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ABSTRACT 

 
 This study was established during 2011 and 2012 on Navel orange trees grown in newly reclaimed soil. Uniform trees at 10 years old 
were selected and treated with three foliar some antioxidant materials i. e. Zinc  at 1000, 2000 mg L-1 , yeast at 5, 10g L-1 and selenium at 
100, 200mg L-1. Concerning the effect of antioxidant materials, results showed that zinc treatments at the concentration of 1000 mg L-1 
and yeast at the concentration of 10g L-1 followed by selenium at 100mg L-1 had increased weight, Juice volume, dimensions (diameter and 
length) of fruits, soluble solids content (ssc %) , ascorbic acid (vitamin c) and total yield, but this treatments had decreased total acidity % 
and PH compared to untreated trees. The best results with regard to yield and fruit quality   were obtained in trees treated with zinc at 1000 
mg L-1 followed by yeast at 10g L-1 then selenium at 100mg L-1. 10g L-1 yeast recorded the highest increments in GR and APX activities 
while Zinc at 1000 mg L-1 recorded the highest increment in SOD, PPO and total phenols. In DPPH assay Zinc at 1000mg L-1 exhibited the 
strongest scavenging potential followed by yeast at 10g L-1 and selenium at 100mg L-1, the unripe fruit juices have displayed stronger 
antioxidant activity when compared to ripe fruit Juices. Foliar spray with Zinc at the concentration of 1000mg L-1 followed by yeast at 10g 
L-1 then selenium at 100mgL-1 enhanced the protective parameters such as antioxidant enzymes, total phenol and free radical scavengers 
and consequently helped the plants to decrease lipid peroxidation, increase their tolerance and improved yield and fruit quality. 
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INTRODUCTION 
 
 The newly reclaimed soil is mostly exposed to a 
combination of environmental stress conditions 
including low water availability, saline soil, nutrient 
deprivation, temperature fluctuations and high 
irradiances. In this concern, great efforts must be 
paid to increase plant tolerance to such conditions via 
selecting tolerant genotypes and applying the 
optimum cultural practices and / or treating the seeds 
(before sowing) or plants (at different growth stages) 
with some growth regulating substances that play an 
important role in helping plants to overcome partially 
the unfavorable conditions and avoid their negative 
effects on yield quantity and quality [21].  
 Citrus species (Rutaceae), the most popular 
fruits, originated in South-East Asia and then 
gradually spread to different parts of the world. 
These fruits contain a variety of sugars, citric acid, 
ascorbic acid, carotenoids, minerals, essential oils, 
etc and play an important role in human nutrition as 
excellent source of antioxidants (ascorbic acid, 
carotenoids and phenolic compounds). These 
constituents are considered to be essential 
components of functional foods. Many of these 

substances prevent damage to cell membrane and 
other structures by neutralizing free radicals. 
Ascorbic acid is the most important antioxidant in 
citrus fruit juices and it protects the organism from 
oxidative stress [72].  
 An antioxidant is a molecule capable of 
inhibiting the oxidation of other molecules. 
Oxidation is a chemical reaction that transfers 
electrons from a substance to an oxidizing agent. 
Oxidation reactions can produce free radicals. In 
turn, these radicals can start chain reactions that 
damage cells. Antioxidants terminates these chain 
reactions by removing free radical intermediates and 
inhibit other oxidation reactions, so antioxidants are 
often reducing agents tend to interact with these free 
radicals. Among micronutrients, zinc wich is closely 
involed in the metabolism of RNA and ribosomal 
content in plant cell which lead to stimulation of 
carbohydrates, protein and the DNA metabolism 
[34]. Zinc is also, required for the synthesis of 
tryptophan, IAA precursor [12]. Zinc plays a 
significant role in many vital metabolic processes 
[13,78] for instance; Zn is a cofactor for several 
enzymes such as anhydrates dehydrogenases, oxidase 
and peroxidase [84]. Zinc protects chloroplasts [13]. 
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In addition, the possibility of using natural and safety 
substances which are rich sources of phytohormones 
in order to improve plant growth and productivity 
has gained a great attention nowadays. Yeasts act as 
natural safety biofertilizer and rich source of 
phytohormones (especially cytokinins), sugar, 
vitamins, enzymes, amino acids and minerals 
[32,60]. It was reported that yeast has stimulatory 
effects on cell division and enlargement, synthesis of 
protein and nucleic acid as well as chlorophyll 
formation [32]. The enhancement effect of yeast 
might be attributed to its stimulating effect on 
enzyme activity, production of some phytohormones, 
improving the uptake of nutrients and convert 
insoluble form of phosphorous into soluble one to 
enhance phosphorous availability to plants, all of 
which increased vegetative growth of plant [2]. It 
also releases CO2 which reflected in improving net 
photosynthesis [59]. Improving growth and 
productivity of different plant species by application 
of yeast extract were recorded by Khalil and Ismael, 
[59,2,7]. Selenium (Se) is important as an antioxidant 
in humans and animals [83]. Selenium compounds 
inhibit tumorigenesis in experimental animals, and 
supplemental selenium reduces cancer risks in 
humans [54,25]. It functions in the active site of a 
large number of selenium-dependent enzymes such 
as glutathione peroxidase (GSH-Px), which has 
antioxidant activity [77]. Little attention has been 
paid to selenium’s role on the growth and yield of 
plants. Plants are generally considered not to require 
Se but to have a low tolerance for selenium. 
However, recently, it has been demonstrated that Se 
is able to protect plants, such as ryegrass and lettuce, 
against UV-induced oxidative stress and even to 
promote the growth of plants subjected to high-
energy light [47]. The antioxidant capacity of Se was 
related to its inhibition of lipid peroxidation and 
promotion of GSH-Px and superoxide dismutase 

