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ABSTRACT  
 

This work was conducted during two consecutive seasons of 2014-2015 and 2015-2016 at 
private orchard, El Khatatba region, Minofia Governorate, Egypt. Ten-year-old Valencia orange trees 
(Citrus sinensis L.) budded on Volkamer lemon (Citrus volkameriana L.) rootstock, grown in sandy 
soil under drip irrigation system and spaced at 5x5 m apart were chosen as plant materials to study the 
effect of four fertilization treatments (full dose of chemical fertilizer (100 % NPK), 25% chemical 
fertilizer NPK +6m3 compost/fed. +bio-fertilizer, 25% chemical fertilizer NPK +9m3 compost/fed. 
+bio-fertilizer, 25% chemical fertilizer NPK +12m3 compost/fed. +bio-fertilizer) and four levels of 
algae extract foliar spray (0, 1, 2 and 3 cm3/l) as well as their combinations on fruits yield, physical 
and chemical parameters as well as leaf chemical composition. Results showed that the highest fruits 
number/tree and fruit yield/tree were recorded by the combination between 100 % chemical fertilizer 
NPK and algae extract at 3cm3/l, followed by the combination between 25% chemical fertilizer NPK 
+12m3 compost/fed. +bio-fertilizer and algae extract at 3cm3/l. In addition, fruits weight, volume, 
length, diameter and peel thickness as well as fruit juice percentage were increased by using 100 % 
chemical fertilizer NPK combined with algae extract at 3cm3/l during the two seasons. Moreover, fruit 
juice TSS %, vitamin C, total sugars % and T.T.S/acid ratio were greatly improved by 25% chemical 
fertilizer NPK +12m3 compost/fed. +bio-fertilizer treatment supplemented with 3cm3/l algae foliar 
spray. Furthermore, all combinations between fertilization treatments and algae extract foliar spray 
increased leaf N, P and K contents as well as mature shoot total carbohydrates content, with superior 
for those fertilized with 100 % chemical NPK (control) or 25% chemical NPK +12m3 compost/fed. 
+bio-fertilizer and received algae extract foliar spray at the highest level rather than the other 
investigated treatments during the two seasons. 

 
Key words: Fertilization, algae extract, fruit yield, fruit physical, fruit chemical and Valencia orange.      

 
Introduction 
 

Valencia orange trees (Citrus sinensis L. Osbeck) have high economic values and considered 
one of the most important fruit crops for exportation in Egypt. It is one of the most important sources 
of vitamin C for human diet (Marti et al., 2007). Most of the new reclaimed soils are cultivated with 
fruit crops, particularly citrus which considered the first fruit crop in Egypt. Valencia orange trees 
grown in the new reclaimed soils such as sandy soil which is usually poor in their nutrients contents, 
low organic matter and lower in catching water, with high nutrients leaching losses resulted in lower 
nutrient uptake by plant and has negative effect on vegetative growth, flowering, yield and fruit 
quality. So, fruit trees grown in such soils need an excessive attention in cultural practices such as 
fertilization and foliar spray with some growth promoters such as algae extract to improve growth, 
yield and fruit quality of Valencia orange tree (Abo El-Komsan and Ebrahiem, 2002a&b and Salama, 
2015). 

Continuous use of chemical fertilization leads to deterioration of soil characteristics and 
fertility, and accumulation of heavy metals in plant tissues, reducing the fruit nutritional value and 
edibility (Tamara et al., 2005). It was known that fertilization is one of the most effective factors 
controlling growth, yield, and fruit quality of fruit crops (Kassem and Marzouk, 2002). However, the 
high cost of chemical fertilization is a big problem facing fruit crops producers. Moreover, many 
researchers indicated that chemical fertilization have a role in the health problems and environmental 
pollution. Furthermore, agriculture soils are increased and it’s necessary to add high doses of 
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chemical fertilization, which led to pollute the ecosystem. Most of the Egyptian soils are sandy and 
poor in organic matter which has low action exchange and low water holding capacity.   

The transition from conventional farming to organic farming often resulted in significant 
changes in the soil chemical properties and is thus likely to modify the processes that affect soil 
fertility. These changes also affect the mineral availability to crops either directly by contributing to 
nutrient pools or indirectly by influencing the soil environment. Studies comparing conventional and 
organic farming systems have shown an increase in soil organic matter and mineral contents in 
organically managed soils that reflected in high growth with best quality of fruit crops (Herencia et 
al., 2008).  

Therefore, a great attention has been paid to using the natural sources of nutrition as a 
substitution to the chemical fertilization, but organic fruit growers have little experience with citrus 
fruits. However, Zhou et al., (2001) indicated that one of the most important factors of organic fruit 
production is using the organic fertilization.  

Organic fertilization enhance the physical, chemical and biological properties of all sandy soil 
types, adjusting soil pH, increasing soil solubility and production of the plants. Adding organic 
fertilizers not only increase the organic matter in the soil, but also increase the available phosphorus 
and the exchangeable potassium, calcium, and the other micro-elements, through its effect on soil pH, 
encourages proliferation of soil microorganisms, increases microbial population and activity of 
microbial enzymes (Abou-Hussein et al., 2002). 

Bio fertilizers are one of the most important factor for plant production and soil fertility as 
they play an important role in increasing vegetative growth, yield and fruit quality of citrus trees 
(Abdelaal et al., 2013, El-Khawaga and Maklad, 2013 and El-Khayat and Abdel Rehiem, 2013). 

Algae extract is considered a natural source of organic and minerals, since it contains 
macronutrients as well as micronutrients, some growth regulators, polyamines, proteins and vitamins. 
It is responsible for improving growth, nutrients uptake, resistance of plants to unfavorable stresses, 
soil fertility and microbial activity (Kullk, 1995; Dahama, 1999; Fornes et al., 2002 and Spinelli et al., 
2009). In this regard, Salama (2015) reported that algae extract at 2% induced high positive effect on 
yield and fruit quality of Valencia orange trees. 

