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ABSTRACT 

 
This study was carried out through two con-

secutive seasons 2016 and 2017 to investigate the 

effect of spraying with some antioxidants on vege-

tative growth, yield, fruit quality and nutritional sta-

tus of twelve years old ‘Navel orange᾿ trees grafted 

on sour orange rootstock and grown in a private 

orange orchard in Qalubia Governorate, Egypt 

cultivated in a silty clay loam soil. This experiment 

involved three antioxidant materials named (salicyl-

ic acid, citric acid and folic acid) and each one 

spraying by three levels of each of with (250, 500 

and 1000 ppm) from each salicylic, citric and folic 

acid plus control treatment so the experiment in-

cluded  ten  treatments. Selected trees were 

sprayed three times in March, in May in July 

by aqueous solution of salicylic acid, citric 

acid and folic acid until the point of runoff. The 

highest values of vegetative growth were obtained 

by spraying by 500 ppm salicylic acid, 1000 ppm 

citric acid and 500 ppm folic acid. Regarding to 

yield, results pointed out that the foliar spraying 

with 500 ppm salicylic acid, 500 ppm citric acid and 

250 ppm folic acid gave the highest values of yield. 

Treatments of 500 ppm salicylic acid, 250 ppm 

citric acid and 250 ppm folic acid gave the highest 

values of physical and chemical fruit properties. In 

respect to nutrients content, the highest values of 

macronutrients were obtained by spraying of 250 

ppm folic acid, while that spraying by 1000 ppm 

salicylic acid and 250 ppm folic acid gave the 

highest values of micronutrients. Therefore, using 

treatment 500 ppm salicylic acid may be recom-

mended from economical point of view and as 

good treatment for enhancing Navel orange 

growth, yield, fruit quality and nutritional status 

especially under old citrus orchards. 

Keywords: Navel Orange; Antioxidants; Citric  

acid; Folic acid; Salicylic acid; Growth and produc-

tivity 
 

INTRODUCTION 

 

Citrus occupies a large economic importance 

among fruit crops in Egypt. The total area of citrus 

reached about 477.510 feddan with fruitful area 

about 444.271 feddan and the production is close 

to 4.451.644 tons. Citrus exports is about 1.5 mil-

lion tons (U.P.E.H.C., 2016). The total area of or-

anges with various varieties occupy about 326.484 

feddan with fruitful area about 306,856 feddan and 

the production is close to 3.147.545 tons with a 

productivity 10.257 tons / feddan (M.A.L.R., 2017). 

Navel orange (Citrus sinensis L. Osbeck) is 

one of the most popular citrus fruit in Egypt; for its 

delicious, taste and nutrition, besides being rich in 

vitamin C and several minerals (Aly et al 2015). 

Navel orange trees occupies its first position for 

other orange varieties. According to economic af-

fairs sector in 2017 total areas of Navel orange 

trees reached about 155,037 fedden and fruitful 

area about 153.077 fedden which production an 

average of 1.6 million tons with productivity about 

10.6 tons/fedden. Qalyubiya occupies second gov-

ernorate after Beheira in terms of total area and 

production. 

Recently, antioxidants are put forward for im-

proving yield, safety and producing organic fruits in 

different fruit trees. There are two types of antioxi-

dants, the first type of antioxidants is the enzymatic 

antioxidants like superoxide dismutase, catalase, 

glutathione-s-transferase, glutathione peroxidase, 

ascorbate oxidase and polyphenol oxidase, and 

the second type of antioxidants is non-enzymatic 

antioxidants such as total reduced glutathione, 
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vitamins (A, C, E, and M (folic acid)), organic acids 

(ascorbic acid, citric acid and salicylic acid)  

(Vinoth et al 2017). 

These compounds as antioxidants have useful 

effects on catching free radicals such as the active 

oxygen species namely superoxide anion, singlet 

oxygen, hydroxyl radicals, hydrogen peroxide and 

ozone that biosynthesized during plant metabo-

lism. Leaving free radicals without chelating or 

catching causing loss of plasma membrane per-

meability, oxidation of lipids and death of cells  

(El Sayed et al 2000). 

Antioxidants have an important role in enhanc-

ing the biosynthesis of natural hormones, photo-

synthesis, nutrient uptake, plant protection from 

biotic and abiotic stresses and biosynthesis of 

plant pigments and sugars, as they increase anti-

oxidant defense systems and reduce the reactive 

oxygen species, then suggested recently that it is 

mainly involved in the growth of flowering plants 

and the development of fruit (Rao et al 2000). 

Navel orange trees are exposed in Egypt to 

environmental stress under environmental condi-

tions, which is characterized by high temperature 

and low humidity during the various stages of 

growth from the beginning of the growth of trees in 

Spring to harvest the fruits in November, causing 

flower and fruit drop, and therefore decline yield 

and fruit quality. 

With the foregoing background, the scope of 

the present research was to evaluate the effect of 

spraying with some antioxidant materials named 

(salicylic acid, citric acid and folic acid) on improv-

ing vegetative growth, yield, fruit quality and nutri-

tional status of Navel orange trees budded on sour 

orange rootstock.  

 

MATERIALS AND METHODS 

 

Field experiment was carried out in a pri-

vate orange orchard in Qalubia Governorate, 

Egypt through 2016 and 2017 seasons. 

Twelve years old Navel orange trees (Citrus 

sinensis L.) budded on sour orange trees 

(Citrus aurantium L.) rootstock were used 

planted at 2.5 x 5 meter a plant and surface 

irrigation system was used. The soil texture 

class was silty clay loam (Table 1). Soil sam-

ples were taken from two locations of the ex-

perimental area at 0-30 and 30-60 cm from 

the soil surface for physical and chemical 

analysis. Soil samples were analyzed for tex-

ture, pH and electric conductivity (EC) using 

water extract (1: 2.5) method, total calcium 

carbonate (CaCO3%) determined with calci-

meter method and organic matter (O.M. %) 

was determined with using potassium di-

chromate (Chapman and Pratt, 1961). 

Phosphorus was extracted using sodium bi-

carbonate (Olsen et al 1954). Potassium (K), 

calcium (Ca), magnesium (Mg) and sodium 

(Na) were extracted using ammonium acetate 

(Jackson, 1958). Iron (Fe), manganese (Mn), 

zinc (Zn) and copper (Cu) were extracted us-

ing DTPA, (Lindsay and Norvell, 1978). 

Physical and Chemical properties of the study 

soil are presented in Tables (1 and 2). The 

experiment was applied on “40 tree”, all trees 

were selected on the basis of resemblance in 

normal growth vigor, healthy, fruiting & flow-

ering of trees behaviors and all trees received 

the same cultural practices. They were ferti-

lized as recommended by the ministry of ag-

riculture. 

 
 

Table 1. Physical properties of the experimental 

soil 

 

Depth 

(cm) 

Particle size distribution 

Organic 

matter 

Sand 

(%) 

Silt  

(%) 

Clay 

 (%) 

Soil  

Texture 

0-30  2.72 46.8 22.0 31.2 SCL 

30-60  2.38 48.8 22.0 29.2 SCL 
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Table 2. Chemical properties of the experimental soil 

 

Depth 

(cm) 
pH 

E.C 
milimos/cm

 

Saturation soluble ex-

tract 

Soluble cations 

(mg/100g) 

Ca
++

 Mg
++

 Na
+
 

0-30 7.65 0.67 998 164 38 

30-60 7.60 0.78 875 175 23 

Depth 

(cm) 

Available macronutrients 

(mg/100g) 

Available micronutrients 

(ppm) 

P
 

K
 

Fe Zn
 

Cu
 

0-30 1.5 23 3.6 4.4 2.5 

30-60 1.4 20 4.2 3.6 3.2 

 

 

 

The experiment involved three antioxidant 

materials named salicylic acid, citric acid and 

folic acid, and spraying by three levels of 

each of the salicylic, citric and folic acid as 

follows (250, 500 and 1000 ppm) plus control 

treatment so the experiment included ten 

treatments. Selected trees were spraying 

three times (at the beginning of the growth 

cycle in March, just after fruit setting in May 

and just after June drop in July) by aqueous 

solution of salicylic acid, citric acid and folic 

acid until the point of runoff with the different 

level of each one. TritonX1000 at 0.05 % was 

used as a wetting agent in all treatments. 