(SOD) activities [46,88]. This investigation aimed to 
study the effect of exogenous application of zinc at 
1000, 2000 mg L-1, yeast at 5000, 10000 mg L-1 and 
Selenium at 100, 200 mg L-1 on the yield, fruit 
quality and antioxidant defense systems of Navel 
orange trees. 
 
Materials and Methods 
 
 This study was carried out during two successive 
seasons (2011 & 2012) on 10 years old Navel orange 
trees (citrus sinensis L.), planted at 5X5 meters apart. 
Selected trees were cultivated in national research 
centre orchard located at El-Nobaria District, 
Menofia Governorate, Egypt. Trees were similar in 
growth vigour, regular agricultural practices such as 
hoeing, drip irrigation, fertilization and pest control 
management were done as usual to all the 
investigated orange trees. 
The experiment included the following seven 
treatments: 
1- Control (untreated trees) 
2- Spraying zinc sulphate at 1000 mg L-1 
3- Spraying zinc sulphate at 2000 mg L-1 
4- Spraying yeast at 5000 mg L-1 
5- Spraying yeast at 10000 mg L-1 
6- Spraying sodium selenate at 100 mg L-1 
7- Spraying sodium selenate at 200 mg L-1 
The all tested treatments were sprayed four times in 
the same trees  
1- The first at the growth start. 
2- The second before blooming. 
3- The third just before fruit setting. 
4- The fourth at three weeks later. 
 The fully mature leaves of spring flush of young 
shoots were collected randomly of tree, The results 
of the orchard soil analyses according to Wilde et al,  
[87] are given in Table (1). 

 
Table 1: Soil characteristics of the experimental sites. 

 Particle size distribution  
  Sand % 70.80 
  Silt % 25.60 
  Clay % 3.60 
  Texture Sand loam 
 Field capacity 20.10 
 Chemical character  
  Soil reaction pH (1:2.5) 4.90 
  Electric conductivity (dsm-1) 0.12 
  Organic matter (%) 0.23 
  Calcium carbonate (%) 3.57 
  Available macronutrients (mg/100g)  
  N 15.10 
  P 13.00 
  K 21.00 
  Available micronutrients (ppm)  
  Fe 4.47 
  Mn 2.61 
  Zn 1.44 
  Cu 4.00 
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 Triton B as a wetting agent was added at 0.1 % 
for all spraying treatments. All trees were sprayed till 
run off (15 L / tree). The experiment was designed in 
a completely randomized blocks with three 
replicates, each consisted of one tree [80]. 
 
Physical characteristics: 
 
 Average fruit, pulp, peel weight (g) and fruit 
volume (cm3) were measured. The fruit length and 
diameter (cm) were measured by a varnier caliper. 
 
Chemical properties: 
 
1- Soluble solids content (ssc%): A refractometer 
was used to determine the soluble solids content in 
fruit flesh according to A.O.A.C. [1]. 
2- Titratable acidity % : 
It was determined according to the method in 
A.O.A.C [1]. 10 ml of the extracted juice was diluted 
to 100 ml and titrated 0.1N NaoH to PH 8.1. 
3- PH of juice : PH was determined using pH 
meter. 
4- Ascorbic acid content (vitamin C): 
 Ascorbic acid was determined using phenol 
indophenol dye method [1],10 g of the fresh samples 
were blended with 3% metaphosphoric acetic acid 
extracting solution to homogenous slurry, 5 ml of the 
filtrate extract were than titrated with standard 
indophenol to pink end point. 
 
