 
and 3%), putrescine (PUT) at (50 and 100 ppm), a mixture of (putrescine (PUT) at 50 ppm + 
Potassium sulphate (K2SO4) 2%) and a mixture of (putrescine (PUT) at 100 ppm + Potassium sulphate 
(K2SO4)3%) compared with control treatment (untreated tree) on vegetative growth, fruit set, fruit 
size, yield, fruit quality of washington navel orange trees to improved fruit quality and yield in 
quantity and quality. The result showed that treatment with foliar application with a combination of 
(PUT) at 100 ppm + (K2SO4) 3% gave the highest values of vegetative growth (shoot length (cm), 
leaves number / shoot), fruit set (%) , fruits retention (%), yield /tree and yield T/ha, number of fruits/ 
tree, weight of fruits (g), Juice volume (cm3), fruit pulp weight (g), fruit length (cm) and fruits size 
(cm3) , peel thickness (mm), Chlorophyll (a) & (b) & (a + b) (mg/g fresh wt), vitamin C content (mg / 
100mL juice), T.S.S%, and T.S.S /acidity %,Total protein (%),Total carbohydrates (mg/g), and total 
sugars (%), while, recorded the lowest fruits drop(%), softening (%), juice total acidity %, Moreover, 
increased leaf mineral contents (N, P, K, and Fe, Zn ppm)as compared with other treatments including 
control trees during three seasons. Foliar application of (PUT) at 100 ppm recorded the highest 
significant values of shoot diameter (mm), Carotenoids (mg/g fresh wt), peel weight (g), fruit set and 
decreased fruit drop percentage, softening (%), acidity % as compared with control trees. Foliar 
application with a combination of (putrescine (PUT) at 50 ppm + Potassium sulphate (K2SO4) 2%) 
gave the highest values of fruit diameter (cm), Mg % as compared with other treatments including 
untreated trees and significantly increased T.S.S %, T.S.S/acidity % also, decreased fruit drop 
percentage, acidity % as compared with control. Foliar application with K2SO4 (2% and 3%) 
increased most physical and chemical parameters of  washington navel orange trees. For the 
interaction found that the combination between putrescine (PUT) and Potassium sulphate K2SO4 gave 
the best results in the most of taken characters. 
 
 Keywords: Washington navel orange (Citrus sinensis L. Osbeck), putrescine, potassium sulphate,                     

fruit size, fruit quality, yield 

1. Introduction 
Citrus (Citrus spp.) is one of the most important fruit crops in Egypt. It is the most economic 

fruit crop for local consumption and export. Citrus has a high has economic value, it has an annual 
yield of 150 million tons and covers a cultivation area of more than 14.4 million Ha worldwide (FAO, 
2020).Citrus fruit is a good source of nutrition and provides sugars, volatiles, organic acid citric acid, 
dietary metabolites, amino acids, fibers, vitamin B6, vitamin C. Egypt is one of the world's leading 
orange producers and exporters rank as the sixth orange producer in the world after Brazil, China, 
European union, united states, Mexico. Egypt orange production is forecast to rise 200, 000 tons to 
3.4 million tons due to an increase in area harvested and due to favorable weather during flowing and 
fruit set. Orange exports are set to rise to 1.5 million tons in the 2020/2021 season. Top export 
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markets are expected to remain the European Union, Russia, Saudi Arabia, and China. Cairo has 
predicted a total planted orange area of 168, 000 ha (USDA-FAS January 2021).Consumption is 
forecast at record 1, 550 million tons, oranges for processing recorded 350, 000 ton. Washington 
navel orange (Citrus sinensis L. Osbeck) is one of the most important species in the genus Citrus in 
Egypt and ranked first among the species of citrus. Navel oranges are mainly produced for the fresh 
market and are known for their larger size, flavor, aroma characteristic, fruit high quality, desirable 
taste, sweet juices, low prices compared to other fruits, seedlessness and early maturity compared to 
the other types of oranges (Horticulture Australia Limited, 2004). Navel oranges occupies about 39 % 
of citrus production to a record 1.489.536 million tons (USDA-FAS January 2021). 

Potassium plays an important role in various physiological and biochemical process vital to the 
plant growth, yield and quality and in stress conditions (Marschner 1995).Citrus fruit tree takes up 
higher amount of potassium (K) as compared to other macronutrients (Alva and Tucker,1999; Ashraf 
et al., 2010) because it has a key role in many key physiological processes like water relations, 
opening and closing of stomata, cell division, formation of sugars and starch, neutralization of organic 
acids, synthesis of proteins, and activation of enzymes, etc.(Liu et al., 2000; Srivastava and Singh, 
2006; Ashraf et al., 2008) potassium is associated with the movement of water, nutrients and 
carbohydrates in plant tissue .It, s involved with enzyme activation within the plant, which affects 
protein, starch and adenosine triphosphate (ATP) production .The production of ATP can regulate the 
rate of photosynthesis. Often, concentration of K in soil are too low to support health plant growth. 
potassuim was the only element which exhibited a low or deficient in different Egyptian soils (Khalifa 
et al., 2001).Foliar potassium sprays can be an effective method to shorten the time required for 
uptake compared to soil application (Embleton et al., 1966). It is important macronutrient in nutrition 
of citrus trees to regular, large-scale production of high fruit quality (Miller et al., 1990). 

Potassium sulfate (K2SO4) is an excellent source of K nutrition for plants .It also supplies a 
valuable source of S, which protein synthesis and enzyme function require. Like K, S can also be too 
deficient for adequate plant growth.K2SO4 one product for a variety of application, which is 
characterized by a low chlorine content. Potassium sulphate can be used as a raw material, activator. 
In such cases, K2SO4 makes a very suitable K source (Darlene et al., 2003).  

Polyamines (PAs) are organic polycations having variable hydrocarbon chains and two or more 
primary amino groups in plants, the most common PAs are putrescine (PUT) (Kalac and karusová, 
2005).Polyamines are biological compounds with low molecular weight and aliphatic nitrogen 
groups; and are present in all living organisms (Cohen, 1978). PAs are involved in a large spectrum of 
physiological processes such as flower initiation and fruit set (Prista and Voyiatzis, 2004); cell 
division (Galston, 1983); growth and development (Malik and Singh, 2004); stress (Kakkar and 
Sawhney, 2002); fruit abscission (Malik and Singh, 2003); and ripening (Torrigiani etal., 2004). PAs 
play an important role in growth and developmental processes in plants (Bradócz et al., 1993). It has 
been reported that PAs are involved in early fruit development in several species (Crisosto et al., 
1988; Egea-Cortines and Mizrahi, 1991). It has been previously reported that PAs are one of the 
essential members of several internal components required for flower initiation and floral 
morphogenesis (Evans and Malmberg, 1989). Polyamines increase pollen tube growth and fruit set by 
stimulating pollen germination (Liu et al., 2006) and lengthens pollen tube (Aloisi et al., 2015). 
Polyamines reduce flower drop and fruit by competing with ethylene synthesis due to having the same 
precursor s- adenosyle methionine (Khezri et al., 2010). Polyamines are thought to prevent 
senescence by inhibiting the formation of enzymes that are essential to ethylene synthesis (Roberts et 
al., 1986; Ke and Romani, 1988) showed that the application of putrescine (PUT) decreased the 
percentage of fruit abscission, which shows the inhibitory role of polyamines in fruit abscission (Arias 
et al., 2005; Dios et al., 2006). 

Polyamines (PAs) (putrescine) have been linked with fruit ripening and the endogenous 
concentrations of PAs are involved in the ripening of fruit (Valero et al., 2002; Pandey et al., 
2000).However, the exogenous application of PAs delays the fruit ripening process in apricot 
(Paksasorn et al., 1995), peaches (Bregoli et al., 2002), mango(Malik and Singh, 2006), nectarine 
(Torrigiani et al., 2004) and plum(Khan et al., 2007).The application of putrescine (PUT) in both 
years at the different stages of application increased the crop yield of pistachios, possibly due to the 
role of polyamines in improving reproductive growth fertilization as well as subsequent embryo and 
fruit development (Galston and Kaur et al ., 1990). Endogenous polyamines are involved in flower 
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development in sweet orange (Sagee and Lovatt, 1991) and fruit growth of Murcott mandarin (Nathan 
et al., 1984).Citrus fruit growth and development is complex and is coordinated by changes in 
endogenous levels of one or more plant hormones, including polyamines (El-Otmani et al.,1995). PAs 
might play a key regulatory role in citrus morphology and shoot system architecture as well, through 
controlling the plant response(s) to the auxin/cytokinin ratio. Therefore, we suggest that the 
interaction between PAs and auxin/cytokinin ratio in citrus tissues determines the initiation of shoot 
buds (Steiner et al., 2007; Shimizu et al., 2009). Likewise, putrescine (PUT) and spermidine were 
higher in the apical flowers of inflorescences initiated in response to eight weeks of low-temperature 
stress (Kushad et al., 1990; Sagee and Lovatt, 1991). In addition, due to the cationic nature of PAs, 
they can bind to negatively-charged macromolecules, such as nucleic acids (DNA and RNA), acidic 
phospholipids, and numerous types of proteins (Cohen et al., 1998). In citrus, fruit set may be affected 
by tree genetics (such as variety, rootstock, and cultivar), environmental conditions (before, during, 
and after bloom), and/or endogenous factor (such as carbohydrate competition, phytohormones 
homeostasis, and PAs content) (Ali et al., 1993; Trénor et al., 2010). 
 
2. Materials and Methods 

The present study was carried out during three successive seasons of 2017, 2018 and 2019 
seasons, respectively, on fifty four trees of twenty five years old Washington navel orange trees 
(Citrus sinensis L. Osbeck) budded on sour orange (Citrus aurantium L.) rootstock and grown in clay 
soil.The trees grown in Giza Experimental station, Citriculture Division, Horticulture Research 
Institute, Agricultural Researches center, Egypt. Selected trees were as healthy, nearly uniform in 
vigor and size, spaced at 5 × 5 meters apart under flood irrigation system was water followed using 
Nile irrigation. 
The foliar application were as follow:  

T1- Control (sprayed with water only).  
T2-Tree sprayed with Potassium sulphate (K2SO4) 2%. 
T3-Tree sprayed with Potassium sulphate (K2SO4) 3%. 
T4-Tree sprayed with putrescine (PUT) at 50 ppm. 
T5-Tree sprayed with putrescine (PUT) at 100 ppm. 
T6 -Tree sprayed with (putrescine (PUT) at 50 ppm+ Potassium sulphate (K2SO4) 2%). 
T7-Tree sprayed with (putrescine (PUT) at 100 ppm+ Potassium sulphate (K2SO4) 3%). 

       The all spraying treatment and their combinations were spared three times of three experimental 
seasons, the first spray applied at the mid of March, the second spray was applied at full bloom (mid 
of April), the third spray after fruit set (2nd week of May) of each season. Each spray treatment and 
their combinations was replicated three time with three tree for each replicate ‘Tween 20’ (0.01%) 
was used as a surfactant for the aqueous solutions of the polyamines. 
 
2.1. Measurements and Determinations  
I. Vegetative growth  
 Shoot length (cm).  
 Shoot diameter (cm). 
     Number of leaves/shoot. 
 
2.2. Productivity measurements 
I. Fruit set percentage 

The emerged flowers on ten labeled branches at different tree directions were counted at full 
bloom stage in both seasons. After fruit set, the setted fruitlets were counted at the same branches to 
calculate fruit set percentage according to the following equation: 
 
 
 
 
 
 

Initial Fruit set (%) = 
Number of set Fruitlets 

x 100 
Number of perfect flowers at full bloom 
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II. Fruits retention 
Fruit  retention after June drop (July) was recorded according to the following equation used by 

 
III. Fruit drop percentage 
The fruit June drop %was recorded according to the following equation 

 
IV. Fruit number and yield 

Fruit yield was recorded at harvest time (15th December) in both seasons expressed as number 
of fruits/tree and weight of fruits (kg/tree) to determine yield as kg /tree and yield T/ha by 
multiplication number of fruits per tree with an average fruit weight and yield per tree . 
 
V. Fruit physical characteristic 

At harvest, samples of ten fruits of each tree replicated three times were devoted to determine 
the following fruit characteristics: Fruit weight (g), fruit size (cm3), fruit diameter (cm), fruit 
length(cm), Fruit pulp weight (g), Fruit peel weight (g), Juice volume (cm3), peel thickness (mm), 
softening (%).  
 
2.3. Fruit chemical characteristic 
I. Total soluble solids (TSS) 

It was measured using hand Carl Zeiss refractometer 
 
II. Total acidity 

Juice samples was filtered and used to determine total acidity using the titration method against 
NaOH (0.1 N) in the presence of phenolphethalein, as an indicator.  
 
III. Ascorbic acid (Vitamin C) content  

This was determined in filtered juice samples and expressed as mg/100 ml juice, as described 
by A.O.A.C.(2015) using 5ml juice sample and 5ml of oxalic acid solution (2%), and then titrated 
against 2, 6-dichlorophenolendophenol indicator dye to the end point (the appearance of pink color) to 
calculate vitamin C. 
 
2.4. Chemical analysis of leaves 
I. Total chlorophylls, chlorophylls a &b and carotenoids 

The end of spring growth cycle in September, fresh leaf samples were collected from all four 
directions of each tree. Leaf collection started at the fourth leaf from the top of non-bearing shoots 
only. Leaves were washed three times with tap water, and then washed using distilled water. The 
comparative extraction of chlorophylls (Chlorophyll-a, Chlorophyll-b, total chlorophyll) and 
carotenoids from cultivated some non-leguminous fodder crops by 80% Acetone as extraction method 
(Arnon, 1949).The Spectrophotometric determination of absorbance for Chlorophylls and Carotenoids  
II. Total carbohydrates (%) in the leaves of spring cycle (Smith et al., 1986). 
III. Total sugars (%) were determined after the method described by Smith et al., (1956). 
IV. Total protein (%) was calculated using formula: Protein % = Nitrogen % X 6.25       
 
2.5. Nutrient status 

The digested solution was used to determine N, P and K percentage in leaves, which estimated 
by standard procedure according to Chapman and Parker 1961. Magnesium, Fe and Zinc by an atomic 
absorption spectrophotometer as described by Brand and Spiner, (1965). 
 
 
 

Fruits retention (%) = 
Number of presented (remained) fruits at a given date 

x 100 
Number of set fruitlets 

Fruits drop (%) = 
Number of set Fruitlets - Number of remained fruits at a given date 

x 100 
Number of set fruitlets 
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2.6. Statistical analysis 
The differences between the treatments and control were analyzed in completely randomized 

block design (RCBD) with three replicates for each treatment and each replicate as represented by 
three trees. Thus the total number of trees experiment was 54 (6 treatment x 3 replicate x 3 tree) in 
each replicate and least significant difference test LSD at 5% level was used to differentiate means 
according to Snedecor and Cochran (1995) . 

3. Results and Discussions 

 

3.1. Effect of foliar application with putrescine, Potassium sulphate  and their combinations on     
       vegetative growth of Washington navel orange .                   

Results presented in Table (1) indicate that shoot length (cm), shoot diameter (mm) and number 
of leaves/shoot were significantly affected by Potassium sulphate, putrescine and their combinations 
spray in the three seasons. Foliar spray with a mixture of putrescine (PUT) at 100 ppm + Potassium 
sulphate (K2SO4) 3% treatment showed the highest effect on shoot length(cm), shoot diameter(mm) 
and number of leaves/shoot in 2017, 2018 and 2019 seasons, respectively. However control treatment 
had the lowest values in the three seasons. Moreover, spraying washington navel orange trees with 
potassium sulphate at 2 to 3% had significant increased the main shoot length, shoot diameter (mm) 
and number of leaves/shoot in the spring growth cycle rather than the control treatment .According to 
Wu et al., (2012) application of putrescine significantly increased plant height, stem diameter, leaf 
number per plant and shoot of trifoliate orange (P. trifoliata) seedlings compared with the non-treated 
plants. Abd-Alhamid (2019). who found that Picual olive trees sprayed with PUT at15 ppm + SAL at 
200 ppm + ASC at 2000 ppm recorded the largest shoot length (26.40 and 25.11 cm) and the highest 
number of leaves/shoot (35.12 and 43.61) in the first and second seasons respectively. Increased 
vegetative growth of gladiolus plant was observed by during the vegetative stage (Nahed et al., 2009).  
However, El-Abagy et al., (2010) reported that foliar spraying Artichoke with putrescine 50 and 100 
ppm significantly produced higher plant height (cm) number of leaves/plant compared to control. 
According to the results, application Pistachio trees with putrescine 0.1 - 0.2 mM significantly 
increased the Shoot diameter (mm), Shoot Length (cm) during ‘off’ years and at the stages of 
application  Mahin et al., (2019). Putrescine, a new plant growth regulator, belonging to polyamines, 
is reported for its beneficial effects on plant growth under environmental stresses (Perez - Adamor et 
al., 2002). Citrus growth might be due to the fact that PAs acts as a hormonal second-messengers of 
cell proliferation and dierentiation in many processes Steiner et al., (2007) or regulates the plant 
sensitivity to auxins/cytokinins ratio (Cui et al., 2010 and Geuns et al., 2001). Furthermore, Abd-El-
Rhman et al., (2017) who found that foliar application potassium sulfate with K2SO4 2% increased 
shoot length (cm), number of leaves/shoot of Fig trees (Ficus carica L.). However, foliar application 
with 3% K2SO4 surpassed significantly all foliar treatments and achieved the highest values, as 
compared with the control treatment in the1st and 2nd seasons. 
 
