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ABSTRACT 

 

 This study was carried out during two succes-

sive seasons, 2012 and 2013 in a private orchard 

in Barshom vallage located at El-Kalubia Gover-

norate Egypt. Washington Navel Orange trees 

(Citrus Sinensis) budded on sour orange rootstock 

(Citrus aurantium, L.) were 7- years- old and plant-

ed at 5 x 5 meters under basin irrigation system. 

This investigation aimed to study the effect of se-

lenium (Se) levels (0, 20, 40, 80 and 160 ppm)  as 

foliar spray on growth, yield, fruit quality, leaf min-

eral content and enzymes activity of Washington 

Navel orange trees. The obtained data showed 

that, selenium had a significant promotive effect on 

growth, yield, fruit quality, leaf mineral content and 

enzymes activity of Washington Navel orange 

trees. Results indicated that treatment of Se at 40 

ppm gave the highest significant results, whereas, 

treatment 160 ppm gave the highest fruit selenium 

content.  

 

Keywords: Washington Navel Orange, Selenium, 

Yield, Fruit quality, Leaf mineral content 

 

INTRODUCTION 

 

 Citrus is the backbone of fruit crop cultivation in 

Egypt. It takes the first rank in Egypt and the se-

cond after grapes in the world for total fruit among 

crops production. The cultivated area has grown 

rapidly in the last two decades and reached 

533835 feddans.  Washington Navel orange cv. is 

considered to be one of the important and best 

orange cv. in Egypt. Total area 179876 feddans. 

(M.A.L.R., 2015). 

 Many attempts have been conducted to im-

prove the yield and fruit quality of Washington Na-

vel orange trees grown under El-Kalubia Gover-

norate conditions by using new cultural practices 

especially fertilization with selenium (Sima and 

Gissel-Neilsen, 1985). 

 Selenium as an element chemically similar to 

sulfur has received considerable attention as an 

essential micronutrient for human, animals and 

some species of microorganisms. It has many 

functions in the active site of a large number of 

selenium dependent enzymes such as glutathione- 

peroxidase and as anticancer and other physiolog-

ical functions. A lower selenium level in body is 

reported to be responsible for high incidence of 

cancer and disease (Gupta et al 2000). It also 

influences the nutrient balance in the plants 

(Nowak- Barbara, 2008). 

         Selenium (Se) is an important element asso-

ciated with the enhancement of antioxidant activity 

in plants, animals and humans (Rayman 2002). 

[Beneficial effects of Se were appeared in terms of 

plant protection against abiotic stress (Hartikainen 

and Xue 1999)] plant protection against reactive 

oxygen compounds, activator of the protective 

mechanism that reduces oxidation stress for ex-

ample in chloroplasts (Seppanen et al 2003), 

phloem-feeding aphids and herbivorous caterpil-

lars and fungal diseases (Hanson et al 2003). 

Selenium has a positive effect also on potato car-

bohydrate accumulation and possibly on yield for-

mation (Turakainen et al 2004 and 2006). 
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 Spraying Se-fertilizer to leaves is a sound 

method for supplementing selenium to the straw-

berries and a suitable amount of selenium can 

alleviate the toxic action to the strawberry caused 

by heavy metal (Zhang et al 2011). 

 Thus, the aim of this investigation was examin-

ing the beneficial effects of using selenium as (foli-

ar spray) on vegetative growth, leaf mineral con-

tent, fruit set, fruit drop, yield and fruit quality of 

Washington Navel orange trees grown under El-

Kalubia condition. 

 

MATERIALS AND METHODS 

 

 This study was carried out during two succes-

sive seasons, 2012 and 2013 on 7-years old 

Washington Navel Orange Trees (Citrus Sinen-

sis) budded on sour orange rootstock (Citrus au-

rantium, L.) and planted at 5 x 5 meters under 

basin irrigation system. Healthy, nearly uniform 

tree in growth vigor and fruiting were chosen. The 

trees are grown in a private orchard in Barshom 

vallage located at El-Kalubia Governorate Egypt. 

The texture of the tested soil is loam. Physical and 

chemical properties of the soil at a depth of (0.0- 

30 cm) and (30-60 cm) were determined according 

to Wilde et al (1985) and data are shown in Table 

(1). 

