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ABSTRACT 
 
 During 2008/ 2009 and 2009/ 2010 seasons, Grande Naine banana plants were subjected to different N 
sources as well as application of various biostimulants and antioxidants. The study focused on the effect of 
these treatments on periods from offshoots emergency to flowering from flowering to harvest and from  
emergency to harvest, growth characters of offshoots and bunch weight. Behaviours of offshoots and yield of 
Grand Naine bananas were greatly influenced with the variation of N sources, biostimulants and antioxidants. In 
most instances, supplying the Grand Naine banana plants with N at 280g/ plant/ year through 50 % ammonium 
sulphate + 50 g nitrobein/ plant/ year + spraying vitamin c four times at 500 mg/ L was beneficial for improving 
production of offshoots and productivity. 
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Introduction 
 
 Increasing number of produced offshoots as well as improving vigour of these suckers surely reflected on 
enhancing the yield quantitively and qualitatively of different banana cv. Recently, adjusting N sources as well 
as application of biostimulants and antioxidants considered an important horticultural practices that are 
recommended for achieving the previous targets. 
 Inorganic and biofertilization as well as using some biostimulants and antioxidants were responsible for 
stimulanting growth of suckers and improving yield of 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 examining the best N source, biostimulant and antioxidant that were 
responsible for enhancing growth of offshoots and promoting yield of Grand Naine bananas. 
 
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 250 g 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. The period from offshoot emergency to flowering (day). 
2. The period from emergency of flowers to harvest (E-H day). 
3. The period from offshoot emergency to harvest (Crop cycle). 
4. Offshoot length (m) 
5. Offshoot circumference (cm) 
6. Number of green leaves/ offshoot  
 When fingers of each bunch attained full growth, bunches were harvested and weighed in (kg). 
 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. 
 
Results and Discussion 
 
1- The period from offshoot emergency to flowering: 
 
 Fertilization of banana plants with 280 g N/ plant as CN plus 50 g Nitr./ plant in the 1st season and 560 g N/ 
plant as AS in the 2nd season prolonged the period from offshoot emergency to flowering ( 466.9 and 456.6 
days, respectively). However, 280 g N as AS+50 g Nitr. also recorded a statistically equal long period from 
offshoot emergency to flowering. 
 Spraying banana plants with Vit. C at 500 mg/l and SA at 250 mg/l gave the longest period from offshoot 
emergency to flowering in both seasons (460.8 and 456.8 day for Vit.C at 500 mg/l and 462.9 and 455.5 day for 
SA at 250 mg/l in the 1st and 2nd seasons, respectively) without significant differences with algae extract at 0.25 
% in the 1st season. 
 As for the interaction effect, the interaction between 280 g N/ plant as CN plus 50 g Nitr./ plant and 
spraying with SA at 250 mg/l and the interaction between 280 g N/ plant as urea plus 50 g Nitr./ plant and 
spraying with SA at 250 mg/l in 1st season and the interaction between 560 g N/ plant as AS and spraying with 
water in the 2nd season recorded the maximum period from offshoot emergency to flowering. A statistically 
similar interaction in the 2nd season resulted from 280 g N as As+50 g Nitr. x salicylic acid spray (Table 3) 
These results are agreement with those obtained by Ali, (2005) and Ahmed et al., (2008) 
 
2- The period from inflorescence emergency to harvest ( E.H): 
 
 Fertilization of banana plants with 280 g N/ plant as urea+ 50 g Nitr./ plant recorded the maximum E.H. in 
both seasons ( 154.0 and 145.9 day in the 1st and 2nd seasons, respectively). 
 Also, spraying with water ( control) recorded the highest values of E-H (152.6 and 140.8 in the 1st and 2nd 
seasons, respectively) without significant differences with yeast extract at 0.5 % and algae extract at 0.25 % in 
the 2nd season. 
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  The highest E-H were obtained from the interaction between 280 g N/plant as AS+50 g Nitr./ plant and 
spraying with SA at 250 mg/l in the 1st season ( 177.0) and the interaction between 280 g N/ plant as urea + 50 g 
Nitr./ plant and spraying with water in the 2nd season ( 157.6). Some other interactions were statistically equal in 
the 2nd season, but with insignificantly inferior values (Table 4). 
 Threes results are agreement with those obtained by Ali, (2005) and Ahmed et al., (2008) 
 
The period from offshoot emergency to harvest (Crop Cycle): 
 