3.2. Effect of foliar application with putrescine Potassium sulphate and their combinations on    

        Productivity measurements (Fruit set (%), Fruits retention (%), Fruits drop(%), yield /tree    
      (kg), and yield T/ha) of Washington navel orange.       

Results presented in Table (2), Fig.1.show that different treatments of Potassium sulphate, 
putrescine and their combinations  increased the percentage of fruit set, fruits retention (%), yield /tree 
(kg), yield T/ha and decreased fruit drop percentage compared with the control in the three seasons. 
However, spraying Navel orange trees with potassium sulphate (K2SO4) at 3% recorded the highest 
significantly of fruit set percentage, fruits retention (%) and yield /tree (kg), yield T/ha and decreased 
fruit drop percentage compared with spraying K2SO4 2% and the control. Furthermore, spraying of 
putrescine (PUT) at 100 ppm significantly increased initial fruit set percentages, fruit retention 
percentages, yield (kg/tree), Yield T/ha and decreased fruit drop percentage as compared with 
spraying of putrescine (PUT) at 50 ppm and the control percentage. Meanwhile, foliar application 
with a mixture of (putrescine (PUT) at 100 ppm + Potassium sulphate (K2SO4 3%) recorded the 
highest significant values of percentage of fruit set, fruits retention (%), yield /tree (kg), Yield T/ha 
and the lowest significant values of fruit drop percentage compared with other treatments including 
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Table 1: Effect of foliar application with putrescine, Potassium sulphate and their combinations on shoot length (cm),shoot diameter(mm) and leaves number/ 
shoot of Washington navel orange trees during 2017, 2018 and 2019 seasons. 

Treatments 
Shoot length (cm) Shoot diameter (mm) Leaves number/ shoot 

2017 2018 2019 2017 2018 2019 2017 2018 2019 

Control (spray water only) 67.23g 68.36g 69.42g 7.00e 7.06e 7.09g 46.43g 45.63g 47.30e 

Potassium sulphate K2SO4 2% 75.62f 76.85f 78.48f 8.05d 8.15d 8.25f 52.85f 55.25f 62.43d 

Potassium sulphate K2SO4 3% 78.49e 79.62e 81.50e 8.28abc 8.36abc 8.43e 55.48e 57.63e 64.38abc 

Putrescine (PUT) at 50 ppm. 81.40d 83.47d 86.65d 8.45c 8.52c 8.64d 58.46d 61.45d 65.36c 

Putrescine (PUT) at 100 ppm. 88.64b 90.56b 94.74b 9.76a 9.85a 10.02a 60.38c 64.32c 67.65ab 

Putrescine (PUT) at 50 ppm+Potassium sulphate (K2SO4) 2%. 84.73c 86.53c 89.45c 8.79ab 9.00ab 9.07c 62.44b 66.65b 68.85b 

Putrescine (PUT) at 100 ppm+Potassium sulphate (K2SO4) 3%. 92.83a 96.63a 98.50a 8.89b 9.15b 9.25b 64.56a 68.12a 70.23a 

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

Table 2: Effect of foliar application with putrescine, Potassium sulphate and their combinations on Fruit set (%),Fruits retention(%),Fruits drop (%) and yield 
/tree (kg) of Washington navel orange trees during 2017 , 2018 and 2019 seasons. 

Treatments 
Fruit set (%) Fruits retention (%) Fruits drop (%) Yield /tree (kg) 

2017 2018 2019 2017 2018 2019 2017 2018 2019 2017 2018 2019 

Control (spray water only) 25.75f 24.36f 26.55g 38.83f 36.06g 39.25f 61.17a 63.94a 60.75a 50.52f 51.57f 55.31 f 

Potassium sulphate K2SO4 2% 30.85e 34.12e 35.36f 56.78e 58.85f 59.36e 43.22b 41.15b 40.64b 65.33e 69.73e 73.28e 

Potassium sulphate K2SO4 3% 32.45d 36.18d 37.75e 58.82d 61.25d 63.38c 41.18c 38.75d 36.62d 78.65d 83.40d 84.99d 

Putrescine (PUT) at 50ppm. 36.75c 37.65c 39.42d 59.60cb 60.33e 62.55d 40.35f 39.67c 37.45c 89.16c 94.57cb 98.97cb 

Putrescine (PUT) at 100 ppm. 38.40ab 40.32b 42.54bc 60.11c 64.28c 65.85b 39.89dc 35.72e 34.15dc 99.76cb 104.72c 109.83c 

Putrescine (PUT) at 50 
ppm+Potassium sulphate (K2SO4) 
2%. 

39.20a 41.38b 44.11b 62.20b 65.42b 66.28a 37.80e 34.58f 33.72e 113.41b 118.13b 124.51b 

Putrescine (PUT) at 100 
ppm+Potassium sulphate (K2SO4) 
3%. 

40.25a 43.56a 45.86a 63.46a 67.58a 68.36a 36.54f 32.42g 31.64f 132.40a 135.45a 138.68a 

Means in the same column followed by the same letter(s) are not significantly different at 5% probability 
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control trees. This result agree with Aly et al., (2015) indicated that foliar application Washington 
Navel Orange with 2 and 3% K2SO4 treatments gave the highest values of yield /tree (kg), yield 
weight/feddan (ton) as compared with control treatment in both seasons. Also, Abd-El-Rhman et al. 
(2017) found that foliar application with 2- 3% K2SO4 on Fig trees (Ficus carica L.) increased yield 
/tree (kg), Yield kg /ha as compared with control. Embleton et al., (1973) suggested that both soil and 
foliar K2SO4 application considerably increased fruit yield, in Valencia ‟ oranges. In addition, Yadav 
et al., (2014) reported that foliar application of K2SO4, (1, 2 %) in Banarasi‟ and Karaka per cultivars 
improved fruit retention, Meanwhile, Elsabagh (2012) concluded that K2SO4 sprayed on date palm cv. 
Deglet Nour ‟ bunches, six week after pollination increased fruit retention (%), as compared to the 
control., El-Fangary (1998) reported that foliar application of K had positive effect on leaf mineral 
content, fruit set and yield in citrus trees. Anyhow, Rao et al., (2004) advocated that spraying K2SO4 
(2.0%) and ZnSO4 (0.4%) at the time of fruit setting stage proved most effective in reducing fruit drop 
and increasing yield in ber cv. Banarasi karaka. He concluded that raising the K concentration and the 
number of foliar application increased tree fruit yield in“Balady” mandarin Sarrwy et al., (2012). On 
the other hand, Laila et al. (2020) foliar application Picual olive trees with putrescine (PUT) at 15-30 
ppm significantly increased Yield (kg/tree) than the control in both seasons. Also, Enas et al., 
(2010).The highest Apricot yield was observed with spraying Putrescine at full bloom stage with10-5 
mM (33.64 and 34.60 Kg/tree) and markedly increased fruit set, fruit retention in both seasons, 
respectively. Saleem et al., (2008). Likewise, exogenous application of 0.01mM aqueous solution of 
PAs (putrescine) spermidine or spermine) significantly increased the initial fruit set of ‘Blood Red’ 
sweet orange (C. sinensis). Moreover, the influence of polyamines in increasing fruit set has been 
observed in apples, and pears (Costa, and Bagni 1983; Crisosto et al., 1988; Crisosto,et al.,1992). 
Moreover, polyamines have been reported to reduce the fruit drop by maximizing the fruit retention 
and increasing the yield in many fruits including mango (Singh and Singh, 1995; Singh and Janes; 
2000; Malik and Singh, 2003; Malik and Singh, 2006). The positive influence on decreasing fruit drop 
by the sprayed substances in our study is obvious. It is well established that plant growth regulators 
are involved in control of abscission (Sexton and Robersts 1982), Furthermore, the present study 
showed that the application of putrescine decreased the percentage of fruit abscission, which shows 
the inhibitory role of polyamines in fruit abscission (Arias et al., 2005;Dios et al., 2006).In addition, 
the application of exogenous polyamines to peaches under field conditions before the on set of 
autocatalytic ethylene production, delayed and reduced it Bregoli et al., (2002). Also, El-Abagy et al., 
(2010) reported that foliar application putrescine with (50, 100 and 200 ppm) on Artichoke (Cynara 
Scolymus L.) in both seasons, gave the highest values of number of flowers/plant, early, yield/plant 
(kg), Total yield/plant (kg) early to total yield (%) as compared with control especially with high 
concentration of putrescine Kobra and Majid (2014). found that Initial, secondary fruit drop was 
significantly reduced in 0.1 mM and1.0 mM putrescine application and increases fruit yield kg cluster 
of Date palm of ‘Kabkab’(Phoenix dactylifera L.) compared to the control. 

 
Fig. 1. Effect of foliar application with putrescine, Potassium sulphate, and their combinations 
             on Yield T/ha of Washington navel orange trees during 2017, 2018 and 2019 seasons .                                            
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3.3. Effect of foliar application with putrescine, Potassium sulphate and their combinations on              
       Fruit physical characteristis (number of fruits/tree, weight of fruits (g), Juice volume (cm3)    
      and Peel weight (g)) of Washington navel orange.          
 
3.3.1. Number of fruits/tree 
        The results shown in Table (3) indicated that spraying Washington navel orange with Potassium 
sulphate, putrescine either individually or combination increased number of fruits/tree as compared 
with control during three studied seasons. The highest values of number of fruits/tree were obtained 
by using (PUT) at100 ppm + K2SO4 3% during 2017, 2018 and 2019 seasons, respectively. The 
results also, showed that the foliar application of Washington naval orange with K2SO4 3% increased 
number of fruits/tree as compared with control. These results agree with (Singh et al., 1979) reported 
that the increase in the number of fruits due to K application can be attributed to the improvement in 
vegetative growth of grapes cv. Perlette. However, (Aly et al., 2015) found that foliar application 
navel orange with 2 and 3% K2SO4 treatments gave the highest values of average number of fruits per 
tree as compared with control in both seasons. Moreover, applying the Zn and K significantly 
increased the number of fruits per tree by 7.40 and 10.12% respectively. Also, Abd-Allah (2006) 
reported that numbers of fruits per tree were significantly increased by application of K in 
combination with other macro and micro nutrients (during full bloom stage) in Washington Navel 
orange. Sangwan et al., (2008). Likewise, foliar application Kinnow mandarin with putrescine (20 
mM) and spermidine (10 mM) significantly increased the number of the total flower per tree (Ali and 
Lovatt 1994). In addition, Polyamines increased the number of fruits per tree of apple (Costa and 
Bagni, 1983). 
 
3.3.2. Weight of fruits (g) 

The results shown in Table (3) indicated that weight of fruits (g) was significantly increased by 
different spraying treatments as compared with control in three studied seasons. Foliar application of 
K2SO4 (2 %) substantially increased weight of fruits (g). Moreover, maximum (324.52, 330.35 and 
336.44) weight of fruits (g) was obtained with the application of K2SO4 (3%) than the control during 
2017, 2018 and 2019 seasons. Foliar spray with PUT at 50-100 ppm on Washington Navel orange 
trees increased weight of fruits (g) as compared with control. However, foliar application with a 
combination of (PUT) at 100 ppm + (K2SO4) 3% gave significantly higher weight of fruits (g) than 
that of other spraying treatments and the control. These results agree with Aly et al., (2015)  

Concerning 3% K2SO4 treatment caused a higher and significant increasing in weight of fruits 
per tree (kg) of Washington navel orange trees in 2013 and 2014 seasons. Furthermore, in apple cv 
Anna, the highest fruit weight was obtained with the spray of K2SO4 (1.5%) (Kilany and Kilany 
1991). However, Josan et al. (1995) noticed an increase in average fruit weight of lemon fruits 
receiving foliar spray of 10 % K2SO4 at 15th and 30th of May. Vijay et al., (2016). Also reported 
increased average fruit weight with application of K2SO4 3% in sweet orange cv. Jaffa. The results 
also find support from the work done by Gill et al., (2012) in Patharnakh ‟pear suggested that fruit 
weight was improved by foliar sprays of K nutrient. Moreover, Foliar application of K2SO4 (3.0 %) 
increased fruit weight in ‛Black Star‟ plums and ‛Royal Glory‟ peaches and suggested that higher 
efficiency of foliar sprays than fertigation, especially sprayed during stage-III (Ben- Mimoun et al ., 
2009). Laila et al., (2020) foliar application with putrescine (PUT) at 15-30 ppm at December 
increased fruit weight (g) of "Picual" olive trees than the control in both seasons. Meanwhile, Abo-El-
Ez et al., (2018) foliar spray with 10-10 mM/Lit (PUT) + Multi-micronutrient treatment gave the 
maximum values (220.80, 234.90) of fruit weight (g) of Valencia orange when compared with 
control. Costa, et al., (1986) pointed out that improvement in fruit weight by putrescine application 
might be due to the role in cell division leading to improved weight of fruits. Also, Ayad et al., (2011) 
found that spraying putrescine at full bloom increased fruit weight of picual olive. 
 
3.3.3. Juice volume (cm3)  

 Data presented in Table (3) clearly indicated that, in three seasons, trees sprayed with 
combination of (PUT) at 100 ppm plus (K2SO4) 3% gave significantly the highest Juice volume (cm3) 
compared with other treatments including control. However, (K2SO4) spray treatment at either 0.2% 
or 3% to Washington Navel orange trees increased Juice volume (cm3) compared to the control. 
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Furthermore, trees foliar spray (PUT) at 100 ppm produced higher Juice volume (cm3) than other ones 
foliar spray (PUT) at 50 ppm observed in the control treatment in 2017, 2018 and 2019 years 
respectively. These results agree with (Jones and Embleton 1960) In case of lemons, juice content 
slightly increased in the fruits produced from the trees that received K application compared with 
those of the trees without K application. Kundu and Biswas (2009) observed that the juice content was 
highest K 100 gm/plant/year (juice content 33.90 %) in sweet orange cv. Also, Hamza et al., (2012) 
the increase in the number of foliar application for a given concentration of either 5 and 8% KNO3 or 
2.5 and 4% K2SO4 is accompanied by an increase in fruit juice content. EL-Tanany and Hanaa  (2019) 
reported that foliar sprays with potassium sulphate 1-2% increased Juice volume (cm3) of Valencia 
orange fruits during both  seasons. These results also agree with Abo-El-Ez, et al., (2018). Fruit juice 
volume (cm3) in the Valencia oranges was increased in treatment 10-3 m M/Lit (PUT)(129.80) and 
(89.43) in both seasons, respectively. 
 
3.3.4. Peel weight (g) 

Data in Table (3) showed that in three seasons all treatments significantly increased. Peel 
weight (g) as compared with control treatment. The data also showed that, Washington Navel orange 
trees sprayed with potassium sulphate (K2SO4) at either 2% or 3% increased Peel weight (g) as 
comparing with control .Foliar spray at putrescine (PUT) at 100 ppm achieved the highest significant 
Peel weight(g) compared with other treatments and the control. These results agree with El-Tanany et 
al., (2016) Valencia orange trees sprayed with (K2SO4) at either 2% or 4%, increased Peel weight (g) 
in the first season as comparing with control. Also, application of K is due to increase in entry of 
water into the cells by osmotic processes which subsequently increase cell size (Ruiz 2006). However, 
(EL-Tanany and Hanaa 2019). Reported that foliar sprays with potassium sulphate 1-2% increased 
Peel weight (g) of Valencia orange fruits during both seasons. Polyamines are essential for 
strengthening the links between cell wall components by maintaining cell wall characteristics (Berta 
et al., 1997).Polyamines (PAs) actas an anti-senescence agent and are involved in cell division 
strengthening of cell wall components and inhibition of both ethylene biosynthesis and cell wall 
degradation (Kumar et al., 1997; Rastogi and Davies, 1991).  
 