 

Table 1. Physical and chemical analyses of the experimental soil 

 

Physical analysis 

Organic matter 

% 

CaCO3 

% 
EC(ds/m) pH Texture 

Clay 

% 

Silt 

% 

Sand 

% 
Soil depth 

1.6 1.2 0.5 8.4 Loam 45.2 44 10.8 0 – 30 cm 

1.1 2 0.4 8..4 Loam 43..2 44 12.8 30 – 60 cm 

Chemical analysis 

Mn ppm Zn ppm Fe ppm Mg % Ca % K % P% N% Soil depth 

3.2 3.4 7.8 1.1 4.2 0.9 0.6 0.13 0 – 30 cm 

1.8 2.4 5.5 0.9 3.4 0.6 0.6 0.10 30 – 60 cm 

 

 The study involved five levels of selenium (Se). 

Thus the experiment was laid out as a simple ex-

periment arranged with four replicates in a random-

ized complete block design and each replicate was 

represented by one tree. Regarding selenium 

treatments, selected trees were sprayed two times 

during the season the first at the first week of Mar. 

and the second at the first week of Sept. By the 

aqueous solution of sodium selenite (20% Se) 

(Na2SeO3, 5H2O). and spraying was done  until the 

point of runoff (20 L/tree). with the different seleni-

um concentrations: (0 – 20 – 40 – 80 -160 ppm) 

and Triton B as a wetting agent was applied at 

0.05 % to all spraying solutions. The recommend-

ed concentrations according to (Jakovljevic et al. 

2011).  Control trees were sprayed with tap water 

and Triton B. 

 Organic manure was added in the first week of 

January whereas mineral nitrogen as ammonium 

sulphate (20.6 % N) was added at three equal 

batches in the first week of March, May and Au-

gust. Other horticultural practices were carried out 

as usual. 

 The effect of different Se concentrations on 

vegetative growth, yield, fruit quality, and leaf min-

eral content of the spring growth cycle in the two 

studied seasons was investigated as follows:  

 

Parameters 

 

1- Vegetative growth parameters 

 

 The spring flush growth cycle on 20 secondary 

branches in the mid of May in both seasons were 

determined. 

 

a. Shoot Number, Shoot Length (cm) and Leaf 

number/ shoot  

 

 At the last week of May the number and length 

of new full developed spring growth cycle shoots 

on 20 secondary branches were measured, also 

the number of leaves on such shoots were record-

ed. 
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b. Leaf area (cm
2
). 

 

 Leaf area of 40 mature leaves at different four 

sides of each tree was calculated using the equa-

tion of Ahmed and Morsy, (1999) where: Leaf 

area = 0.46 (length x width) + 19.09.     

 

2- Fruit set percentage 

 

and the results were estimated as follows. 

 

                                No. of fruitlets   

Fruit set (%)    =    ــــــــــــــــــــــــــــــــــــــ    × 100 

                                No. of flowers     

 These data were recorded every two weeks 

from first of many to 15
th
 of December in both sea-

sons. 

 

3- Yield  

 

 At harvest time, when color break under the 

experimental conditions (the mid of December), the 

yield expressed as weight (Kg) and number of 

fruits per tree was recorded. 

 

4- Fruit physical characteristics 

 

 Then a random sample of fruits (20 fruits from 

each tree) was picked to determine some physical 

and chemical properties as average fruit weight 

(g), fruit volume (ml), fruit height (cm), fruit diame-

ter (cm), peel thickness (cm), pulp weight (g) and 

pulp %. 

 Pulp %: was calculated according to the follow-

ing equation: 

 

                     Pulp weight    

Pulp % =                                 x 100 

                     Fruit weight        

 

5- Fruit chemical characteristics 

  

 Then, S.S.C. %, titratable acidity %, S.S.C. / 

acid ratio and L. ascorbic acid were determined in 

fruit juice according to the methods outlined in 

A.O.A.C. (1995). 

 

6- Leaf mineral content 

 

 Sample of 50 mature leaves of 7 month old 

from non fruiting and non flushing shoots from the 

spring growth cycle were selected according to 

Nijjar (1985) and taken at random in the 1st week 

of September. Jones & Embleton (1969). 

 Nitrogen (%) was determined by using modified 

MicroKjeldahl procedure according to Pregl 

(1945). P (%) was estimated as described by 

Chapman & Pratt (1961). K (%) was determined 

by using a Flamephotometer according to the 

method of Brown & Lilleland (1946). Ca (%), Mg 

(%), Fe, Zn, Mn and Se (ppm) were determined by 

using Perkin Elmer Atomic absorption spectropho-

tometer Model 305 B (Piper, 1958).  