Control treatment was sprayed with tap water 

+ TritonX1000. The experiment was laid out 

in sample study in a randomized complete 

block design with 4 replicates and each repli-

cate was represented by one tree. The follow-

ing characteristics were studied: 

 

Growth Measurements 

 

 Leaf area: five leaves were taken (one leaf 

per shoot * five shoots). Leaf area was 

taken by using model 3100 area meter.  

 Specific leaf area: was calculated by equa-

tion (leaf area /dry weight) (Peter et al 

1999). 

 Total chlorophyll content: five leaves were 

taken (one leaf per shoot * five shoots). 

Total Chlorophyll content was taken by 

SPAD – 502 MINOLTA chlorophyll meter. 

 Leaves dry matter%: was calculated by 

equation (leaves dry weight/ leaves fresh 

weight)*100.    

 

Yield (Kg/ tree) 

 

 At maturity stage (the end of second week 

of November), the average number of 

fruit/ tree was counted. Moreover, five 

fruits from each replicate were used to ob-

tain the average fruit weight (g). Average 

fruit weight was determined by weighting a 

sample of five fruits from each replicate 

and average fruit weight (g) was calculat-

ed. Such average was multiplied by the 

average number of fruits /tree to obtain 

the average yield per tree (Kg). 

 Fruit set % was calculated by (No. of total 

fruit set / No. of flower)*100. Selected trees 

were sprayed two weeks after full bloom. 

 Fruits drop% was calculated by ((No. of 

total fruit set - No. of fruits at last count)/ 

No. of total fruits set)*100. Selected trees 

were sprayed two weeks after full bloom and 

monthly from May till October in both seasons. 

 

Fruit Quality 

 

 At harvesting time (the end of second week 

of November) randomly sample of five fruit 

/tree was collected and determined the fol-

lowing:  

 

Physical and chemical fruit properties 

 

Fruit volume it was measured by using 

cylinder. Fruit shape index it was calculated 

as height/diameter ratio. Juice weight it was 

measured by using the balance. Juice vol-

ume it was measured by using cylinder.  
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Peel: fruit% it was calculated by: (weight 

of peel/ weight of fruit)*100. Pulp: fruit% it 

was calculated by: (weight of pulp/ weight of 

fruit)*100. Juice% it was calculated by: (juice 

volume/ fruit volume)*100. Vitamin C 

"Ascorbic acid content" (mg/100 ml juice) it 

measured by using 3% Oxalic acid and 2,6-

dichlorophenol indophenol was determined 

according to  (A.O.A.C., 1990).Total soluble 

solids (T.S.S.) it was measured by using 

Zeiss hand refractometer model HR-110. To-

tal acidity% it was measured according to 

(A.O.A.C., 1990) was determined in fruit juice 

as a percentage of anhydrous citric acid by 

titration with standard 0.1 N sodium hydroxide 

solutions and phenolphthalein 1% used as 

an indicator. Total soluble solids /acid ra-

tio was calculated by T.S.S. /acidity ratio. 

 

 Chemical leaf analysis: Total Protein% it 

was calculated as (N% in leaf X 6.25) accord-

ing to (A.O.A.C., 1990). Total phenolic com-

pounds was determined in leaves by the col-

ormetric method of Folin-Denis as described 

by (Shahidi and Naezk, 1995) was used to de-

termine total phenolic compounds by reading 

the developed blue color at 725 nm by using 

spectrophotometer (UV-visible-160A, Shi-

madzu). One gram of leaves was macerated 

in 10-20 ml 80% ethanol for at least 24 h at 

0ºC, the alcohol was collected, the remained 

tissue re-extracted with 10-20 ml 80% ethanol 

about three times. At the end, the collected 

extract was completed to 100 ml using 80% 

ethanol. Leaf mineral content: Leaves were 

tagged on non-flowering or fruitful branches during 

April on each tree (Jones and Embleton, 1969) 

and at September of both studied seasons random 

leaves sample (twenty leaves) were taken from 

fully mature spring cycle leaves from the forth to 

the sixth leaf from the top of the selected shoots, 

then leaves were oven dried at 70º C till a constant 

weight and were weighted after air dried. Dried 

leaves sample were taken to digested and 

them determined leaf mineral content as fol-

lows. Nitrogen percentage was determined by 

Micro-Kjeldahl method according to (Jakson, 

1973).Phosphorus percentage according to 

(Page et al 1982) was determined calorimetri-

cally by spectrophotometer method. Potassi-

um percentage by using flame photometer 

was determined. Calcium, magnesium, Iron, 

zinc and manganese were estimated by using 

Atomic Absorption spectrophotometer. 

Statistical Analysis: The data of the study 

were under go to proper statistical analysis of 

variance according to (Snedecor and Cochran, 

1980). Means were differentiated by using 

Duncan’s multiple range test at 5% confi-

dence (Duncan, 1955). Data were statistically 

analyzed by the analysis of variance adopting 

a SPSS package. 

 

RESULTS AND DISCUSSION 

 

Effect of spraying with some antioxidant 

compounds on some vegetative growth 

parameters: Results in Table (3) show the 

effect of antioxidants spraying on leaf area, 

specific leaf area, total chlorophyll content 

and leaf dry matter%. Data revealed that, leaf 

area was significantly affected by different 

levels of antioxidants spraying in both sea-

sons. The least significant values were ob-

tained by T10 (control) in the two seasons. 

With respect to the salicylic acid levels, leaf 

area was increased gradually by increasing 

salicylic acid level up to 1000 ppm in the two 

seasons but without any significant different 

all among treatments. Regarding to citric acid 

levels, the first level of citric acid (T4) gave 

the least value of leaf area. Other levels from 

citric acid gave more or less similar values 

from the same statistical stand point. Gener-

ally, leaf area was increased by increasing 

folic acid level up to 1000 ppm in the two 

growing season. From all above levels of the 

three antioxidants materials it seems that, T5 

(citric acid at 500 ppm) gave the higher val-

ues of leaf area than other all treatments in 

the two seasons. 

In respect to the effect of antioxidants on 

specific leaf area, data revealed that, specific 

leaf area was significantly affected with dif-

ferent levels of antioxidants spraying in the 

two seasons. The least significant values of 

specific leaf area were obtained by T10 (con-

trol) in the two seasons. Spraying with differ-

ent levels of salicylic acid gave more or less 

similar values with lack significance differ-

ence among them. Specific leaf area was 

increased gradually by increasing citric acid 

level up to 1000 ppm in both seasons.  The 

least values of specific leaf area were ob-

tained by the low level of folic acid (250 ppm) 

whereas other two levels (500 and 1000 ppm) 

gave more or less similar values. So, it 

seems that spraying by citric acid at 1000 
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ppm gave the highest value of specific leaf 

area compared with all other treatments in 

the two growing seasons.  

The increasing in leaf area and specific 

leaf area under application various levels of 

salicylic acid, citric acid and folic could be 

explained by their effect in enhancing division 

and enlargement of cells (Abada, 2014). 

Total chlorophyll content was significantly 

affected by spraying with different levels of 

antioxidants in both seasons. The least signif-

icant values of total chlorophyll content were 

taken by T10 (control) in the two seasons. 

Regarding to salicylic acid levels, total chlo-

rophyll content increased by increasing sali-

cylic acid level up to 500 ppm and 1000 ppm 

in the first and second seasons, respectively. 

