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ABSTRACT 
 
 This study was carried out during 2008/ 2009 and 2009/ 2010 to examine the effect of some nitrogen 
sources, biostimulants (yeast& algae extract) and the two antioxidants (vitamin c and salicylic acid) on vigour, 
nutritional status of the plants, bunch weight and fruit quality of Grande Naine bananas. Results showed that 
varying sources of N as well as biostimulant and antioxidant treatments considerably had major differences on 
all growth characters, percentages of N, P and K in the leaves, yield and quality parameters. Spraying the four 
biostimulants and antioxidants (yeast, algae extract, vitamin c and salicylic acid was preferable than unspraying 
in improving growth, nutritional status of the plants as well as yield quantitively and qualitatively. From 
economical point of view, it is advised to fertilize Grand Naine banana plants grown under sandy soils with N 
(280 g/ plant) via 50 % ammonium sulphate plus the biofertilizers Nitrobein at 50 g/ plant/ year plus vitamin c 
four times at 500 mg/ L. 
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Introduction 
 
 It is well known that banana needs large amounts of inorganic and organic foods especially N. Many recent 
trails and attempts were carried out to improve the yield of different banana cvs. Using biofertilizers and 
antioxidants had an outstanding effects on amending the plants with their requirements from essential nutrients, 
amino acids, vitamins and natural hormones (Subba- Rao, 1984 and Elade, 1992). 
 Previous studies showed that selecting the optimum rate of N applied via inorganic and biofertilization as 
well as application of Algae extract, yeast and some antioxidants had an obvious promotions on growth and 
fruiting of different fruit crops (Ahmed, 2001; Abo El- Komsan et al., 2003; Ahmed et al., 2003; Ali, 2005; Abd 
El- Rahman, 2005; Al- Ashkar et al., 2007 and Ahmed et al., 2008). 
 The target of this study was elucidating the effect of different nitrogen sources, yeast, Algae extract, 
vitamin c and salicylic acid on fruiting of Grande Naine banana plants. 
 
Materials and Methods 
 
 This study was conducted during two successive seasons (2008/2009 and 2009/2010) on Grand Naine 
banana plants grown in sand clay loam soil under flood irrigation system, irrigated by Nile water in a private 
banana orchard located at Aga district, Dakahlia Governorate. The chemical and physical properties of the 
experimental soil are shown in Table, 1. 
 One hundred stools planted at 3x3m apart, each containing two plants were selected as experimental plants.  
 This trial included 25 treatments, resulted from the possible combinations between five sources and rates of 
nitrogen fertilizer and five bio-stimulants and antioxidants. The treatments were arranged as follows: 
 
a. Sources and rates of nitrogen fertilization: 
 
1. 560 g N/ plant in the form of ammonium sulphate (AS 20.6 % N) as control. 
2. 280 g N in the form of (AS) +50g nitrobein (Nitr.)/ plant.  
3. 280 g N in the form of ammonium nitrate (AN 33.5 % N) + 50 g Nitr. / plant. 
4. 280 g N in the form of calcium nitrate (CN 15.5 % N) + 50 g Nitr./ plant. 
5. 280 g N in the form of urea (46.5 % N) + 50g Nitr./ plant.  
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Table 1: The chemical and physical properties of the orchard soil. 
Depth 

Characters 
0-30 cm 30-60 cm 

The chemical properties 
PH (1-2.5) 8.1 7.73 

EC (1-2.5) ( mmohs /cm ) 0.42 0.43 
N (%) 0.09 0.07 

Pmg/100 gm soil 5.62 4.83 
K (meq/L) 0.17 0.18 
Na (meq/L) 0.61 0.72 
Ca (meq/L) 1.24 1.43 
Mg (meq/L) 1.11 1.08 
Cl (meq/L) 0.22 0.25 

HCO3 (meq/L) 1.87 1.93 
SO4 (meq/L) 1.24 1.12 

The physical properties 
Sand (%) 62.23 64.17 
Silt (%) 3.18 3.25 
Clay (%) 34.59 32.58 
Texture Sandy clay loam Sandy clay loam 

 
b- Bio-stimulants and antioxidants: 
 
1. Spraying water (control). 
2. Spraying yeast extract at 0.5 % (5 g/liter).  
3. Spraying algae extract at 0.25 % (2.5 g/liter) . 
4. Spraying ascorbic acid (Vit. C) at 500 mg/l( 0.5 g/liter).  
5. Spraying salicylic acid at 250 mg/l (0.250 g/ liter). 
 
 These treatments were arranged in a split plot system in a complete randomized block design with three 
replicates. Sources and rates of nitrogen were randomly arranged in the main plots, whereas bio-stimulants and 
antioxidants were randomly distributed in the sub - plots. Each replicate was represented by one stool, which 
contains two plants for yielding in the current season and two offshoots for yielding in the following season. 
 The normal technocultural practices used in the commercial banana orchards were applied to all plants, 
except those dealing with nitrogen fertilization according to the recommendations of the National Program of 
Banana Development. According to this program, National Research Center, the amount of actual nitrogen 
required to banana plant is 560g N which was used as a control in the present work. 
 The biofertilizer nitrobein contains Azotobacter and Azospirillum as nitrogen fixing bacteria was applied at 
50 g/plant/year in the first week of April of each season in shallow trenches (30 cm length x 20 cm width x 10 
cm depth) according to the recommendation of General Organization for Agriculture Equalization Foundation 
(GOAEF), Ministry of Agriculture, Egypt. Irrigation was conducted after the addition of chemical and 
biofertilizers in both seasons. 
 The mineral N fertilizer was applied at fortnight intervals in 10 equal doses one month after the application 
of the biofertilizer. 
 Yeast, algae, ascorbic and salicylic acids were sprayed four times a year, i.e., in April, June, August and 
October. Super film as a wetting agent at 30 cm3/100 l was added to all solutions. The algae extract was 
obtained from Scenedesmus sp. (El-Sayed, 2004) by the Algae Production Station of the National Research 
Centre (NRC, Giza, Egypt) within three open ponds (15m3 per each). Major components of the used green 
microalgae Scenedesmus sp. are shown in Table (2 A). 
 Dry yeast was activated by adding the definite amount to warm water (38oC), adding sucrose at the same 
rate and kept overnight for nearly 12 hours before spraying. The chemical analysis of the used yeast extract are 
shown in Table (2B). 
 