 

6- Fruits selenium content (ppm) 

 

 Random sample of pulp fruits (20 pulp fruits 

from each tree) was picked to determine selenium 

(Piper, 1958).  

 

7- Enzymes activity 

 

 In the second season, two times as in the first 

mid May and in the second at mid December, the 

sample of 20 neck of fruits were determind each 

of: 

 

a- Cellulase activity: was determined according to 

(Durbin and Lewis, 1988) 

 

b- Pectinase activity: was determined according 

to (Durbin and Lewis, 1988) and (Abeles and 

Takeda, 1990). 

 

 All the obtained data were tabulated and statis-

tically analysed according to Snedecor & Cochran 

(1980). The means were separated by Duncan’s 

multiple range test Duncan (1955). 

 

RESULTS AND DISCUSSION 

 

1-Vegetative growth parameters 

 

 Data in Table (2) showed the effect of selenium 

on some vegetative growth parameters as follows: 

 

a- Shoot number 

 

 The highest values were obtained by spraying 

trees with 20 and 160 ppm selenium in the first and 

second seasons, respectively. Followed closely 

without any significant difference by 40, 80,160 

ppm in the first season and 20ppm in the second 

season, on the other hand control gave the lowest 

significant values in the two seasons. 
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b- Soot length(cm): The highest values resulted 

from the control (14.9 & 15.4 cm) in both seasons, 

followed by spraying trees with 80 ppm selenium 

(14.0  & 14.2 cm) in both seasons, without any 

significant differences between them. On the other 

hand, spraying trees with 160 ppm selenium gave 

the lowest values (7.6 & 7.7 cm) in the two sea-

sons. The other treatments recorded intermediate 

values. 

 

c- Number of leaves /shoot: Spraying selenium 

at 80 ppm gave the highest values (11.3 & 14.2) in 

both seasons. While, the lowest values was result-

ed from the control which recorded 6.0 & 7.7 in 

both seasons, respectively. Other treatments gave 

in between results. 

d- Leaf area (cm²): Control treatment gave the 

highest values of leaf area which recorded 37.0 & 

37.8 cm² in both seasons, respectively, followed by 

spraying trees with 80 ppm selenium which rec-

orded 36.5 & 34.6 cm ² in both seasons. However, 

the lowest values resulted from spraying trees with 

160 ppm selenium 28.3 & 24.5 cm ² in both sea-

sons, respectively. 

 These results are in harmony with those found 

by Ya-o-Xiang and Zheng-Fo (2007) and Ibrahim 

and Al- Wasfy, (2014) on orange trees who men-

tioned that, the selenium is one kind of extremely 

important trace element in ecological environment, 

it has the important physiological function in the 

plant and effectively enhanced growth characters. 

 

 

Table 2. Effect of selenium spraying on some vegetative growth parameters of Washington Navel orange 

trees in 2012 & 2013 seasons   

 

Growth parameters 

 

 
 

Treatments 

Spring flush growth 

Shoot Number/  

secondary shoots 

Shoot  Length 

(cm) 

Number of 

leaves/shoot 

Leaf area  

(cm²) 

2012 2013 2012 2013 2012 2013 2012 2013 

T1-control (Tap water spray). 5.8b 5.4c 14.9a 15.4a 6.0c 7.7d 37.0a 37.8a 

T2- 20ppm selenium. 8.1a 7.8ab 12.5ab 12.7dc 8.1b 12.7bc 34.3ab 28.5b 

T3- 40ppm selenium. 7.0ab 7.1b 10.6b 10.8c 7.8bc 10.8c 31.3bc 36.7a 

T4- 80ppm selenium. 7.0ab 7.0b 14.0a 14.2ab 11.3a 14.2ab 36.5a 34.6a 

T5- 160ppm selenium. 7.1ab 9.0a 7.6c 7.7d 9.0b 15.4a 28.3c 24.5b 

Means having the same letter(s) within a column are not significantly different at 5 % level 

 

 

2- Fruit set 

 
a- Initial fruit set %: Data presented in Table (3) 

indicated insignificant differences among treat-

ments in the first date. However,  spraying  trees 

with 160 ppm selenium gave the slightly increase 

initial fruit set % (79.5) in the first season but in the 

second seasons, spraying trees with 20 ppm sele-

nium gave the slightly increase initial fruit set % 

(82.2). On the contrary, control gave the lowest 

values in this respect, (76.3 & 76.2) in both sea-

sons. 

 
b- Retained fruits %: concerning to fruit set at 

different dates through both growing seasons. In 

the first season from 15/5/2012 to 1/12/2012 data 

revealed that most recorded data had insignificant 

differences among treatment. In some cases such 

as 15/6 and 1/7 control treatment showed lowest 

significant fruit set percentage. In the second sea-

son, control treatment recorded lowest significant 

values at 15/10, 15/11 and 1/12/2013.   