Therefore, the aim of this study was to evaluate the benefits of supplementing organic and bio 
fertilizers with minimal chemical fertilizers dose in presence of algae extract on fruit yield, fruit 
quality and leaf chemical composition of orange trees cv. Valencia and to minimize consuming 
chemical fertilizers. 

 
Material and Methods 

This study was conducted during two successive seasons of 2014-2015 and 2015-2016 at 
private orchard, El Khatatba region, Minofia Governorate, Egypt. Ten-year-old Valencia orange trees 
(Citrus sinensis L.) budded on Volkamer lemon (Citrus volkameriana L.) rootstock, grown in sandy 
soil under drip irrigation system and spaced at 5x5 m apart were submitted for this investigation. 
Physical and chemical analysis of the experimental soil are presented in Table, a. One hundred and 
forty four healthy trees, nearly uniform in shape and size and productivity as well as received the 
same horticultural practices. The present work was a factorial experiment in complete randomize 
block design with two factors i.e. the first one devoted of four fertilization treatments (T1- full dose of 
chemical fertilizer (100% NPK), T2- 25% chemical NPK +6m3 compost/fed. +bio-fertilizer, T3- 25% 
chemical NPK +9m3 compost/fed. +bio-fertilizer, T4- 25% chemical NPK +12m3 compost/fed. +bio-
fertilizer) and the second one involved four concentrations of algae extract foliar spray (0, 1, 2 and 
3cm3/l). Algae extract (Algeser) chemical constituents are tabulated in Table, b. Every treatment was 
represented with three replicates and each replicate was devoted by three trees. However, algae 
extract foliar sprays were carried out four times starting after fruit setting (mid April) and monthly 
intervals till mid July. Meanwhile, the control trees were sprayed with tap water. Tween-20 was added 
at 0.1% as a surfactant to spray solutions including the control. 
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Table a: Physical and chemical properties of the investigated soil. 

Mechanical analysis Value 
Chemical  
analysis 

Value 
Anions and Cations  

(Meq/I) 
Value 

Coarse sand% 49.2 CaCO3% 2.04 Ca++ 1.82 
Fine sand% 35.8 Field capacity% 14.1 Na+ 1.97 
Silt% 12.3 PH 7.87 Mg+ 0.89 
Clay% 2.7 Organic matter% 0.39 K+ 0.23 
Soil texture Sandy EC (ds/m) 0.49 CO3

-- 0.0 
  Total N% 0.12 HCO3

- 2.56 
  

  
Cl- 1.59 

  
  

SO4
-- 0.76 

 
Table b: Chemical constituents of algae extract. 
Character Values Character Values 
Moisture % 6.0 S % 3-9 
Organic matter % 45-60 Ca % 0.2-1.5 
Inorganic matter % 45-60 B ppm 20-100 
Protein % 6-8 Mo ppm 1-5 
Carbohydrate % 35-50 Fe ppm 50-200 
Aliginic acid % 10-20 Cu ppm 1-6 
Mannitol % 4-7 Mn ppm 5-12 
Total N % 1.0-1.5 Zn ppm 10-100 
K % 1.0-1.2 Cytokinins % 0.02 
Mg % 0.5-0.9 IAA % 0.03 
P % 0.02-0.09 ABA % 0.01 

 
Fertilization treatments: 
 
Chemical fertilizer treatments: 
 

Chemical fertilizers of N, P and K (100% of recommended dose) were used at the rate of 165 N, 
16 P2O5 and 100 K2O units per fed., respectively which added at 32 doses at one week interval 
starting from mid February through drip irrigation system during both seasons of this study. The 
quarter of recommended dose (25% RD) were added to all organic fertilizer applications (6, 9 and 
12m3 compost/fed.) at the same time of the recommended dose in the two seasons.  

 
Organic fertilizer treatments: 
 

Compost (its chemical constituents are shown in Table, c) at the rate of 6, 9 and 12m3/fed were 
added in mid December in the two seasons, two trenches (50×50×50cm) was excavated on the two 
sides of the tree, and then the given amount of compost and a part of surface soil were mixed together 
and added to the chuck hole followed by irrigation. 

 
Bio-fertilizers treatments: 
 

A mixture of three types of bio-fertilizers i.e., phosphorene, nitrobein and potassein (equal 
amounts for each) was added as soil application through drip irrigation three equal doses in February, 
April and June at the rate of 2 L/fed.  

 
Table c: Chemical properties of the used compost: 

Parameters 
Determinations 

Ec 
(ds/m) 

pH C % N % P % K % 
Fe 

(ppm) 
Zn 

(ppm) 
C:N 
ratio 

Values 3.21 7.85 19.89 1.08 0.42 1.36 1423 228 18:1 

 
Response of Valencia orange trees to the tested treatments was evaluated through the following 
determinations: 
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-Fruit yield parameters: Fruits number/tree and fruits yield/tree (kg), were calculated. 
-Fruit physical characters: Fruit weight (g), fruit volume (cm3), fruit length (cm), fruit diameter 
(cm), fruit shape index, peel thickness (cm) and fruit juice % were measured. 
-Fruit chemical determinations: Fruit juice total soluble solid (%) was determined using hand 
refractometer, total acidity (%) was determined as citric acid, and T.S.S/acid ratio was calculated, and 
vitamin C (mg ascorbic acid/100ml fruit juice) was determined by titration with 2-6 dichlorophenol-
indophenol dye according to A.O.A.C (1995). Total sugar content (%) of fruit fresh weight was 
determined using the Nelson arseno molybdate colorimetric method as described by Malik and Singh 
(1980).  
-Leaf and mature shoot chemical determinations: Leaf and mature shoot samples were taken in 
mid-October from non-fruiting spring flushing tag growth cycle. Leaves sample were dried, grounded 
and digested. Leaf N, P and K contents were determined as percentages according to the methods 
mentioned by Pregl (1945), Piper (1958) and Brown and Lilliand (1946), respectively. Total 
carbohydrates content was determined in dried mature shoot powder as percentage according to 
Herbert et al., (1971). 
 
Statistical analysis: 
 

The obtained data in both seasons were statistically analyzed as a factorial experiment using 
analysis of variance method according to Snedecor and Cochran (1989). 
 