Antioxidant Enzyme assays and lipid per oxidation: 
 
 Extraction of the antioxidant enzymes SOD, 
APX and GR were determined 5g of frozen leaves 
tissues were homogenized in pre-chilled mortar in 
presence of 10ml of 50mM potassium phosphate 
buffer (PH7) with 1% (W/V) insoluble polyvinyl 
pyrolidone (PVP) and 0.1 mM EDTA. The extraction 
procedures were repeated twice and supernatants 
were pooled, raised to a certain volume, referred as 
crude enzyme extract, all operation were carried out 
at -4°C for further analysis. The activity of SOD (EC 
1.15.1.1) was determined according to Dhindsa et al. 
[22] One unit of SOD was defined as the amount of 
enzyme that inhibits by 50% the rate of NADH 
oxidation observed in blank. APX activity 
(EC1.11.1.11) was determined according to Nakano 
and Asada [67]. One unit of APX was defined as the 
amount of enzyme that breaks down 1µ mol of 
ascorbate per min. and GR activity (EC 1.6.4.2) was 
determined according to Zanetti [93]. One unit of GR 
was defined as the amount of enzyme that decreases 
1A340 per min.  
 Polyphenol oxidase , PPO (EC 1.10.3.1) activity 
assayed using the method of Kar and Mishra, [57]. 
 Lipid peroxidation was determined by 
measuring Malondialdehyde (MDA) content as 
described by Dhindsa et al [23]. 
 

Total phenol and radical scavenging activity: 
 
 Total phenols in fresh leaves and fruit juice 
extract were determined by the colourimetric method 
of folin – Denis as described by Daniel and George 
[20]. 
 The radical scavenging ability of fruit juices was 
tested on the basis of the radical scavenging effect on 
the DPPH free radical according to Kato et al [58]. 
 
Results and Discussion 
 
Fruit physical properties: 
 
Fruit, pulp, Peel weights (g): 
 
Fruit fresh weight (g):  
 
 Fruit weight was influenced significantly by 
treatment of zinc at 1000 mg L-1 compared to the 
control sample, this treatment recorded 313.83 g and 
325.12 g in both seasons, but the treatment of yeast 
at 10000 mg L-1 recorded 289.11 g and 310.32 g in 
the first and second seasons respectively, followed 
by treatments of selenium at 100, 200 mg L -1, (Table 
2). These results are in agreement with Hegab et al, 
[50] and Fornes et al, [33], they cleared that, the 
biggest fruit weight of Navel orange were observed 
on trees treated with Zinc sulphate and yeast. 
 
Pulp fresh weight (g):  
 
 Treatments of zinc sulphate at 1000 mg L-1 and 
yeast at 10000 mg L -1 gave the highest pulp weight 
(200.74g, 188. 36g) in the first season and (210.67g, 
201.11g) in the second season followed by 
treatments of selenium at 100, 200 mg L-1 in both 
season (Table 2). In this sphere, Mostafa et al, [66] 
and Abdou, [5] reported that the fruit pulp of Navel 
orange and Le. Conte pear increased by the treatment 
with zinc at the lower concentration and higher 
concentration of yeast. 
 
Peel fresh weight:  
 
 The highest significant fruit peel weight in 
(Table 2) was obtained by treatments of zinc at 1000 
mg L-1 and yeast at 10000 mg L-1. The lowest 
significant fruit peel weight was obtained with 
treatments of selenium at 100, 200 mg L-1 compared 
with control. These results are in agreement with 
Mohammed et al, [64] who found that decreasing 
concentration of zinc and increasing concentration of 
yeast caused a gradual increase in fruit peel weight. 
 
Fruit Dimensions:  
 
 Fruit diameter and length were increased 
significantly in both seasons with treatment of zinc at 
1000 mg L-1 (Table 2). This treatment recorded 9.12 , 
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9.77 cm in fruit diameter and 9.43, 9.92 cm, in fruit 
length followed by treatments of yeast at 5000, 
10000 mg L-1 and selenium at 100, 200 mg L-1 
throughout the first and second seasons respectively. 
These results are in line with those obtained by 
Ahmed [10] and Abo El-komsan et al [6] on fruit of 
Balady orange, they declared that zinc treatment 
increased fruit length and diameter. 
 