Total chlorophyll content increased gradually 

by increasing citric acid level up to 1000 and 

500 ppm in the first and second seasons, re-

spectively without any significant different 

among them. The first level of folic acid (T7) 

gave the least values of total chlorophyll. 

Other folic acid levels gave more or less simi-

lar values with the same statistical stand 

point. So, it seems that the highest values of 

chlorophyll content were recorded by T2 (500 

ppm salicylic acid) and T8 (500 ppm folic acid) 

in the two seasons. 

Regarding to leaf dry matter percentage, 

in both seasons all levels of salicylic acid im-

proved dry matter. The least values of dry 

matter were obtained by T4 and T5. On the 

other hand, treated with T3 (1000 ppm sali-

cylic acid) led to highest dry matter in the two 

seasons. Otherwise, the first level of folic acid 

was more affected on dry matter% compared 

with other folic acid levels. The highest val-

ues of dry matter% were recorded with T3 

(1000 ppm salicylic acid) in the both season. 

From the above results It is clear that, 

vegetative growth parameters of Navel or-

ange trees were significantly increased by T2 

(500 ppm salicylic acid), T6 (1000 ppm citric 

acid) and T8 (500 ppm folic acid) through the 

two seasons. Otherwise, in most cases T6 

gave the highest vales of all vegetative 

growth parameters. 

The presented results had agreement with 

these found by El-Badawy, (2013) on "Cani-

no" apricot trees, Abdel Aal and Oraby-

Mona, (2013) on mango cv. "Alphonse" seed-

lings, Ahmed et al (2013) on "Hindy bisinna-

ra" mango trees and Mohamed (2014) on 

"Thompson seedless" grapevines, and they 

pointed out that antioxidants were very effec-

tive in enhancing vegetative growth. 

Salicylic acid, citric acid and folic acid 

have several influences on trees such as en-

hancing the biosynthesis of plant pigments, 

increasing photosynthetic pigment which re-

flected on photosynthesis process (Ibrahim 

et al 2015). The beneficial effect of citric acid 

on photosynthetic pigments may be due to its 

role on increasing the rates of photochemical 

reduction (Kumar et al 1988), chloroplast 

structure, photosynthetic electron transfers as 

well as photosynthesis (El-Shazly et al 2013). 

 

 

Effect of spraying with some antioxidant 

materials on fruit drop %: Results in Table 

(4) show the effect of antioxidants spraying 

on fruit drop %. Data revealed that, fruit 

drop% was significantly affected by spraying  

with three antioxidant materials in the two 

seasons. Results indicated that, fruit drop% 

were decreased significantly by T2 (500 ppm 

salicylic acid), T5 (500 ppm citric acid) and T7 

(250 ppm folic acid) in the end of each sea-

son (October). 

 

 

Effect of spraying with some antioxidant 

materials on fruit set %, fruit weight, fruit 

number and yield: Results in Table (5) show 

the effect of antioxidants spraying on fruit 

set%, fruit weight, fruit number and yield. Da-

ta revealed that, all characters  were signifi-

cantly affected by foliar application of three 

antioxidant materials in at all their levels in 

both seasons. Untreated trees (control) gave 

the least values of fruit set% in both seasons. 

The second level from salicylic acid (500 

ppm) and citric acid (500 ppm) gave the high-

est values of fruit set% in the two studied 

seasons compared with other levels of sali-

cylic and citric acid. Regarding to folic acid 

levels fruit set% was increased by increasing 

folic acid level but by lack significance differ-

ences among them. Consequently, it could be 

concluded that, the highest values of fruit 

set% were obtained by T2, T5 and T9. From 

present results it seems that, spraying by T2 

(500 ppm salicylic acid) gave the highest val-

ue of fruit set percentage compared with all 

others treatments in both the two seasons. 
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Table 3. Effect of spraying some antioxidants on leaf area, specific leaf area, total chlorophyll  content and 

dry matter percentage of Navel orange trees in 2016 and 2017 seasons. 

 

Leaf 
dry 

 matter 
(%) 

Total 
Chlorophyll 

content 
(SPAD) 

Specific 
leaf area 
(mm²/mg) 

Leaf 
area 
(cm²) 

Leaf 
dry 

 matter 
(%) 

Total 
 Chlorophyll 

 content 
(SPAD) 

Specific 
leaf area 
(mm²/mg) 

Leaf 
area 
(cm²) 

Treatments 

Season 2017 Season 2016 

39.5 b 84.0 c 3.6 cd 72.7 c 40.7 a 83.9 c 11.2 cd 86.1 d 
T1 :Salicylic acid         

250ppm 

40.7 b 87.3 ab 4.2 bc 84.7 c 38.1 ab 86.3 ab 11.0 cde 103.5 cd 
T2 :Salicylic acid         

500ppm 

43.5 a 87.8 a 3.7 cd 88.4 c 40.7 a 85.2 bc 9.7 de 114.2 cd 
Tз :Salicylic acid         

1000ppm 

25.5 e 86.7 ab 4.1 bc 88.9 a 33.0 d 85.4 b 10.7 cde 123.7 b 
T4 :Citric acid 

250ppm 

25.6 e 87.8 a 4.4 bc 94.4 a 33.2 d 85.0 bc 12.2 bc 128.5 a 
T5 :Citric acid 

500ppm 

36.5 c 87.0 ab 6.8 a 95.0 a 37.2 ab 86.4 ab 20.0 a 128.4 a 
T6 :Citric acid 

1000ppm 

35.3 c 85.2bc 3.6 cd 93.3 c 37.9 ab 85.5 b 9.5 de 127.6 cd 
T7 :Folic acid 

250ppm 

34.2 cd 86.1 ab 4.9 b 97.8 a 33.1 d 87.2 a 13.6 b 129.8 c 
T8 :Folic acid 

500ppm 

32.3 d 85.9abc 4.9 b 93.6 b 33.2 d 86.2 ab 12.8 bc 131.3 b 
T9 :Folic acid 

1000ppm 

36.8 c 79.0 d 3.2 d 63.8 d 36.7 c 75.1 d 9.1 e 83.5 e T10 :Control 

Values having the same letter(s) in the same column in each season are not significant by Duncan´s multiple range test, 

5% level. 

 

Table 4. Effect of spraying with some antioxidants on fruit drop percentage of Navel orange trees in 2016 

and 2017 seasons 
 

Treatments 
May 
(%) 

Jun. 
(%) 

Jul. 
(%) 

Aug. 
(%) 

Sept. 
(%) 

Oct. 
(%) 

May 
(%) 

Jun. 
(%) 

Jul. 
(%) 

Aug. 
(%) 

Sept. 
(%) 

Oct. 
(%) 

Season 2016 Season 2017 

T1 :Salicylic acid         
250ppm 

0.0a 11.1a 24.1abc 24.1abc 27.6bc 31.1b 0.0a 4.4ab 17.3b 17.3b 20.1b 26.0b 

T2 :Salicylic acid         
500ppm 

0.0a 0.0c 7.5d 7.5d 9.6d 12.8c 0.0a 0.0c 6.4c 6.4c 8.2c 11.0c 

Tз :Salicylic acid         
1000ppm 

0.0a 2.8bc 18.7bcd 18.7bcd 23.3bc 29.5b 0.0a 3.6b 17.5b 17.5b 23.3b 29.2b 

T4 :Citric acid 
250ppm 

0.0a 2.8bc 21.4abc 21.4abc 26.6bc 29.3b 0.0a 1.7c 18.4b 18.4b 24.5b 31.1b 

T5 :Citric acid 
500ppm 

0.0a 2.7bc 14.0cd 14.0cd 18.3cd 21.4bc 0.0a 6.8a 13.7bc 13.7bc 18.2b 21.6bc 

T6 :Citric acid 
1000ppm 

0.0a 6.7abc 33.6a 33.6a 40.0a 46.3a 0.0a 5.8ab 32.3a 32.3a 41.2a 47.2a 

T7 :Folic acid 
250ppm 

0.0a 3.3bc 15.2cd 15.2cd 17.0cd 23.9bc 0.0a 4.3ab 15.2bc 15.2bc 20.3b 24.9b 

T8 :Folic acid 
500ppm 

0.0a 8.1ab 22.3abc 26.9abc 28.0bc 30.4b 0.0a 2.5bc 16.3bc 17.4b 17.4b 27.5b 

T9 :Folic acid 
1000ppm 

0.0a 4.0abc 18.9bcd 18.9bcd 18.9cd 25.5b 0.0a 5.5ab 18.8b 18.8b 24.5b 31.7b 

T10 :Control 0.0a 4.1abc 29.6ab 29.6ab 33.7ab 42.9a 0.0a 4.8ab 30.3a 30.3a 40.1a 47.4a 