 

c- Final retained fruits %: Data indicated that all 

Se concentrations gave higher significant values of 

final retained fruits than the control treatment in 

both seasons. 

 

3- Yield 

 

 Tow yield measurements evaluated were esti-

mated as weight (kg) and number of harvested 

fruits per tree. Table (4) showed that all selenium 

spray treatments increased significantly tree yield 

(either kg, number of harvested fruits or fruit 

weight) than control. However, selenium spray at 

40 ppm tended to be more effective as yield was 

recorded as weight of fruits /tree 92.8 & 80.3 

kg/tree, while 160 ppm concentration was the su-

perior (312.9 & 292.9) fruits per tree during the first 

and the second seasons, respectively. 
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Table 4. Effect of selenium spraying on yield of Washington Navel orange trees in 2012& 2013 seasons   

 

Treatments 
Yield (Kg)/tree Number of fruits/tree Fruit weight (g) 

2012 2013 2012 2013 2012 2013 

T1-control (Tap water spray) 47.2c 46.8c 210.6c 205.5c 224.3bc 228.2b 

T2- 20ppm selenium 75.0ab 64.8b 267.4b 237.9bc 280.5ab 272.7a 

T3- 40ppm selenium 92.8a 80.3a 286.8ab 265.2ab 323.9a 302.8a 

T4- 80ppm selenium 74.0ab 70.9ab 269.5b 257.8ab 274.8ab 275.4a 

T5- 160ppm selenium 66.7b 78.4ab 312.9a 292.9a 213.2c 267.7ab 

Means having the same letter(s) within a column are not significantly different at 5 % level 

 

 

 In regard to the effect of their treatments on 

number of fruits per tree and fruit weight, data pre-

sented in Table (7) showed that all treatments sig-

nificant increased number of fruits per tree and fruit 

weight than untreated trees. 

 The increment in yield attributed to selenium 

spraying application may be due to it effect in in-

creasing the fruit volume and weight. These find-

ings are in agreement with those obtained by Gad 

El-Kareem et al (2014), on zaghlol date palm and 

Shaimaa et al (2016), on mango trees, who re-

ported that selenium applications gave the highest 

yield/tree and fruit weight. 

 

4- Fruit Physical characteristics 

 

 Results of various fruit characteristics i.e. (fruit 

volume, fruit height, fruit diameter, peel thicken, 

peel weight, pulp weight and pulp%) as affected by 

different studied treatments are presented in Table 

(5) for the two seasons 2012 and 2013.  

 

a- Fruit volume(ml): Was not affected significantly 

by Se treatments in both seasons. 

 

b- Fruit height (cm): Results proved that, fruit 

height was gradually increased by increasing Se 

up to 40 ppm which gave the highest values.  

 

c- Fruit diameter (cm): Results proved that, fruit 

diameter was gradually increased by increasing Se 

up to 40 ppm which gave the highest values. 

 

d- Peel thickness (cm): It is clear from the ob-

tained data that spraying trees with 40 ppm and 80 

ppm selenium gave the highest peel thicken 

(0.5&0.5) in the first season but in the second sea-

sons, insignificant differences could be noticed 

among treatments. 

e- Pulp weight (g): The results of two seasons 

clearly indicated that pulp weight was more or less 

similar for most treatments and insignificant be-

tween them. 
 

f- Pulp (%): Data showed insignificant differences 

among treatments in both seasons. 

 These data go in line with those reported by 

Ibrahim and Al-Wasfy (2014) who found that us-

ing selenium effectively enhanced physical charac-

teristics of Valencia orange fruits under Minia re-

gion conditions and Shaimaa et al (2016). Who 

revealed that, treatment of Se at 5 ppm gave the 

highest fruit weight of mango trees. 
 