Table 2A: Major constituents of the used green microalgae Scenedesmus sp.  

 Constituents 
(D.W) 

(%) Macronutrients  
 (%) 

Micronutrients  
(ppm) 

Crude protein  50.56 N 8.09 Fe 2057 
Ether extracts  7.39 P 2.69 Zn 722 
Crude fiber 9.83 K 0.65 Mn 747 
Ash 9.18  Cu 93 
Moisture  4.51   
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Table 2B: Chemical analysis of the used yeast extracts (Kihlperg, 1972). 
Amino acids 
mg ⁄100g dry weight 

Carbohydrates 
mg ⁄100g dry weight 

Vitamins 
mg ⁄100g dry weight 

Arginine  1.99 Carbohydrates 23.2 Vit.B1 2.23 
Histidine  2.63 Glucose  13.33 Vit.B2 1.33 
Isoleucine  2.31   Vit.B6 1.25 
leucine  3.09   Vit B12 0.15 
Lysine  2.95   Thimain 2.71 
Methionine  0.72   Riboflavin 4.96 
Phenyl alanine 2.01   Insitol 0.26 
Threonine  2.09   Biotin 0.09 
Tryptophan  0.45   Nicotinic acid 39.88 
Valine  2.19   Panthothenic acid 19.56 
Glutamic acid  2.00   Pamino benzoic acid 9.23 
Serine  1.59   Folic acid 4.36 
Aspartic acid  1.33   Pyridoxine 2.90 
Cystine  0.23     
Proline  1.53     
Tyrosine  1.49    

 
 All plants under investigation received the traditional and regular fertilization program applied in that 
location which comprised of about 250g superphosphate (15.5 % P2O5)/ plant/year in March +500 g potassium 
sulphate (48 % K2O) / plant/year added in two equal application in April and July. Plants were irrigated at 10-15 
days intervals according to the climatic conditions. The other agricultural practices (weed and pests control 
….etc.) were the same for all plants under investigation. 
 The responses of the experimental plants to the tested treatments were evaluated through the following 
parameters: 
1. Vegetative parameters of plant 
After the inflorescences emergence (at the end of August yearly), the following vegetative characteristics were 
determined: 
1. Pesudostem length (cm)  
2. Circumference of the pseudostem at 20 cm from the soil surface, (cm).  
3. Leaf area (m2) using the third full expanded leaf from the top according to the following equation: Leaf area = 
length x width x 0.8 (Murry, 1960). 
Leaf samples were taken from the third upper leaf from the top of the plant after shooting in September of each 
season. The following chemical constituents were determined: 
Total chlorophylls (mg/ 100 gm fresh weight) according to Wettestein (1957) 
 
Leaf mineral content: 
 
 A sample of 10 x10 cm was taken from the middle part of the leaf blade as recommended by Hewitt (1955) 
and adopted by Abou Aziz et al., (1987) for mineral analysis. The collected leaf samples were dried at 70 o C 
until constant weight. The dry matter of leaf samples were finely ground and wet digested with a mixture of 
concentrated sulfuric and perchloric acids (2:1) (V/V) for 15 minutes until the digestive solution become 
colorless, then transferred quantitatively to 50 ml volumetric flask. The considered mineral nutrients were 
determined as follows:  
 1.Total nitrogen and phosphorus were calorimetrically determined according to the methods described by 
Bremner and Mulvaney (1982) and Olsen and Sommers (1982), respectively. 
 2.Potassium was determined flame photometrically according to the method advocated by Brown and 
Lilleland (1946).  
 
Yield and fruit properties: 
 
 When fingers of each bunch attained full growth, bunches were harvested and weighed in (kg). Three hands 
were taken from the base, middle and distal end of each bunch as composite sample for each replicate and 
artificially ripened. After ripening, the following fruit physical and chemical characteristics were determined: 
1. The percentage of pulp/ whole weight of ripened finger was calculated.  
2. Total soluble solids in the pulp juice (TSS) using a hand refractometer. 
3. Total titratable acidity was estimated as malic acid in the pulp juice by titration with a 0.1N Na OH solution 
using phenolphethalein indicator according to A.O.A.C. (1990). 
 Recorded data were subjected to the statistical analysis of variance according to Snedecor and Cochran (1980), 
and means separation was done according to Duncan (1955) at 5 % level. 
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Results and Discussion 
 
1- Growth characters: 
 
 Growth characters of banana plants were significantly increased with fertilization at 560 g N/ plant as AS in 
the 1st season and 280 g N/plant as AS+50 g Nitr./plant in the 2nd season. The differences between the remained 
treatments in this respect were lacking in the second season.  
 Spraying with algae extract at 0.25 % in the 1st season and Vit.C at 500 mg/l in the 2nd season recorded 
maximum growth characters. 
 The interaction between fertilization with 560 g N/ plant as AS and spraying with algae extract at 0.25 % in 
the 1st season and the combination of 280 g N/ plant as AN with 50 g Nitr./plant in the 1st season and Vit. C 500 
mg/l in 2nd season were the superior combinations for enhancing growth characters (Tables 3& 4& 5). 
 These results are agreement with those obtained by Ali, (2005) and Ahmed et al., (2008). 
 
Table 3: Effect of soil nitrogen fertilization sources and rates and foliar spray with some bio-stimulants and antioxidants and their 

interaction on pseudostem length (m) of banana plant cv. Grand Naine (2008/2009 and 2009/2010 seasons). 