Values having the same letter(s) in the same column in each season are not significant by Duncan´s multiple range test, 

5% level. 
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Table 5. Effect of spraying with some antioxidants on fruit set, fruit weight, fruit number and yield of Navel 

orange trees in 2016 and 2017 seasons 

 

Yield/tree 

(kg) 

Fruit 

 No./tree 

Fruit 

Weight 

(g) 

Fruit 

 Set (%) 

Yield/ tree 

(kg) 

Fruit 

 No./tree 

Fruit 

Weight 

(g) 

Fruit 

 Set (%) 
 

Treatments 

Season 2017 Season 2016 

31.2 c 123.0 cd 253.9 c 0.7 cde 26.5 c 103.0 cd 257.3 bc 0.6 de 
T1 :Salicylic acid         

250ppm 

40.0 a 137.0 ab 299.1 a 1.6 a 35.6 a 119.0 a 299.2 a 1.5 a 
T2 :Salicylic acid         

500ppm 

31.2 c 127.0bcd 245.6 c 0.7 cde 23.8 d 90.0 e 263.9 b 0.6 de 
Tз :Salicylic acid         

1000ppm 

26.3 d 118.0 d 222.9 d 0.6d ef 16.8 e 75.0 g 223.9 de 0.5 e 
T4 :Citric acid 

250ppm 

38.8 a 141.0 a 275.1 b 1.4 a 31.5 b 114.0 ab 275.9 b 1.3 ab 
T5 :Citric acid 

500ppm 

15.1 f 67.0 f 225.9 d 0.4 df 11.1 g 54.0 h 205.9 e 0.4 e 
T6 :Citric acid 

1000ppm 

36.4 b 123.0 cd 296.0 a 0.8 bcd 30.5 b 98.0 d 311.4 a 0.8 cd 
T7 :Folic acid 

250ppm 

33.3bc 136.0 b 244.6 c 1.0 b 26.4 c 109.0bc 242.2 cd 1.0 c 
T8 :Folic acid 

500ppm 

32.3 c 133.0bc 242.8 c 0.9 bc 26.7 c 104.0 cd 256.2 bc 1.1 bc 
T9 :Folic acid 

1000ppm 

22.6 e 123.0 e 183.3 e 0.4 f 14.3 f 83.0 f 171.8 f 0.3 e T10 :Control 

Values having the same letter(s) in the same column in each season are not significant by Duncan´s multiple range test, 

5% level. 

 

 

 

Regarding to the effect of antioxidant ma-

terials on fruit weight, data revealed that, the 

least significant values were obtained by T10 

in the two seasons. The second level of from 

both of salicylic acid (T2) gave the higher val-

ues of fruit weight in the two seasons than 

other levels of salicylic and citric acid. The 

lowest level of folic acid gave higher values of 

fruit weight than other levels. So from the 

present results it could be concluded that, 

spraying by T7 (250 ppm folic acid) and T2 

(500 ppm salicylic acid) gave the highest val-

ues of fruit weight in the two seasons. 

Data revealed that, untreated trees gave 

the lowest fruit number /tree in the two sea-

sons. The second level of salicylic acid (T2) 

and citric acid gave the higher values of fruit 

number /tree in the two seasons than other 

levels of each antioxidant materials. In gen-

eral, spraying with T2 (500 ppm salicylic acid) 

and T5 (500 ppm citric acid) gave the highest 

values of fruit number/tree in the two sea-

sons.  

Data revealed that, the least values of 

yield were obtained by T10 (control) in the two 

seasons. The second level of from salicylic 

acid (T2) gave the highest values of yield in 

both seasons compared with the other levels 

of all antioxidant treatments. The first level of 

folic acid (250 ppm) gave higher values of 

yield than other folic acid levels in the two 

seasons. From presented results it could be 

observed that, spraying by T2 (500 ppm sali-

cylic acid) in the first season or T2 (500 ppm 

salicylic acid) and T5 (500 ppm citric acid) in 

the second season gave the highest values of 

yield. 

It is clear that yield and his parameters 

were significantly increased by T2 (500 ppm 

salicylic acid), T5 (500 ppm citric acid) and T7 

(250 ppm folic acid) through the two seasons. 

In most cases T2 (500 ppm salicylic acid) was 

the superior treatment for all yield parame-

ters. 
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These results are in agreement with those 

obtained by (Emam et al 2011) on flax plant, 

(Abdou et al 2011) on clove basil and 

(Mansour et al 2011) on "Anna" apple or-

chards, they found that the foliar application 

of antioxidant materials such as salicylic, cit-

ric and folic acid was very effective in improv-

ing yield of several different plants. Salicylic 

acid and folic acid play a definite role in solv-

ing the problem of poor yielding through en-

hancing growth, nutritional statues, yield in 

different evergreen fruit crops (Prusky, 1988) 

on avocado fruits and (Ahmed et al 2007) on 

"Sewy" date palms thus enhancing growth, 

nutritional states and yield quantitatively and 

qualitatively and (Roshdy et al 2011) on "Wil-

liams" banana. Citric acid playing an im-

portant role in plant metabolism that led to 

enhancing fruit set, fruit retention, number of 

fruit per tree and yield(Ahmed and Abdelaal, 

2007) on "Anna" apple, (Mansour et al 2008) on 

pear "Le- Conte" and (Singh et al 2010) on 

cucumber "Cucum is sativa L." 

 

Effect of spraying with some antioxidant 

materials on fruit physical properties: Results 

in Table (6) show the effect of antioxidants spray-

ing on fruit volume, fruit shape index, juice weight 

and juice volume. Data revealed that, fruit volume, 

juice weight and juice volume were significantly 

affected by spraying various levels of antioxidant 

materials in both seasons. The lowest significant 

values of fruit volume were obtained by T10 (con-

trol) in the two seasons. All levels of salicylic acid 

gave significant affected on fruit volume without 

any significant different between the three levels in 

the two seasons. Regarding to citric acid levels, T5 

gave the higher significant values of fruit volume 

than the first and third levels especially in the first 

season. The third level of folic acid (T9) gave the 

least values of fruit volume. On the other hand, the 

first level of folic acid (T7) gave the highest values 

of fruit volume in both growing season. In general, 

T7 (250 ppm folic acid) gave the highest significant 

values of fruit volume. 

Regarding to fruit shape index, all treatments 

gave more or less like values with the same statis-

tically stand point. Especially in the second season 

where data showed insignificant differences 

among treatments.  

The least significant values of juice weight were 

obtained by control treatment in the two growing 

seasons. By increasing salicylic and citric acid lev-

els up to 500 ppm (T2 and T5) juice weight in-

creased in the two seasons. Regarding to folic acid 

levels, T7 and T8 gave the highest significant val-

ues of juice weight without any significant differ-

ence between T7 and T8 in the two seasons. In 

general, T2 (500 ppm salicylic acid) gave the high-

est values of juice weight. 