3.4. Effect of foliar application with putrescine, Potassium sulphate and their combinations on           
        Fruit physical characteristis (Fruit pulp weight (g), fruit length (cm), fruit diameter (cm),   
       Fruits size (cm3), peel thickness (mm) and softening (%)) of Washington navel orange. 
 
3.4.1. Fruit pulp weight (g) 

Data in table (4) showed that all treatments significantly increased Fruit pulp weight (g) 
compared with control in the three studied seasons. The highest values of Fruit pulp weight (g) were 
obtained when trees were treated with putrescine (PUT) at 100 ppm +Potassium sulphate K2SO4 3% 
compared with control and other treatments. However, application with K2SO4 3% increased fruit 
pulp weight (g) compared with control. These results agree with Laila et al., (2020). indicated that 
pulp weight was significantly affected by Picual olive trees sprayed with putrescine (PUT) at 15and 
30ppm treatments as compared with control in both studied seasons., (EL-Tanany and Hanaa 2019) 
reported that foliar sprays with potassium sulphate 1-2% increased fruit pulp weight (g) of Valencia 
orange fruits during both seasons. 
 
3.4.2. Fruit length (cm)  

The results shown in Table (4), revealed that, all treatments achieved significantly increased in 
an average fruit length during three experimental seasons as compared with control treatment. Also 
revealed that fruit length (cm) of Washington Navel orange trees increased with increasing the levels 
of K2SO4 foliar application where the highest value (8.68, 8.82 and 9.32) was noticed at 3% 
K2SO4.Foliar spray with a mixture of putrescine (PUT) at 100 ppm +Potassium sulphate K2SO4 3% 
gave the highest fruit length (cm) compared with control and other treatments in 2017, 2018 and 2019 
years, respectively. However, foliar spray with (PUT) at 100 ppm gave high fruit length compared 
with control. These results agree with Pooja et al., (2020) who found that observed maximum fruit 
length (cm) in Kinnow mandarin with foliar application of K2SO4 2%. Abd-El- Rhman et al., 
(2017).reported that foliar application with K2SO4 at either 2% or 3% on Fig Trees, in both seasons, 
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Table 3: Effect of foliar application with putrescine, Potassium sulphate and their combinations on number of fruits/tree, weight of fruits (g), Juice volume 
(cm3) and Peel weight (g) of Washington navel orangetrees during 2017 , 2018 and 2019 seasons . 

Treatments 
Number of fruits/tree Weight of fruits (g) Juice volume (cm3) Peel weight (g) 

2017 2018 2019 2017 2018 2019 2017 2018 2019 2017 2018 2019 

Control (spray water only) 192.65f 185.23f 195.32f 262.25f 278.43e 283.22f 150.32e 155.45g 156.38f 39.68f 40.37f 41.65e 

Potassium sulphate K2SO4 2% 216.20e 220.33e 226.53e 302.21e 316.50d 323.36e 170.38d 175.60f 179.52e 44.48e 47.24e 50.32d 

Potassium sulphate K2SO4 3% 242.38d 249.45d 252.62d 324.52d 330.35c 336.44d 181.52cb 186.50e 188.35e 46.28dc 48.66dc 52.26abc 

Putrescine (PUT) at 50ppm  260.40c 265.27c 272.41c 342.42c 356.52ab 363.32cb 192.45c 200.33d 206.48d 47.52d 49.22d 53.25c 

Putrescine (PUT) at 100ppm. 278.22b 285.63b 290.28b 358.54b 366.65b 378.37c 211.64ab 221.25c 229.56c 58.23a 59.56a 62.58a 

Putrescine (PUT) at 50 ppm+ Potassium 
Sulphate K2SO4 2%. 

305.20a 310.64a 312.55a 371.62a 380.28a 398.37b 220.55b 233.75b 240.85b 54.11b 55.67c 56.88b 

Putrescine (PUT) at 100 ppm+ Potassium 
sulphate K2SO4 3%. 

309.14a 313.38a 316.48a 428.29a 432.24a 438.22a 242.23a 250.00a 256.43a 52.64c 54.24b 56.54 ab 

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

 
Table 4: Effect of foliar application with putrescine, Potassium sulphate and their combinations on Fruit pulp weight (g), fruit length (cm), fruit diameter 

(cm) and Fruits size (cm3) of Washington navel orange trees during 2017, 2018 and 2019 seasons. 

Treatments 
Fruit pulp weight (g) Fruit length (cm) Fruit diameter (cm) Fruits size (cm3) 

2017 2018 2019 2017 2018 2019 2017 2018 2019 2017 2018 2019 

Control (spray water only) 223.07f 238.06f 241.57f 7.84e 7.93de 8.03f 7.53f 7.64f 7.75e 271.16g 282.35 g 294.20g 

Potassium sulphate K2SO4 2% 257.73e 269.26e 273.04e 8.57dc 8.74de 9.08e 8.25e 8.30e 8.50e 315.81f 327.28f 332.13f 

Potassium sulphate K2SO4 3% 278.24d 281.69d 283.19d 8.68 d 8.82e 9.32d 8.47d 8.53dc 8.62d 330.80e 340.71e 346.44e 

Putrescine (PUT) at 50 ppm. 288.31c 300.85c 306.44c 8.81c 8.95d 9.43c 8. 52 d 8.60d 8.72c 354.23d 360.45d 371.52d 

Putrescine (PUT) at 100 ppm. 311.02ab 317.43ab 326.11b 9.14b 9.36b 9.75a 8.64c 8.75c 8.95ab 362.20c 373.32c 386.23c 

Putrescine (PUT) at 50 ppm+potassium 
sulphate (K2SO4) 2%. 

313.39b 320.72b 335.79b 9.07ab 9.21c 9.58b 8.97a 9.00a 9.07ab 381.32b 385.63b 410.25b 

Putrescine (PUT) at 100 
ppm+Potassium sulphate K2SO43%. 

375.65a 378.00a 381.68a 9.26a 9.56a 9.85a 8.75b 8.86b 9.03b 432.32a 439.20a 442.85a 

Means in the same column followed by the same letter(s) are not significantly different at 5% probability 
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gave the highest values of average fruit length (cm) as compared with control. However, Laila et al., 
(2020). Foliar application of PUT at 15 ppm + SAL at 200 ppm recorded the highest value of fruit 
length of Picual olives in both studied seasons. Furthermore, the highest fruit length (38.7 mm) was 
obtained with putrescine 1.0 mM treatment, which was obtained Date (Phoenix dactylifera L.) with 
putrescine 1.0 mM significantly higher than the control. Kobra and Majid (2014). Moreover, El-
Abagy et al., (2010) reported that foliar application putrescine with (50, 100 and 200 ppm) on 
Artichoke (Cynara Scolymus L.) in both seasons, gave high values of Length (cm) as compared with 
control. 

 
3.4.3. Fruit diameter (cm)  

Data of the present investigation in Table (4) clearly indicate that all foliar spraying treatments 
increased average fruit diameter (cm) in 2017, 2018 and 2019 years, respectively. Foliar application 
with a combination of (putrescine (PUT) at 50 ppm + Potassium sulphate K2SO4 2%) gave 
significantly the highest fruit diameter (cm) compared with other treatments including control. 
However, foliar sprays Washington navel orange with K2SO4 2% and 3% increased average fruit 
diameter (cm) in three seasons as compared with the control .Meanwhile, trees treated with K2SO4 3% 
produced higher diameter fruit (cm) than those treated with K2SO4 2% in three season. Also, foliar 
application putrescine with100 ppm gave high values of diameter (cm) as compared with foliar sprays 
with (PUT) at 50 ppm including control trees , These results agree with Mostafa and Saleh (2006) 
reported that spraying potassium using different forms had a positive effect on fruit diameter of 
Balady Mandarin. Moreover, Pooja et al., (2020) who found that the maximum fruit diameter was 
found in Kinnow mandarin with the foliar application K2SO4 2%. Aly et al., (2015) foliar application 
with 2- 3% K2SO4 gave the highest values of average fruit diameter (cm) of Washington Navel orange 
in both seasons as compared with control. Abd-El-Rhman et al., (2017). Foliar application with 
K2SO4 2 and 3% significantly increased fruit diameter of Fig Trees (Ficus Carica L.) compared to the 
control. Omaima and El-Metwally (2007) reported increase in Washington Navel orange fruit 
diameter with foliar application of potassium and in combination with zinc ( sprayed thrice during 
mid Februar,   mid March and last of April).Josan et al., (1995) reported an increase in fruit diameter 
of lemon fruits receiving foliar spray of 10% K2SO4 at 15th and 30th of May. Furthermore, Vijay and 
Beniwal (2017) Fruit diameter was recorded highest (7.30 cm) foliar Sprays Sweet Orange with 
K2SO4 3%.(Gill et al., 2005) observed that all the Ktreatments significantly increased the fruit 
diameter with highest in Multi K 2% treatment I Kinnow mandarin. Moreover, sprayed Picual olives 
tree with putrescine (PUT) at 15-30 ppm increased fruit diameter (cm) as compared with control in 
the first and second seasons, sequently. Laila et al., (2020). While, El- Abagy et al., (2010) reported 
that foliar spraying Artichoke with putrescine 50, 100 and 200 ppm significantly produced higher 
average fruit diameter compared to control. Enas et al., (2010) Spraying Canino apricot trees with Put 
at 10-5mM recorded the highest value of fruit width (3.86 and 3.88 cm) in the two seasons, 
respectively. On olive, Ayad et al., (2011) mentioned that foliar application of putrescine significantly 
increased fruit diameter. 
 
3.4.4. Fruits size (cm3) 

Data in Table (4) indicated that spraying Washington navel orange with putrescine (PUT), 
Potassium sulphate K2SO4 either individually or combination improved fruit size (cm3) in 2017,2018 
and 2019 years, respectively, Foliar application with a combination of putrescine (PUT) at 100 ppm + 
Potassium sulphate K2SO4 3% gave significantly higher fruit size (cm3), rates than compared with 
other treatments including control. Besides, foliar sprays with K2SO4 treatment either 2% or 3% gave 
the highest values of average fruit size (cm3) as compared with control. However, trees treated with 
(PUT) at 100 ppm showed high positive response in fruit size (cm3), than those treated with (PUT) at 
50 ppm. These results agree with foliar feeding of Potassium has played the crucial role in the 
enhancement of fruit size in various fruit crops (Embleton et al 1966, Reitz and Koo 1960), Also, 
potassium improves fruit yield, fruit size (Geraldson 1985). Gill et al., (2012) studied the effect of 
single, two or three foliar sprays of KNO3 and K2SO4 (1.0, 1.5, 2.0%) on fruit size and quality in 
Patharnakh' pear and concluded that fruit size was increased significantly in all the treatments over the 
control. Likewise, Bhatia et al., (2001) also reported an increase in guava fruit size with foliar 
application of K2SO4 (0.5, 1.0, 1.5%), Wei et al., (2002) and Obreza et al., (2008) reported that 
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increasing the rate and frequency of foliar application of K2SO4 is accompanied by an increase in 
citrus fruit size. However, Aly et al., (2015) showed that, both 3and 2% K2SO4treatments achieved 
significantly the highest values of average fruit volume (cm3) of  Washington navel orange compared 
with control. Boman and Hebb, 1998.reported that post-bloom K application to Florida grapefruit 
increased average size of both white and coloured grapefruit. Increase in fruit size with the application 
of K is due to increase in entry of water into the cells by osmotic processes which subsequently 
increase cell size (Ruiz 2006). Enas et al., (2010) Spraying Canino apricot trees with Putrescine (Put) 
at10-4 mM in the first and second seasons recorded the highest fruit volume (cm3) compared with 
control. Malik and Singh (2006) worked on mango, and found that spraying polyamine (putrescine) at 
full bloom stage markedly increased size of fruits. Furthermore, on olive, Ayad et al., (2011) 
mentioned that foliar application of putrescine significantly increased fruit size. 
 
Fig. 2.Peel thickness (mm) 

Data presented in Fig. (2) show that all spraying treatments were significantly affected in 
peelthickness (mm) in the three studied seasons as comparing with control trees. Moreover, foliar 
spray of (PUT) at 100 ppm + (K2SO4) 3% recorded the highest peel thickness (mm) (4.4, 4.6 and 4.9 
mm) in 2017, 2018 and 2019 seasons, respectively as compared with other treatments including 
control trees .However, Washington Navel orange trees sprayed Potassium sulphate with (K2SO4) at 
either 2 or 3% increased peel thickness (mm) compared with control. These results agree with Hamza 
et al., (2012) observed that there was numerical increase in peel thickness with the increase in K 
concentration .Also, Obreza et al. (2008) reported that increasing K foliar fertilization induces an 
increase in the citrus fruit rind thickness. Moreover, Omaima and El-Metwally (2007) reported that 
maximum peel thickness was in Zn + K treatment (sprayed thrice during mid February, mid March 
and last of April) while minimum was recorded with control in Washington Navel orange. 
Furthermore, Yadav et al., (2014) also reported the Best peel thickness value (0.42mm) with three 
sprays of 2% K₂SO₄ in ber fruits. Anyhow, Abd-El-Migeed et al., (2000) in Hamlin orange reported 
that peel thickness was improved by potassium application compared with control. In addition 
spraying PUT either alone or + PUT, 2, 4-D or Ca had significanty higher effect in increasing peel 
thickness of navel orange than control in both seasons. Kassem et al. (2012).  
 

 
Fig. 2. Effect of foliar application with putrescine, Potassium sulphate, and their combinations on             

peel thickness (mm) of  Washington navel orange trees during 2017, 2018 and 2019 seasons.                                                  
 
Fig. 3. Softening (%). 

The obtained results (Fig.3) revealed that application of with putrescine (PUT), Potassium 
sulphate K2SO4 either individually or combination created significant stimulative effects in decreasing 
softening (%) of  Washington navel orange than control in three seasons. Furthermore, trees sprayed 
with a combination of putrescine (PUT) at 100 ppm + Potassium sulphate K2SO4 3% recorded the 
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lowest softening (%).as compared with other treatments and the control. Foliar sprays with K2SO4 
treatment either 2% or 3% gave the lowest values of softening (%) as compared with the control. 
while K2SO4 treatment either 2% or 3% gave the highest values of softening (%).as compared with 
putrescine (PUT) at 50-100 ppm and combination. These results agree with Kassem et al., (2012) 
spraying PUT either alone or + PUT, 2, 4-D or Ca resulted in the lowest softening percent of navel 
Washington orange in both seasons as compared with the control. Ahmad et al., (2007) reported that 
pre storage application of polyamines retarded fruit softening and ethylene production by lowering the 
activities of both the fruit softening and ethylene producing enzymes. Also, Polyamines have been 
reported to reduce softening, delay senescence and reduce decay in several fruits.(Kramer et al., 
1991).They are found to be anti-senescent agents and effective for delaying softening in several fruits, 
as they  help in the integrity of cell membrane (Khan et al., 2007). However, the decrease in fruit 
softening by putrescine application reported for lemon (Valero et al., 1998b). Moreover, Marzouk and 
Kassem (2011) reported that spraying PUT either alone or PUT + GA3 resulted in the lowest softening 
percent of navel Washington orange in both seasons as compared with the control. Kumar et al., 2017 
guava Significantly the highest fruit firmness (7.33 kg/cm2) was observed in T6 (plants sprayed with 
potassium sulphate at 3.0%) followed by T5 (7.17 kg/cm2) plants sprayed with potassium sulphate at 
2.0% which might be related to an increase in fruit tissue pressure potential. (Lester et al., 2006) as 
well as enhanced phloem transport of calcium to fruits following potassium applications. 

 

Fig. 3: Effect of foliar application with putrescine, Potassium sulphate, and their combinations on 
            softening (%) of Washington navel orange trees during 2017 , 2018 and 2019 seasons. 
 