5- Fruit chemical characteristics 
 

 Resultes in Table (6) show the effect of Se 

levels on Fruit chemical characteristics. 
 

a- Soluble Solids content (%): The results re-

vealed that, the lowest significant values of soluble 

solids content were obtained by control treatment 

in the two seasons. Other treatment gave more or 

lesssimilar values with the same statistical stand 

point. 
 

b- Titreatable acidity (%): Results indicated that 

there was no significant difference between all 

selenium treatments in both seasons. 
 

SSC/acid ratio: Data presented in the same table 

that there was no significant difference between all 

selenium treatments in both seasons. 

 
c- L. ascorbic acid(mg/100ml juice): It is clear 

from the obtained data that there was no signifi-
cant differences between all selenium treatments 
in the first season only, but in the second season 
spraying trees with 20 ppm and 80 ppm selenium 
proved to be the higher significant values than the 
control and 60ppm selenium. 
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Table 5. Effect of selenium spraying on some fruits physical characteristics of Washington Navel 

orange trees in 2012& 2013 seasons 

  

Means having the same letter(s) within a column are not significantly different at 5 % level 

 
 

 These results supported the findings of QiuHui 

et al (2001), who observed that Vitamin C content 

of green tea was significantly increased by seleni-

um spraying during the autumn tea-producing sea-

son. 

 As a general trend, the improvement of fruit 

quality attribute with selenium foliar spray for 

Washington Navel orange cv. (Table 7) could be 

due to the beneficial effect of shoot growth, leaf 

area of these treatments probably provided the 

developing fruit with a steady supply of photosyn-

tyate. 

 These results are parallel to those of Ibrahim 

and Al-Wasfy, (2014) who reported that using 

selenium enhanced chemical characteristics of the 

fruits of Valencia orange trees growth under Minia 

region conditions. 

 Also, Shaimaa et al (2016), who revealed that, 

treatment of Se at 5 ppm gave the highest total 

soluble solids of mango trees. 

 

Table 6. Effect of selenium spraying on some chemical characteristics of Washington Navel orange fruits 

in 2012& 2013 seasons 

   

Treatments 

Soluble Solids 

content (%) 

Titratable 

acidity (%) 

SSC/acid 

ratio 

L. ascorbic acid 

(mg/100ml juice) 

2012 2013 2012 2013 2012 2013 2012 2013 

T1-control (Tap water spray) 12.0b 11.8b 0.8a 0.9a 14.0a 12.9a 39.5a 38.5b 

T2- 20ppm selenium 14.4a 14.2a 0.9a 0.9a 16.4a 16.0a 49.8a 48.5a 

T3- 40ppm selenium 13.3a 13.3a 0.7a 0.8a 17.4a 16.2a 40.9a 41.4b 

T4- 80ppm selenium 13.7a 13.8a 0.8a 0.9a 16.2a 15.1a 47.4a 47.2a 

T5- 160ppm selenium 13.5a 13.8a 0.8a 0.8a 16.2a 15.7a 44.3a 43.5ab 

Means having the same letter(s) within a column are not significantly different at 5 % level  

Pulp 

( % ) 

Pulp 

weight 

( g) 

Peel 

thickness 

(cm) 

Fruit 

diameter 

(cm) 

Fruit 

height 

(cm) 

Fruit 

volume 

(ml) 

Treatments 

2012 season  

73.5b 185.6a 0.4ab 6.9b 7.8b 287.6a T1-control (Tap water spray) 

77.3ab 240.1a 0.3b 7.2ab 8.3ab 339.2a T2- 20ppm selenium. 

78.1a 237.2a 0.5a 7.3ab 8.9a 337.7a T3- 40ppm selenium. 

76.9ab 231.6a 0.5a 7.5a 8.4ab 330.2a T4- 80ppm selenium. 

75.3ab 203.3a 0.4ab 7.4ab 8.1b 306.5a T5- 160ppm selenium. 

2013 season  

73.9a 186.4a 0.4a 6.9a 7.8b 278.8a T1-control (Tap water spray) 

75.8a 221.5a 0.4a 7.0a 8.2ab 306.5a T2- 20ppm selenium 

73.8a 192.1a 0.4a 7.1a 8.6a 280.2a T3- 40ppm selenium 

73.7a 185.7a 0.4a 7.4a 8.3ab 256.7a T4- 80ppm selenium 

75.2a 214.8a 0.5a 7.3a 8.0ab 294.2a T5- 160ppm selenium 
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6- Leaf mineral content 

 

 Results in Table (7) show the effect of seleni-

um levels on N, P, K, Ca, and Mg percentage, Fe, 

Zn, Mn and Se ppm in leaves of Navel orange in 

2012 and 2013 seasons. 