With respect to juice volume, control treatment 

(T10) gave the least significant values of juice vol-

ume in the two growing seasons. On the other 

hand, the first level of salicylic acid gave the high-

est significant values of juice volume in the two 

seasons. Concerning to citric acid levels, juice vol-

ume was increased by increasing citric acid levels 

up to 500 ppm in the growing seasons. The first 

level of folic acid gave the highest significant val-

ues of juice volume in the two seasons. Generally, 

the first level of salicylic acid (250 ppm) gave the 

highest value of juice volume. 

 
  

Effect of spraying with some antioxidant 

materials on fruit physical properties percent-

age: Results in Table (7) show the effect of antiox-

idants spraying on peel: fruit%, pulp: fruit% and 

juice%. Data revealed that, peel: fruit%, pulp: 

fruit% and juice% were significantly affected by 

different levels of antioxidants treatments in both 

growing season. The highest values of peel: fruit% 

were obtained by T10 (control) in the two seasons. 

The second level of salicylic acid (T2) gave the 

least values of peel: fruit% compared with other 

levels of salicylic acid. The first level of citric acid 

(T4) gave the least values of peel: fruit% in the first 

season whereas, in the second season T5 gave 

least values of peel: fruit%. The third level of folic 

acid (T9) gave the least values of peel: fruit% in 

first season, whereas in second season T7 gave 

least values of peel: fruit% without insignificant 

difference between T7 and T9. In general, the least 

significant values of peel: fruit % was obtained by 

spraying with T2 (salicylic acid at 500 ppm). 

In respect to pulp: fruit%, the least significant 

values of pulp: fruit% were obtained by control in 

the two seasons. Regarding to salicylic acid levels, 

the highest values of pulp: fruit% was given by T2 

in both growing seasons. The first and second 

levels of citric acid (T4 and T5) gave the higher 

values of pulp: fruit% in first and second seasons, 

respectively. In respect to levels of folic acid, pulp: 

fruit% increased by T9 in both seasons. In general, 

the second level of salicylic acid (500 ppm) gave 

the highest values of pulp: fruit%. 

 

 

 



 Effect of Spraying with some Antioxidants on Growth, Yield, Fruit Quality and 
Nutritional Status of ‘Navel Orange᾿ Trees 

AUJASCI, Arab Univ. J. Agric. Sci., 27(2), 2019 

1567 

  

Table 6. Effect of spraying with some antioxidants on some fruit physical properties of Navel  

orange trees in 2016 and 2017 seasons 

 

Juice 
volume 

(g) 

Juice 
weight 

(g) 

Fruit 
shape  
index 

Fruit 
volume 

(ml) 

Juice 
volume 

(g) 

Juice 
weight 

(g) 

Fruit 
shape  
index 

Fruit 
volume 

(ml) 
 

Treatments 
Season 2017 Season 2016 

165.5 a 120.0 c 1.0 ab 380.0bc 145.0 a 120.0 b 1.1 ab 280.0 ab 
T1 :Salicylic acid         

250ppm 

151.5 bcd 140.0 a 1.0 ab 377.5bc 135.5 bc 130.0 a 1.1 ab 262.5bc 
T2 :Salicylic acid         

500ppm 

149.3 cde 120.0 c 1.1 a 387.5 b 131.0 cd 110.0 c 1.1 ab 275.0 ab 
Tз :Salicylic acid         

1000ppm 

143.3 e 110.0 d 1.1 a 347.5 cd 125.5 d 110.0 c 1.0 b 262.5bc 
T4 :Citric acid 

250ppm 

154.0 bc 120.0 c 1.0 ab 405.0 b 135.0 bc 120.0 b 1.1 ab 285.0 a 
T5 :Citric acid 

500ppm 

98.3 f 110.0 d 1.0 ab 337.5 d 93.5 f 110.0 c 1.0 b 207.5 d 
T6 :Citric acid 

1000ppm 

158.0 b 130.0 b 1.0 ab 442.5 a 140.0 b 130.0 a 1.0 b 270.0 ab 
T7 :Folic acid 

250ppm 

146.8 cde 130.0 b 1.0 ab 372.5bcd 115.5 e 130.0 a 1.1 ab 247.5 c 
T8 :Folic acid 

500ppm 

144.5 de 120.0 c 1.0 ab 370.0bcd 127.5 cd 120.0 b 1.1 ab 260.5bc 
T9 :Folic acid 

1000ppm 

97.3 f 60.0 e 1.1 a 252.5 e 77.3 g 60.0 d 1.2 a 165.0 e T10 :Control 

Values having the same letter(s) in the same column in each season are not significant by Duncan´s multiple 

range test, 5% level. 

 

Table 7. Effect of spraying with some antioxidants on some fruit physical properties percentage of 

Navel orange trees in 2016 and 2017 seasons 

 

Juice (%) Pulp : fruit (%) Peel : fruit (%)  
Treatments Season 

2017 
Season 

2016 
Season 

2017 
Season 

2016 
Season 

2017 
Season 

2016 

43.6 a 51.8 a 96.7 cd 98.2 e 3.3 c 1.8 bc 
T1 :Salicylic acid    

      250ppm 

40.1 ab 51.6 abc 97.6 a 99.0 a 2.4 f 1.0 h 
T2 :Salicylic acid      

    500ppm 

37.6 bc 47.6 cd 96.7 cd 98.4 cd 3.3 c 1.6 de 
Tз :Salicylic acid      

    1000ppm 

41.2 ab 47.8 cd 96.9 bc 98.7 b 3.1 cd 1.3 g 
T4 :Citric acid 

250ppm 

38.0 bc 47.4 d 97.1 b 98.5 bc 2.9 e 1.4 f 
T5 :Citric acid 

500ppm 

29.1 d 45.1 d 96.2 e 97.5 g 3.9 b 2.5 b 
T6 :Citric acid 

1000ppm 

35.7 c 51.9 ab 96.8 c 98.3 de 3.1 cd 1.7 cd 
T7 :Folic acid 

250ppm 

39.4 bc 46.7 d 96.6 d 98.0 f 3.4 bc 2.0 b 
T8 :Folic acid 

500ppm 

39.1 bc 48.9 bcd 96.8 c 98.5 bc 3.2 cd 1.5 e 
T9 :Folic acid 

1000ppm 

38.5 bc 46.8 d 93.4 f 95.9 h 6.6 a 4.1 a T10 :Control 

 Values having the same letter(s) in the same column in each season are not significant by Duncan´s multiple 

range test, 5% level. 
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Results concerning juice%, in the two seasons 

the least significant values of juice% were obtained 

by T10 (control). By increasing salicylic acid levels 

gradually up to 1000 ppm, juice% decreased so 

the highest values of juice% were obtained by the 

first level of salicylic acid in both growing seasons. 

Data revealed that the highest significant values of 

juice% were gained by the first level of citric acid in 

the two seasons. The first and the second levels of 

folic acid (T7 and T8) gave the highest values of 

juice% in first and second seasons, respectively. In 

general, salicylic acid at 250 ppm recorded highest 

juice%. 

 The previous positive action of the investigated 

antioxidants on quality of Navel orange are in har-

mony with those obtained by  Abo El-Komsan et 

al (2003) on "Balady" orange trees, Ahmed and 

Abdelaal, (2007) on "Anna" apple, Mansour et al 

(2008) on "Le- Conte" pear, Abada and Abd El-

Hameed, (2010) on "Flame seedless" grapevines, 

Mansour et al (2010) on four mango cultivars, 

Ibrahim et al (2013) on "Zaghloul" date palms, 

Mohamed, (2014) on "Thompson seedless" 

grapevines, and Merwad et al (2015) on "Za-

ghloul" date palm, they found that the spraying 

with antioxidant materials was very effective 

in improving fruit physical properties of sev-

eral different plants. 