3.5. Effect of foliar application with  Potassium sulphate , putrescine and  their combinations on             
        Fruit chemical characteristis: chlorophylls a,b (mg/g fresh wt), Total chlorophylls (mg/g   
       fresh  wt) and Carotenoids ( mg/g fresh wt) of Washington navel orange.           

 
3.5.1. Chlorophyll (a) & (b) & (a+b) (mg/g fresh wt).  

Data in Table (5) show that spraying Potassium sulphate, putrescine alone or in combination 
improved chlorophyll (a) & (b) & (a+b) on leaf contentin 2017, 2018 and 2019 years, respectively, 
sprayed with a combination of putrescine(PUT) at 100 ppm +Potassium sulphate (K2SO4)3% gave 
significantly the highest leaf content chlorophyll (a) & (b) & (a+b) compared with other treatments 
including control. While, putrescine (PUT) spraying treatment at100 ppm in three season gave the 
highest values leaf content chlorophyll (a) & (b) & (a+b) compared with control. However, Potassium 
(K2SO4) spray treatment at 2-3% increased leaf content of chlorophyll (a) & (b) & (a+b) when 
compared with control, these results agree with Khoshbakht et al., (2018). In citrus, many chlorophyll 
fluorescence, and their related parameters through the modifications of the endogenous levels of PAs. 
Likewise, exogenously applied putrescine significantly increased chlorophyll a, and total chlorophyll 
contents in trifoliate orange seedlings Wu et al., (2012).Moreover, Das et al., (2002) who found that, 
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foliar spray of mulberry plants with PA increased the growth parameters, chlorophyll contents, as well 
as leaf yield as compared with control plant. However, application of DFMO (a putrescine inhibitor) 
significantly decreased the total chlorophyll content and photosynthetic rates (PN) of C. tangerine 
seedlings, whereas the application of exogenous putrescine to DFMO-treated seedlings partly 
reversed the negative effects of DFMO. Wu et al., (2010). Also, Yao et al., (2010) reported that, 
application of different exogenous PAs (putrescine, spermidine, or spermine) improved the relative 
chlorophyll content in leaves of Canton lemon (C. limonia), which was associated with significantly 
increased in plant biomass. Sharma et al., (2011) indicated that application of putrescine, 
paclobutrazol, or a combination of both improved the chlorophyll a, chlorophyll b, total chlorophyll 
contents, and chlorophyll a/b ratio. Also, PAs might play a key regulatory role in citrus morphology 
and shoot system architecture as well, through controlling the plant response (s) to the auxin/cytokinin 
ratio. Consistent with these findings Cytokinins were found to stimulate chlorophyll biosynthesis and 
chloroplast differentiation in wheat plant (Xie et al., 2004). Foliar application of putrescine at the 
concentrations 50, 100 and 150 ppm on Salvia splendens F. plants significantly increased the content 
of chlorophyll (a) & (b) in recent leaves of plants. Kandil et al., (2015). Moreover, foliar sprays 
induced high positive effect on chlorophyll contents was recorded under the treatments of putrescine 
(PUT) at concentrations of 100 ppm and 50 ppm respectively compared with control. El-Abagy, et al., 
2010. However, Ibrahim and Al-wasfy (2014). found that sprayed valencia orange with Potassium 
sulphate (K2SO4) at 5% significantly enhanced leaf content chlorophyll (a)&(b)&(a+b) compared with 
control.Abd-El-Rhman et al., 2017 reported that Potassium spray treatment at 1, 2, 3% gave the 
highest total chlorophyll when compared with control in Fig Trees.  

3.5.2. Carotenoids (mg/g fresh wt) 
The obtained data in Table (5) revealed that, all treatments achieved significantly increased in 

Carotenoids during three experimental seasons as compared with water spray control treatment. 
Washington navel orange trees sprayed with (PUT) at 100 ppm gave the highest values in Caroten- 
oids compared with other treatments including control trees. Foliar spray with potassium sulfate 
(K2SO4) at 3% gave the highest values of Carotenoids, and these values were significant as compared 
with the control. These results agree with Soumya et al., 2017 Carotenoids play a photoprotective role 
in the photosynthetic process. However, in addition to their role as accessory light-harvesting 
pigments, carotenoids protect chlorophylls from photo-damage through the absorption of light energy 
to be utilized in photosynthesis(Armstrong and Hearst, 1996).Also, spraying Salvia splendens F. plant 
with putrescine at 100 and 150 ppm significantly increased the content of total carotenoids content 
than the untreated plants.(Kandil et al., 2015).Furthermore, the most nutrient treatments especially 1% 
K2SO4 + 1% ZnSO4 and 2% K2SO4 +1% ZnSO4 caused a significant increase in carotenoid contents 
of ‘Chrokeh’ pistachio plants (Mohammad mehdi et al., 2019). 

3.6.6. Effect of foliar application with putrescine  Potassium sulphate and  their combinations  
           on fruit chemical characteristis (vitamin C content (mg /100mL juice),T.S.S%, acidity %, 

             T.S.S /acidity % and Total protein (%)) of Washington navel orange.       

 

3.6.1. Vitamin C content (mg /100mLjuice). 
Data in Table (6) cleared that, all treatments increased vitamin C contentas compared with 

control treatment in 2017, 2018 and 2019 years, respectively, Sprayed with combination of (PUT) at 
100 ppm + Potassium sulphate (K2SO4) 3% gave significantly the highest vitamin C (mg/100mljuice), 
compared with other treatments including control. While, Washington navel orange trees sprayed with 
Potassium sulphate at 2% as well as sprayed with combination of (PUT) at 50 ppm + Potassium 
sulphate (K2SO4) 2% also increased vitamin C (mg/100 ml juice) during three seasons of study 
compared with control. These results agree with Kassem et al., 2012 reported that vitamin C content 
was significantly increased in both seasons by spraying navel orange with PUT alone and PUT + GA3 
during both seasons when compared with the unsprayed control trees. Abo-El-Ez et al., (2018) 
indicated that 10-6 mM/Lit (PUT) + Multi-micronutrient treatment as the highest of Ascorbic acid 
(57.13, 66.50 mg/ 100g juice) in both season. Pooja et al., (2020) who observed that with the 
application of K2SO4 2% ascorbic acid content increased in Kinnow mandarin fruit. In addition, foliar 
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Table 5: Effect of foliar application with putrescine, Potassium sulphate and their combinations on Chlorophylls a, b (mg/g fresh wt), Total chlorophylls 
(mg/g fresh wt) and carotenoids (mg/g fresh wt) of Washington navel orange trees during 2017, 2018 and 2019 seasons. 

Treatments 
 

Chlorophylls a 
(mg/g fresh wt) 

Chlorophylls b 
(mg/g fresh wt) 

Total chlorophylls 
(mg/g fresh wt) 

Carotenoids 
(mg/g fresh wt) 

2017 2018 2019 2017 2018 2019 2017 2018 2019 2017 2018 2019 

Control (spray water only) 2.630f 2.726f 2.862f 0.875e 0.912e 0.987f 3.505g 3.638g 3.849f 0.804e 0.905f 0.936f 

Potassium sulphate K2SO4 2% 3.152e 3.260e 3.420e 1.038d 1.052d 1.158e 4.190f 4.312f 4.578e 1.024d 1.029e 1.035e 

Potassium sulphateK2SO4 3% 3.487d 3.563d 3.752d 1.265cb 1.375cb 1.436d 4.752e 4.938e 5.188d 1.185d 1.275d 1.375d 

Putrescine (PUT) at 50ppm. 3.710c 3.875c 3.921c 1.342c 1.452c 1.524c 5.052d 5.327d 5.445c 1.285c 1.395 ab 1.486c 

Putrescine (PUT) at 100 ppm. 3.950b 4.215b 4.426a 1.567a 1.622a 1.658b 5.517b 5.877b 6.084a 1.568 b 1.589b 1.716ab 

Putrescine (PUT) at 50 ppm+Potassium 
sulphate (K2SO4) 2%. 

3.852ab 3.954c 4.230 b 1.425b 1.533 b 1.620ab 5.277c 5.487c 5.850b 1.378b 1.411abc 1.578 b 

Putrescine (PUT) at 100 
ppm+Potassium sulphate (K2SO4) 3%. 

4.135a 4.385a 4.511a 1.587 a 1.652a 1.765 a 5.722a 6.017a 6.150a 
 
  1.548 a 
 

 
  1.578 a 
 

 
  1.712 a 
 

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

 
Table 6: Effect of foliar application with putrescine, Potassium sulphate,and their combinations on vitamin C content (mg / 100mL juice), T.S.S% , acidity % 

and T.S.S /acidity % of Washington navel orange trees during 2017, 2018 and 2019 seasons. 

Treatments 
Vitamin C (mg / 100mL juice) T.S.S% Acidity % T.S.S /acidity % 

2017 2018 2019 2017 2018 2019 2017 2018 2019 2017 2018 2019 

Control (spray water only) 50.00g 50.60g 52.40g 9.85f 10.00f 10.07f 0.998a 0.985a 0.978a 10.27e 10.15f 10.29f 

Potassium sulphate K2SO4 2% 56.11f 58.64f 60.24f 10.25e 10.36e 10.48e 0.976b 0.954b 0.942b 10.51e 10.85e 11.12e 

Potassium sulphate K2SO4 3% 59.35e 64.53e 65.20e 10.56d 10.65d 10.73d 0.952c 0.948c 0.935c 11.09d 11.23d 11.47d 

Putrescine (PUT) at 50 ppm. 63.48d 67.45d 68.56d 11.36c 11.47c 11.83c 0.940d 0.928d 0.911d 12.08c 12.35c 12.98c 

Putrescine (PUT) at 100 ppm. 70.22b 74.33b 76.85b 11.63b 11.90b 12.11b 0.931e 0.918e 0.908dc 12.49b 12.96b 13.33b 

Putrescine (PUT) at 50 
ppm+Potassium sulphate 
(K2SO4) 2%. 

66.25c 71.42c 73.65c 12.28 a 12.35a 12.45a 0.929f 0.912f 0.906dc 13.21a 13.54a 13.89a 

Putrescine (PUT) at 100 
ppm+Potassium sulphate 
(K2SO4) 3%. 

75.60a 78.75a 80.23a 12.35a 12.48a 12.52a 0.920g 0.908f 0.896e 13.42a 13.74a 13.97a 

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

 
 
 



Curr. Sci. Int., 10(3): 377-404, 2021 
EISSN: 2706-7920   ISSN: 2077-4435                                                 DOI: 10.36632/csi/2021.10.3.34 

392 

applications at 2 and 3% K2SO4 treatments were more effective in increasing vitamin C (mg/100 ml 
juice) content in Washington navel orange trees. 

3.6.2. Total soluble solid percentage (TSS %). 
Data in Table (6) show that, all foliar spraying treatments significantly increased TSS% 

compared with control treatment in 2017, 2018 and 2019 years, respectively. Washington navel 
orange trees sprayed with a mixture of (PUT) at 100 ppm + Potassium sulphate (K2SO4) 3% in three 
season gave the highest values TSS % compared with other treatments including control trees 
followed by spraying with (PUT)at 50 ppm + Potassium sulphate (K2SO4)2% increase TSS %. 
However, foliar application (PUT) at 100 ppm recorded the highest significant values of percentage of 
TSS than other ones treated (PUT) at 50 ppm. Furthermore, trees treated with Potassium sulphate 
(K2SO4) 3% a high positive effect on TSS percentage than trees treated with Potassium sulphate 
(K2SO4) 2%.These results agree with Kumar et al., (2017) reported that in guava Significantly the 
highest TSS % were found in plants sprayed with potassium sulphate at 2-3%compared with control. 
Josan et al., (1995) found maximum TSS was with foliar spray of 10% K2SO4 during 15th and 30th of 
May. Chanana and Gill (2008) reported that foliar application of K2SO4 improved total soluble solids 
in grapes cv .'Perlette'. Mostafa and Saleh (2006) reported that spraying Balady mandarin with 
different potassium forms enhanced total soluble solids content. Also, showed that 2 and 3% K2SO4 
concentrations gave the highest value of TSS% in both seasons as compared with control treatment, 
Tkano et al., (2007) found positive correlation between fruit TSS and leaf potassium content 
in‛Shimizu-Hakuto‟ peaches. Showed that 2 and 3% K2SO4 concentrations gave the highest value of 
TSS% in both seasons as compared with control treatment, Aly et al., (2015). On the other hand 
Kassem et al., (2012)found that spraying navel orange of PUT alone, PUT + GA3, and PUT+2, 4-D 
gave higher TSS% content than control trees in both seasons However, The highest TSS% was 
obtained by spraying Canino Apricot trees with Put at10-5mM Enas et al., (2010). 
 
3.6.3. Total acidity % 

The results shown in Table (6) revealed that, all treatments achieved significantly reduced total 
acidity (%) as compared with control treatment in 2017, 2018 and 2019 years, respectively. However, 
Washington navelorange trees sprayed with a combination of (PUT) at 100 ppm+ Potassium sulphate 
(K2SO4)3% recorded the lowest juice total acidity %contents as compared with other treatments and 
the control. Moreover, foliar application (PUT) at 50-100ppm significantly decreased acidity (%) 
comparing with control. Meanwhile, foliar spray with potassium sulfate (K2SO4) at 3% gave the 
lowest juice acidity contents compared with foliar spray with potassium sulfate (K2SO4) at 2% 
including control trees.These results agree with Chanana and Gill (2008) reported that foliar 
application of K2SO4 decreased fruit acidity in grapes cv.. Hamza et al., (2012) in Clementine citrus 
var. Cadoux, observed that with different K fertilization rates and number of foliar sprays (two or 
three) acidity was less than1.1%.Sarrwy et al.(2012)concluded that least fruit acidity was determined 
from trees sprayed “Balady”mandarin trees with KTS (potassium thiosulphate) at 1.5% with K2SO4 
0.5% chelated zinc sprayed in May and July.while, Vijay and Beniwal (2017)foliar application Sweet 
Orange with (2% and 3%) reduced acidity (%) as compared with control. Also, shows that total 
acidity of Canino fruits juice was decreased significantly by Put at10-5mM in both season as compared 
with control. Enas et al., (2010).However, Kassem et al., (2012) found that fruit acidity of navel 
orange was significantly decreased by PUT alone and PUT + GA3 than control trees in both season. 

 
3.6.4. T.S.S /acidity ratio 

The results in Table (6) Washington navelorange trees sprayed with a combination of (PUT) 
at100 ppm+ Potassium sulphate (K2SO4)3% gave the highest values in TSS/acid ratio as compared 
with other treatments and the control. Trees sprayed with Potassium sulphate (K2SO4) 2% recorded 
the lowest TSS/acid ratio in this respect as compared with other treatments. However, foliar spray 
with (PUT) at 50 -100 ppm significantly increased TSS/acid ratio as compared with control. These 
results agree with Enas et al., (2010). The highest SSC/Acidity ratio of Canino was obtained by 
spraying Put at10-5 mM (8.01and 9.33) in both seasons. Also, foliar sprays PUT alone and PUT + GA3 
increased TSS/Acidity ratio when compared with the control Kassem et al., (2012). Also, Pathak et 
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al., (2013) stated that higher rates 10 of both P and K markedly reduced the fruit acidity, however, 
increased TSS/acid ratio. 

 
Fig. 4.Total protein (%) 

Results in (Fig. 4) In this respect, Total protein (%) of the treatment (PUT) at100 ppm + 
Potassium sulphate (K2SO4) 3% gave the highest significant values (16.85, 17.24 and 17.87%) in 
2017, 2018 and 2019 years, respectively compared to the control and all other treatments. while 
control treatment gave the lowest value (12.95, 13.36 and 13.78%) in 2017, 2018 and 2019 years, 
respectively. Foliar spray of Potassium sulphate (K2SO4) 2- 3% significantly increased total protein 
(%) as compared to the control. These results agree Potassium is important in formation and 
functioning of proteins (Abd-Allah, 2006). Sood and Nagar (2003) concluded that, the retarding effect 
of polyamines on leaf senescence of rose species was reflected in increasing the reserve metabolites as 
chlorophyll, protein. The observed increases in leaf protein due to SA and Put application Dunkeld 
under drought stress may demonstrate the role of these growth regulators in the induction of stress 
proteins (Ma and Turner, 2006). 

  

Fig. 4. Effect of foliar application with putrescine, Potassium sulphate, and their combinations on  
           Total protein (%) of Washington navel orange trees during 2017, 2018 and 2019 seasons.  
 