Results and Discussion 
 
1- Yield parameters. 
 
1-1- Fruits number/tree. 

Data in Table, 1 indicated that the highest fruits number/tree was gained by T1 (recommended 
dose of chemical fertilizer NPK “RD”), followed in descending order by T4 (25% RD +12m3 
compost/fed. +Bio) with non-significant differences between them in the two seasons. Diversely, the 
lowest fruits number/tree was registered by T2 (25% RD +6m3 compost/fed. +Bio), followed in 
ascending order by T3 (25%RD +9m3 compost/fed. +Bio) with significant differences between them 
in the two seasons. Moreover, it was found that fruits number/tree was proportionally increased with 
increment of algae extract foliar sprays. Therefore, the highest two levels of algae extract (3 and 
2cm3/l) significantly scored the highest fruits number/tree in the two seasons. In general, all 
combinations between fertilization and algae extract succeeded in increasing fruits number/tree with 
significant differences in most cases. However, the highest fruits number/tree was recorded by the 
combination between T1 and algae extract at 3cm3/l as it detected 329.3 and 325.1 fruits/tree, followed 
in descending order by the combination between T4 and algae extract at 3cm3/l as it scored 326.9 and 
321.6 fruits/tree in the first and second seasons, respectively. The differences between the 
abovementioned two combinations did not reach to the level of significance in the two seasons. On 
the contrary, the lowest number of fruits/tree was gained by those trees fertilized with T2 in the 
absence of algae extract foliar spray during the two seasons. The remained treatments came in-
between the abovementioned treatments in the two seasons. 

 
1-2- Fruits yield/tree (kg). 

Data in Table, 1 revealed that T1 is being the most effective treatment for producing the 
highest fruits yield/tree, followed in descending order by T4, without significant differences between 
them as they gave the same exact values as an average of the two seasons. Moreover, all 
concentrations of algae extract foliar spray increased fruit yield/tree, with superior for the highest two 
levels of algae extract (3 and 2cm3/l) during the two seasons. In general, all combinations between 
fertilization and algae extract succeeded in increasing fruits number/tree with significant differences 
in most cases. Abstractly, the highest fruit yield/tree was devoted to those trees sprayed with 3cm3/l 
algae extract and fertilized with T1 or T4 during the two seasons. On the opposite, the lowest fruits 
yield/tree was recorded by those fertilized trees with T2 and received no algae extract foliar spray 
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during the two seasons. The other treatments occupied an intermediate position between the 
aforementioned treatments in the two seasons. 

The obtained results regarding the positive effect of algae extract on fruit yield may be due to 
the fact that the mechanisms effect of algae on cell metabolism through physiological action of major 
and minor nutrients, amino acids, vitamins, and also growth regulators affect cellular metabolism in 
treated trees leading to enhance growth and crop yield.  

The previous results of compost impact on yield of Valencia orange trees go on line with 
those obtained by Abo EI-Komsan and Ebrahiem (2002b) on Valencia orange trees; Fouad-Amera et 
al., (2002); Abd EL-Naby et al., (2004) and Mansour and Shaaban (2007) on Washington Navel 
orange; Abdalla et al., (2008) on Foster grapefruit; Nelson et al., (2008) on “Rio Grande” grapefruit; 
Dhewar and Waghmare (2009) on  sweet orange; Peralta-Antonio et al., (2014) on Manila, Tommy 
Atkins and Ataulfo mangos; Hassan et al., (2015) on Manzanillo olive and Islam (2017) on “Bari 
Malta 1” sweet orange.  

The obtained results of algae extract on enhancing fruit yield are in harmony with those 
mentioned by Fornes et al., (2002) on "de Nules" Clementine mandarin and "Navelina" orange; 
Hegab et al., (2005) on Balady orange; Ahmed et al., (2008) on Washington Naval orange; Hassan-
Hoda (2008) on Balady orange; Abdelaal et al., (2012) and Mahmoud (2012) on Balady mandarin; 
Ahmed et al., (2013) on Valencia orange; Gamal (2013) on Washington Navel orange; El-Sharony et 
al., (2015) on Fagri Kalan mango; Salama (2015) on Valencia orange and Abd El-Rhman et al., 
(2017) on Hindi mango. They indicated that a lgae extract or seaweed extract induced a positive effect 
on fruit yield. 

 
Table 1: Effect of fertilization and algae extract as well as their combination treatments on fruits number/tree 

and fruits yield/tree (Kg) of Valencia orange trees during 2014-2015 and 2015-2016 seasons. 

First season 

Parameters Fruits number/tree 

Mean 

Fruits yield/tree (Kg) 

Mean Algae 
Fertilizer 

0.0 
1 

cm3/l 
2 

cm3/l 
3 

cm3/l 
0.0 

1 
cm3/l 

2 
cm3/l 

3 
cm3/l 

100% chemical NPK  (T1) {RD} 318.2 321.4 322.1 329.3 322.8 64.1 65.4 67.4 72.3 67.3 

25% RD +6m3 compost/fed. +bio (T2) 273.6 276.1 281.7 284.2 278.9 49.8 51.5 53.9 56.7 52.98 

25% RD +9m3 compost/fed. +bio (T3) 296.4 302.0 308.5 312.4 304.8 57.4 60 62.8 64.7 61.23 

25% RD +12m3 compost/fed. +bio (T4) 314.8 319.7 323.8 326.9 321.3 62.5 65.3 66.8 70.2 66.20 

Mean 300.7 304.8 309.0 313.2  58.45 60.55 62.73 65.98  

L.S.D at 0.05 For 

Fertilizer 11.23 4.36 

Algae 11.23 4.36 

Interaction 22.46 8.72 

Second season 

100% chemical NPK  (T1) {RD} 309.6 314.4 319.2 325.1 317.1 56.8 58.50 62.50 65.40 60.80 

25% RD +6m3 compost/fed. +bio (T2) 264.2 269.6 273.1 279.0 271.5 46.10 47.50 50.20 52.30 49.03 

25% RD +9m3 compost/fed. +bio (T3) 287.1 291.8 297.3 304.4 295.2 52.10 53.90 56.90 59.70 55.65 

25% RD +12m3 compost/fed. +bio (T4) 304.6 316.7 317.8 321.6 315.2 56.20 60.10 63.10 66.50 61.48 

Mean 291.4 298.1 301.9 307.5  52.8 55 58.175 60.975  

L.S.D at 0.05 For 

Fertilizer 12.43 5.04 

Algae 12.43 5.04 

Interaction 24.86 10.08 

 
2- Fruit physical parameters. 