Juice Volume:  
 
 The greatest significant fruit juice volume was 
recorded with trees treated with zinc at 1000 mg L-1 
and yeast at 10000 mg/ litre (108.28, 112.93 ml) in 
treatment of zinc and (99.41, 107.25 ml) in treatment 
of yeast but the control gave the least fruit volume 
(66.80, 74 ml) in the two seasons. These results are 
in harmony with those reported by Abd El-Migeed et 
al [3] and Al-Ashkar et al [11] on grand naine 
banana, they found that juice volume was gradually 

increased by treatments of zinc sulphate and yeast at 
the highest concentration. 
 
Fruit Yield:  
 
 Results showed that zinc at both levels 
significantly increased fruit yield. The maximum 
fruit yield was 13.49 kg / tree and 5.37 ton / fad in 
the first season and 17.15 kg / tree, 6.61 ton / fad in 
the second season were obtained in trees applied with 
zinc at 1000 mg L-1. followed by trees treated with 
zinc at 2000 mg L-1 and treatment with yeast at 
10000 mg L-1 (12.53, 16.47 kg / tree), (5.03, 6.33 
ton/fad) in the first and second season respectively, 
compared with control, (Table 3). Sample similar 
results had been reported that foliar spray of zinc 
sulphate and yeast followed by treatment with 
selenium increased fruit yield of Navel orange 
[37,15].

 
Table 2: Effect of zinc, yeast and selenium foliar application on physical properties (fruit quality) of Navel orange trees during two 

successive seasons. 
Treat. 

(mgL-1) 
Fruit fresh weight (g) Fruit dimension (cm) Juice volume 

(mL) Fruit Pulp Peel Diameter 
(cm) 

Length 
(cm) 

First season (2011) 
Zinc                        1000 313.83 200.74 113.09 9.12 9.43 108.28 
                                2000 301.73 196.38 105.35 8.82 9.08 104.32 
Yeast                      5000 278.06 180.84 97.22 8.09 8.39 96.15 

                                 10000 289.11 188.36 100.74 8.45 8.74 99.41 
Selenium                100 238.86 155.76 83.10 6.96 7.20 82.93 
                               200 207.47 135.20 72.27 6.04 6.25 72.14 

Cont 192.21 125.08 67.13 5.62 5.78 66.80 
L.S.D. at 5 % 10.83 6.27 5.81 1.62 0.42 4.01 

Second season (2012) 
Zinc                          1000 325.12 210.67 114.45 9.77 9.92 112.93 
                                 2000 323.47 209.81 113.66 9.42 9.73 111.38 
Yeast                         5000 251.34 169.66 91.67 7.62 7.85 90.25 

                                    10000 310.32 201.11 109.21 9.04 9.37 107.25 
Selenium                  100 249.40 162.33 87.07 7.14 7.53 86.40 
                                 200 228.70 148.94 79.76 6.69 6.88 79.36 

Cont 213.56 138.78 74.78 6.23 6.41 74.00 
L.S.D. at 5 % 10.87 5.05 5.72 1.66 1.89 3.94 

 
Fruit chemical properties: 
 
Total soluble solids content (TSS):  
 
 Total soluble solids increased significantly in 
both seasons with treatment of zinc at 1000 mg L-1 
and yeast at 10000 mg L-1 followed by treatments of 
selenium at 100 mg L-1 and 200 mg L-1 compared 
with control. Similar results were showed by 
Hammam and Assy, [43] on Hindy Bissinara, Ahmed 
Amin et al, [9] and Gonzalez- Molina et al, [40] on 
lemon and pomegranate, they concluded that, fruit 
produced on trees under nutrients foliar application at 
low rate of zinc treatment and high rate of yeast 
treatment contained more soluble solids than low rate 
of selenium treatment or the control (Table 3).  
 
 
 

Total Acidity:  
 
 First and second seasons results as shown in 
(Table 3) indicated that, total acidity % of fruits was 
decreased significantly by decreasing level of zinc 
and selenium treatments and a high rate of  yeast 
treatment compared with farm control. It was also 
stated by Chouliaras et al, [19] and El-Mohmedy and 
Ahmed, [26] that, the lowest fruit acidity was 
recorded by lowest rate of zinc sulphate.  
 