Nitrogen source and rate 
 (g N/plant) 

 Bio- stimulants and antioxidants  
Water  
( control) 

Yeast 
extract  
(0.5%) 

Algae 
extract  
(0.25%) 

Vit. C  
(500mg/l) 

Salicylic 
 acid acid 
 250mg/l) 

Average N 
sources  
and rates 

 2008/2009 season 
560 in the form of AS (control) 3.05ig 3.14e-g 3.61a 3.18de 3.35c 3.27A 
280 in the form of AS + Nitr.* 2.73l 2.93k 3.39c 3.04ij 3.12f-h 3.04E 
280 in the form of AN + Nitr. 2.92k 3.21d 3.33c 3.02j 3.09g-i 3.11C 
280 in the form of CN + Nitr. 3.00j 3.14e-f 3.51b 3.08hi 3.12f-h 3.17B 
280 in the form of urea + Nitr. 3.09g-i 3.16d-f 2.91k 3.09g-i 3.14e-h 3.08D 
Average bio-stimulants and antioxidants 2.96E 3.12C 3.35A 3.08D 3.16B -- 
 2009/2010 season 
560 in the form of AS (control) 3.03i-k 3.28e-h 3.21g-i 3.48a-d 3.29d-h 3.26B 
280 in the form of AS + Nitr.* 3.53ab 3.35b-g 3.26f-h 3.45b-f 3.48a-d 3.41A 
280 in the form of AN + Nitr. 2.81l 3.18g-j 3.15h-g 3.65a 3.28e-h 3.21B 
280 in the form of CN + Nitr. 2.96kl 3.33c-h 3.21gh 3.35b-g 3.26f-h 3.22B 
280 in the form of urea + Nitr. 3.01jk 3.51a-c 3.33c-h 3.47a-e 3.25gh 3.31AB 
Average bio-stimulants and antioxidants 3.07D 3.33B 3.23C 3.48A 3.31B -- 

Means having same alphabetical letter(s) within each column or row did not significantly differ according to Duncan's multiple range test at 
5% level. Capital letters are for main effects, while small litters for interaction means. AS: ammonium sulphate (20.6 %N), AN: ammonium 
nitrate (33.5 % N), CN: calcium nitrate (15.5 %N), urea (46.5 %N) and Nitr.*: Nitrobein biofertilizer (50 g/plant/year).  
 
Table 4: Effect of soil nitrogen fertilization sources and rates and foliar spray with some bio-stimulants and antioxidants and their 

interaction on pseudostem circumference (cm) of banana plant cv. Grand Naine (2008/2009 and 2009/2010 seasons). 

Nitrogen source and rate 
 (g N/plant) 

 Bio- stimulants and antioxidants  
Water  
( control) 

Yeast 
extract  
(0.5%) 

Algae 
extract  
(0.25%) 

Vit. C  
(500mg/l) 

Salicylic 
 acid acid 
 250mg/l) 

Average N 
sources  
and rates 

 2008/2009 season 
560 in the form of AS (control) 80.33d-h 82.16c-h 92.00a 85.33b-e 88.13a-c 85.59A 
280 in the form of AS + Nitr.* 85.50b-d 83.16b-h 89.00ab 83.33b-h 83.66b-g  84.93AB 
280 in the form of AN + Nitr. 80.66d-h 83.33b-h 85.00b-f 79.66d-h 81.50d-h 82.03B 
280 in the form of CN + Nitr. 79.33d-h 79.33d-h 79.33d-h 79.66d-h 77.00gh 78.93C 
280 in the form of urea + Nitr. 77.83gh 82.16c-h 78.33f-h 78.66e-h 76.66h 78.73C 
Average bio-stimulants and antioxidants 80.73B 82.03B 84.73A 81.33B 81.39B -- 
 2009/2010 season 
560 in the form of AS (control) 87.33h-j 94.33c-f 95.66b-e 97.00a-d 100.33ab 94.93A 
280 in the form of AS + Nitr.* 91.66d-h 93.33c-g 96.00b-e 94.66c-f 91.66d-h 93.46A 
280 in the form of AN + Nitr. 82.00k 89.66f-j 92.00d-h 101.66a 90.66e-i 91.20B 
280 in the form of CN + Nitr. 85.66i-k 94.33c-f 93.00c-g 92.33d-h 91.00e-h 91.26B 
280 in the form of urea + Nitr. 88.66g-j 89.66f-j 85.33jk 98.33a-c 91.66d-h 90.73B 
Average bio-stimulants and antioxidants 87.06C 92.26B 92.40B 96.80A 93.06B -- 

Means having same alphabetical letter(s) within each column or row did not significantly differ according to Duncan's multiple range test at 
5% level. Capital letters are for main effects, while small litters for interaction means. AS: ammonium sulphate (20.6 %N) , AN: ammonium 
nitrate (33.5 % N) , CN : calcium nitrate (15.5 %N), urea (46.5 %N) and Nitr.*: Nitrobein biofertilizer (50 g/plant/year).  
 

2- Total chlorophyll (a+b): 
 
 The highest concentration of total chlorophyll (a+b) in leaf tissues were recorded by fertilization of banana 
plant with 560g N/ plant as AS in the 1st season (461.7 mg/100 g FW). Inthe second season, fertilization with 
280 g N/ plant as AS+ 50 g Nitr. recorded the highest value (366.0 mg/100 g FW). 
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 The effect of biostimulants and antioxidants spray was significant in the 1st season only, when the highest 
value (428.1 mg/100 g FW) came from the control, closely followed by yeast extract and Vit. C.  
 Also, the highest concentration of total chlorophyll (a+b) in leaf tissues were recorded with the interaction 
between 560 g N/ plant as AS and spraying with water (control) in the 1st season (470.1 mg/100 g FW) and the 
interaction between 280 g N/ plant as AS+ 50 g Nitr./ plant and spraying with water in the 2nd season (368.3 
mg/100 g FW) (Table 6). 
 These results are agreement with those obtained by Ali, (2005) and Ahmed et al., (2008). 
 
Table 5: Effect of soil nitrogen fertilization sources and rates and foliar spray with some bio-stimulants and antioxidants and their 

interaction on leaf area (m2) of banana plant cv. Grand Naine (2008/2009 and 2009/2010 seasons). 