 
2-1- Fruit weight and volume. 

 
Data in Table, 2 showed that T1 and T4 scored the highest values of fruit weight and volume, 

with non-significant differences between them in the two seasons. Moreover, all tested algae extract 
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foliar sprays increased the weight and volume of fruit, particularly the highest concentration as 
compared with un-sprayed trees in the two seasons. Most of the combinations were able to increase 
fruit weight and volume. Briefly, the highest values of fruit weight and volume were scored by the 
combination between algae extract foliar spray at 3cm3/l with either T1 or T4 during the two seasons. 
The differences between the aforementioned treatments were not significant in the two seasons. On 
the other side, the lowest values of fruit weight and volume were scored by T2 in the absence of algae 
extract f oliar spray in the two seasons. The rest treatments came in-between during the two seasons. 
 
Table 2: Effect of fertilization and algae extract as well as their combination treatments on fruit weight (g) and 

volume (cm3) of Valencia orange trees during 2014-2015 and 2015-2016 seasons. 

First season 

Parameters Fruit weight (g) 

Mean 

Fruit volume (cm3) 

Mean Algae 
Fertilizer 

0.0 
1 

cm3/l 
2 

cm3/l 
3 

cm3/l 
0.0 

1 
cm3/l 

2 
cm3/l 

3 
cm3/l 

100% chemical NPK  (T1) {RD} 201.3 203.4 209.2 219.7 208.4 229.6 231.9 238.5 252.6 238.2 

25% RD +6m3 compost/fed. +bio (T2) 182.0 186.4 191.5 199.6 189.9 202.0 206.9 212.6 221.6 210.8 

25% RD +9m3 compost/fed. +bio (T3) 193.5 198.6 203.6 207.1 200.7 214.8 220.4 225.9 229.9 222.8 

25% RD +12m3 compost/fed. +bio (T4) 198.6 204.4 206.3 214.8 206.0 218.6 224.9 227.0 236.3 226.7 

Mean 193.9 198.2 202.7 210.3   216.3 221.0 226.0 235.1   

L.S.D at 0.05 For 

Fertilizer 12.37 14.02 

Algae 12.37 14.02 

Interaction 24.74 28.04 

Second season 

100% chemical NPK  (T1) {RD} 183.4 186.1 195.9 201.2 191.7 209.1 212.2 223.3 229.4 218.5 

25% RD +6m3 compost/fed. +bio (T2) 174.5 176.1 183.7 187.6 180.5 191.9 193.6 202.1 206.3 198.5 

25% RD +9m3 compost/fed. +bio (T3) 181.4 184.6 191.5 196.0 188.4 199.5 203.1 210.6 215.6 207.2 

25% RD +12m3 compost/fed. +bio (T4) 184.6 189.7 198.6 206.8 194.9 203.1 208.6 218.4 227.4 214.4 

Mean 181.0 184.1 192.4 197.9   200.9 204.4 213.6 219.7   

L.S.D at 0.05 For 

Fertilizer 9.26 11.82 

Algae 9.26 11.82 

Interaction 18.52 23.64 

 

2-2- Fruit length, diameter and shape index. 
Data in Table, 3 cleared that all tested fertilizations and algae extract foliar sprays as well as 

their interaction failed to induce a remarkable and pronounced increments in the length, diameter and 
shape index of fruit during the two seasons. Anyway, the highest values of those parameters were 
scored by the combination between algae extract foliar spray at the highest level (3cm3/l) with either 
T1 or T2 during the two seasons. On the other side, the lowest values of those parameters were scored 
by T2 in the absence of algae extract foliar spray in the two seasons. 

 
2-3 Peel thickness (cm) 
 Data in Table, 4 declared that there were no significant differences among the fertilization 
treatments, algae extract foliar spray and all the combinations between the both factors during the two 
seasons of study. 
 
2-4 Fruit juice percentage. 

Data in Table, 4 exhibited that the T2, T3 and T4 statically improved fruit juice percentage as 
compared with T1. Furthermore, the highest two algae extract levels (3 and 2 cm3/l) enhanced the 
investigated parameter as compared with the lower level (1cm3/l) and unsprayed trees during the two 
seasons. Most of the combinations were able to enhance fruit juice percentage. On the other way 
around, the least value of such parameter was detected with T1 in the absence of algae extract foliar 
spray in both seasons. 
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Table 3: Effect of fertilization and algae extract as well as their combination treatments on fruit length (cm), 
diameter (cm) and shape index of Valencia orange trees during 2014-2015 and 2015-2016 seasons. 

First season 

Parameters Fruit length (cm) 

Mean 

Fruit diameter (cm) 

Mean 

Fruit shape index 

Mean Algae 
Fertilizer 

0.0 
1 

cm3/l 
2 

cm3/l 
3 

cm3/l 
0.0 

1 
cm3/l 

2 
cm3/l 

3 
cm3/l 

0.0 
1 

cm3/l 
2 

cm3/l 
3 

cm3/l 

100% chemical NPK  (T1) {RD} 7.47 7.56 7.52 7.64 7.55 7.19 7.23 7.29 7.36 7.27 1.04 1.05 1.03 1.04 1.04 

25% RD +6m3 compost/fed. +bio (T2) 7.23 7.28 7.34 7.39 7.31 7.12 7.13 7.16 7.21 7.16 1.02 1.02 1.03 1.02 1.02 

25% RD +9m3 compost/fed. +bio (T3) 7.31 7.38 7.42 7.51 7.41 7.18 7.15 7.24 7.28 7.21 1.02 1.03 1.02 1.03 1.03 

25% RD +12m3 compost/fed. +bio (T4) 7.39 7.48 7.54 7.57 7.50 7.16 7.17 7.23 7.31 7.22 1.03 1.04 1.04 1.04 1.04 

Mean 7.35 7.43 7.46 7.53  7.16 7.17 7.23 7.29  1.03 1.04 1.03 1.03  

L.S.D 
 at 0.05 For 

Fertilizer N.S. N.S. N.S. 