Ascorbic Acid:  
 
 The maximum ascorbic acid content was 
resulted in  trees which treated with zinc at 1000 mg 
L-1 and treatment of yeast at 10000 mg L-1 , the farm 
control had the middle ascorbic acid content in both 
seasons. High ascorbic acid content may serve as a 
protective strategy against drought and decreasing of 
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nutrients application [79]. This results was confirmed 
by Helail et al, [51] and Kabeel et al, [56] on 
Washington Navel orange and Canino opricot that, 
assorbic acid increased by decreasing concentration 
of zinc treatment and increasing concentration of 
yeast treatment, (Table 3).  
 
pH:  
 
 In the first and second seasons, the results as 
shown indicated that in Table 3, PH of fruits was 
decreased by the treatments of zinc at 1000 mg L-1 
and 2000 mg L-1. Also, a slight raise in PH value was 
observed with untreated trees. It was also stated by 
Elham et al, [27] on mango and Hasani et al, [48] on 

pomegranate that, the lowest PH of fruit juice was 
recorded by treatments of zinc and yeast. 
 
Antioxidant enzymes and lipid per oxidation: 
 
 Analysis of the antioxidant enzymes APX and 
GR revealed a higher increase in their activity in 
leaves of Navel orange supplemented with yeast 
rather than that supplemented with Zinc or selenium 
compared to control (Table 4), the response reached 
the maximium at 10000mgL-1 yeast followed by 
1000mgL-1 Zinc, then 100 mgL-1 selenium. 
However, Zn- supplemented trees on the other hand 
responded the highest value in SOD and PPO 
enzymes activity and the response reached the 
maximum at 1000mgL-1. 

 
Table 3: Effect of zinc, yeast and selenium foliar application on yield and chemical properties of Navel orange trees during two successive 

seasons. 
Treat. 

(mgL-1) 
SSC % Total acidity % Ascorbic acid 

(mg/ 1oo ml) 
PH Total yield 

Kg/ tree ton/fed. 
First season (2011) 

Zinc             1000 13.30 1.06 33.80 3.20 13.49 5.37 
                    2000 11.46 1.21 32.50 3.43 13.02 5.21 
Yeast            5000 12.00 1.23 29.73 3.55 12.07 4.77 

                       10000 12.37 1.21 31.70 3.35 12.53 5.03 
Selenium      100 12.20 1.24 28.67 3.44 10.51 4.33 
                     200 11.36 1.29 27.63 3.54 9.24 3.88 

Cont 11.03 1.43 26.80 3.65 8.62 3.56 
L.S.D. at 5 % 1.35 0.30 1.63 1.62 1.46 1.25 

Second season (2012) 
Zinc                1000 13.50 1.07 34.70 3.32 17.15 6.61 
                      2000 11.53 1.14 33.60 3.44 17.07 6.41 
Yeast             5000 12.40 1.24 30.90 3.50 13.97 5.54 

                        10000 12.53 1.21 32.60 3.40 16.47 6.33 
Selenium       100 12.50 1.28 29.80 3.46 13.15 5.25 
                      200 11.54 1.35 28.70 3.56 12.37 4.98 

Cont 11.20 1.57 27.56 3.66 9.63 4.70 
L.S.D. at 5 % 1.29 0.35 1.50 1.58 1.56 1.34 

 
 In this study, a negative relationship between the 
activities of SOD, APX GR and PPO enzymes and 
the MDA content was observed. These results are in 
parallel with the findings of Orabi [69]; Esfandiari et 
al [31]; El-Khallal, [28] and Orabi et al [70]. 
Actually, these enzymes activity bring ROS 
production and scavenging systems activity into a 
balance, hence preventing oxidative stress in the cells 
caused by these types of reclaimed sandy soils i.e. 
Zinc supplement followed by yeast supplement then 
selenium, efficiently reduced all the adverse 
oxidative effects of the untreated trees such as lipid 
per oxidation which is considered as a marker of 
oxidative stress [48,14].  
 The positive effect of Zn on the antioxidant 
enzymes activity were reported by Hajiboland and 
Beirmzadeh, [41]; Tavallali et al, [82]. It's protective 
effect has been reported to be due to its ability to 
inhibit NADPH oxidation and oxygen centered free 
radical generation [17]. In this concern, Zn 
deficiency caused a serious damage to photosynthetic 
apparatus in the leaves of Zn- deficient red cabbage 
plants subjected to drought stress [42]. 