3.7. Effect of foliar application with putrescine, Potassium sulphate and their combinations on            
       Fruit chemical characteristis (Total carbohydrates (%) Total sugars (%) and leaf macro-        
       elements) of Washington navel orange.   
3.7.1. Total carbohydrates (mg/g fresh wt). 

The results shown in Table (7) revealed that, all treatments achieved significantly increased 
total carbohydrates (mg/gas) compared with control treatment in 2017, 2018 and 2019 years, 
respectively. Washington navelorange trees sprayed with a combination of (PUT) at 100 ppm + 
Potassium sulphate (K2SO4) 3%gave significantly higher in totalcarbohydratesmg/g content than that 
of other treatments including the control in three seasons. While K2SO4 treatment either 2% or 3% 
significantly increased carbohydrates (mg/g) as compared with control. On the other hand, trees 
treated with Potassium sulphate (K2SO4)3%produced higher totalcarbohydrates mg/g than those 
treated with Potassium sulphate (K2SO4) 2% .These results agree with Potassium is important in 
formation and functioning of carbohydrates and chlorophyll and also, in maintaining the balance of 
salts and water in plant cells (Abd-Allah, 2006).showed that, Put treatments induced significant 
increases in sucrose, total carbohydrate contents of treated wheat plants over those of the untreated 
plants. El–Bassiouny et al., (2008).Application of putrescine in both‘on’ and ‘off’ years increased the 
leaf area, with this probably leading to more photo-assimilate syntheses and accordingly greater 
carbohydrate availability. Roussos et al., (2004). El–Bassiouny and Bekheta (2001) who showed that, 
external supply of Put increased the carbohydrate contents of wheat grains. Also, application of 
putrescine at the concentrations of 50, 100 and 150 ppm significantly increased total carbohydrates of 
Salvia splendens F.content giving 18.77, 24.74 and 26.32%), respectively over the untreated plants in 
the1st season. Similar trend was found in the 2nd season Kandil et al., (2015). 
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3.7.2. Total sugars (%) 
The results shown in Table (7) clearly indicated that, washington navelorange trees sprayed 

with combination of (PUT) at100 ppm + Potassium sulphate (K2SO4) 3% gave significantly the 
highest sugars % as compared with other treatments including control. However, spraying (PUT) at 
50-100 ppm significant increase of sugars percentage as compared to control. Also, K2SO4 treatment 
either 2% or 3% increased significantly sugars % as compared with control. These results agree 
spraying PUT alone, PUT +2, 4-D and PUT + GA3 resulted the highest total sugars content when 
with compared control in both seasons. Kassem et al., (2012). In this respect plant sprayed with 1 ppm 
Put accumulated more total sugars of cotton Giza 90 at 100 days DAP during 2011and 2012 seasons 
with 3000 and 6000 ppm salinity. Hanafy et al., (2013). Total sugars was significantly improved with 
PAs compared with control. (Saleem, et al., 2008). Moreover, Tisdale and Nelson (1966) reported that 
higher sugar content can be explained by the role of K in carbohydrates synthesis, break down and 
translocation and synthesis of protein and neutralization of physiologically important organic acids in 
mango. Furthermore, application of K100gm/ plant/year recorded total sugar (8%) of sweet orange cv. 
Kundu et al., (2009).The maximum total sugar was found in fruits treated with treatment K2SO4 2% 
(10.10%) increased with all the potassium treatments in Kinnow mandarin Pooja et al., (2020). 
Supplemental irrigation treatments i.e. 0mm/tree significantly increased sugars% of Fig Trees by 
potassium sulphate foliar application treatments i.e.1, 2 and 3% as compared to control in both 
seasons 2015 and 2016. Abd-El-Rhman et al., (2017).Moreover, sprayed with potassium in the form 
of potassium sulphate at 2.0%-3.0%. The possible reason for increase in per cent total sugars in guava 
Kumar et al., (2017). 
 

   

   
Fig. 5: Effect of foliar application with putrescine, Potassium sulphate,and their combinations fruit 
length (cm), fruit diameter (cm) , Fruits size and Juice volume (cm3) of Washington navel orange trees 
during 2017 , 2018 and 2019 seasons.  
 
3.7.3. Nitrogen 

The results in Table (7) showed that all foliar spraying treatments, resulted in increase leaf total 
nitrogen content compared with control in 2017, 2018 and 2019 years, respectively. Washington navel 
orange trees sprayed with a combination of (PUT) at100 ppm + Potassium sulphate (K2SO4) 3% gave 
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significantly higher in leaf nitrogen content than that of other treatments including the control in three 
seasons. Foliar spraying with (PUT) at100 ppm (alone) and Potassium sulphate (K2SO4) 3% (alone) 
clearly improved N percentage in leaves compared with control. These results agree sprayed Fig trees 
with K2SO42- 3% gave the highest significant nitrogen in both seasons. Abd-El-Rhman et al., 
(2017).Also, foliar application K2SO4 2-3% increased leaf nitrogen content in Sweet Orange Vijay 
and Beniwal (2017).However, Putrescine at 100 and 200 ppm showed the highest nitrogen contents of 
Artichoke. El-Abagy et al., (2010).Moreover, foliar application of Picual olive trees sprayed with 
PUT at 15 ppm  +  SAL at 200 ppm ASC at 2000 ppm in November exhibited the maximum leaf 
percentage of nitrogen (1.90%) Abd-Alhamid et al., (2019). 

 
3.7.4. Phosphorus% 

     The results in Table (7) revealed that, also, all spraying treatments increased leaf phosphorus 
content compared with the control in 2017, 2018 and 2019 years, respectively. Moreover, spraying 
trees with a combination of (PUT) at100 ppm +Potassium sulphate (K2SO4) 3% in three seasons, 
significantly higher in leaf phosphorus content than their leaves in the other treatments and the 
control. Foliar spraying with (PUT) at100 ppm (alone) produced higher leaf phosphorus content than 
those foliar spraying with (PUT) at 50 ppm + Potassium sulphate (K2SO4)2% . Washington navel 
orange  trees sprayed with Potassium sulphate (K2SO4) 3% recorded the highest significant values of 
(0.174, 0.176 and 0.182 ppm) in 2017, 2018 and 2019 years, respectively These results agree foliar 
application K2SO4 2-3% increased leaf Phosphorus content in Sweet Orange. Vijay and Beniwal 
(2017). Also, Abd-El-Migeed et al., (2000) reported that mineral status of Hamlin orange trees with 
respect to P content in the leaves was markedly enhanced by NPK sprays. In Washington Navel 
orange, Abd-Allah (2006) observed that highest phosphorus content in leaves was recorded by 
K2HPO4 (during full bloom stage) in the1stand 2nd seasons sequently. However, foliar application Fig 
Trees with K2SO4 3% gave the highest significant leaf Phosphorus content in both seasons. Abd-El-
Rhman et al., (2017). Also, foliar application of Put treatments induced significant increases in P 
contents in shoots of wheat plants compared to those of the untreated control plants. El–Bassiouny et 
al., (2008).Foliar application of Picual olive trees sprayed with PUT at 15 ppm +  SAL at 200 ppm + 
ASC at 2000 ppm in November exhibited the maximum leaf percentage of Phosphorus (0.255 and 
0.254%) and the other treatments were in between range. Abd-Alhamid et al., (2019).     

  
3.8. Effect of foliar application with putrescine, Potassium sulphate, and their combinations on                         
       Fruit chemical characteristics leaf macro-elements and micro elements of Washington navel     
      orange. 
 
3.8.1. Potassium 

The results in Table (8) all treatments increased the percentage of potassium than control in 
2017, 2018 and 2019 years, respectively. However, spraying trees with a combination (PUT) at 100 
ppm +Potassium sulphate (K2SO4) 3%in three seasons, significantly higher in leaf potassium content 
than their leaves in the other treatments and the control. sprayed with (PUT) at 100 ppm alone 
produced higher leaf potassium content than those foliar spraying with Potassium sulphate (K2SO4) 2- 
3%.These results agree (Vijay et al., 2016b) reported that There was significant increase in leaf K 
content with the foliar application of K₂SO₄ in sweet orange. Boman (1997) suggested that spraying 
K2SO4 is more effective than soil application to correct K problem in grape fruit. However, foliar 
application K2SO4 2, 3% gave the highest significant leaf potassium content of Fig trees in both 
seasons. Abd-El-Rhman et al., (2017). However, foliar spray with potassium sulfate (K2SO4) at 0.5% 
increased leaf potassium of Valencia orange leaves compared with the control was reported by 
Ibrahim and Wasfy 2014. Also, spraying K increased leaf concentration of K in grapevine (Karimi, 
2017). However, foliar sprays Artichoke with put 50, 100, 200 increased leaf potassium content when 
compared with the control in two seasons. El-Abagy et al., (2010).while, foliar application with Put 
(1.25, 2.5 and 5mM) induced significantin creases in leaf potassium contents in shoots of wheat plants 
compared to those of the untreated control plants El– Bassiouny et al., (2008). 
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Table 7: Effect of foliar application with putrescine, Potassium sulphate and their combination on Total carbohydrates (%)Total sugars (%), and leaf macro-

elements of Washington  trees during 2017, 2018 and 2019 seasons. 

Treatments 
Total carbohydrates (%) Total sugars (%) N% P% 

2017 2018 2019 2017 2018 2019 2017 2018 2019 2017 2018 2019 

Control (spray water only) 14.50g 14.58f 14.60f 9.25 g 9.32f 9.42 f 2.00 g 2.06 g 2.09 g 0.153 g 0.154 g 0.159 g 

Potassium sulphate K2SO4 2% 17.06f 17.28e 17.46e 10.23e 10.36 e 10.56e 2.44 f 2.47 f 2.53 f 0.170 f 0.172 f 0.178f 

Potassium sulphate K2SO4 3% 17.62e 17.86d 18.22d 11.28 b 11.42b 11.65b 2.51 e 2.53 e 2.59 e 0.174 e 0.176 e 0.182e 

Putrescine (PUT) at 50ppm. 18.48 d 18.68c 18.95c 10.12 f 10.28e 10.48e 2.60 d 2.62d 2.68 d 0.183 d 0.185 d 0.187 d 

Putrescine (PUT) at 100 ppm. 18.72c 18.85c 19.15c 11.14 c 11.30 c 11.54c 2.68 b 2.70 b 2.74 b 0.194 b 0.197 b 0.198 b 

Putrescine (PUT) at 50 
ppm+Potassium sulphate (K2SO4) 
2%. 

19.25b 19.48b 19.85b 10.46d 10.52d 10.78d 2.65 c 2.67 c 2.72 c 0.186 c 0.189 c 0.193 c 

Putrescine (PUT) at 100 
ppm+Potassium sulphate (K2SO4) 
3%. 

20.83 a 21.22a 21.75a 11.43a 11.62a 11.85a 2.74a 2.79a 2.86 a 0.206a 0.213 a 0.218 a 

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

Table 8: Effect of foliar application with putrescine, Potassium sulphate and their combinations on leaf macro-elements and micro element of Washington 
navel orange trees during 2017, 2018 and 2019 seasons. 

Treatments 
K % Mg % Fe ppm Znppm 

2017 2018 2019 2017 2018 2019 2017 2018 2019 2017 2018 2019 

Control (spray water only) 1.02g 1.06f 1.08 f 0.61f 0.64f 0.68 f 105.75f 114.20f 118.35f 52.10d 55.90e 57.47e 

Potassium sulphate (K2SO4) 2% 1.12f 1.16e 1.21e 0.72e 0.74e 0.76de 120.33e 126.22e 128.36e 62.80cb 65.10d 68.33dc 

Potassium sulphate (K2SO4) 3% 1.22e 1.28d 1.35d 0.75d 0.76d 0.79 e 131.22d 142.45d 148.38d 64.22c 67.45d 70.25 d 

Putrescine (PUT) at50 ppm 1.41d 1.49c 1.52c 0.82c 0.85c 0.87d 140.12c 150.66c 158.25c 72.13 b 76.52c 78.32c 

Putrescine (PUT) at 100ppm 1.58b 1.61a 1.66b 0.85b 0.91b 0.93 c 149.32a 162.34a 167.75a 76.24 a 79.55a 81.63ab 

Putrescine (PUT) at 50 
ppm+Potassium sulphate (K2SO4) 
2%. 

1.50c 1.56b 1.59ab 0.94a 0.97a 1.02a 145.33b 154.38b 163.56b 75.20 a 82.45a 84.37 a 

Putrescine (PUT) at 100 ppm+ 
Potassium sulphateK2SO4 3%. 

1.67a 1.70a 1.78a 0.92a 0.95a 0.98b 152.37a 165.45a 168.36a 78.56 a 85.45a 86.38 a 

Means in the same column followed by the same letter(s) are not significantly different at 5% probability 
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3.8.2. Magnesium 
The results in Table (8) revealed that all foliar sprays increased leaf Magnesium content when 

Compared with the control in three seasons. Sprayed with a mixture (PUT) at 50 ppm +Potassium 
sulphate (K2SO4) 2% gave higher in leaf magnesium content their magnesium than the control in 
2017, 2018 and 2019 years, respectively. However, foliar sprays Potassium sulphate (K2SO4) at 2- 3 
% increased leaf Magnesium content during three seasons compared with the control. These results 
agree.Abd-El-Rhman et al., (2017).reported that foliar sprays Fig trees with K2SO43% gave the 
highest significant leaf Magnesium in both seasons. However, foliar spray with potassium sulfate 
(K2SO4)at 0.5% increased leaf Magnesium of Valencia orange leaves compared with the control was 
reported by Ibrahim and Wasfy 2014. .Meanwhile, Hanafy et al., (2013) reported that foliar sprays of 
Cotton Plants withPut 2-3 ppm gave the highest significant leaf Magnesium content under different 
levels of salinity during 2011and 2012 seasons. Also, foliar application of putrescine at the rates of 
50, 100 and 150 ppm significantly increased the content of magnesium in salvia plants by 0.64, 
0.67and 0.69 % compared to the untreated plants which recorded 0.51% in the 1st season. The same 
trend was found in the 2nd season. Kandil et al., (2015).Magnesium contents responded significantly 
to the Putrescine treatments of 100 and 200 ppm El-Abagy et al., (2010). 
 
3.8.3. Leaf iron content (ppm) 

The results in Table (8) revealed that all foliar sprays significantly increased Leaf iron content 
over control during in 2017, 2018 and 2019 years, respectively. Washington navel orange trees 
sprayed with combination of (PUT) at 100 ppm + Potassium sulphate (K2SO4) 3% statistically had the 
richest leaves iron content in 2017, 2018 and 2019 years. Meanwhile, foliar sprays with of (PUT) at 
100 ppm (alone) produced higher leaf iron content than those foliar spraying with combination of 
(PUT) at 50 ppm + Potassium sulphate (K2SO4) 2%.and foliar spraying with (PUT) at 50 ppm 
(alone).Furthermore, foliar application of Potassium sulphate (K2SO4) 3%gave the highest leaf iron 
content compared with foliar application of Potassium sulphate (K2SO4) 2% including control trees 
during three season. These results agree Putrescine at 50, 100 and 200 ppm showed the highest leaf 
iron contents of Artichoke El-Abagy et al., (2010). The highest leaf concentration of Fe was found in 
foliar application ‘Chrokeh’ pistachio of2% K2SO4+1% ZnSO4 and1% K2SO4+1% ZnSO4 treatments 
which led to 42-54%  increase in concentration of this element134.65-145.911ppm compared with the 
control value of 94.33ppm Mohammad et al., (2019). 

 
8.4. Leaf zinc content (Zn ppm) 

The results in Table (8) spraying trees with a combination of (PUT) at 100 ppm + Potassium 
sulphate (K2SO4) 3% in three seasons, significantly higher in leaf zinc content than their leaves in the 
other treatments and the control. Also, trees sprayed with Potassium sulphate (K2SO4) at either 2 or 
3% increased leaf zinc content compared with the control. These results agree Abd-Alhamid, et al., 
(2019) reported that Picual olive trees spray with putrescine (PUT) at 15 ppm increased the content of 
zinc compared with the control. Furthermore, leaf concentration of Zn markedly increased from 12.15 
ppm in the control to 26.09 ppm (more than two times increase) under 2% K2SO4+1% ZnSO4 
treatment, Mohammad et al., (2019). 
 