Algae N.S. N.S. N.S. 

Interaction N.S. N.S. N.S. 

Second season 

100% chemical NPK  (T1) {RD} 7.31 7.48 7.48 7.59 7.47 7.16 7.19 7.24 7.29 7.22 1.02 1.04 1.03 1.04 1.03 

25% RD +6m3 compost/fed. +bio (T2) 7.12 7.19 7.26 7.31 7.22 7.03 7.06 7.08 7.11 7.07 1.01 1.02 1.03 1.03 1.02 

25% RD +9m3 compost/fed. +bio (T3) 7.26 7.32 7.42 7.46 7.37 7.08 7.12 7.14 7.17 7.13 1.03 1.03 1.04 1.04 1.04 

25% RD +12m3 compost/fed. +bio (T4) 7.32 7.39 7.40 7.51 7.41 7.11 7.10 7.18 7.21 7.15 1.03 1.04 1.03 1.04 1.04 

Mean 7.25 7.35 7.39 7.47  7.10 7.12 7.16 7.20  1.02 1.03 1.03 1.04  

L.S.D  
at 0.05 For 

Fertilizer N.S. N.S. N.S. 

Algae N.S. N.S. N.S. 

Interaction N.S. N.S. N.S. 

 
 
Table 4: Effect of fertilization and algae extract as well as their combination treatments on peel thickness (cm) 

and fruit juice % of Valencia orange trees during 2014-2015 and 2015-2016 seasons. 

First season 

Parameters Peel thickness (cm) 

Mean 

Fruit juice % 

Mean Algae 
Fertilizer 

0.0 
1 

cm3/l 
2 

cm3/l 
3 

cm3/l 
0.0 

1 
cm3/l 

2 
cm3/l 

3 
cm3/l 

100% chemical NPK  (T1) {RD} 0.44 0.44 0.45 0.46 0.45 47.20 47.80 48.30 49.10 48.10 

25% RD +6m3 compost/fed. +bio (T2) 0.41 0.41 0.43 0.43 0.42 48.60 49.80 51.20 51.90 50.38 

25% RD +9m3 compost/fed. +bio (T3) 0.41 0.42 0.42 0.43 0.42 49.30 49.70 52.10 52.40 50.88 

25% RD +12m3 compost/fed. +bio (T4) 0.42 0.42 0.43 0.43 0.43 49.60 50.40 51.90 52.60 51.13 

Mean 0.42 0.42 0.43 0.44   48.68 49.43 50.88 51.50   

L.S.D at 0.05 For 

Fertilizer N.S. 2.03 

Algae N.S. 2.03 

Interaction N.S. 4.06 

Second season 

100% chemical NPK  (T1) {RD} 0.42 0.43 0.45 0.45 0.44 48.10 48.60 49.70 50.30 49.18 

25% RD +6m3 compost/fed. +bio (T2) 0.40 0.41 0.41 0.42 0.41 48.90 49.30 51.40 52.10 50.43 

25% RD +9m3 compost/fed. +bio (T3) 0.41 0.41 0.42 0.42 0.42 48.70 50.60 51.30 52.90 50.88 

25% RD +12m3 compost/fed. +bio (T4) 0.41 0.42 0.41 0.42 0.42 49.80 50.40 52.10 53.40 51.43 

Mean 0.41 0.42 0.42 0.43   48.88 49.73 51.13 52.18   

L.S.D at 0.05 For 

Fertilizer N.S. 2.03 

Algae N.S. 2.03 

Interaction N.S. 4.06 
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3- Fruit chemical parameters: 
 

3-1- Fruit T.S.S%: 
 

Data in Table, 5 pointed out that T4 and T3 scored the greatest values of fruit juice T.S.S%, 
followed in descending order by T2, while T1 (R.D) recorded the lowest value in this concern in the 
two seasons. Also, all algae extract foliar spray concentrations increased fruit T.S.S%, with superior 
for the highest two levels (3 and 2 cm3/l) during the two seasons. Lastly, most of the combinations 
were able to enhance fruit juice T.S.S%. On the opposite, the least value of such parameter was scored 
by T1 (RD) in the absence of algae extract foliar spray in both seasons.  

 
3-2- Fruit total acidity %: 
 

Data in Table, 5 showed that T4 and T3 resulted in the lowest fruit total acidity % while, T2 and 
T1 reflected the highest values in this concern during the both seasons of study. All algae extract foliar 
spray levels did not show any significant differences during the two seasons. In general, the lowest 
fruit total acidity (%) was scored by T4 combined with 3cm3/l algae extract-sprayed trees as it gave 
0.78 in the 1st season, while the significance was disappeared in the 2nd season.  

 
3-3- T.S.S /acid ratio: 
 

Data in Table, 5 pointed out that T4 showed to be the most effective one for inducing the 
highest values of T.S.S/acid ratio, followed in descending order by T3, without significant differences 
between them in the first season only. Moreover, all concentrations of algae extract foliar spray 
increased T.S.S/acid ratio, with superior for the highest concentration in the two seasons. In general, 
all combination between the two factors statistically increased this parameter as compared with un-
treated trees in most cases during the two seasons. However, the greatest values of T.S.S/acid ratio 
were detected to those sprayed with 3cm3/l algae extract and fertilized with T4 in the two seasons. 
 
Table 5: Effect of fertilization and algae extract as well as their combination treatments on fruit T.S.S (%), total 

acidity (%) and T.S.S/acid ratio of Valencia orange trees during 2014-2015 and 2015-2016 seasons. 