Nitrogen source and rate 
 (g N/plant) 

 Bio- stimulants and antioxidants  
Water  
( control) 

Yeast 
extract  
(0.5%) 

Algae 
extract  
(0.25%) 

Vit. C  
(500mg/l) 

Salicylic 
 acid acid 
 250mg/l) 

Average N 
sources  
and rates 

 2008/2009 season 
560 in the form of AS (control) 1.65b-g 1.73b-f 1.76b-f 1.88b-d 1.94b 1.79A 
280 in the form of AS + Nitr.* 2.35a 1.92bc 1.67b-f 1.55c-h 1.23h 1.74AB 
280 in the form of AN + Nitr. 1.74b-f 1.94b 1.81b-e 1.41f-h 1.53d-h  1.68A-C 
280 in the form of CN + Nitr. 1.60b-g 1.65b-g 1.72b-f 1.81b-e 1.48e-h 1.65BC 
280 in the form of urea + Nitr. 1.65b-f 1.74b-f 1.28gh 1.67b-f 1.61b-g 1.59C 
Average bio-stimulants and antioxidants 1.80A 1.80A 1.65AB 1.66AB 1.56B -- 
 2009/2010 season 
560 in the form of AS (control) 1.93a-d 1.93a-d 2.02a-c 1.71de 1.80b-d 1.88A 
280 in the form of AS + Nitr.* 2.02a-c 1.96a-d 2.04ab 1.86a-d 1.76c-e 1.93A 
280 in the form of AN + Nitr. 1.81b-d 1.89a-d 1.80b-d 2.09a 1.77b-e 1.87A 
280 in the form of CN + Nitr. 1.54e 1.91a-d 1.89a-d 1.92a-d 1.89a-d 1.83A 
280 in the form of urea + Nitr. 1.71de 1.71de 1.92a-d 2.02a-c 1.92a-d 1.85A 
Average bio-stimulants and antioxidants 1.80B 1.88AB 1.93A 1.92A 1.83AB -- 

Means having same alphabetical letter(s) within each column or row did not significantly differ according to Duncan's multiple range test at 
5% level. Capital letters are for main effects, while small litters for interaction means. AS: ammonium sulphate (20.6 %N) , AN: ammonium 
nitrate (33.5 % N) , CN : calcium nitrate (15.5 %N), urea (46.5 %N) and Nitr.*: Nitrobein biofertilizer (50 g/plant/year). 

 
3- Leaf mineral content (%):  
3-1 Nitrogen content: 
 
 The highest N content in leaves was recorded with 280g N/ plant as AS plus 50 g / plant Nitr. in the first 
season ( 2.46 N % and 2.58 N %) with 280 g N as AN+50 g Nitr. in the second season. 
 Spraying of banana plants with water closely followed by Vit.C and salicylic acid in the 1st season and 
Vit.C at 500 mg/l in the second season gave the highest values of N content in leaves. 
 The highest N content in banana leaves was obtained with the interaction between 280 g N/ plant as AS 
plus 50 g Nitr./ plant and spraying with yeast extract at 0.5 % in the 1st season (3.40 %N) and the interaction 
between 280 g N/ plant as AN+ 50 g Nitr./ plant and spraying with Vit.C at 500 mg/l in the second season (3.26 
%N) (Table 7). 
 
Phosphorus content: 
 
 The highest P content of banana leaves was recorded with the fertilization with 280 g N/ plant as AN plus 
50 g Nitr./ plant in 1st season (0.438 %) and 280 g N/ plant as urea+ 50 g Nitr./ plant in the 2nd season (0.430 %). 
 Spraying banana plants with SA at 250 mg/l recorded the highest value of P content in leaves ( 0.493 and 
0.309) % in the 1st and 2nd seasons, respectively) without significant difference with Vit.C at 500 mg/l in the 2nd 
season. 
 The interaction between 280 g N/ plant as urea plus 50 g Nitr./ plant and spraying with SA at 250 mg/l in 
the 1st season , and the interaction between the same soil fertilization treatment and spraying with Vit. C at 500 
mg/l in the 2nd season gave the P content in leaves of banana (Table 8). 
 
Potassium content: 
 
 Fertilization of banana plants with 280 g N/ plant as AS or AN plus 50 g Nitr./ plant significantly increased 
K content in leaf tissues (3.81 and 4.48 % for280 g N/ plant as AS plus 50 g Nitr./ plant in the 1st and 2nd 
seasons, respectively and 3.84 and 4.36 % for AN+Nitr., respectively. 
 Spraying banana plants with SA at 250 mg/l in the 1st season (3.52 %) and Vit.C at 500 mg/l in the 2nd 
season (4.12 %), significantly increased K content in leaves compared with the other treatments (Table 9). 
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Table 6: Effect of soil nitrogen fertilization sources and rates and foliar spray with some bio-stimulants and antioxidants and their 
interaction on chlorophyll a+b content ( mg/100 g FW ) in banana leaves cv. Grand Naine (2008/2009 and 2009/2010 seasons). 

Nitrogen source and rate 
 (g N/plant) 

 Bio- stimulants and antioxidants  
Water  
( control) 

Yeast 
extract  
(0.5%) 

Algae 
extract  
(0.25%) 

Vit. C  
(500mg/l) 

Salicylic 
 acid acid 
 250mg/l) 