Conclusions 

Washington navel orange plays a dominant role not only in the local market, but also for 
exportation as it is considered as one of the major citrus fruit crops in Egypt.Washington navel orange 
trees sprayed with putrescine, Potassium sulphate either individually or combination improved 
vegetative growth, physicaland chemical parameters, the tree nutrient status, yield and fruit quality 
compared with the control treatment in 2017, 2018 and 2019 seasons, respectively. especially sprayed 
with putrescine (PUT) at100 ppm + Potassium sulphate K2SO4 3% gavethehighestvalues of vegetative 
growth, fruit set (%), fruits retention (%), yield /treeandyield T/ha, number of fruits/ tree, weight of 
fruits (g), Juice volume (cm3), fruit pulp weight (g), fruit length (cm)and fruits size (cm3), peel 
thickness (mm), Chlorophyll (a) & (b) & (a+b) (mg/g fresh wt) vitamin C content (mg /100mL juice), 
T.S.S%, T.S.S /acidity %, Total protein (%), Total sugars (%), and Total carbohydrates (mg/g), 
Moreover, recorded the lowest fruits drop (%), softening (%) and juice total acidity %, Meanwhile, 
increased leaf mineral contents (N, P, K, and Fe , Zn ppm) as compared with other treatments 
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including control trees in 2017, 2018 and 2019 years. delaying ethylene emission. Polyamines have 
been reported to reduce softening, delay senescence. It can be concluded that foliar application of 
(PUT) and K2SO4 is necessary for obtaining better fruit yield in quantity and quality in Washington 
navel orange trees. 
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	ABSTRACT
	Potassium plays an important role in various physiological and biochemical process vital to the plant growth, yield and quality and in stress conditions (Marschner 1995).Citrus fruit tree takes up higher amount of potassium (K) as compared to other macronutrients (Alva and Tucker,1999; Ashraf et al., 2010) because it has a key role in many key physiological processes like water relations, opening and closing of stomata, cell division, formation of sugars and starch, neutralization of organic acids, synthesis of proteins, and activation of enzymes, etc.(Liu et al., 2000; Srivastava and Singh, 2006; Ashraf et al., 2008) potassium is associated with the movement of water, nutrients and carbohydrates in plant tissue .It, s involved with enzyme activation within the plant, which affects protein, starch and adenosine triphosphate (ATP) production .The production of ATP can regulate the rate of photosynthesis. Often, concentration of K in soil are too low to support health plant growth. potassuim was the only element which exhibited a low or deficient in different Egyptian soils (Khalifa et al., 2001).Foliar potassium sprays can be an effective method to shorten the time required for uptake compared to soil application (Embleton et al., 1966). It is important macronutrient in nutrition of citrus trees to regular, large-scale production of high fruit quality (Miller et al., 1990).
	Potassium sulfate (K2SO4) is an excellent source of K nutrition for plants .It also supplies a valuable source of S, which protein synthesis and enzyme function require. Like K, S can also be too deficient for adequate plant growth.K2SO4 one product for a variety of application, which is characterized by a low chlorine content. Potassium sulphate can be used as a raw material, activator. In such cases, K2SO4 makes a very suitable K source (Darlene et al., 2003). 
	Polyamines (PAs) are organic polycations having variable hydrocarbon chains and two or more primary amino groups in plants, the most common PAs are putrescine (PUT) (Kalac and karusová, 2005).Polyamines are biological compounds with low molecular weight and aliphatic nitrogen groups; and are present in all living organisms (Cohen, 1978). PAs are involved in a large spectrum of physiological processes such as flower initiation and fruit set (Prista and Voyiatzis, 2004); cell division (Galston, 1983); growth and development (Malik and Singh, 2004); stress (Kakkar and Sawhney, 2002); fruit abscission (Malik and Singh, 2003); and ripening (Torrigiani etal., 2004). PAs play an important role in growth and developmental processes in plants (Bradócz et al., 1993). It has been reported that PAs are involved in early fruit development in several species (Crisosto et al., 1988; Egea-Cortines and Mizrahi, 1991). It has been previously reported that PAs are one of the essential members of several internal components required for flower initiation and floral morphogenesis (Evans and Malmberg, 1989). Polyamines increase pollen tube growth and fruit set by stimulating pollen germination (Liu et al., 2006) and lengthens pollen tube (Aloisi et al., 2015). Polyamines reduce flower drop and fruit by competing with ethylene synthesis due to having the same precursor s- adenosyle methionine (Khezri et al., 2010). Polyamines are thought to prevent senescence by inhibiting the formation of enzymes that are essential to ethylene synthesis (Roberts et al., 1986; Ke and Romani, 1988) showed that the application of putrescine (PUT) decreased the percentage of fruit abscission, which shows the inhibitory role of polyamines in fruit abscission (Arias et al., 2005; Dios et al., 2006).
	Polyamines (PAs) (putrescine) have been linked with fruit ripening and the endogenous concentrations of PAs are involved in the ripening of fruit (Valero et al., 2002; Pandey et al., 2000).However, the exogenous application of PAs delays the fruit ripening process in apricot (Paksasorn et al., 1995), peaches (Bregoli et al., 2002), mango(Malik and Singh, 2006), nectarine (Torrigiani et al., 2004) and plum(Khan et al., 2007).The application of putrescine (PUT) in both years at the different stages of application increased the crop yield of pistachios, possibly due to the role of polyamines in improving reproductive growth fertilization as well as subsequent embryo and fruit development (Galston and Kaur et al ., 1990). Endogenous polyamines are involved in flower development in sweet orange (Sagee and Lovatt, 1991) and fruit growth of Murcott mandarin (Nathan et al., 1984).Citrus fruit growth and development is complex and is coordinated by changes in endogenous levels of one or more plant hormones, including polyamines (El-Otmani et al.,1995). PAs might play a key regulatory role in citrus morphology and shoot system architecture as well, through controlling the plant response(s) to the auxin/cytokinin ratio. Therefore, we suggest that the interaction between PAs and auxin/cytokinin ratio in citrus tissues determines the initiation of shoot buds (Steiner et al., 2007; Shimizu et al., 2009). Likewise, putrescine (PUT) and spermidine were higher in the apical flowers of inflorescences initiated in response to eight weeks of low-temperature stress (Kushad et al., 1990; Sagee and Lovatt, 1991). In addition, due to the cationic nature of PAs, they can bind to negatively-charged macromolecules, such as nucleic acids (DNA and RNA), acidic phospholipids, and numerous types of proteins (Cohen et al., 1998). In citrus, fruit set may be affected by tree genetics (such as variety, rootstock, and cultivar), environmental conditions (before, during, and after bloom), and/or endogenous factor (such as carbohydrate competition, phytohormones homeostasis, and PAs content) (Ali et al., 1993; Trénor et al., 2010).
	The foliar application were as follow: 
	T1- Control (sprayed with water only). 
	T2-Tree sprayed with Potassium sulphate (K2SO4) 2%.
	T3-Tree sprayed with Potassium sulphate (K2SO4) 3%.
	T4-Tree sprayed with putrescine (PUT) at 50 ppm.
	T5-Tree sprayed with putrescine (PUT) at 100 ppm.
	T6 -Tree sprayed with (putrescine (PUT) at 50 ppm+ Potassium sulphate (K2SO4) 2%).
	T7-Tree sprayed with (putrescine (PUT) at 100 ppm+ Potassium sulphate (K2SO4) 3%).
	       The all spraying treatment and their combinations were spared three times of three experimental seasons, the first spray applied at the mid of March, the second spray was applied at full bloom (mid of April), the third spray after fruit set (2nd week of May) of each season. Each spray treatment and their combinations was replicated three time with three tree for each replicate ‘Tween 20’ (0.01%) was used as a surfactant for the aqueous solutions of the polyamines.
	     Number of leaves/shoot.
	2.2. Productivity measurements
	At harvest, samples of ten fruits of each tree replicated three times were devoted to determine the following fruit characteristics: Fruit weight (g), fruit size (cm3), fruit diameter (cm), fruit length(cm), Fruit pulp weight (g), Fruit peel weight (g), Juice volume (cm3), peel thickness (mm), softening (%). 
	2.3. Fruit chemical characteristic
	2.4. Chemical analysis of leaves
	The end of spring growth cycle in September, fresh leaf samples were collected from all four directions of each tree. Leaf collection started at the fourth leaf from the top of non-bearing shoots only. Leaves were washed three times with tap water, and then washed using distilled water. The comparative extraction of chlorophylls (Chlorophyll-a, Chlorophyll-b, total chlorophyll) and carotenoids from cultivated some non-leguminous fodder crops by 80% Acetone as extraction method (Arnon, 1949).The Spectrophotometric determination of absorbance for Chlorophylls and Carotenoids 
	3. Results and Discussions
	3.1. Effect of foliar application with putrescine, Potassium sulphate  and their combinations on    
	       vegetative growth of Washington navel orange .                  
	Results presented in Table (1) indicate that shoot length (cm), shoot diameter (mm) and number of leaves/shoot were significantly affected by Potassium sulphate, putrescine and their combinations spray in the three seasons. Foliar spray with a mixture of putrescine (PUT) at 100 ppm + Potassium sulphate (K2SO4) 3% treatment showed the highest effect on shoot length(cm), shoot diameter(mm) and number of leaves/shoot in 2017, 2018 and 2019 seasons, respectively. However control treatment had the lowest values in the three seasons. Moreover, spraying washington navel orange trees with potassium sulphate at 2 to 3% had significant increased the main shoot length, shoot diameter (mm) and number of leaves/shoot in the spring growth cycle rather than the control treatment .According to Wu et al., (2012) application of putrescine significantly increased plant height, stem diameter, leaf number per plant and shoot of trifoliate orange (P. trifoliata) seedlings compared with the non-treated plants. Abd-Alhamid (2019). who found that Picual olive trees sprayed with PUT at15 ppm + SAL at 200 ppm + ASC at 2000 ppm recorded the largest shoot length (26.40 and 25.11 cm) and the highest number of leaves/shoot (35.12 and 43.61) in the first and second seasons respectively. Increased vegetative growth of gladiolus plant was observed by during the vegetative stage (Nahed et al., 2009).  However, El-Abagy et al., (2010) reported that foliar spraying Artichoke with putrescine 50 and 100 ppm significantly produced higher plant height (cm) number of leaves/plant compared to control. According to the results, application Pistachio trees with putrescine 0.1 - 0.2 mM significantly increased the Shoot diameter (mm), Shoot Length (cm) during ‘off’ years and at the stages of application  Mahin et al., (2019). Putrescine, a new plant growth regulator, belonging to polyamines, is reported for its beneficial effects on plant growth under environmental stresses (Perez - Adamor et al., 2002). Citrus growth might be due to the fact that PAs acts as a hormonal second-messengers of cell proliferation and dierentiation in many processes Steiner et al., (2007) or regulates the plant sensitivity to auxins/cytokinins ratio (Cui et al., 2010 and Geuns et al., 2001). Furthermore, Abd-El-Rhman et al., (2017) who found that foliar application potassium sulfate with K2SO4 2% increased shoot length (cm), number of leaves/shoot of Fig trees (Ficus carica L.). However, foliar application with 3% K2SO4 surpassed significantly all foliar treatments and achieved the highest values, as compared with the control treatment in the1st and 2nd seasons.
	3.2. Effect of foliar application with putrescine Potassium sulphate and their combinations on   
	        Productivity measurements (Fruit set (%), Fruits retention (%), Fruits drop(%), yield /tree   
	      (kg), and yield T/ha) of Washington navel orange.      
	Results presented in Table (2), Fig.1.show that different treatments of Potassium sulphate, putrescine and their combinations  increased the percentage of fruit set, fruits retention (%), yield /tree (kg), yield T/ha and decreased fruit drop percentage compared with the control in the three seasons. However, spraying Navel orange trees with potassium sulphate (K2SO4) at 3% recorded the highest significantly of fruit set percentage, fruits retention (%) and yield /tree (kg), yield T/ha and decreased fruit drop percentage compared with spraying K2SO4 2% and the control. Furthermore, spraying of putrescine (PUT) at 100 ppm significantly increased initial fruit set percentages, fruit retention percentages, yield (kg/tree), Yield T/ha and decreased fruit drop percentage as compared with spraying of putrescine (PUT) at 50 ppm and the control percentage. Meanwhile, foliar application with a mixture of (putrescine (PUT) at 100 ppm + Potassium sulphate (K2SO4 3%) recorded the highest significant values of percentage of fruit set, fruits retention (%), yield /tree (kg), Yield T/ha and the lowest significant values of fruit drop percentage compared with other treatments including control trees. This result agree with Aly et al., (2015) indicated that foliar application Washington Navel Orange with 2 and 3% K2SO4 treatments gave the highest values of yield /tree (kg), yield weight/feddan (ton) as compared with control treatment in both seasons. Also, Abd-El-Rhman et al. (2017) found that foliar application with 2- 3% K2SO4 on Fig trees (Ficus carica L.) increased yield /tree (kg), Yield kg /ha as compared with control. Embleton et al., (1973) suggested that both soil and foliar K2SO4 application considerably increased fruit yield, in Valencia ‟ oranges. In addition, Yadav et al., (2014) reported that foliar application of K2SO4, (1, 2 %) in Banarasi‟ and Karaka per cultivars improved fruit retention, Meanwhile, Elsabagh (2012) concluded that K2SO4 sprayed on date palm cv. Deglet Nour ‟ bunches, six week after pollination increased fruit retention (%), as compared to the control., El-Fangary (1998) reported that foliar application of K had positive effect on leaf mineral content, fruit set and yield in citrus trees. Anyhow, Rao et al., (2004) advocated that spraying K2SO4 (2.0%) and ZnSO4 (0.4%) at the time of fruit setting stage proved most effective in reducing fruit drop and increasing yield in ber cv. Banarasi karaka. He concluded that raising the K concentration and the number of foliar application increased tree fruit yield in“Balady” mandarin Sarrwy et al., (2012). On the other hand, Laila et al. (2020) foliar application Picual olive trees with putrescine (PUT) at 15-30 ppm significantly increased Yield (kg/tree) than the control in both seasons. Also, Enas et al., (2010).The highest Apricot yield was observed with spraying Putrescine at full bloom stage with10-5 mM (33.64 and 34.60 Kg/tree) and markedly increased fruit set, fruit retention in both seasons, respectively. Saleem et al., (2008). Likewise, exogenous application of 0.01mM aqueous solution of PAs (putrescine) spermidine or spermine) significantly increased the initial fruit set of ‘Blood Red’ sweet orange (C. sinensis). Moreover, the influence of polyamines in increasing fruit set has been observed in apples, and pears (Costa, and Bagni 1983; Crisosto et al., 1988; Crisosto,et al.,1992). Moreover, polyamines have been reported to reduce the fruit drop by maximizing the fruit retention and increasing the yield in many fruits including mango (Singh and Singh, 1995; Singh and Janes; 2000; Malik and Singh, 2003; Malik and Singh, 2006). The positive influence on decreasing fruit drop by the sprayed substances in our study is obvious. It is well established that plant growth regulators are involved in control of abscission (Sexton and Robersts 1982), Furthermore, the present study showed that the application of putrescine decreased the percentage of fruit abscission, which shows the inhibitory role of polyamines in fruit abscission (Arias et al., 2005;Dios et al., 2006).In addition, the application of exogenous polyamines to peaches under field conditions before the on set of autocatalytic ethylene production, delayed and reduced it Bregoli et al., (2002). Also, El-Abagy et al., (2010) reported that foliar application putrescine with (50, 100 and 200 ppm) on Artichoke (Cynara Scolymus L.) in both seasons, gave the highest values of number of flowers/plant, early, yield/plant (kg), Total yield/plant (kg) early to total yield (%) as compared with control especially with high concentration of putrescine Kobra and Majid (2014). found that Initial, secondary fruit drop was significantly reduced in 0.1 mM and1.0 mM putrescine application and increases fruit yield kg cluster of Date palm of ‘Kabkab’(Phoenix dactylifera L.) compared to the control.
	/
	Fig. 1. Effect of foliar application with putrescine, Potassium sulphate, and their combinations
	             on Yield T/ha of Washington navel orange trees during 2017, 2018 and 2019 seasons .                                           