First season 

Parameters T.S.S (%) 

Mean 

Total acidity (%) 

Mean 

T.S.S./acid ratio 

Mean Algae 
Fertilizer 

0.0 
1 

cm3/l 
2 

cm3/l 
3 

cm3/l 
0.0 

1 
cm3/l 

2 
cm3/l 

3 
cm3/l 

0.0 
1 

cm3/l 
2 

cm3/l 
3 

cm3/l 

100% chemical NPK  (T1) {RD} 9.24 9.45 9.84 10.16 9.67 1.06 1.02 1.02 1.00 1.03 8.75 9.24 9.52 10.15 9.42 

25% RD +6m3 compost/fed. +bio (T2) 9.42 9.81 10.96 10.98 10.29 1.01 0.98 0.98 0.95 0.98 9.31 10.02 11.72 11.61 10.67 

25% RD +9m3 compost/fed. +bio (T3) 9.64 10.36 10.94 11.10 10.51 0.92 0.90 0.90 0.88 0.90 10.43 11.49 11.98 12.61 11.63 

25% RD +12m3 compost/fed. +bio (T4) 9.61 10.74 11.13 11.24 10.68 0.89 0.86 0.86 0.78 0.85 10.79 12.52 13.67 14.39 12.84 

Mean 9.48 10.09 10.72 10.87   0.97 0.94 0.94 0.90  9.82 10.82 11.72 12.19  

L.S.D at 0.05 For 

Fertilizer 0.24 0.13 1.85 

Algae 0.24 N.S. 1.85 

Interaction 0.48 0.26 3.69 

Second season 

100% chemical NPK  (T1) {RD} 9.14 9.36 9.64 10.02 9.49 1.01 1.00 1.00 0.96 0.99 9.03 9.35 9.63 10.47 9.62 

25% RD +6m3 compost/fed. +bio (T2) 9.31 9.98 10.40 10.33 10.01 0.95 0.90 0.92 0.89 0.92 9.84 11.06 11.26 11.59 10.94 

25% RD +9m3 compost/fed. +bio (T3) 9.62 9.96 10.97 10.62 10.29 0.88 0.88 0.86 0.81 0.86 10.93 11.32 12.79 13.05 12.02 

25% RD +12m3 compost/fed. +bio (T4) 9.70 10.24 11.08 11.19 10.55 0.83 0.78 0.76 0.75 0.78 11.76 13.11 14.60 14.96 13.61 

Mean 9.39 9.89 10.52 10.54   0.92 0.89 0.89 0.85  10.39 11.21 12.07 12.52  

L.S.D at 0.05 For 

Fertilizer 0.21 0.14 1.5 

Algae 0.21 N.S. 1.5 

Interaction 0.42 N.S. 3.0 
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3-4- Fruit total sugars %: 
 

Data in Table, 6 indicted that T4 and T3 surpassed the other two treatments in increasing fruit 
total sugars %. Furthermore, 3 and 2 cm3/l algae extract-sprayed trees exhibited the highest values in 
this concern when compared with the other two levels during the two seasons. Lastly, most of the 
combinations were able to enhance fruit total sugars %, especially the combination of T4 and T3 with 
3 and 2 cm3/l algae extract foliar spray. On the contrary, the lowest value of such parameter was 
scored by T1 (RD) in the absence of algae extract foliar spray in both seasons. 

 
3-5- Fruit vitamin C (mg/100 ml fruit juice): 
 

Data in Table, 6 revealed that T4, T3 and T2 greatly improved fruit V.C content as compared 
with T1 (RD) in the two seasons. The same trend was observed with algae extract, as the unsprayed 
trees reflected the least value of such parameter. Meanwhile, the combinations between the levels of 
fertilizers (T4, T3 and T2) with either 3 or 2 cm3/l of algae extract foliar spray maximized the studied 
parameter in both seasons. On the opposite, the lowest value of fruit V.C was scored by T1 (RD) 
combined with unsprayed trees (no received algae extract foliar spray) in both seasons. 

 
Table 6: Effect of fertilization and algae extract as well as their combination treatments on fruit total sugars (%) 

and Vitamin C (mg/100ml) of Valencia orange trees during 2014-2015 and 2015-2016 seasons. 

First season 

Parameters Total sugars (%) 

Mean 

Vitamin C  (mg/100ml) 

Mean Algae 
Fertilizer 

0.0 
1 

cm3/l 
2 

cm3/l 
3 

cm3/l 
0.0 

1 
cm3/l 

2 
cm3/l 

3 
cm3/l 

100% chemical NPK  (T1) {RD} 4.82 4.93 5.21 5.29 5.06 51.40 52.60 53.70 53.90 52.90 

25% RD +6m3 compost/fed. +bio (T2) 4.97 5.49 5.71 5.79 5.49 52.90 54.20 56.80 57.10 55.25 

25% RD +9m3 compost/fed. +bio (T3) 5.46 5.47 5.82 5.87 5.66 52.70 54.80 57.10 58.00 55.65 

25% RD +12m3 compost/fed. +bio (T4) 5.41 5.63 5.96 6.21 5.80 53.90 55.40 59.60 61.20 57.53 

Mean 5.17 5.38 5.68 5.79   52.73 54.25 56.80 57.55   

L.S.D at 0.05 For 

Fertilizer 0.27 2.41 

Algae 0.27 2.41 

Interaction 0.54 4.82 

Second season 

100% chemical NPK  (T1) {RD} 4.26 4.31 4.41 4.48 4.37 48.70 49.10 51.40 52.00 50.30 

25% RD +6m3 compost/fed. +bio (T2) 4.37 4.92 5.17 5.16 4.91 49.80 53.60 54.80 56.10 53.58 

25% RD +9m3 compost/fed. +bio (T3) 4.89 5.13 5.27 5.77 5.27 52.30 53.40 55.30 57.20 54.55 

25% RD +12m3 compost/fed. +bio (T4) 5.17 5.36 5.84 5.92 5.57 52.10 54.90 57.80 59.70 56.13 

Mean 4.67 4.93 5.17 5.33   50.73 52.75 54.83 56.25   

L.S.D at 0.05 For 

Fertilizer 0.21 2.03 

Algae 0.21 2.03 

Interaction 0.42 4.06 

 
The previous results of algae extract might be attributed to its higher content of organic 

matter, proteins, alginic acid, N, P, K, Mg, Ca, S, Fe, Mn, Zn, Cu, B, cytokinins and IAA. In addition, 
it’s content of enzymes, vitamins, antioxidants and amino acids. These are responsible for enhancing 
cell division, photosynthesis, and building of plant pigments and increasing the tolerance of plant to 
all stresses that will be reflected in improving fruit physical and chemical parameters (Khan et al., 
2009). 