 Moreover, Zn deficiency likely cause an excess 
of reducing power (NADP + H+) because of 
reduction in the Co2 available at carboxylation sites 
i.e stomatal closure [44] and the probability of 
generation of reactive radicals which further injure 
PSII components is very high [16]. Also, there are 
reports on significant reduction of maximum 
Quantum efficiency of PSII [86] and severe damage 
to the ultrastructure of chloroplasts in plants 
subjected to inadequate Zn supply [18]. 
 Yeast might increase the activity of the studied 
antioxidant enzymes through its stimulation effect on 
photosynthesis process [30,85] and the role of yeast 
cyto kinin in reducing the degradation of chlorophyll 
and total carotenoids and enhancing soluble protein 
[35] as well as affecting the balance between 
photosynthesis and photorespiration in plants [68]. 
More over, for its role through fermentation process 
which leads to the release of carbon dioxide that 
affectively activates again the photo synthesis 
[61,81] and consequently improve stress tolerances 
[91]. Moreover; yeast contains vitamins which 
considered as natural antioxidants and recognized as 
coenzymes involved in specific biochemical 
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reactions in the plant such as oxidative and non 
oxidative carboxylation process [75]. 
 The positive effect of yeast treatment under 
water stress conditions might be due to its 
involvement of essential nutrient elements required 
for protein formation [49] and the efficiency of yeast 
as a natural biofertilizer was detected through its 
activation of the antioxidative properties of flax 
seeds [29]. 
 The positive role of selenium on the 
antioxidative enzymes were reported by several 
investigators, Xue et al [89] found that lettuce plants 
treated with se induced higher increase in enzymes 
detoxify H2O2, especially peroxidase and glutathione 
peroxidase [76]. The antioxidative function of se as 
demonstreated by eliminshed lipid peroxidation, 
H2O2 and superoxide radical production and 
increased antioxidant enzymes such as peroxidase 
and polyphenol oxidase and super oxide dismutase 
may be resulted in the growth stimulating effect in 
many plants: Hartikanen et al, [45] in rye grass, 
Djanaguiraman et al, [24] in soybean and Midan & 
Sorial, [62] in lettuce. It is possible that se promote 
scavenging of H2O2 production through increased 
peroxidase and poly phenol oxidase activity which 
might involved in detoxification of electrophiles 
[74]. The positive correlation between the se 
concentration and antioxidant enzymes activity was 
reported in Lettuce and rye grass [45,89] and wheat 
[90]. 
 The overproduction of antioxidant enzymes in 
Navel orange leaves in this study was enhanced also 
in Lime (Citrus aurantifloia) as a result of 
phytoplasma infection stress [92] to reduce the 
damage associated with H2O2 increments in lime tree 

[4] Moreover, the study of Hutadilok et al, [53] also 
showed that the extract from leaves of citrus hystrix 
exerted the strongest effect on production of the 
hydroxyl radical by firstly decreased CAT activites 
which suggests that C. hystrix leaf extracts do no 
directly detoxify H2O2 but finally scavenge hydroxyl 
radicals. i.e It could be deduced the existence of a 
well maintained balance between production of free 
radicals and antioxidant defense mechanism in a 
healthy individual [72]. In pathophysiological 
conditions, this balance shifts towards 
overproduction of free radicals or lowering of 
antioxidant defenses in oxidative stress. The ESTs 
from citrus leaves showed that all major enzymes 
involed in ROS-scavenging mechanisms were 
expressed, including SOD, CAT and the majority of 
AGC enzymes, like APX and GR and in healthy 
leaves, the chloroplastic antioxidative enzymes 
FeSOD and Cu/ZnSOD were found, whereas the 
ESTs profile from leaves with 30 days of infection 
by X. fastidiosa or CiL V had no expression of SOD, 
which suggests that chloroplasts from infected leaves 
are unable to remove the O2 radicals generated in the 
photosynthetic electron transport chain [71]. 
Oxidative stress is excess formation and / or 
incomplete removal of highly reactive molecules 
such as ROS including super oxide radical, hydroxyl 
radical etc. as well as non radical species such as 
hydrogen peroxide. Free radicals are implicated in 
the etiology of several degenerative diseases such as 
stroke, rheumatoid or cancer or poorly development 
or death in plant cells. These radicals are capable of 
damaging essential biomolecules such as proteins, 
DNA and Lipids. 

 
Table 4: Effect of Zinc, yeast and selenium foliar application on the activity of SOD, APX, GR, PPO and MDA content of Navel orange leaves during two successive seasons. 