The positive action of salicylic acid on fruiting 

and fruit quality parameters could be attributed to 

several processes such as enhancing cell division, 

the biosynthesis of sugar, plant pigments, cell pro-

tection from free radicals that responsible of plant 

senescence and the tolerance of plants to all 

stresses (Joseph et al 2010). The positive action 

of folic acid on stimulating growth and nutritional 

status of the plants led to improved fruit quality 

(Prusky, 1988). 

Antioxidants can improve fruit size by increas-

ing carbohydrates availability to fruit or by increas-

ing fruit sink strength (Agusti et al 1995). As as 

well as, the improving fruit size could be explaining 

away by role both salicylic and citric acid as aaux-

inic action (Maksoud et al 2009) and role of folic 

acid as a central cofactor for one-carbon transfer 

reactions (Jabrin et al 2003). 

 

Effect of spraying with some antioxidant 

materials on fruit chemical properties: Data 

presented in Table (8) show the effect of antioxi-

dants spraying on T.S.S., total acidity, T.S.S./ acid 

ratio and vitamin C. Data indicate that, all fruit 

chemical properties were significantly affected by 

spraying with three antioxidants by different levels 

in the two seasons. Control treatment (T10) gave 

the least significant values of T.S.S. followed by T5, 

T6 and T8 with lack significant difference among 

them especially in the first season. In general, 

spraying with 250 ppm citric acid gave the highest 

values of T.S.S.   

In respect to total acidity, in the two seasons 

T10 gave the highest values of total acidity, wearers 

the lower values were recorded by T2 (500 ppm 

salicylic acid) than other levels of salicylic acid. 

With respect to citric acid levels, the third level (T6) 

in first season and the first level (T4) in second 

season gave the lower values of total acidity than 

other levels of citric acid. Concerning to folic acid, 

the least values of total acidity were recorded by 

only T7 in 2016 season but by T9 and T7 in 2017 

season without any significant different between 

them. In general, the least values of total acidity 

were obtained by T6 (1000 ppm citric acid). 

Regarding to T.S.S./ acid ratio, the data indi-

cate that in the two growing seasons, the least 

significant values were obtained by T10 (untreated 

trees). In respect to salicylic acid levels, the high-

est significant values of T.S.S./ acid ratio were 

obtained by T2 (500 ppm salicylic acid) in the first 

season only. Whereas, the first level of citric acid 

(T4) gave the highest significant values of T.S.S./ 

acid ratio. Otherwise, the first level of folic acid 

(T7) gave the highest significant values of T.S.S./ 

acid ratio in the first season only. In general, the 

highest values of T.S.S./ acid ratio were obtained 

by T4 (250 ppm citric acid). 

With respect to Vitamin C (ascorbic acid), dur-

ing the two growing seasons the least significant 

values were obtained by control (T10). On the other 

hand, Vitamin C was increased gradually by in-

creasing salicylic acid level up to 1000 ppm. Re-

garding to citric acid levels, the second level of 

citric acid gave higher values of Vitamin C than the 

other levels in the two seasons.  The second level 

of folic acid recorded the higher values of Vitamin 

C than other folic acid levels in the two seasons. 

Treatment T3 (1000 ppm salicylic acid) had the 

highest Vitamin C content. 

It is clear that physical and chemical fruit prop-

erties of Navel orange trees were significantly in-

creased in most cases by T2 (500 ppm salicylic 

acid) which gave the highest vales of all physical 

and chemical fruit properties. 
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Table 8. Effect of spraying with some antioxidants on fruit chemical properties of Navel orange trees in 

2016 and 2017 seasons 

 

Ascorbic acid 

(mg/100 ml 

 juice) 

T.S.S./acid 

Ratio 

Total 

acidity 

(%) 

Total 

 soluble 

Solids 

Ascorbic acid 

(mg/100 ml 

juic) 

T.S.S./acid 

 ratio 

Total 

acidity 

(%) 

Total 

 Soluble 

Solids 
Treatments 

Season 2017 Season 2016 

30.0 bcd 21.1 b 0.57bc 12.1 a 31.8 d 18.7 d 0.67a 12.5 abc 
T1 :Salicylic acid    

      250ppm 

34.0 b 22.7 b 0.54cd 12.2 a 33.8 cd 22.6 a 0.54cd 12.2 a-d 
T2 :Salicylic acid      

    500ppm 

40.3 a 22.2 b 0.55bcd 12.3 a 44.0 a 20.6bc 0.62a 12.7 a 
Tз :Salicylic acid    

      1000ppm 

24.8 d 26.7 a 0.49 e 13.0 a 31.8 d 23.3 a 0.55c 12.8 a 
T4 :Citric acid 

250ppm 

34.7 b 22.0 b 0.56bc 12.3 a 43.3 a 19.2 cd 0.62a 11.9 cd 
T5 :Citric acid 

500ppm 

33.7 b 23.4 b 0.52d 12.1 a 39.9 b 21.9 ab 0.54cd 11.8 d 
T6 :Citric acid 

1000ppm 

31.4 bc 23.6 b 0.55bcd 12.8 a 35.8 c 22.9 a 0.55c 12.6 ab 
T7 :Folic acid 

250ppm 

35.6 ab 21.5 b 0.58 ab 12.5 a 43.3 a 18.6 d 0.64a 11.9 cd 
T8 :Folic acid 

500ppm 

26.0 cd 22.8 b 0.54cd 12.3 a 34.0 cd 20.7bc 0.58b 12.1 a-d 
T9 :Folic acid 

1000ppm 

14.8 e 17.3 c 0.62 a 10.8 b 15.5 e 15.2 e 0.71a 10.8 e T10 :Control 

Values having the same letter(s) in the same column in each season are not significant by Duncan´s multiple range test, 

5% level. 

 

 

The recorded results of citric acid on enhancing 

Navel orange fruit quality are in harmony with ear-

lier studies of Ali, (2000) on "Flame seedless" 

grapevines, Ahmed et al (2002) on "Flame seed-

less" grapevines and Fayed, (2010) on "Thompson 

seedless" grapevine, they concluded that the 

spraying with antioxidant materials was very effec-

tive in improving fruit quality such as reducing total 

acidity, raising T.S.S. and vitamin C. 

These data could explain by, citric acid have 

several influences on trees such as increasing 

photosynthetic pigment which reflected on photo-

synthesis process and therefore increase in total 

soluble solids Fayed (2010). 

 

Effect of spraying with some antioxidant 

materials on some chemical analysis of 

leaves: Data presented in Table (9) show the ef-

fect of antioxidants spraying on total protein and 

total phenolic compounds. Data indicate that, in 

the two seasons. The least significant values were 

recorded by T1 (250 ppm salicylic acid), T2 (500 

ppm salicylic acid) and T10 (control). Three citric 

acid levels T4, T5 and T6 gave more or less similar 

values with lack significant difference among them 

in the two seasons. On the other hand, total pro-

tein increased gradually by increasing folic acid 

levels up to 500 ppm while more increasing in folic 

acid level 1000 ppm decreased total protein signif-

icantly in the two growing seasons. Therefore, the 

second level of folic acid 500 ppm gave the highest 

percentage of total protein content.  

The results could be explaining by, folic acid 

has fundamental biochemical action in nucleic acid 

synthesis and amino acid metabolism Andrew et 

al (2000). Folic acid improves plants to produce 

RNA, a nuclic acid that carries information from 

DNA to plant cell structures known as ribosomes 

and helps plant synthesize protein Shadia (2017). 

The positive action of folic acid is stimulating sev-

eral cellular reactions which improved growth 

characters such as metabolism of amino acids and 

transport of amino acid to the appropriate location 

in protein chain creation (Kelly, 1998), synthesis of 
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methionine, the formation of lignin, chlorophyll and 

choline led to improvement in yield Abo-Hinna 

and Merza (2012). 