The obtained results of compost as an organic fertilizer treatment at 6, 9 and 12m3/fed. on 
fruit quality in term of physical and chemical properties are in harmony with the findings of Abo EI-
Komsan and Ebrahiem (2002b) on Valencia orange; Fouad-Amera et al., (2002); Abd EL-Naby et al., 
(2004) and Mansour and Shaaban (2007) on Washington Navel orange; Abdalla et al., (2008) on 
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Foster grapefruit; Roussos (2011) on Salustiana orange; Peralta-Antonio et al., (2014) on Manila, 
Tommy Atkins and Ataulfo mangos; Baiea and EL-Gioushy (2015) on Grande Naine banana;  Hassan 
et al., (2015) on Manzanillo olive and Islam (2017) on “Bari Malta1” sweet orange. They found that 
organic fertilizer improved physical and chemical fruit quality.  

 Also, the results of algae extract on improving fruit physical and chemical properties of 
Valencia orange are in harmony with earlier reports of Ahmed et al., (2008) on Washington Naval 
orange; Hassan-Hoda (2008) on Balady orange; Abdelaal et al., (2012) and Mahmoud (2012) on 
Balady mandarin; Ahmed et al., (2013) on Valencia orange; Gamal (2013) on Washington Navel 
orange; El-Sharony et al., (2015) on Fagri Kalan mango; Salama (2015) on Valencia orange; Badran 
(2016) on Zaghloul date palm and Abd El-Rhman et al., (2017) on Hindi mango. They indicated that 
algae extract or seaweed extract enhanced most parameters of physical and chemical fruit quality.  
 
4- Leaf chemical constituents (N, P and K) and mature shoot total carbohydrates content: 
 

Data in Tables, 7 and 8 revealed that T1 produced the highest leaf nitrogen and phosphorus 
contents, followed by T4 without significant differences between them in the two seasons. While, the 
greatest leaf potassium and mature shoot total carbohydrates contents were registered by T4, T1 and T3 
followed in descending order by T2 during the two seasons. Moreover, foliar spray of algae extract at 
3 and 2cm3/l succeeded in increasing leaf N, P and K contents and mature shoot total carbohydrates 
content as compared with the lowest level (1cm3/l) and unsprayed trees in the both seasons. However, 
the increments of leaf chemical constituents of orange cv. Valencia were in parallel to the increasing 
of algae extract concentration to reach the maximum increasing at the high concentration in the two 
seasons. Finally, most of the combinations between fertilization and algae extract treatments 
succeeded in increasing the values of those parameters as compared with control in the two seasons. 
However, the highest values of leaf nitrogen content (2.57 and 2.86%) and leaf phosphorus content 
(0.49 and 0.47%) were scored by T1 supplemented with 3cm3/l algae extract-sprayed trees in the first 
and second seasons, respectively. While, the highest leaf potassium content (1.63 and 1.76%) and 
mature shoot total carbohydrates content (17.8 and 18.7%) were registered by T4 doubled with 3cm3/l 
algae extract-sprayed trees in the first and second seasons, respectively. Adversely, the lowest values 
of those parameters were gained by T2 combined with tape water foliar spray only in the two seasons. 
The remained treatments occupied an intermediate position between the abovementioned treatments 
in the two seasons. 

The previous benefits of algae extract on leaf chemical constituents of Valencia orange might 
be attributed to its higher own content of essential amino acids, minerals, vitamins, organic foods, 
amino acids and natural plant hormones namely IAA, GA3 and cytokinins (Tung- Yunn et al., 2003).  

The recorded results dealing with compost affects as an organic fertilizers on leaf chemical 
constituents of Valencia orange trees are in harmony with those obtained by Abo EI-Komsan and 
Ebrahiem (2002a) on Valencia orange; Abd EL-Naby et al., (2004) on Washington navel orange; Aly 
(2005) on olive; Peralta-Antonio et al., (2014) on Manila, Tommy Atkins and Ataulfo mangos; Baiea 
and EL-Gioushy (2015) on Grande Naine banana. 

 The obtained results of algae extract in this concern go in line with those mentioned by 
Abdelaal et al., (2012) and Mahmoud (2012) on mandarin cv. Balady; Ahmed et al., (2013) on orange 
cv. Valencia; El-Sharony et al., (2015) on mango cv. Fagri Kalan and Genaidy et al., (2015) on olive 
seedlings cv. "Picual". 
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Table 7: Effect of fertilization and algae extract as well as their combination treatments on leaf nitrogen and 
phosphorus percentages (%) of Valencia orange trees during 2014-2015 and 2015-2016 seasons. 

First season 

Parameters Leaf nitrogen (%) 

Mean 

Leaf phosphorus (%) 

Mean Algae 
Fertilizer 

0.0 
1 

cm3/l 
2 

cm3/l 
3 

cm3/l 
0.0 

1 
cm3/l 

2 
cm3/l 

3 
cm3/l 

100% chemical NPK  (T1) {RD} 2.34 2.39 2.48 2.57 2.45 0.41 0.44 0.47 0.49 0.45 

25% RD +6m3 compost/fed. +bio (T2) 2.14 2.26 2.31 2.34 2.26 0.32 0.42 0.42 0.43 0.40 

25% RD +9m3 compost/fed. +bio (T3) 2.21 2.24 2.36 2.39 2.30 0.38 0.41 0.44 0.46 0.42 

25% RD +12m3 compost/fed. +bio (T4) 2.19 2.22 2.41 2.49 2.33 0.37 0.43 0.46 0.48 0.44 