 The longest crop cycle of banana plants were recorded with N fertilization at 280 g N/ plant as urea 
conjugation with 50 g Nitr./ plant in both seasons (611.6 and 595.0 days in the 1st and 2nd seasons, respectively ) 
without significant differences with 560 g N/ plant as AS in the 2nd season. 
 Spraying with water (control) recorded the longest crop cycle in both seasons ( 604.2 and 592 days in the 
1st and 2nd seasons, respectively) compared with other spraying treatments. 
  The largest crop cycle of banana plants was recorded by the interaction between 280 g N/ plant as urea 
plus 50 g Nitr./ plant and spraying with Vit. C at 500 mg/l in the 1st season, and the interaction between 280 g 
N/ plant as AS+50 g Nitr./plant and spraying with SA at 250 mg/l in the 2nd season (Table 5). 
 Threes 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 period (days) from offshoot emergency to flowering 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) 453.3fg 455.0e-g 463.3d 463.0d 469.3bc 460.8 C 
280 in the form of AS + Nitr.* 446.0hi 459.3d-f 463.6cd 469.6b 423.3k 452.4 D 
280 in the form of AN + Nitr. 433.6j 445.6hi 460.0de 452.6g 444.6i 447.3 E 
280 in the form of CN + Nitr. 473.3b 453.0g 459.6de 457.6d-g 490.6a 466.9 A 
280 in the form of urea + Nitr. 451.3gh 461.3de 462.6d 461.0de 486.3a 464.5 B 
Average bio-stimulants and antioxidants 451.5 C 454.9 B 461.9 A 460.8 A 462.9 A -- 
 2009/2010 season 
560 in the form of AS (control) 476.6a 446.3b-f 435.3d-f 464.0ab 460.6a-c 456.6A 
280 in the form of AS + Nitr.* 445.0b-f 432.3ef 450.6b-f 465.3ab 475.3a 453.7AB 
280 in the form of AN + Nitr. 458.0a-d 444.6b-f 440.3b-f 447.6b-f 433.3d-f 444.8CD 
280 in the form of CN + Nitr. 440.3b-f 435.3d-f 426.3f 449.3b-f 462.6ab 442.8D 
280 in the form of urea + Nitr. 436.3c-f 444.6b-f 461.3a-c 457.6a-e 445.6b-f 449.1BC 
Average bio-stimulants and antioxidants 451.3AB 440.6C 442.8BC 456.8A 455.5A -- 

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 E-H 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) 147.6f 131.0j 138.0g 137.0gh 145.3f 139.8 C 
280 in the form of AS + Nitr.* 122.6k 114.0l 101.0m 100.3m 177.0a 123.0 E 
280 in the form of AN + Nitr. 172.6b 151.0e 147.6f 122.3k 133.6i 145.5 B 
280 in the form of CN + Nitr. 147.5f 130.3j 148.0f 135.0hi 101.6m 132.5 D 
280 in the form of urea + Nitr. 172.6b 159.0d 160.1d 163.3c 114.6l 154.0 A 
Average bio-stimulants and antioxidants 152.6 A 137.1 C 139.0 B 131.6 E 134.5 D -- 
 2009/2010 season 
560 in the form of AS (control) 139.3d-g 145.0b-e 143.3c-e 132.3f-h 154.0ab 142.8B 
280 in the form of AS + Nitr.* 126.0h 110.6i 107.3i 106.3i 151.0a-c 120.2E 
280 in the form of AN + Nitr. 151.0a-c 148.6a-d 148.3a-d 110.3i 135.6e-g 138.8C 
280 in the form of CN + Nitr. 130.0gh 147.0b-d 140.0d-f 107.6i 106.6i 126.2D 
280 in the form of urea + Nitr. 157.6a 153.3a-c 151.0a-c 155.0ab 112.6i 145.9A 
Average bio-stimulants and antioxidants 140.8A 140.9A 138.0A 122.3C 132.0B -- 

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 5: Effect of soil nitrogen fertilization sources and rates and foliar spray with some bio-stimulants and antioxidants and their 
interaction on crop cycle 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) 601.0a-h 586.0f-k 601.3a-h 600.0c-h 614.6a-e 600.6 B 
280 in the form of AS + Nitr.* 568.6k 573.3jk 564.6k 570.0jk 600.3b-h 575.4 C 
280 in the form of AN + Nitr. 606.3a-g 596.6d-i 607.6a-f 575.0i-k 578.3h-k 592.8 B 
280 in the form of CN + Nitr. 620.8a-c 583.3g-k 607.6a-f 592.6e-j 592.3e-j 599.4 B 
280 in the form of urea + Nitr. 624.0ab 620.3a-d 622.8a-c 624.3a 566.5k 611.6 A 
Average bio-stimulants and antioxidants 604.2 A 591.9 BC 600.8 AB 592.4 BC 590.4 C -- 
 2009/2010 season 
560 in the form of AS (control) 616.0ab 591.3d-g 578.6f-i 596.3b-f 614.6a-c 599.4A 
280 in the form of AS + Nitr.* 571.0g-i 543.0j 558.0ij 571.6g-i 626.3a 574.0C 
280 in the form of AN + Nitr. 609.0a-e 593.3c-f 588.6e-h 558.0ij 569.0g-i 583.6B 
280 in the form of CN + Nitr. 570.3g-i 582.3f-h 566.3hi 557.0ij 569.3g-i 569.0C 
280 in the form of urea + Nitr. 594.0b-f 598.0b-f 612.3a-d 612.6a-d 558.3ij 595.0A 
Average bio-stimulants and antioxidants 592.0A 581.6B 580.8B 579.1B 587.5AB -- 