Average N 
sources  
and rates 

 2008/2009 season 
560 in the form of AS (control) 470.1a 467.9ab 455.3a-c 451.8a-d 463.1ab  461.7 A 
280 in the form of AS + Nitr.* 464.4ab 411.7b-f 431.4a-e 411.5b-f 395.3d-f  422.9 B 
280 in the form of AN + Nitr. 455.9a-f 416.5a-f 431.9a-e 379.1ef 375.0ef  411.7 BC 
280 in the form of CN + Nitr. 373.6ef 365.8f 398.9c-f 399.7c-f 385.6ef  384.7 CD 
280 in the form of urea + Nitr. 376.4ef 391.1ef 300.3g 417.9a-f 396.0d-f  376.4 D 
Average bio-stimulants and antioxidants 428.1A 410.6 AB 403.6 B 412.0AB 403.0 B --- 
 2009/2010 season 
560 in the form of AS (control) 372.6a 370.0a 361.0ab 358.9a-c 367.2a 366.0A 
280 in the form of AS + Nitr.* 368.3a 327.3a-e 342.6a-d 325.7a-e 312.6b-e 335.3B 
280 in the form of AN + Nitr. 360.7ab 329.9a-e 341.3a-d 300.1de 298.0de 326.0 B 
280 in the form of CN + Nitr. 297.1d-e 290.1 e 315.9b-e 317.3b-e 306.5de 305.4C 
280 in the form of urea + Nitr. 298.9de 309.9c-e 238.7f 330.7a-e 313.5b-e 298.3C 
Average bio-stimulants and antioxidants 339.6A 325.4A 319.9A 326.5A 319.6A --- 

Means having same alphabetical letter(s) within each column or row did not significantly differ according to Duncan's multiple range test at 
5% level. Capital letters are for main effects, while small litters for interaction means. AS: ammonium sulphate (20.6 %N) , AN: ammonium 
nitrate (33.5 % N) , CN : calcium nitrate (15.5 %N), urea (46.5 %N) and Nitr.*: Nitrobein biofertilizer (50 g/plant/year).  
 
Table 7: Effect of soil nitrogen fertilization sources and rates and foliar spray with some bio-stimulants and antioxidants and their 

interaction on N (%) in banana leaves cv. Grand Naine (2008/2009 and 2009/2010 seasons). 

Nitrogen source and rate 
 (g N/plant) 

 Bio- stimulants and antioxidants  
Water  
( control) 

Yeast 
extract  
(0.5%) 

Algae 
extract  
(0.25%) 

Vit. C  
(500mg/l) 

Salicylic 
 acid acid 
 250mg/l) 

Average N 
sources  
and rates 

 2008/2009 season 
560 in the form of AS (control) 2.24d-g 1.35m 1.49k-m 2.47cd 2.19d-g 1.95 B 
280 in the form of AS + Nitr.* 2.66bc 3.40a 2.33d-f 1.77h-k 2.14e-g 2.46 A 
280 in the form of AN + Nitr. 1.82h-j 1.54j-m 2.84b 1.58j-m 1.82h-j  1.92 BC 
280 in the form of CN + Nitr. 2.05f-h 1.44lm 1.49k-m 2.42c-e 1.72i-l 1.82 C 
280 in the form of urea + Nitr. 2.00g-i 1.72i-l 1.63j-m 2.05f-h 2.44c-e 1.97 B 
Average bio-stimulants and antioxidants 2.15 A 1.89 C 1.96 BC 2.06 AB 2.06 AB -- 
 2009/2010 season 
560 in the form of AS (control) 2.33cd 2.70b 1.40g 2.61b 3.26a 2.46B 
280 in the form of AS + Nitr.* 2.75b 2.66b 2.00ef 2.19de 2.00ef 2.32C 
280 in the form of AN + Nitr. 2.70b 2.19de 2.19de 3.26a 2.56bc 2.58A 
280 in the form of CN + Nitr. 2.05ef 1.86f 2.00ef 2.70b 1.86f 2.10D 
280 in the form of urea + Nitr. 1.58g 2.33cd 2.00ef 2.24de 2.14de 2.06D 
Average bio-stimulants and antioxidants 2.28B 2.35B 1.92C 2.60A 2.36B -- 

Means having same alphabetical letter(s) within each column or row did not significantly differ according to Duncan's multiple range test at 
5% level. Capital letters are for main effects, while small litters for interaction means. AS: ammonium sulphate (20.6 %N) , AN: ammonium 
nitrate (33.5 % N) , CN : calcium nitrate (15.5 %N), urea (46.5 %N) and Nitr.*: Nitrobein biofertilizer (50 g/plant/year).  
 
Table 8: Effect of soil nitrogen fertilization sources and rates and foliar spray with some bio-stimulants and antioxidants and their 

interaction on P (%) in banana leaves cv. Grand Naine (2008/2009 and 2009/2010 seasons). 

Nitrogen source and rate 
 (g N/plant) 

 Bio- stimulants and antioxidants  
Water  
( control) 

Yeast 
extract  
(0.5%) 

Algae 
extract  
(0.25%) 

Vit. C  
(500mg/l) 

Salicylic 
 acid acid 
 250mg/l) 

Average N 
sources  
and rates 

 2008/2009 season 
560 in the form of AS (control) 0.337h-j 0.407fg 0.250kl 0.253kl 0.513ab 0.352 B 
280 in the form of AS + Nitr.* 0.183m 0.210lm 0.480b-d 0.450c-f 0.493a-c 0.363 B 
280 in the form of AN + Nitr. 0.540a 0.380g-i 0.383gh 0.423d-g 0.463b-f 0.438 A 
280 in the form of CN + Nitr. 0.330h-j 0.323i-j 0.420e-g 0.297jk 0.450c-f 0.364 B 
280 in the form of urea + Nitr. 0.330h-j 0.217lm 0.203lm 0.477b-e 0.547a 0.354 B 
Average bio-stimulants and antioxidants 0.344 C 0.307 D 0.347C 0.380 B 0.493 A -- 
 2009/2010 season 
560 in the form of AS (control) 0.168jk 0.177i-k 0.377c 0.448ab 0.235e-i 0.281B 
280 in the form of AS + Nitr.* 0.283de 0.244e-h 0.206f-k 0.165k 0.195g-k 0.219D 
280 in the form of AN + Nitr. 0.231e-i 0.238e-h 0.195g-k 0.308d 0.255d-g 0.246C 
280 in the form of CN + Nitr. 0.257d-f 0.188h-k 0.227e-j 0.229e-i 0.445ab  0.269BC 
280 in the form of urea + Nitr. 0.436b 0.378c 0.431bc 0.493a 0.415bc 0.430A 
Average bio-stimulants and antioxidants 0.275C 0.245D 0.287BC 0.329A 0.309AB -- 

Means having same alphabetical letter(s) within each column or row did not significantly differ according to Duncan's multiple range test at 
5% level. Capital letters are for main effects, while small litters for interaction means. AS: ammonium sulphate (20.6 %N) , AN: ammonium 
nitrate (33.5 % N) , CN : calcium nitrate (15.5 %N), urea (46.5 %N) and Nitr.*: Nitrobein biofertilizer (50 g/plant/year).  
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Table 9: Effect of soil nitrogen fertilization sources and rates and foliar spray with some bio-stimulants and antioxidants and their 
interaction on K (%) in banana leaves cv. Grand Naine (2008/2009 and 2009/2010 seasons). 