Treat. 
mgl-1 

SOD 
Activity 

Rel 
Activity 

APX 
activity 

Rel 
Activity 

GR 
Activity 

Rel 
Activity 

PPO activity Rel 
activity 

MDA 
content 

Rel 
Content 

Zinc           
1000 209.85+2.73 198.08 0.65+0.02 171.05 93.78+3.87 135.48 19.19+0.21 144.61 1.34+0.10 43.93 
2000 200.93+4.48 189.66 0.47+0.03 123.68 91.55+4.47 132.26 18.64+0.14 140.47 1.75 + 0.10 57.38 
Yeast           
5000 153.78+7.58 145.16 0.49+0.02 128.95 116.11+4.47 167.74 16.28+0.44 122.68 2.06+0.08 67.54 

10000 166.25+5.17 156.93 0.71+0.02 186.84 127.28+4.17 183.88 18.05+0.13 136.02 1.94+0.14 63.61 
Selenium           

100 141.88+1.65 133.92 0.43+0.02 113.16 92.11+4.84 133.07 17.33+0.64 130.60 1.73+0.09 56.72 
200 122.51+1.44 115.64 0.41+0.01 107.89 78.15+4.46 112.90 14.80+0.21 111.53 2.31+0.09 75.74 

Cont. 105.94+5.27 100.00 0.38+0.01 100.00 69.22+2.23 100.00 13.27+0.22 100.00 3.05+0.06 100.00 
Values are means of three replicates + SE 
Activity of SOD : μ mole / g fwt Rel activity: Relative activity 
Activity of APX : μ mole / g fwt  
Activity of GR : n mole / g fwt  Rel content: Relative content 
Activity of PPO : Unit / g fwt  
MDA : μ mole / g fwt  

 
Total phenolic compounds: 
 
 Remarkable increase in total phenolic 
compounds was detected (Table 5) in Navel orange 
samples of fruit juice or leaves of trees previously 
treated with Zinc at 1000mgl-1, followed by those 
treated with Yeast at 10000 mgl-1 then Selenium 
supply at 100 mgl-1 as compared to untreated orange 
trees. 
 The increase in total phenols as a result of 
adverse conditions were found by Mishra et al, 
[63]on chick pea and Gacche et al, [36] on vitis. 

However, research has conclusively shown that the 
majority of Zinc antioxidant activity may be 
attributed to phenolic compounds [73]. The evidence 
suggests that Zinc treatment increased phenolic 
content in salt stressed pistachio seedlings, thus 
mitigating salt toxicity and improving the growth of 
the seedlings [82]. Dawood et al, [21] reported that 
yeast extract at 3% and 4% showed the highest 
significant increases in phenolic content and the 
latter dose resulted in the highest significant content 
of the yielded soybean seeds. 
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Table 5: Effect of Zinc, yeast and selenium foliar application on total phenol content of Navel orange leaves and fruit extract during two 
successive seasons. 
Treat. 

(MgL-1) 
Leaves 

(mg pyr./gfwt) 
Rel. content Fruit 

(mg pyr./ml extract) 
Rel. content 

Zinc       1000 
              2000 

8.97 + 0.07 
8.57 + 0.16 

157.64 
150.62 

1.11 + 0.02 
1.05 + 0.06 

170.77 
161.54 

Yeast     5000 
                 10000 

8.33 + 0.07 
8.53 + 0.45 

146.40 
149.91 

0.92 + 0.02 
1.00 + 0.04 

141.54 
153.85 

Selenium  100 
                  200 

7.61 + 0.19 
7.02 + 0.11 

133.74 
123.37 

0.86 + 0.02 
0.81 + 0.03 

132.31 
124.62 

Cont. 5.69 + 0.30 100.00 0.65 + 0.02 100.00 
Values are means of three replicates + SE 
Rel content = Relative content. 
Pyr. = pyrogallol. 
 
Radical scavenging activity: 
 
 Table (6) shows the reduction of DPPH radical 
(Purple Colour) to a yellow coloured compound, 
diphenyl picryl hydrazine in the Navel orange fruit 
extract. The extent of colour change depends on 
hydrogen donating ability of the antioxidants and the 
response reached the maximum values with 
1000mgl-1 followed by 2000mgl-1 Zinc, then 
10000mgl-1 followed by 5000mgl-1 yeast and finally 
at 100 mgl-1 followed by 200mgl-1 selenium.  It is 
clear also that unripe fruits showed higher 
antioxidant activity in DPPH scavenging assay than 
the ripe fruits and a dose dependent scavenging of 
DPPH free radical by fruit juices from 12.5 μl to 100 
μl was observed. Our results are in parallel with 
Rekha et al, [72] in four ripe and unripe citrus fruits 
namely citrus Limon, citrus reticulate, citrus sinesis 
and citrus aurantium and the least scavenging activity 
was observed in citrus aurantium. 
 Radical scavenging activities of citrus juices 
have been investigated also in a study by Zvaigzne et 
al [94] it was found that the highest radical 
scavenging activity was shown by freshly squeezed 
orange juice and reconstituted grap fruit juice. 
 Fruit ripening has been described by Peroni et 
al, [71] as an oxidative phenomenon, characterized 
by oxidative stress with chlorophyll and protein 
breakdown, plant cells produce ROS, particularly 
superoxide and hydrogen peroxide, which have been 