Total phenolic compounds was significantly af-

fected by spraying different levels of antioxidants 

during the two growing seasons. Untreated trees 

(T10) gave the least values of total phenolic com-

pounds in the two seasons. The third level of sali-

cylic acid and the second level of citric acid gave 

higher significant values of total phenolic com-

pounds than other salicylic and citric acid levels in 

the two seasons. Otherwise, it is observed that 

increasing in folic acid level led to increasing in 

total phenolic compounds up to 1000 ppm in both 

growing seasons. Therefore, T9 "1000 ppm folic 

acid  " gave the highest values of total phenolic 

compounds. 

Folic acid stimulate phenolic structural devel-

opment and makes available free phenolic to 

scavenging free-radical, therefore the phenolic 

stimulation due to enhancement in growth parame-

ters Elizabeth et al (2007). 

 

Effect of spraying with some antioxidants on 

leaf macronutrients content: Data presented in 

Table (10) show the effect of antioxidants spraying 

on N, P, K, Ca and Mg content of leaves. Data 

indicate that, leaf macronutrients content were 

significantly affected by spraying different levels of 

antioxidants in both growing seasons .The least 

significant values of leaf N content were obtained 

by T1 and T2 in 2016 and 2017 seasons, respec-

tively followed closely by T9 and T10 in the two 

growing seasons. The highest significant values of 

nitrogen content recorded by T8 (500 ppm folic 

acid) during the two seasons followed by lack dif-

ference with T3, T5, T6 and T7 especially in the first 

season. So, spraying with 500 ppm folic acid could 

be considered the superior treatment for nitrogen 

content in Navel orange leaves.    

Regarding to phosphorus content, T10 gave the 

least significant values of P content during the two 

growing seasons. On the other hand, T4 (250 ppm 

citric acid) gave the highest P content during the 

two seasons followed with T1, T2, T3, T5 and T9  in 

the second season only. 

Regarding to potassium content, the least sig-

nificant values were obtained by T10 (control treat-

ment) in the two growing seasons. In respect to the 

three antioxidant treatments it could be arranged in 

ascending order as salicylic acid treatments fol-

lowed by citric acid and folic acid treatments. 

Therefore, the highest significant values of K con-

tent were recorded by spraying with 250 in both 

seasons and 500 ppm folic acid in the first season.   

Regarding to Ca content, the spraying with the 

second and third level of citric acid in 2016 season, 

the first level of salicylic acid in 2017 season and 

all levels of folic acid in the two seasons could be 

considered the superior treatments for Ca content 

in Navel orange leaves.  

Regarding to Mg content, the least significant 

values were obtained by T10 (control treatment) in 

the two seasons. The highest significant values of 

Mg content were recorded by the second level of 

salicylic acid, the first and second levels of citric 

acid and the third level of folic acid especially in 

the second season. 

It seems that macronutrients content of Navel 

orange trees were significantly increased by folic 

acid treatments compared with salicylic and citric 

acid treatments especially spraying with 250 and 

500 ppm folic acid. 

 

Effect of spraying with some antioxidant 

materials on leaf micronutrients content: Data 

presented in Table (10) show the effect of antioxi-

dants spraying on Fe, Zn and Mn content of 

leaves. Data indicate that, leaf micronutrients con-

tent were significantly affected by spraying differ-

ent levels of antioxidants in both growing. The 

least significant values of leaf Fe content were 

obtained by T7 in the two growing seasons. On the 

other hand, the highest significant values of Fe 

content recorded by T3 (1000 ppm salicylic acid) 

and T10 (untreated trees) during the two season.  

With respect to Zn content, the spraying with 1000 

ppm salicylic acid (T3) gave the highest significant 

values of Zn content of Navel oranges leaves. 

Other different levels of antioxidants gave more 

or less similar values from the same statisti-

cal stand point. 

Regarding to Mn content, the least significant 

values were obtained by, T4, T5 and T10 in the two 

growing seasons in addition to T1 in 2016 season 

and T7 in 2017 season. In respect to the three an-

tioxidant treatments it could be arranged in de-

scending order as salicylic acid treatments fol-

lowed by folic acid and citric acid treatments. 

Therefore, the highest significant values of Mn 

content were recorded by spraying with 1000 ppm 

salicylic acid in the two seasons.  

It seems that micronutrients content of Navel 

orange trees were significantly increased by the 

spraying trees with the third level of salicylic acid 

and the first level of folic acid. 
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Table 9. Effect of spraying with some antioxidants on total protein and total phenolic compounds of 

Navel orange trees in 2016 and 2017 seasons 

Treatments 

Total 
Protein 

(%) 

Total phenolic 
compounds 
(µg/g D.W.) 

Total 
Protein 

(%) 

Total phenolic 
compounds 
(µg/g D.W.) 

Season 2016 Season 2017 

T1 :Salicylic acid 
250ppm 

15.0 b 541.5 e 18.0cde 583.8 e 

T2 :Salicylic acid 
500ppm 

16.1 b 475.8 e 16.8 e 551.0 e 

Tз :Salicylic acid 
1000ppm 

20.0 a 1012.3 b 19.8bc 1125.8 b 

T4 :Citric acid 
250ppm 

17.3 ab 665.3 d 17.3 de 704.0 de 

T5 :Citric acid 
500ppm 

17.5 ab 934.3 b 18.4cde 969.0bc 

T6 :Citric acid 
1000ppm 

17.9 ab 551.8 e 20.6 b 559.4 e 

T7 :Folic acid 
250ppm 

18.2 ab 734.8 cd 19.4bcd 802.5 cd 

T8 :Folic acid 
500ppm 

20.5 a 789.8 c 22.6 a 880.5 cd 

T9 :Folic acid 
1000ppm 

15.4 b 1315.3 a 17.6 cde 1413.0 a 

T10 :Control 16.6 b 352.3 f 18.2 cde 355.5 f 

Values having the same letter(s) in the same column in each season are not significant by Duncan´s multiple 

range test, 5% level 

 

Table 10. Effect of spraying with some antioxidants on leaf macronutrients content of Navel orange trees 

in 2016 and 2017 seasons.  

Mg 
(%) 

Ca 
(%) 

K 
(%) 

P 
(%) 

N 
 (%) 

Mg 
(%) 

Ca 
(%) 

K 
(%) 

P 
(%) 

N 
 (%) 

 
 

      Treatments Season 2017 Season 2016 

0.61 c 3.5b 0.41 g 0.15 a-d 2.9cde 0.60 d 2.5bcd 0.39 d 0.16bc 2.4 c 
T1 :Salicylic acid    

      250ppm 

0.67 a 3.1d 0.44fg 0.17 a 2.7 e 0.60 d 2.4bcd 0.43 d 0.15 cd 2.6 c 
T2 :Salicylic acid      

    500ppm 

0.56 d 3.2d 0.44fg 0.17 ab 3.2bc 0.56 e 2.0d 0.44 d 0.17 b 3.2 ab 
Tз :Salicylic acid     

     1000ppm 

0.68 a 3.1d 0.52 cd 0.17 a 2.8 de 0.68 a 2.5bcd 0.52bc 0.20 a 2.8bc 
T4 :Citric acid 

250ppm 

0.67 a 3.0d 0.53 c 0.16abc 3.0cde 0.65bc 3.3abc 0.53bc 0.16bc 2.8abc 
T5 :Citric acid 

500ppm 

0.52 e 3.1d 0.48 de 0.14 d 3.3 b 0.62 cd 3.5ab 0.54 b 0.15 cd 2.9abc 
T6 :Citric acid 

1000ppm 

0.55 d 3.0d 0.72 a 0.15bcd 3.1bcd 0.65 ab 3.5ab 0.72 a 0.15 cd 2.9abc 
T7 :Folic acid 

250ppm 

0.63 b 3.3c 0.68 b 0.15 cd 3.6 a 0.66 ab 3.7a 0.67 a 0.14 de 3.3 a 
T8 :Folic acid 

500ppm 

0.67 a 3.9a 0.46ef 0.16 a-d 2.8cde 0.66 ab 3.9a 0.46 cd 0.15 cd 2.5 c 
T9 :Folic acid 

1000ppm 

0.52 e 2.5e 0.25 h 0.12 e 2.9cde 0.48 f 2.2cd 0.28 e 0.13 f 2.7 c T10 :Control 

Values having the same letter(s) in the same column in each season are not significant by Duncan´s multiple range test, 

5% level. 