Nitrogen source and rate 
 (g N/plant) 

 Bio- stimulants and antioxidants  
Water  
( control) 

Yeast 
extract  
(0.5%) 

Algae 
extract  
(0.25%) 

Vit. C  
(500mg/l) 

Salicylic 
 acid acid 
 250mg/l) 

Average N 
sources  
and rates 

 2008/2009 season 
560 in the form of AS (control) 3.69fg 3.51hi 2.86m 3.37jk 3.81ef 3.45 B 
280 in the form of AS + Nitr.* 4.01bc 3.89c-e 3.85de 4.00bc 3.29k 3.81 A 
280 in the form of AN + Nitr. 3.30jk 3.73fg 4.26a 3.91b-e 4.03b 3.84 A 
280 in the form of CN + Nitr. 3.62gh 3.67g 3.95b-d 1.18p 3.05l 3.09 C 
280 in the form of urea + Nitr. 1.52n 1.46n 1.31o 3.42ij 3.41i-k 2.22 D 
Average bio-stimulants and antioxidants 3.23 B 3.25 B 3.24 B 3.17 C 3.52 A - 
 2009/2010 season 
560 in the form of AS (control) 2.61l 3.55fg 3.12ij 2.76kl 2.97jk 3.00C 
280 in the form of AS + Nitr.* 3.33j-i 4.19d 3.48f-h 3.55fg 3.14h-j 3.54B 
280 in the form of AN + Nitr. 4.19d 4.27cd 4.19d 5.56a 4.19d 4.48A 
280 in the form of CN + Nitr. 3.76ef 4.12d 4.55bc 4.84b 4.55bc 4.36A 
280 in the form of urea + Nitr. 4.12d 3.17h-j 3.53fg 3.91de 3.62e-g 3.67B 
Average bio-stimulants and antioxidants 3.60D 3.86B 3.77BC 4.12A 3.69CD -- 

Means having same alphabetical letter(s) within each column or row did not significantly differ according to Duncan's multiple range test at 
5% level. Capital letters are for main effects, while small litters for interaction means. AS: ammonium sulphate (20.6 %N) , AN: ammonium 
nitrate (33.5 % N) , CN : calcium nitrate (15.5 %N), urea (46.5 %N) and Nitr.*: Nitrobein biofertilizer (50 g/plant/year).  
 

 The highest K content in leaves of banana plant were obtained with the interaction between 280 g N/ plant 
as AN plus 50 g Nitr./ plant and spraying with algae extract at 0.25 % in the 1st season, and the interaction 
between the same soil fertilization treatment and spraying with Vit. C at 500 mg/l in the 2nd season . 
The effect of antioxidants on producing vigours and healthy plants as well as their important role in enhancing 
the availability and uptake of elements could give an additional reason for the present effect (Abd El- Rahman 
(2005).  
 
Bunch weight: 
 
 The heaviest bunches (28.64 & 29.93 kg/bunch in the 1st and 2nd seasons, respectively) were obtained by 
fertilization with 280 g N/ plant as AS+Nitr. at 50g/plant compared with the other tested treatments. The 
increments in bunch weight were: 5.73 & 5.70 kg for Vit.C, 2.89 & 2.70 kg for 280 g N/ plant as AS+Nitr. , 0.89 & 
1.16 kg for 280 g N/ plant as AN +Nitr. and 0.21 & 0.066 kg for 280 g N/ plant as urea +Nitr. in the 1st and 2nd 
seasons, respectively over the fertilization with the control treatment (560 g N/plant as AS without biofertilizer).  
 Spraying banana plants with Vit.C at 500 mg/l significantly increased bunch weight to reach 29.72 & 29.90 kg 
in the 1st and 2nd seasons, respectively, compared to the other biostimulants in both seasons. The increments in 
bunch weight were: 5.71 & 5.70 kg for Vit.C.,3.33 & 3.96 kg for yeast at 0.5 % (2.67 & 2.60 kg) for algae extract 
at 0.25% (5.73 & 5.70 kg) for Vit.C at 500 mg/l and (1.37 & 2.56 kg) for SA at 250 mg/l over the control treatment 
(spraying with water) in the 1st and 2nd seasons, respectively. 
  The interaction between fertilization with 280 g N as (AS) +Nitr. at 50 g/plant and spraying with Vit.C at 500 
mg/l or the combination of 280 g N as urea +Nitr. at 50 g/plant and praying with Vit.C at 500 mg/l were the 
superior treatments for increasing bunch weight in both seasons. Fertilization of banana plants with 560 g N/plant 
as AS alone without Nitr. and spraying with yeast, algae , Vit. C and SA recorded the least bunch weights 
compared to other treatments (Table 10). 
 The positive action of antioxidants on yield might be attributed to their important role in enhancing growth 
and nutritional status of plants which favours producing the heaviest bunches (Abd El-Rahman 2005). 
 