implicated as a second messenger in many processes 
associated with plant growth and development. In 
general, fruits are divided into two large groups, 
climacteric and non-climacteric, based upon the 
presence or absence of an autocatalytic ethylene 
brust during ripening, climacteric fruits, such as 
tomato, apple and banana [65,55], the burst of 
ethylene biosynthesis plays a crucial role in the 
control of the ripening process by regulating the 
transcriptions of a large number of genes. However, 
in non-climacteric fruits, such as strawberry and 
citrus, oxidative stress-related genes were 
upregulated in ripening[8]. 
 Before the process of fruit ripening, the unripe 
fruits have high amount of ascorbic acid, phenolics, 
starch, chlorophyll, pectins, acids and organics. 
During ripening, a phytohormone ethylene is 
released which activates the transcription genes for 
the synthesis of various enzymes which degrade the 
phyto constituents and involve in ripening process. 
The metabolism speeds up and also a number of free 
radicals are generated. Antioxidants like ascorbic 
acid, phenolics, etc. come for the rescue and detoxify 
the free radicals generated into harmless reduced 
substances. Thus, there is a reduction in the ascorbic 
acid, phenolic and other antioxidant contents in the 
fruits while ripening as a result of which the 
antioxidant activity of ripe fruit juices is 
comparatively less than that of unripe fruit juices 
[72]. 

 
Table 6: Effect of Zinc, yeast and selenium foliar application on free radical (DPPH) savenging activity (%) of ripe and unripe Navel orange 

fruit extracts during two successive seasons. 
Conc in 

μl 
Treat. mgL-1 

Ripe Unripe 
12.5 25 50 100 12.5 25 50 100 

Zinc          1000 
                 2000 

81.15+0.70 
72.32+1.07 

87.46+0.39 
79.91+0.74 

92.34+0.194 
86.40+0.53 

96.11+0.59 
91.82+0.76 

83.76+0.43 
70.30+0.39 

94.17+0.34 
84.93+0.62 

95.89+0.55 
90.69+0.30 

97.07+0.38 
92.92+0.16 

Yeast        5000 
                10000 

74.74+0.35 
80.16+0.51 

78.99+0.61 
85.55+0.61 

85.85+0.48 
92.41+0.25 

89.95+0.47 
94.50+0.28 

72.68+0.51 
85.04+0.26 

80.35+0.48 
93.40+0.32 

88.67+0.46 
95.01+0.36 

91.79+0.43 
96.92+0.31 

Selenium   100 
                 200 

60.44+1.07 
57.54+0.34 

64.21+0.92 
63.15+0.55 

74.85+0.37 
71.47+0.52 

89.11+0.83 
83.83+0.19 

62.64+0.82 
61.83+0.75 

73.82+0.36 
70.19+0.34 

82.66+0.43 
79.91+0.74 

92.19+0.56 
85.30+0.64 

Cont. 51.05+0.84 59.37+0.95 68.02+0.51 77.34+0.34 54.13+0.75 65.28+0.89 75.10+0.75 79.21+0.49 
Values are means of three replicates + SE 
 
Conclusion: 
 
 In recent years and for the previously mentioned 
facts, there is an increasing interest in finding 
antioxidants from natural origin such as herbs, seeds 

and fruits. Citrus species is reported to posses 
antioxidant, anti carcinogenic, antihypertensive and 
antimicrobial properties and using some anti oxidants 
such as Zinc, yeast and (Garg et al, [38]; Ghafar et 
al, [39]) selenium would be useful to mitigate the 
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harmful effects of oxidative stress through the 
enhancement of the protective antioxidant enzymes, 
ascorbic acid and total phenols and the decrease in 
membrane damage and consequently positively 
affected the quantity and quality of fruits and yield 
criteria under new reclaimed sandy soil.  
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