	3.3. Effect of foliar application with putrescine, Potassium sulphate and their combinations on             
	      and Peel weight (g)) of Washington navel orange.         
	        The results shown in Table (3) indicated that spraying Washington navel orange with Potassium sulphate, putrescine either individually or combination increased number of fruits/tree as compared with control during three studied seasons. The highest values of number of fruits/tree were obtained by using (PUT) at100 ppm + K2SO4 3% during 2017, 2018 and 2019 seasons, respectively. The results also, showed that the foliar application of Washington naval orange with K2SO4 3% increased number of fruits/tree as compared with control. These results agree with (Singh et al., 1979) reported that the increase in the number of fruits due to K application can be attributed to the improvement in vegetative growth of grapes cv. Perlette. However, (Aly et al., 2015) found that foliar application navel orange with 2 and 3% K2SO4 treatments gave the highest values of average number of fruits per tree as compared with control in both seasons. Moreover, applying the Zn and K significantly increased the number of fruits per tree by 7.40 and 10.12% respectively. Also, Abd-Allah (2006) reported that numbers of fruits per tree were significantly increased by application of K in combination with other macro and micro nutrients (during full bloom stage) in Washington Navel orange. Sangwan et al., (2008). Likewise, foliar application Kinnow mandarin with putrescine (20 mM) and spermidine (10 mM) significantly increased the number of the total flower per tree (Ali and Lovatt 1994). In addition, Polyamines increased the number of fruits per tree of apple (Costa and Bagni, 1983).
	3.3.2. Weight of fruits (g)
	The results shown in Table (3) indicated that weight of fruits (g) was significantly increased by different spraying treatments as compared with control in three studied seasons. Foliar application of K2SO4 (2 %) substantially increased weight of fruits (g). Moreover, maximum (324.52, 330.35 and 336.44) weight of fruits (g) was obtained with the application of K2SO4 (3%) than the control during 2017, 2018 and 2019 seasons. Foliar spray with PUT at 50-100 ppm on Washington Navel orange trees increased weight of fruits (g) as compared with control. However, foliar application with a combination of (PUT) at 100 ppm + (K2SO4) 3% gave significantly higher weight of fruits (g) than that of other spraying treatments and the control. These results agree with Aly et al., (2015) 
	Concerning 3% K2SO4 treatment caused a higher and significant increasing in weight of fruits per tree (kg) of Washington navel orange trees in 2013 and 2014 seasons. Furthermore, in apple cv Anna, the highest fruit weight was obtained with the spray of K2SO4 (1.5%) (Kilany and Kilany 1991). However, Josan et al. (1995) noticed an increase in average fruit weight of lemon fruits receiving foliar spray of 10 % K2SO4 at 15th and 30th of May. Vijay et al., (2016). Also reported increased average fruit weight with application of K2SO4 3% in sweet orange cv. Jaffa. The results also find support from the work done by Gill et al., (2012) in Patharnakh ‟pear suggested that fruit weight was improved by foliar sprays of K nutrient. Moreover, Foliar application of K2SO4 (3.0 %) increased fruit weight in ‛Black Star‟ plums and ‛Royal Glory‟ peaches and suggested that higher efficiency of foliar sprays than fertigation, especially sprayed during stage-III (Ben- Mimoun et al ., 2009). Laila et al., (2020) foliar application with putrescine (PUT) at 15-30 ppm at December increased fruit weight (g) of "Picual" olive trees than the control in both seasons. Meanwhile, Abo-El-Ez et al., (2018) foliar spray with 10-10 mM/Lit (PUT) + Multi-micronutrient treatment gave the maximum values (220.80, 234.90) of fruit weight (g) of Valencia orange when compared with control. Costa, et al., (1986) pointed out that improvement in fruit weight by putrescine application might be due to the role in cell division leading to improved weight of fruits. Also, Ayad et al., (2011) found that spraying putrescine at full bloom increased fruit weight of picual olive.
	 Data presented in Table (3) clearly indicated that, in three seasons, trees sprayed with combination of (PUT) at 100 ppm plus (K2SO4) 3% gave significantly the highest Juice volume (cm3) compared with other treatments including control. However, (K2SO4) spray treatment at either 0.2% or 3% to Washington Navel orange trees increased Juice volume (cm3) compared to the control. Furthermore, trees foliar spray (PUT) at 100 ppm produced higher Juice volume (cm3) than other ones foliar spray (PUT) at 50 ppm observed in the control treatment in 2017, 2018 and 2019 years respectively. These results agree with (Jones and Embleton 1960) In case of lemons, juice content slightly increased in the fruits produced from the trees that received K application compared with those of the trees without K application. Kundu and Biswas (2009) observed that the juice content was highest K 100 gm/plant/year (juice content 33.90 %) in sweet orange cv. Also, Hamza et al., (2012) the increase in the number of foliar application for a given concentration of either 5 and 8% KNO3 or 2.5 and 4% K2SO4 is accompanied by an increase in fruit juice content. EL-Tanany and Hanaa  (2019)
	reported that foliar sprays with potassium sulphate 1-2% increased Juice volume (cm3) of Valencia orange fruits during both  seasons. These results also agree with Abo-El-Ez, et al., (2018). Fruit juice
	volume (cm3) in the Valencia oranges was increased in treatment 10-3 m M/Lit (PUT)(129.80) and (89.43) in both seasons, respectively.
	3.3.4. Peel weight (g)
	3.4. Effect of foliar application with putrescine, Potassium sulphate and their combinations on          
	        Fruit physical characteristis (Fruit pulp weight (g), fruit length (cm), fruit diameter (cm),  
	       Fruits size (cm3), peel thickness (mm) and softening (%)) of Washington navel orange.
	3.4.2. Fruit length (cm) 
	The results shown in Table (4), revealed that, all treatments achieved significantly increased in an average fruit length during three experimental seasons as compared with control treatment. Also revealed that fruit length (cm) of Washington Navel orange trees increased with increasing the levels of K2SO4 foliar application where the highest value (8.68, 8.82 and 9.32) was noticed at 3% K2SO4.Foliar spray with a mixture of putrescine (PUT) at 100 ppm +Potassium sulphate K2SO4 3% gave the highest fruit length (cm) compared with control and other treatments in 2017, 2018 and 2019 years, respectively. However, foliar spray with (PUT) at 100 ppm gave high fruit length compared with control. These results agree with Pooja et al., (2020) who found that observed maximum fruit length (cm) in Kinnow mandarin with foliar application of K2SO4 2%. Abd-El- Rhman et al., (2017).reported that foliar application with K2SO4 at either 2% or 3% on Fig Trees, in both seasons, gave the highest values of average fruit length (cm) as compared with control. However, Laila et al., (2020). Foliar application of PUT at 15 ppm + SAL at 200 ppm recorded the highest value of fruit length of Picual olives in both studied seasons. Furthermore, the highest fruit length (38.7 mm) was obtained with putrescine 1.0 mM treatment, which was obtained Date (Phoenix dactylifera L.) with putrescine 1.0 mM significantly higher than the control. Kobra and Majid (2014). Moreover, El-Abagy et al., (2010) reported that foliar application putrescine with (50, 100 and 200 ppm) on Artichoke (Cynara Scolymus L.) in both seasons, gave high values of Length (cm) as compared with control.
	Data of the present investigation in Table (4) clearly indicate that all foliar spraying treatments increased average fruit diameter (cm) in 2017, 2018 and 2019 years, respectively. Foliar application with a combination of (putrescine (PUT) at 50 ppm + Potassium sulphate K2SO4 2%) gave significantly the highest fruit diameter (cm) compared with other treatments including control. However, foliar sprays Washington navel orange with K2SO4 2% and 3% increased average fruit diameter (cm) in three seasons as compared with the control .Meanwhile, trees treated with K2SO4 3% produced higher diameter fruit (cm) than those treated with K2SO4 2% in three season. Also, foliar application putrescine with100 ppm gave high values of diameter (cm) as compared with foliar sprays with (PUT) at 50 ppm including control trees , These results agree with Mostafa and Saleh (2006) reported that spraying potassium using different forms had a positive effect on fruit diameter of Balady Mandarin. Moreover, Pooja et al., (2020) who found that the maximum fruit diameter was found in Kinnow mandarin with the foliar application K2SO4 2%. Aly et al., (2015) foliar application with 2- 3% K2SO4 gave the highest values of average fruit diameter (cm) of Washington Navel orange in both seasons as compared with control. Abd-El-Rhman et al., (2017). Foliar application with K2SO4 2 and 3% significantly increased fruit diameter of Fig Trees (Ficus Carica L.) compared to the control. Omaima and El-Metwally (2007) reported increase in Washington Navel orange fruit diameter with foliar application of potassium and in combination with zinc ( sprayed thrice during mid Februar,   mid March and last of April).Josan et al., (1995) reported an increase in fruit diameter of lemon fruits receiving foliar spray of 10% K2SO4 at 15th and 30th of May. Furthermore, Vijay and Beniwal (2017) Fruit diameter was recorded highest (7.30 cm) foliar Sprays Sweet Orange with K2SO4 3%.(Gill et al., 2005) observed that all the Ktreatments significantly increased the fruit diameter with highest in Multi K 2% treatment I Kinnow mandarin. Moreover, sprayed Picual olives tree with putrescine (PUT) at 15-30 ppm increased fruit diameter (cm) as compared with control in the first and second seasons, sequently. Laila et al., (2020). While, El- Abagy et al., (2010) reported that foliar spraying Artichoke with putrescine 50, 100 and 200 ppm significantly produced higher average fruit diameter compared to control. Enas et al., (2010) Spraying Canino apricot trees with Put at 10-5mM recorded the highest value of fruit width (3.86 and 3.88 cm) in the two seasons, respectively. On olive, Ayad et al., (2011) mentioned that foliar application of putrescine significantly increased fruit diameter.
	3.4.4. Fruits size (cm3)
	Data in Table (4) indicated that spraying Washington navel orange with putrescine (PUT), Potassium sulphate K2SO4 either individually or combination improved fruit size (cm3) in 2017,2018 and 2019 years, respectively, Foliar application with a combination of putrescine (PUT) at 100 ppm + Potassium sulphate K2SO4 3% gave significantly higher fruit size (cm3), rates than compared with other treatments including control. Besides, foliar sprays with K2SO4 treatment either 2% or 3% gave the highest values of average fruit size (cm3) as compared with control. However, trees treated with (PUT) at 100 ppm showed high positive response in fruit size (cm3), than those treated with (PUT) at 50 ppm. These results agree with foliar feeding of Potassium has played the crucial role in the enhancement of fruit size in various fruit crops (Embleton et al 1966, Reitz and Koo 1960), Also, potassium improves fruit yield, fruit size (Geraldson 1985). Gill et al., (2012) studied the effect of single, two or three foliar sprays of KNO3 and K2SO4 (1.0, 1.5, 2.0%) on fruit size and quality in Patharnakh' pear and concluded that fruit size was increased significantly in all the treatments over the control. Likewise, Bhatia et al., (2001) also reported an increase in guava fruit size with foliar application of K2SO4 (0.5, 1.0, 1.5%), Wei et al., (2002) and Obreza et al., (2008) reported that increasing the rate and frequency of foliar application of K2SO4 is accompanied by an increase in citrus fruit size. However, Aly et al., (2015) showed that, both 3and 2% K2SO4treatments achieved significantly the highest values of average fruit volume (cm3) of  Washington navel orange compared with control. Boman and Hebb, 1998.reported that post-bloom K application to Florida grapefruit increased average size of both white and coloured grapefruit. Increase in fruit size with the application of K is due to increase in entry of water into the cells by osmotic processes which subsequently increase cell size (Ruiz 2006). Enas et al., (2010) Spraying Canino apricot trees with Putrescine (Put) at10-4 mM in the first and second seasons recorded the highest fruit volume (cm3) compared with control. Malik and Singh (2006) worked on mango, and found that spraying polyamine (putrescine) at full bloom stage markedly increased size of fruits. Furthermore, on olive, Ayad et al., (2011) mentioned that foliar application of putrescine significantly increased fruit size.
	Fig. 2.Peel thickness (mm)
	Data presented in Fig. (2) show that all spraying treatments were significantly affected in peelthickness (mm) in the three studied seasons as comparing with control trees. Moreover, foliar spray of (PUT) at 100 ppm + (K2SO4) 3% recorded the highest peel thickness (mm) (4.4, 4.6 and 4.9 mm) in 2017, 2018 and 2019 seasons, respectively as compared with other treatments including control trees .However, Washington Navel orange trees sprayed Potassium sulphate with (K2SO4) at either 2 or 3% increased peel thickness (mm) compared with control. These results agree with Hamza et al., (2012) observed that there was numerical increase in peel thickness with the increase in K concentration .Also, Obreza et al. (2008) reported that increasing K foliar fertilization induces an increase in the citrus fruit rind thickness. Moreover, Omaima and El-Metwally (2007) reported that maximum peel thickness was in Zn + K treatment (sprayed thrice during mid February, mid March and last of April) while minimum was recorded with control in Washington Navel orange. Furthermore, Yadav et al., (2014) also reported the Best peel thickness value (0.42mm) with three sprays of 2% K₂SO₄ in ber fruits. Anyhow, Abd-El-Migeed et al., (2000) in Hamlin orange reported that peel thickness was improved by potassium application compared with control. In addition spraying PUT either alone or + PUT, 2, 4-D or Ca had significanty higher effect in increasing peel thickness of navel orange than control in both seasons. Kassem et al. (2012). 
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	Fig. 2. Effect of foliar application with putrescine, Potassium sulphate, and their combinations on             peel thickness (mm) of  Washington navel orange trees during 2017, 2018 and 2019 seasons.                                                   
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	Fig. 3: Effect of foliar application with putrescine, Potassium sulphate, and their combinations on
	            softening (%) of Washington navel orange trees during 2017 , 2018 and 2019 seasons.
	        Fruit chemical characteristis: chlorophylls a,b (mg/g fresh wt), Total chlorophylls (mg/g 
	       fresh  wt) and Carotenoids ( mg/g fresh wt) of Washington navel orange.          
	3.5.1. Chlorophyll (a) & (b) & (a+b) (mg/g fresh wt). 
	Data in Table (5) show that spraying Potassium sulphate, putrescine alone or in combination improved chlorophyll (a) & (b) & (a+b) on leaf contentin 2017, 2018 and 2019 years, respectively, sprayed with a combination of putrescine(PUT) at 100 ppm +Potassium sulphate (K2SO4)3% gave significantly the highest leaf content chlorophyll (a) & (b) & (a+b) compared with other treatments including control. While, putrescine (PUT) spraying treatment at100 ppm in three season gave the highest values leaf content chlorophyll (a) & (b) & (a+b) compared with control. However, Potassium (K2SO4) spray treatment at 2-3% increased leaf content of chlorophyll (a) & (b) & (a+b) when compared with control, these results agree with Khoshbakht et al., (2018). In citrus, many chlorophyll fluorescence, and their related parameters through the modifications of the endogenous levels of PAs. Likewise, exogenously applied putrescine significantly increased chlorophyll a, and total chlorophyll contents in trifoliate orange seedlings Wu et al., (2012).Moreover, Das et al., (2002) who found that, foliar spray of mulberry plants with PA increased the growth parameters, chlorophyll contents, as well as leaf yield as compared with control plant. However, application of DFMO (a putrescine inhibitor) significantly decreased the total chlorophyll content and photosynthetic rates (PN) of C. tangerine seedlings, whereas the application of exogenous putrescine to DFMO-treated seedlings partly reversed the negative effects of DFMO. Wu et al., (2010). Also, Yao et al., (2010) reported that, application of different exogenous PAs (putrescine, spermidine, or spermine) improved the relative chlorophyll content in leaves of Canton lemon (C. limonia), which was associated with significantly increased in plant biomass. Sharma et al., (2011) indicated that application of putrescine, paclobutrazol, or a combination of both improved the chlorophyll a, chlorophyll b, total chlorophyll contents, and chlorophyll a/b ratio. Also, PAs might play a key regulatory role in citrus morphology and shoot system architecture as well, through controlling the plant response (s) to the auxin/cytokinin ratio. Consistent with these findings Cytokinins were found to stimulate chlorophyll biosynthesis and chloroplast differentiation in wheat plant (Xie et al., 2004). Foliar application of putrescine at the concentrations 50, 100 and 150 ppm on Salvia splendens F. plants significantly increased the content of chlorophyll (a) & (b) in recent leaves of plants. Kandil et al., (2015). Moreover, foliar sprays induced high positive effect on chlorophyll contents was recorded under the treatments of putrescine (PUT) at concentrations of 100 ppm and 50 ppm respectively compared with control. El-Abagy, et al., 2010. However, Ibrahim and Al-wasfy (2014). found that sprayed valencia orange with Potassium sulphate (K2SO4) at 5% significantly enhanced leaf content chlorophyll (a)&(b)&(a+b) compared with control.Abd-El-Rhman et al., 2017 reported that Potassium spray treatment at 1, 2, 3% gave the highest total chlorophyll when compared with control in Fig Trees. 