Mean 2.22 2.28 2.39 2.45   0.37 0.43 0.45 0.47   

L.S.D at 0.05 For 

Fertilizer 0.12 0.02 

Algae 0.12 0.02 

Interaction 0.24 0.04 

Second season 

100% chemical NPK  (T1) {RD} 2.47 2.51 2.59 2.68 2.56 0.39 0.42 0.46 0.47 0.44 

25% RD +6m3 compost/fed. +bio (T2) 2.27 2.34 2.37 2.40 2.35 0.34 0.34 0.43 0.43 0.39 

25% RD +9m3 compost/fed. +bio (T3) 2.34 2.32 2.41 2.48 2.39 0.37 0.39 0.42 0.44 0.41 

25% RD +12m3 compost/fed. +bio (T4) 2.41 2.48 2.53 2.63 2.51 0.37 0.38 0.44 0.45 0.41 

Mean 2.37 2.41 2.48 2.55   0.37 0.38 0.44 0.45   

L.S.D at 0.05 For 

Fertilizer 0.11 0.01 

Algae 0.11 0.01 

Interaction 0.22 0.02 

 
Table 8: Effect of fertilization and algae extract as well as their combination treatments on leaf potassium and 

mature shoot total carbohydrates percentages (%) of Valencia orange trees during 2014-2015 and 
2015-2016 seasons. 

First season 

Parameters Leaf potassium (%) 

Mean 

Shoot total carbohydrates (%) 

Mean Algae 
Fertilizer 

0.0 
1 

cm3/l 
2 

cm3/l 
3 

cm3/l 
0.0 

1 
cm3/l 

2 
cm3/l 

3 
cm3/l 

100% chemical NPK  (T1) {RD} 1.40 1.43 1.54 1.59 1.49 14.80 15.10 16.20 17.40 15.88 

25% RD +6m3 compost/fed. +bio (T2) 1.34 1.38 1.42 1.47 1.40 13.80 14.20 14.80 15.30 14.53 

25% RD +9m3 compost/fed. +bio (T3) 1.41 1.37 1.48 1.52 1.45 14.90 14.90 15.90 16.40 15.53 

25% RD +12m3 compost/fed. +bio (T4) 1.39 1.46 1.56 1.63 1.51 14.70 15.40 16.80 17.80 16.18 

Mean 1.39 1.41 1.50 1.55   14.55 14.90 15.93 16.73   

L.S.D at 0.05 For 

Fertilizer 0.08 0.82 

Algae 0.08 0.82 

Interaction 0.16 1.64 

Second season 

100% chemical NPK  (T1) {RD} 1.51 1.55 1.64 1.73 1.61 15.80 16.30 17.10 18.20 16.85 

25% RD +6m3 compost/fed. +bio (T2) 1.39 1.46 1.51 1.58 1.49 14.60 15.10 15.70 15.90 15.33 

25% RD +9m3 compost/fed. +bio (T3) 1.46 1.51 1.57 1.64 1.55 15.30 16.40 16.80 17.20 16.43 

25% RD +12m3 compost/fed. +bio (T4) 1.52 1.58 1.68 1.76 1.64 15.60 16.20 17.40 18.70 16.98 

Mean 1.47 1.53 1.60 1.68   15.33 16.00 16.75 17.50   

L.S.D at 0.05 For 

Fertilizer 0.07 0.71 

Algae 0.07 0.71 

Interaction 0.14 1.42 
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Conclusively, the obtained results of this study may be due to the role of fertilization 
combined with algae extract foliar sprays in growth and development of orange trees cv. Valencia; 
where the use of bio-fertilizers was found to have not only the ability to fix nitrogen, but also to 
release certain phytohormones of cytokinins, gibberellins and auxins which could enhance plant 
growth through absorption of nutrients and so on enhancing photosynthesis process (Hegde et al., 
1999). Moreover, to interpret and evaluate the effect of organic fertilization concerned in this study on 
augmenting the different tested yield component parameters, fruit physical parameters, fruit chemical 
parameters and leaf chemical constituents of orange cv. Valencia, it is important to refer to the 
physiological roles of organic manures (compost) when added as fertilizer, it led to decrease soil pH 
which in turn increasing solubility of nutrients for plant uptake, in some cases organic materials may 
act as low release fertilizer. Recently, on the way of sustainable agriculture with minimum effects, the 
use of organic manures (compost or chicken manure,…etc) as natural soil amendments is 
recommended to replace the soluble chemical fertilizers. Moreover, they improve the structure of 
weak-structured sandy soils and increase their water holding capacity. Also, they improve soil 
fertility, and stimulate root development, induce active biological conditions and enhancing activities 
of micro-organisms, especially those involved in mineralization, that will be reflected on enhancing 
all the studied parameters (Suresh et al., 2004). Furthermore, to interpret the effect of chemical 
fertilization of this study, on improving the different tested yield component parameters and fruit 
quality of orange cv. Valencia, it is important to refer to the physiological roles of nitrogen, 
phosphorus and potassium in growth and development. Such three macro-nutrient elements are the 
common elements usually included in fertilizers. Plant supplement with these macro-nutrients in form 
of fertilizers is necessary because the soil is usually in deficient of them due to plant removal leaching 
or they are not readily available for plants. The role of NPK fertilization on promoting yield 
component parameters, fruit physical parameters, fruit chemical parameters and leaf chemical 
constituents of orange cv. Valencia could be explained by recognizing their fundamental involvement 
in the very large number of enzymatic reaction that depend on NPK fertilization. Chemical NPK 
reflected directly on increasing the content of total carbohydrates, total sugars and total free amino 
acids as well as NPK % in the leaves which indirectly the cause for enhancing the augmenting of all 
other growth traits such as yield component parameters, fruit physical parameters and fruit chemical 
parameters (Cooke, 1982). 

Consequently, it is preferable from the previous results that fertilizing orange trees cv. Valencia 
with the combined treatment between quarter dose of chemical NPK fertilizer +12m3 compost/fed. 
+bio fertilizer and algae extract foliar spray at 3cm3/l for enhancing productivity and quality of this 
plant. Therefore, the present study strongly admit the use of such treatment to provide good and high 
exportation characteristics due to its safety role on human health. 
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