Pulp fruit ratio (%): 
 
 Spraying banana plants with yeast extract at 0.5% in the 1st season and Vit.C at 500 mg/l in the 2nd season gave 
the highest values of pulp fruit ratio ( 59.43 % for yeast extract and 65.45 % for Vit.C at 500 mg/l). 
 The interaction between N at 280 g /plant as CN plus 50 g Nitr./plant and spraying with yeast extract at 0.5 % 
in the 1st season and the interaction between N at 280 g /plant as urea plus 50 g Nitr./plant and spraying with Vit.C 
at 500 mg/l in the 2nd season recorded maximum values of pulp fruit ratio (64.93 and 75.0 %, respectively) (Table 
11). 
 Threes results are agreement with those obtained by Ali, (2005) and Ahmed et al., (2008) 
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Total soluble solids (TSS): 
 
 Fertilization of banana plants with 280 g N/ plant as CN plus 50 g Nitr./plant in the 1st season and with 280 g 
N/ plant as urea plus 50 g Nitr./plant in the 2nd season gave the highest TSS % (19.41 and 18.86 %) in the 1st and 
2nd seasons, respectively. However, 280 g N as AN +50 g Nitr. g in 1st season and 280 g N as AS+50 g Nitr. in the 
2nd season gave comparable values. 
 The highest TSS % in fruit pulp was obtained by spraying with Vit. C at 500 mg/l in both seasons (19.86 and 
19.04 %) in the 1st and 2nd seasons, respectively. Spraying SA in the second season resulted in statistically equal 
effect (18.85 %).  
 The interaction between 280 g N /plant as CN + 50 g Nitr./plant and spraying with Vit.C at 500 mg/l in the 1st 
season and the interaction between N at 280 g /plant as urea + 50 g (Table 12). 
 
Total acidity: 
 
 Fertilization of banana with different sources and rates of nitrogen and foliar spray with yeast extract, algae 
extract, Vit. C and SA and their interactions did not reflect any significant effect on total acidity in finger pulp of 
banana in both seasons (Table 13)  
 Threes results are agreement with those obtained by Ali, (2005) and Ahmed et al., (2008) 

From economical point of view, it is advised to fertilize Grand Naine banana plants grown under sandy 
soils with N (560 g/ plant) via 50 % ammonium sulphate plus the biofertilizers Nitrobein at 50 g/ plant/ year 
plus vitamin c four times at 500 mg/ L. 
 
Table 10: Effect of soil nitrogen fertilization sources and rates and foliar spray with some bio-stimulants and antioxidants and their 

interaction on bunch weight (kg) of banana cv. Grand Naine (2008/2009 and 2009/2010 seasons). 

Nitrogen source and rate 
 (g N/plant) 

 Bio- stimulants and antioxidants  
Water  
( control) 

Yeast 
extract  
(0.5%) 

Algae 
extract  
(0.25%) 

Vit. C  
(500mg/l) 

Salicylic 
 acid acid 
 250mg/l) 

Average N 
sources  
and rates 

 2008/2009 season 
560 in the form of AS (control) 23.28ki 25.62f-h 25.16f-i 28.56c 26.13e-h 25.75C 
280 in the form of AS + Nitr.* 26.16e-h 30.17b 27.54c-e 32.86a 26.50d-g 28.64A 
280 in the form of AN + Nitr. 24.50h-k 28.00cd 26.58d-g 28.69c 26.00e-h 26.75B 
280 in the form of CN + Nitr. 22.50i 26.00e-h 30.38b 25.83e-h 25.00g-j 25.94C 
280 in the form of urea + Nitr. 23.50j-l 26.83d-f 23.66i-l 32.66a 23.16kl 25.96C 
Average bio-stimulants and antioxidants 23.99D 27.32B 26.66B 29.72A 25.36C -- 
 2009/2010 season 
560 in the form of AS (control) 22.66 lm 27.33d-h 27.33 d-h 29.33 b-e 29.50b-d 27.23B 
280 in the form of AS + Nitr.* 29.66b-d 30.00b-d 28.83b-f 33.50a 27.66c-g 29.93A 
280 in the form of AN + Nitr. 24.00i-l 26.50f-j 24.66h-l 29.50b-d 25.66g-k 26.06C 
280 in the form of CN + Nitr. 23.83j-l 26.66e-i 26.50f-j 26.00f-k 23.50kl 25.29D 
280 in the form of urea + Nitr. 20.83m 30.33bc 26.66e-i 31.16ab 27.50d-h 27.29B 
Average bio-stimulants and antioxidants 24.20D 28.16B 26.80C 29.90A 26.76C -- 

Means having same alphabetical letter(s) within each column or row did not significantly differ according to Duncan's multiple range test at 
5% level. Capital letters are for main effects, while small litters for interaction means. AS: ammonium sulphate (20.6 %N) , AN: ammonium 
nitrate (33.5 % N) , CN : calcium nitrate (15.5 %N), urea (46.5 %N) and Nitr.*: Nitrobein biofertilizer (50 g/plant/year).  
 
Table 11: Effect of soil nitrogen fertilization sources and rates and foliar spray with some bio-stimulants and antioxidants and their 

interaction on pulp fruit ratio (%)of banana cv. Grand Naine (2008/2009 and 2009/2010 seasons). 

Nitrogen source and rate 
 (g N/plant) 

 Bio- stimulants and antioxidants  
Water  
( control) 

Yeast 
extract  
(0.5%) 

Algae 
extract  
(0.25%) 

Vit. C  
(500mg/l) 

Salicylic 
 acid acid 
 250mg/l) 