	3.5.2. Carotenoids (mg/g fresh wt)
	The obtained data in Table (5) revealed that, all treatments achieved significantly increased in Carotenoids during three experimental seasons as compared with water spray control treatment. Washington navel orange trees sprayed with (PUT) at 100 ppm gave the highest values in Caroten- oids compared with other treatments including control trees. Foliar spray with potassium sulfate (K2SO4) at 3% gave the highest values of Carotenoids, and these values were significant as compared with the control. These results agree with Soumya et al., 2017 Carotenoids play a photoprotective role in the photosynthetic process. However, in addition to their role as accessory light-harvesting pigments, carotenoids protect chlorophylls from photo-damage through the absorption of light energy to be utilized in photosynthesis(Armstrong and Hearst, 1996).Also, spraying Salvia splendens F. plant with putrescine at 100 and 150 ppm significantly increased the content of total carotenoids content than the untreated plants.(Kandil et al., 2015).Furthermore, the most nutrient treatments especially 1% K2SO4 + 1% ZnSO4 and 2% K2SO4 +1% ZnSO4 caused a significant increase in carotenoid contents of ‘Chrokeh’ pistachio plants (Mohammad mehdi et al., 2019).
	             T.S.S /acidity % and Total protein (%)) of Washington navel orange.     
	3.6.1. Vitamin C content (mg /100mLjuice).
	Data in Table (6) cleared that, all treatments increased vitamin C contentas compared with control treatment in 2017, 2018 and 2019 years, respectively, Sprayed with combination of (PUT) at 100 ppm + Potassium sulphate (K2SO4) 3% gave significantly the highest vitamin C (mg/100mljuice), compared with other treatments including control. While, Washington navel orange trees sprayed with Potassium sulphate at 2% as well as sprayed with combination of (PUT) at 50 ppm + Potassium sulphate (K2SO4) 2% also increased vitamin C (mg/100 ml juice) during three seasons of study compared with control. These results agree with Kassem et al., 2012 reported that vitamin C content was significantly increased in both seasons by spraying navel orange with PUT alone and PUT + GA3 during both seasons when compared with the unsprayed control trees. Abo-El-Ez et al., (2018) indicated that 10-6 mM/Lit (PUT) + Multi-micronutrient treatment as the highest of Ascorbic acid (57.13, 66.50 mg/ 100g juice) in both season. Pooja et al., (2020) who observed that with the application of K2SO4 2% ascorbic acid content increased in Kinnow mandarin fruit. In addition, foliar applications at 2 and 3% K2SO4 treatments were more effective in increasing vitamin C (mg/100 ml juice) content in Washington navel orange trees.
	3.6.2. Total soluble solid percentage (TSS %).
	Data in Table (6) show that, all foliar spraying treatments significantly increased TSS% compared with control treatment in 2017, 2018 and 2019 years, respectively. Washington navel orange trees sprayed with a mixture of (PUT) at 100 ppm + Potassium sulphate (K2SO4) 3% in three season gave the highest values TSS % compared with other treatments including control trees followed by spraying with (PUT)at 50 ppm + Potassium sulphate (K2SO4)2% increase TSS %. However, foliar application (PUT) at 100 ppm recorded the highest significant values of percentage of TSS than other ones treated (PUT) at 50 ppm. Furthermore, trees treated with Potassium sulphate (K2SO4) 3% a high positive effect on TSS percentage than trees treated with Potassium sulphate (K2SO4) 2%.These results agree with Kumar et al., (2017) reported that in guava Significantly the highest TSS % were found in plants sprayed with potassium sulphate at 2-3%compared with control. Josan et al., (1995) found maximum TSS was with foliar spray of 10% K2SO4 during 15th and 30th of May. Chanana and Gill (2008) reported that foliar application of K2SO4 improved total soluble solids in grapes cv .'Perlette'. Mostafa and Saleh (2006) reported that spraying Balady mandarin with different potassium forms enhanced total soluble solids content. Also, showed that 2 and 3% K2SO4 concentrations gave the highest value of TSS% in both seasons as compared with control treatment, Tkano et al., (2007) found positive correlation between fruit TSS and leaf potassium content in‛Shimizu-Hakuto‟ peaches. Showed that 2 and 3% K2SO4 concentrations gave the highest value of TSS% in both seasons as compared with control treatment, Aly et al., (2015). On the other hand Kassem et al., (2012)found that spraying navel orange of PUT alone, PUT + GA3, and PUT+2, 4-D gave higher TSS% content than control trees in both seasons However, The highest TSS% was obtained by spraying Canino Apricot trees with Put at10-5mM Enas et al., (2010).
	The results shown in Table (6) revealed that, all treatments achieved significantly reduced total acidity (%) as compared with control treatment in 2017, 2018 and 2019 years, respectively. However, Washington navelorange trees sprayed with a combination of (PUT) at 100 ppm+ Potassium sulphate (K2SO4)3% recorded the lowest juice total acidity %contents as compared with other treatments and the control. Moreover, foliar application (PUT) at 50-100ppm significantly decreased acidity (%) comparing with control. Meanwhile, foliar spray with potassium sulfate (K2SO4) at 3% gave the lowest juice acidity contents compared with foliar spray with potassium sulfate (K2SO4) at 2% including control trees.These results agree with Chanana and Gill (2008) reported that foliar application of K2SO4 decreased fruit acidity in grapes cv.. Hamza et al., (2012) in Clementine citrus var. Cadoux, observed that with different K fertilization rates and number of foliar sprays (two or three) acidity was less than1.1%.Sarrwy et al.(2012)concluded that least fruit acidity was determined from trees sprayed “Balady”mandarin trees with KTS (potassium thiosulphate) at 1.5% with K2SO4 0.5% chelated zinc sprayed in May and July.while, Vijay and Beniwal (2017)foliar application Sweet Orange with (2% and 3%) reduced acidity (%) as compared with control. Also, shows that total acidity of Canino fruits juice was decreased significantly by Put at10-5mM in both season as compared with control. Enas et al., (2010).However, Kassem et al., (2012) found that fruit acidity of navel orange was significantly decreased by PUT alone and PUT + GA3 than control trees in both season.
	The results in Table (6) Washington navelorange trees sprayed with a combination of (PUT) at100 ppm+ Potassium sulphate (K2SO4)3% gave the highest values in TSS/acid ratio as compared with other treatments and the control. Trees sprayed with Potassium sulphate (K2SO4) 2% recorded the lowest TSS/acid ratio in this respect as compared with other treatments. However, foliar spray with (PUT) at 50 -100 ppm significantly increased TSS/acid ratio as compared with control. These results agree with Enas et al., (2010). The highest SSC/Acidity ratio of Canino was obtained by spraying Put at10-5 mM (8.01and 9.33) in both seasons. Also, foliar sprays PUT alone and PUT + GA3 increased TSS/Acidity ratio when compared with the control Kassem et al., (2012). Also, Pathak et al., (2013) stated that higher rates 10 of both P and K markedly reduced the fruit acidity, however, increased TSS/acid ratio.
	Results in (Fig. 4) In this respect, Total protein (%) of the treatment (PUT) at100 ppm + Potassium sulphate (K2SO4) 3% gave the highest significant values (16.85, 17.24 and 17.87%) in 2017, 2018 and 2019 years, respectively compared to the control and all other treatments. while control treatment gave the lowest value (12.95, 13.36 and 13.78%) in 2017, 2018 and 2019 years, respectively. Foliar spray of Potassium sulphate (K2SO4) 2- 3% significantly increased total protein (%) as compared to the control. These results agree Potassium is important in formation and functioning of proteins (Abd-Allah, 2006). Sood and Nagar (2003) concluded that, the retarding effect of polyamines on leaf senescence of rose species was reflected in increasing the reserve metabolites as chlorophyll, protein. The observed increases in leaf protein due to SA and Put application Dunkeld under drought stress may demonstrate the role of these growth regulators in the induction of stress proteins (Ma and Turner, 2006).
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	Fig. 4. Effect of foliar application with putrescine, Potassium sulphate, and their combinations on 
	           Total protein (%) of Washington navel orange trees during 2017, 2018 and 2019 seasons. 
	3.7. Effect of foliar application with putrescine, Potassium sulphate and their combinations on           
	       Fruit chemical characteristis (Total carbohydrates (%) Total sugars (%) and leaf macro-       
	       elements) of Washington navel orange.  
	3.7.1. Total carbohydrates (mg/g fresh wt).
	The results shown in Table (7) revealed that, all treatments achieved significantly increased total carbohydrates (mg/gas) compared with control treatment in 2017, 2018 and 2019 years, respectively. Washington navelorange trees sprayed with a combination of (PUT) at 100 ppm + Potassium sulphate (K2SO4) 3%gave significantly higher in totalcarbohydratesmg/g content than that of other treatments including the control in three seasons. While K2SO4 treatment either 2% or 3% significantly increased carbohydrates (mg/g) as compared with control. On the other hand, trees treated with Potassium sulphate (K2SO4)3%produced higher totalcarbohydrates mg/g than those treated with Potassium sulphate (K2SO4) 2% .These results agree with Potassium is important in formation and functioning of carbohydrates and chlorophyll and also, in maintaining the balance of salts and water in plant cells (Abd-Allah, 2006).showed that, Put treatments induced significant increases in sucrose, total carbohydrate contents of treated wheat plants over those of the untreated plants. El–Bassiouny et al., (2008).Application of putrescine in both‘on’ and ‘off’ years increased the leaf area, with this probably leading to more photo-assimilate syntheses and accordingly greater carbohydrate availability. Roussos et al., (2004). El–Bassiouny and Bekheta (2001) who showed that, external supply of Put increased the carbohydrate contents of wheat grains. Also, application of putrescine at the concentrations of 50, 100 and 150 ppm significantly increased total carbohydrates of Salvia splendens F.content giving 18.77, 24.74 and 26.32%), respectively over the untreated plants in the1st season. Similar trend was found in the 2nd season Kandil et al., (2015).
	Fig. 5: Effect of foliar application with putrescine, Potassium sulphate,and their combinations fruit length (cm), fruit diameter (cm) , Fruits size and Juice volume (cm3) of Washington navel orange trees during 2017 , 2018 and 2019 seasons. 
	The results in Table (7) showed that all foliar spraying treatments, resulted in increase leaf total nitrogen content compared with control in 2017, 2018 and 2019 years, respectively. Washington navel orange trees sprayed with a combination of (PUT) at100 ppm + Potassium sulphate (K2SO4) 3% gave significantly higher in leaf nitrogen content than that of other treatments including the control in three seasons. Foliar spraying with (PUT) at100 ppm (alone) and Potassium sulphate (K2SO4) 3% (alone) clearly improved N percentage in leaves compared with control. These results agree sprayed Fig trees with K2SO42- 3% gave the highest significant nitrogen in both seasons. Abd-El-Rhman et al., (2017).Also, foliar application K2SO4 2-3% increased leaf nitrogen content in Sweet Orange Vijay and Beniwal (2017).However, Putrescine at 100 and 200 ppm showed the highest nitrogen contents of Artichoke. El-Abagy et al., (2010).Moreover, foliar application of Picual olive trees sprayed with PUT at 15 ppm  +  SAL at 200 ppm ASC at 2000 ppm in November exhibited the maximum leaf percentage of nitrogen (1.90%) Abd-Alhamid et al., (2019).
	     The results in Table (7) revealed that, also, all spraying treatments increased leaf phosphorus content compared with the control in 2017, 2018 and 2019 years, respectively. Moreover, spraying trees with a combination of (PUT) at100 ppm +Potassium sulphate (K2SO4) 3% in three seasons, significantly higher in leaf phosphorus content than their leaves in the other treatments and the control. Foliar spraying with (PUT) at100 ppm (alone) produced higher leaf phosphorus content than those foliar spraying with (PUT) at 50 ppm + Potassium sulphate (K2SO4)2% . Washington navel orange  trees sprayed with Potassium sulphate (K2SO4) 3% recorded the highest significant values of (0.174, 0.176 and 0.182 ppm) in 2017, 2018 and 2019 years, respectively These results agree foliar application K2SO4 2-3% increased leaf Phosphorus content in Sweet Orange. Vijay and Beniwal (2017). Also, Abd-El-Migeed et al., (2000) reported that mineral status of Hamlin orange trees with respect to P content in the leaves was markedly enhanced by NPK sprays. In Washington Navel orange, Abd-Allah (2006) observed that highest phosphorus content in leaves was recorded by K2HPO4 (during full bloom stage) in the1stand 2nd seasons sequently. However, foliar application Fig Trees with K2SO4 3% gave the highest significant leaf Phosphorus content in both seasons. Abd-El-Rhman et al., (2017). Also, foliar application of Put treatments induced significant increases in P contents in shoots of wheat plants compared to those of the untreated control plants. El–Bassiouny et al., (2008).Foliar application of Picual olive trees sprayed with PUT at 15 ppm +  SAL at 200 ppm + ASC at 2000 ppm in November exhibited the maximum leaf percentage of Phosphorus (0.255 and
	0.254%) and the other treatments were in between range. Abd-Alhamid et al., (2019).   
	3.8. Effect of foliar application with putrescine, Potassium sulphate, and their combinations on                        
	3.8.2. Magnesium
	3.8.3. Leaf iron content (ppm)
	The results in Table (8) revealed that all foliar sprays significantly increased Leaf iron content over control during in 2017, 2018 and 2019 years, respectively. Washington navel orange trees sprayed with combination of (PUT) at 100 ppm + Potassium sulphate (K2SO4) 3% statistically had the richest leaves iron content in 2017, 2018 and 2019 years. Meanwhile, foliar sprays with of (PUT) at 100 ppm (alone) produced higher leaf iron content than those foliar spraying with combination of (PUT) at 50 ppm + Potassium sulphate (K2SO4) 2%.and foliar spraying with (PUT) at 50 ppm (alone).Furthermore, foliar application of Potassium sulphate (K2SO4) 3%gave the highest leaf iron content compared with foliar application of Potassium sulphate (K2SO4) 2% including control trees during three season. These results agree Putrescine at 50, 100 and 200 ppm showed the highest leaf iron contents of Artichoke El-Abagy et al., (2010). The highest leaf concentration of Fe was found in foliar application ‘Chrokeh’ pistachio of2% K2SO4+1% ZnSO4 and1% K2SO4+1% ZnSO4 treatments which led to 42-54%  increase in concentration of this element134.65-145.911ppm compared with the control value of 94.33ppm Mohammad et al., (2019).
	Washington navel orange plays a dominant role not only in the local market, but also for exportation as it is considered as one of the major citrus fruit crops in Egypt.Washington navel orange trees sprayed with putrescine, Potassium sulphate either individually or combination improved vegetative growth, physicaland chemical parameters, the tree nutrient status, yield and fruit quality compared with the control treatment in 2017, 2018 and 2019 seasons, respectively. especially sprayed with putrescine (PUT) at100 ppm + Potassium sulphate K2SO4 3% gavethehighestvalues of vegetative growth, fruit set (%), fruits retention (%), yield /treeandyield T/ha, number of fruits/ tree, weight of fruits (g), Juice volume (cm3), fruit pulp weight (g), fruit length (cm)and fruits size (cm3), peel thickness (mm), Chlorophyll (a) & (b) & (a+b) (mg/g fresh wt) vitamin C content (mg /100mL juice), T.S.S%, T.S.S /acidity %, Total protein (%), Total sugars (%), and Total carbohydrates (mg/g), Moreover, recorded the lowest fruits drop (%), softening (%) and juice total acidity %, Meanwhile, increased leaf mineral contents (N, P, K, and Fe , Zn ppm) as compared with other treatments including control trees in 2017, 2018 and 2019 years. delaying ethylene emission. Polyamines have been reported to reduce softening, delay senescence. It can be concluded that foliar application of (PUT) and K2SO4 is necessary for obtaining better fruit yield in quantity and quality in Washington navel orange trees.
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