 

a- Nitrogen percentage: Spraying trees with 80 

ppm selenium proved to be the beneficial treat-

ment in the both seasons (2.6 & 2.7) as compared 

with the control treatment (2.1 in two seasons). 

 

b- Phosphorus percentage: results indicated that 

spraying trees with 20 ppm selenium gave the 

highest phosphorus percentage  (0.30) in the first 

season but in the second seasons, spraying trees 

with 20 ppm and 160 ppm selenium gained the 

highest phosphorus percentage  (0.31&0.27)  on 

the contrary to the control treatment gave the low-

est values (0.16 & 0.15) in both seasons . 

 

c- Potassium percentage: Data showed that Po-

tassium percentage in the first season, all Se 

treatments gave higher significant values com-

pared to control, in the second season spraying 

trees with 80 ppm selenium showed higher si to be 

the beneficial treatment in the two seasons (1.7) as 

compared with the control treatment (1.1 & 1.3). 

However, the all treatments showed the higher 

significant values than control. k percentage rec-

orded the higher values than the optimum levels 

(Jones and Embleton, 1969). 

 

d- Calcium percentage: Results indicated that 

significant spraying trees with 40 ppm and 160 

ppm selenium in the first season gave the highest 

calcium percentage (5.2 & 5.3).In the second sea-

sons, spraying trees with 40 ppm selenium gained 

the higher significant calcium percentage  (5.0) 

than control treatment and the treatment with 

20ppm Se (4.3 & 4.4). 

 

e- Magnesium percentage: Data showed that 

spraying trees with 40 ppm selenium proved to be 

the highest increased significantly leaf Mg. in the 

two seasons (0.42 & 0.40 as compared with the 

control treatment (0.25 & 0.23). 

f- Iron (ppm): Results indicated that spraying trees 

with 40 ppm selenium gave the highest significant 

iron (135) in the first season and in the second 

seasons, spraying trees with 20 ppm,40 and 160 

ppm selenium gained the highest leaf  Iron Content 

(118 &131&118). 

 
g- Zinc (ppm): Data showed that spraying trees 

with 40, 80 and 160 ppm selenium gave the high-

est zinc (51&63&54)  in the first season but in the 

second seasons, spraying trees with 80 ppm,160 

ppm selenium gained the highest zinc  (62&60) as 

compared with the control treatment (33 & 32) in 

both seasons. 

 
h- Manganese (ppm): Results indicated that 

spraying trees with  80 ppm selenium gave the 

highest manganese  (33)  in the first season with-

out insignificant differences amang all treatments 

Also,  in the second seasons, spraying trees with 

160 ppm selenium gained the highest magnesium  

(30)  compared with the control treatment (23 & 22) 

in both seasons. 

 
i- Selenium (ppm): Selenium data showed that 

spraying trees with 40 ppm in the first season and 

160 ppm in the second season recorded higher 

significant values than control. 

 
 These data go in line with those reported by 

Ibrahim and Al-Wasfy (2014) who reported that 

using selenium enhanced nutritional status of Va-

lencia orange trees., Shaimaa et al (2016) who 

indicated that treatment of Se at 5 ppm gave the 

highest leaf N, P, K, and Fe content and the same 

treatment gave the lowest leaf Na, Cl and B con-

tent, whereas, treatment of Se at 20 ppm gave the 

highest leaf selenium content in mango trees. And 

Shuaimeng et al (2017). Who found that Se ferti-

lizer can be used to increase Se content of grape, 

especially for European and American species, 

with significant effect of increasing grape nutrition 

quality and an effective means of lowering heavy 

metals. 
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7- Fruits selenium content ppm: Data in the  

Table (8) recorded that spraying trees with 160 

ppm selenium proved to be the highest fruits sele-

nium content treatment in both seasons (0.37 & 

0.30) when compared with the control treatment 

(0.08 & 0.07) in both seasons. 

 These data go in line with those reported by 

Shuaimeng et al (2017). Who reported that Se 

fertilizer can be used to increase Se content of 

grape.        

 Also, the average daily Se intake to the range 

considered as safe and adequate, 0.05-0.2 mg/day 

Food and Nutrition Board, (1980). 