Average N 
sources  
and rates 

 2008/2009 season 
560 in the form of AS (control) 62.12bc 54.28f-h 53.07g-i 57.31e 54.02f-h 56.16A 
280 in the form of AS + Nitr.* 62.00bc 63.67ab 55.57ef 55.57ef 44.60k 56.28A 
280 in the form of AN + Nitr. 52.96hi 55.05fg 52.74hi 60.96cd 61.71c 56.68A 
280 in the form of CN + Nitr. 53.76f-h 64.93a 60.13cd 59.46d 42.58l 56.17A 
280 in the form of urea + Nitr. 50.90j 59.21d 51.15ij 59.94d 39.62m 52.16B 
Average bio-stimulants and antioxidants 56.35C 59.43A 54.53D 58.65B 48.51E -- 
 2009/2010 season 
560 in the form of AS (control) 61.70c-e 59.70de 62.30b-e 62.70b-e 62.30b-e 61.74B 
280 in the form of AS + Nitr.* 63.30b-e 64.00b-e 62.00b-e 63.56b-e 58.30de  62.23AB 
280 in the form of AN + Nitr. 62.00b-e 60.00de 68.00b 61.30c-e 61.70c-e  62.60AB 
280 in the form of CN + Nitr. 59.30de 66.70bc 58.00e 64.70b-d 61.30c-e  62.00AB 
280 in the form of urea + Nitr. 60.00de 63.30b-e 62.70b-e 75.00a 64.30b-e  65.06B 
Average bio-stimulants and antioxidants 61.26B 62.74B 62.60B 65.45A 61.58B -- 
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Means having same alphabetical letter(s) within each column or row did not significantly differ according to Duncan's multiple range test at 
5% level. Capital letters are for main effects, while small litters for interaction means. AS: ammonium sulphate (20.6 %N) , AN: ammonium 
nitrate (33.5 % N) , CN : calcium nitrate (15.5 %N), urea (46.5 %N) and Nitr.*: Nitrobein biofertilizer (50 g/plant/year). 
 
Table 12: Effect of soil nitrogen fertilization sources and rates and foliar spray with some bio-stimulants and antioxidants and their 

interaction on TSS (%) in pulp of banana cv. Grand Naine (2008/2009 and 2009/2010 seasons). 

Nitrogen source and rate 
 (g N/plant) 

 Bio- stimulants and antioxidants  
Water  
( control) 

Yeast 
extract  
(0.5%) 

Algae 
extract  
(0.25%) 

Vit. C  
(500mg/l) 

Salicylic 
 acid acid 
 250mg/l) 

Average N 
sources  
and rates 

 2008/2009 season 
560 in the form of AS (control) 16.00k 18.66e-g 19.73a-d 19.80a-d 18.86d-g 18.61B 
280 in the form of AS + Nitr.* 16.66jk 18.80d-g 18.80d-g 19.13b-f 19.80a-d 18.64B 
280 in the form of AN + Nitr. 18.93c-g 18.53e-h 16.46jk 20.66a 19.93a-c 18.90AB 
280 in the form of CN + Nitr. 20.06ab 18.20f-i 19.93a-c 20.40a 18.46e-h 19.41A 
280 in the form of urea + Nitr. 17.33ij 18.00g-i 18.93c-g 19.33b-e 17.66hi 18.25B 
Average bio-stimulants and antioxidants 17.80D 18.44C 18.77BC 19.86A 18.94B --- 
 2009/2010 season 
560 in the form of AS (control) 18.73a-e 17.33f-h 16.46h 18.66a-e 18.93a-d 18.02CD 
280 in the form of AS + Nitr.* 19.40ab 18.93a-d 16.80gh 19.00a-d 18.93a-d 18.61AB 
280 in the form of AN + Nitr. 16.86gh 18.26c-f 18.60a-e 18.86a-e 18.80a-e 18.28BC 
280 in the form of CN + Nitr. 16.53h 17.33f-h 17.93d-f 19.00a-d 18.46b-e 17.85D 
280 in the form of urea + Nitr. 18.93a-d 18.80a-e 17.80e-g 19.66a 19.13a-c 18.86A 
Average bio-stimulants and antioxidants 18.09B 18.13B 17.52C 19.04A 18.85A -- 

Means having same alphabetical letter(s) within each column or row did not significantly differ according to Duncan's multiple range test at 
5% level. Capital letters are for main effects, while small litters for interaction means. AS: ammonium sulphate (20.6 %N) , AN: ammonium 
nitrate (33.5 % N) , CN : calcium nitrate (15.5 %N), urea (46.5 %N) and Nitr.*: Nitrobein biofertilizer (50 g/plant/year).  
 
Table 13: Effect of soil nitrogen fertilization sources and rates and foliar spray with some bio-stimulants and antioxidants and their 

interaction on pulp acidity (%) of banana cv. Grand Naine (2008/2009 and 2009/2010 seasons). 

Nitrogen source and rate 
 (g N/plant) 

 Bio- stimulants and antioxidants  
Water  
( control) 

Yeast 
extract  
(0.5%) 

Algae 
extract  
(0.25%) 

Vit. C  
(500mg/l) 

Salicylic 
 acid acid 
 250mg/l) 

Average N 
sources  
and rates 

 2008/2009 season 
560 in the form of AS (control) 0.035a 0.046a 0.050a 0.043a 0.049a 0.045A 
280 in the form of AS + Nitr.* 0.037a 0.040a 0.047a 0.048a 0.046a 0.044A 
280 in the form of AN + Nitr. 0.036a 0.035a 0.050a 0.042a 0.051a 0.043A 
280 in the form of CN + Nitr. 0.039a 0.044a 0.052a 0.054a 0.046a 0.047A 
280 in the form of urea + Nitr. 0.035a 0.048a 0.044a 0.052a 0.048a 0.045A 
Average bio-stimulants and antioxidants 0.036A 0.043A 0.049A 0.048A 0.048A --- 
 2009/2010 season 
560 in the form of AS (control) 0.063a 0.048a 0.053a 0.060a 0.069a 0.059A 
280 in the form of AS + Nitr.* 0.069a 0.055a 0.048a 0.052a 0.050a 0.055A 
280 in the form of AN + Nitr. 0.062a 0.057a 0.052a 0.062a 0.063a 0.059A 
280 in the form of CN + Nitr. 0.060a 0.051a 0.057a 0.055a 0.060a 0.057A 
280 in the form of urea + Nitr. 0.061a 0.056a 0.051a 0.061a 0.061a 0.058A 
Average bio-stimulants and antioxidants 0.063A 0.053A 0.052A 0.058A 0.061A --- 

Means having same alphabetical letter(s) within each column or row did not significantly differ according to Duncan's multiple range test at 
5% level. Capital letters are for main effects, while small litters for interaction means. AS: ammonium sulphate (20.6 %N) , AN: ammonium 
nitrate (33.5 % N) , CN : calcium nitrate (15.5 %N), urea (46.5 %N) and Nitr.*: Nitrobein biofertilizer (50 g/plant/year).  
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