% Mg Ca% % K % P % N 
 

0.30-0.49 3-4.9 1.2-1.7 0.12-0.16 2.5-2.7 
Optimum 

Obreza et al.(1992) 
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Table 11. Effect of spraying with some antioxidants on leaf micronutrients content of Navel orange trees in 

2016 and 2017 seasons 

 

Mn 

(ppm) 

Zn 

(ppm) 

Fe 

(ppm) 

Mn 

(ppm) 

Zn 

(ppm) 

Fe 

(ppm) Treatments 

Season 2017 Season 2016 

21.0 d 23.1 b 282.4 b 21.8 a 20.3 b 178.6 cd 
T1 :Salicylic acid 

250ppm 

22.8 bc 18.5 c 179.5 d 15.8 c 13.3ef 189.6  cd 
T2 :Salicylic acid 

500ppm 

25.3 a 29.4 a 386.3 a 20.3 a 24.3 a 338.1 a 
Tз :Salicylic acid 

1000ppm 

22.3 bcd 19.1 c 235.9 c 14.3 cd 16.8 cd 198.0 cd 
T4 :Citric acid 

250ppm 

21.3 cd 24.1 b 266.9bc 12.3 d 11.3fg 271.0 b 
T5 :Citric acid 

500ppm 

26.0 a 22.6 b 260.9 bc 16.0 bc 15.8 de 240.1bc 
T6 :Citric acid 

1000ppm 

23.0 bc 24.5 b 139.4 e 12.0 d 15.0 de 172.1 d 
T7 :Folic acid 

250ppm 

25.1 a 23.8 b 168.4 de 18.0 b 16.8 cd 195.7 cd 
T8 :Folic acid 

500ppm 

23.6 b 10.0 d 245.0bc 22.0 a 9.0 g 265.6 b 
T9 :Folic acid 

1000ppm 

22.0 bcd 23.4 b 418.0 a 13.0 d 19.0bc 348.5 a T10 :Control 

Values having the same letter(s) in the same column in each season are not significant by Duncan´s multiple range test, 

5% level. 

Mn 

(ppm) 

Zn 

(ppm) 

Fe 

(ppm) 
 

25-100 25-100 60-120 
Optimum 

Obreza et al (1992) 

 

These results are in agreement with those 

founded by Mousa et al (1994), Abdel-Messih 

and Eid (1999), Mohamed (2004) on wheat plant. 

The positive action of folic acid is stimulating N, P, 

K, Ca, Mg, Zn, Fe and Mn in the leaves of trees 

Naheif (2013). Salicylic acid stimulating ion uptake 

and transport Kassem et al (2011). Citric acid has 

an effect on many metabolic physiological pro-

cesses increased such as leaf content of N, P, K 

Maksoud et al )2009), Mg, Zn and Fe Hamdy et 

al )2007) and improving the availability of Fe 

Legaz et al (1992), Mengel et al (1994) and Miller 

et al (1994). 

 

CONCLUSION 

 

From the foregoing results, it could be conclud-

ed that antioxidant materials were affected signifi-

cantly on Navel orange growth, yield, fruit quality 

and nutritional status. In most cases, the second 

level of salicylic acid (500 ppm) gave the highest 

significant values of total chlorophyll content, fruit 

set%, fruit weight, fruit number per tree, yield, pulp: 

fruit%, juice%, juice weight and Mg content of 

leaves and at the same time gave the least values 

of peel: fruit% and fruit drop%. Regarding to citric 

acid levels in most cases, the second level (500 

ppm citric acid) gave the highest significant values 

of leaf area, fruit set%, fruit number per tree, yield, 

fruit weight, fruit volume, juice weight and juice 

volume and at the same time gave the least values 

of fruit drop%. Regarding to folic acid levels in 

most cases, the first level (250 ppm folic acid) gave 

the highest significant values of fruit weight, yield, 

fruit volume, juice volume, juice weight and leaf 

content of K and Fe and at the same time gave the 

least values of fruit drop%. Therefore, the best 

treatments for enhancing Navel orange growth, 

yield, fruit quality and nutritional status were using 

treatments 500 ppm salicylic acid, 500 ppm citric 
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acid or 250 ppm folic acid. Treatment 500 ppm 

salicylic acid was the best from economical point of 

view and may be recommended as good treatment 

for enhancing Navel orange growth, yield, fruit 

quality and nutritional status especially under old 

citrus orchard.  
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 زــــــــــــــــالموجـ
  

أجريت ىذه الدراسة خلال موسمين متتاليين  
لدراسة تأثير رش بعض مضادات  2112و  2118

الأكسدة عمى النمو الخضري، المحصول، جودة الثمار 
البالغة من العمر والحالة الغذائية لأشجار البرتقال بسره 

اثني عشر عامًا المطعومة عمى أصل النارنج المنزرعة 
، مصر في ة برتقال خاصة بمحافظة القميوبيةبمزرع

تربة طميية طينية سمتيو. تضمنت ىذه التجربة ثلاث 
مواد مضادة للأكسدة وىى حمض الساليسيميك ،حمض 
الستريك وحمض الفوليك حيث اشتممت كل مادة عمى 

جزء في  1111و  511، 251يات )ثلاثة مستو 
المميون( بالإضافة إلى معاممة المقارنة وعمى ذلك 

عشرة معاملات حيث رشت الأشجار  شممت التجربة
شير في و مايو شير في ، شير مارسفى ثلاث مرات 

يوليو بمحمول مائي من حمض الساليسيميك وحمض 
تم الحصول عمى أعمى حيث  الستريك وحمض الفوليك

جزء في  511الخضرى من خلال رش قيم لمنمو 
جزء في  1111المميون من حمض الساليسيميك، 

جزء في المميون  511المميون من حمض الستريك و 
من حمض الفوليك. اما فيما يتعمق بالمحصول، 

جزء في  511أوضحت النتائج أن الرش الورقي بتركيز 
جزء في المميون  511المميون من حمض الساليسيميك، 

جزء في المميون من  251الستريك و من حمض 
حمض الفوليك أعطى أعمى قيم لممحصول. كما 

جزء في المميون حمض  511أعطت المعاملات 
جزء في المميون حمض الستريك  251الساليسيميك، 

 جزء في المميون حمض الفوليك أعمى القيم 251و
لخصائص الثمار الفيزيائية والكيميائية. فيما يتعمق 

اصر، تم الحصول عمى أعمى قيم بمحتوى العن
 251لمعناصر الكبرى عن طريق رش حمض الفوليك 

جزء في  1111جزء في المميون، في حين أن رش 
جزء في المميون  251المميون حمض الساليسميك و 

حمض الفوليك أعطى أعمى قيم لمعناصر الصغرى. 
جزء في  511وعمي ذلك يوصى بإستخدام المعاممة 

لساليسيميك من الناحية الاقتصادية المميون من حمض ا
مبرتقال بسره، المحصول، لوكمعاممة جيدة لتحفيز نمو 

جودة الثمار والحالة الغذائية خاصة تحت ظروف مزارع 
 الموالح القديمة.

 

برتقال بسره، مضادات الأكسدة،  الكممات الدالة:
حمض الستريك، حمض الفوليك، حمض الساليسيميك، 

 نمو، إنتاجية
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