 

Table 8. Effect of selenium spraying on fruits sele-

nium content of Washington Navel orange trees in 

2012& 2013 seasons   

 

Treatments 

Se. ( ppm ) 

2012 

season 

2013 

season 

T1-control (Tap water spray) 0.08bc 0.07b 

T2- 20ppm selenium 0.05c 0.08b 

T3- 40ppm selenium 0.17bc 0.20ab 

T4- 80ppm selenium 0.25ab 0.22ab 

T5- 160ppm selenium 0.37a 0.30a 

Means having the same letter(s) within a column are not 

significantly different at 5 % level 

 

8- Enzymes activity 

 

a- Pectinase activity (∆n/Hr): Spraying trees with 

80 ppm and 160 ppm selenium gave the highest 

pectinase activity (4.0&4.0) in the first date but in 

the second date, spraying trees with 80 ppm sele-

nium gained the highest pectinase activity (4.6). 

On the contrary to the lowest significant values 

was obtained by the control treatment (3.1 & 3.7) 

in both seasons. 

 

b- Cellulase  activity(∆n/Hr):Spraying trees with 

20 ppm and 40 ppm selenium proved to be the 

highest cellulose activity (8.2 & 7.9)   in first date 

but in the second date, spraying trees with 20 ppm 

selenium gained the highest significant cellulase  

activity  (10.0) when compared with the control 

treatment (6.8& 8.8). 

 

     These data go in line with those reported by 

Dayer et al (2008) Who reported that  The theoret-

ical explanation for the antioxidative effects of Se 

on plants is increasing the activity of the enzyme 

glutathione-peroxidase (GSH-Px) in selenium-

treated plants, since Se-containing GSH-Px was 

identified in plants and Khattab (2004) studied the 

metabolic and oxidative responses of selenium 

and the results showed that both enzymatic and 

non enzymatic antioxidants as well as Ca
2+

 played 

significant roles in selenate detoxification. 

 

 

 
 
Table 9. Effect of selenium spraying on some enzymes activity of Washington Navel orange 

trees during 2013 season   
 

Treatments Pectinase activity(∆n/Hr) Cellulase  activity(∆n/Hr) 

15/5/2013 15/12/2013 15/5/2013 15/12/2013 

T1-control (Tap water spray) 3.1c 3.7c 6.8b 8.8bc 

T2- 20ppm selenium 3.3bc 4.0bc 8.2a 10.0a 

T3- 40ppm selenium 3.6ab 4.3ab 7.9a 9.1b 

T4- 80ppm selenium 4.0a 4.6a 7.0b 8.1c 

T5- 160ppm selenium 4.0a 4.1b 6.0c 8.2c 

Means having the same letter(s) within a column are not significantly different at 5 % level 

 

 In conclusion, one can say that spraying Wash-

ington Navel Orange cv. trees with selenium at 40 

ppm under the conditions of this study resulted in a 

significant increase in yield and enhanced fruit 

characteristics. 
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 زــــــــــــــــالموجـ
  

 2113، 2112خلال عامى أجريت ىذه الدراسة   
عمى أشجار البرتقال بسره ناميو في مزرعو خاصو 

سنوات مطعومو  7بقريو برشوم بمحافظو القميوبيو بعمر 
متر تحت  5X 5عمي اصل النارنج ومزروعة عمى 

وتيدف ىذه التجربة الي دراسو تأثير  نظام الرى بالغمر.
 ،81 ،161الرش الورقي بالسمينيوم تحت مستويات )

جزء في المميون( عمي النمو والمحصول  1 ،21 ،41
وجوده الثمار والمحتوى المعدني في الاوراق والنشاط 

 الانزيمى وذلك لاشجار البرتقال بسره. 
 

وأوضحت النتائج ان السمينيوم لو تأتير معنوي عمي  
النمو و المحصول وجوده الثمار والمحتوي المعدني في 

ار البرتقال بسره . حيث الاوراق والنشاط الانزيمي لاشج
جزء فى المميون احسن 41اعطت معاممو السمينيوم 
جزء في المميون اعطى 161النتائج بينما السمينيوم عند 

 اعمي محتوي من السمينيوم في الثمار . 
 
 

 البرتقال بسره، سمينيوم،المحصول، الكممات الدالة:
 المحتوي المعدني للاوراق جوده الثمار،
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