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). Crop 
cycle = the period from offshoot emergency to harvest ( days). 
 
Offshoot length (m): 
 
 The tallest banana offshoots at harvest were obtained by fertilization with 560 g N/ plant as AS in the 1st 
season (2.29m) as well as 280 g N/ plant as AS +50 g Nitr./plant (1.77m) and 280 g N/ plant as urea +50 g 
Nitr./plant (1.77m) in the 2nd season followed by 560 g N/ plant as AS (1.69m) and 280 g N/ plant as AN +50 g 
Nitr./plant (1.61m) in the 2nd season. 
 Also, the tallest banana offshoot were obtained from those sprayed with Vit.C at 500 mg/l in the 1st season 
(2.2m) with insignificant differences with salicylic acid and water . Plants sprayed with SA at 250 mg/l in the 
2nd season (1.85m) followed by SA at 250 mg/l in the second season. However, Vit.C at 500 mg/l and algae 
extract at 250 mg/l indicated the highest values. 
 The interaction between fertilization with 560 g N/ plant as AS and spraying with Vit.C at 500 mg/l in the 
1st season and the interaction between 280 g N/ plant as urea+50 g Nitr./plant and spraying with Vit.C at 500 
mg/l in the 2nd season gave the tallest offshoots compared with other combinations (Table 6). 
 
Offshoots circumference (cm): 
 
 As for the effect of N source and rate, the obtained results indicate that fertilization with 560 g N/ plant as 
AS without Nitr. in the 1st season and 280 g N/ plant as urea+50 g Nitr./ plant in the second one recorded the 
maximum values of offshoot circumference ( 64.97 and 54.93 cm , respectively). 
 Respecting the effect of spraying with some bio-stimulants and antioxidants, the obtained results show that 
the highest values of offshoot circumference were obtained by spraying with yeast extract at 0.5 % (62.27 cm), 
and spraying with water (61.35 cm) in the 1st season and Vit. C at 500 mg/l in both seasons (62.70 and 52.88 cm 
in the 1st and 2nd seasons, respectively ). 
 The interaction between fertilization with 560 g N/ plant as AS and spraying with Vit.C at 500 mg/l in the 
1st season and the interaction between 280 g N/ plant as urea+50 g Nitr./plant and spraying with Vit.C at 500 
mg/l in the 2nd season were the best interaction treatments for increasing offshoot circumference compared with 
other interaction treatments (Table 7). 
 
Number of green leaves/ offshoot: 
 
 As for the effect of nitrogen sources and rates, fertilization of banana with 280 g N/ plant in the form of any 
source significantly increased number of green leaves/ offshoot as compared with 560g N/ plant as AS in the 1st 
season. 
 With respect to the effect of foliar spray with yeast, algae extract, Vit. C and SA, presented data illustrate that 
spraying plants with Vit.C at 500 mg/l recoded the maximum number of green leaves /offshoot without significant 
difference with yeast extract or algae extract in the 2nd season. 
 Concerning the effect of interaction, between N sources and rates with biostimulants and antioxidants, 280 g 
N/ plant as AS+50 g Nitr./ plant and sprayed with water in the 1st season (12.5) and fertilization with 560 g N/ 
plant as AS alone and spraying with algae extract at 0.25 % in the 2nd season (14.3) recorded the maximum values 
of number of green leaves/offshoot compared to the other tested interactions. However, 280 g N as CN+ Nitr. x 
yeast extract also gave the same effect in the 2nd season (Table 8). 
These results are agreement with those obtained by Ali, (2005) and Ahmed et al. (2008). 
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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 offshoot 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) 2.20b-f  2.22b-f  2.36a-c  2.52a  2.16b-f  2.29 A 
280 in the form of AS + Nitr.* 2.08 c-g 1.99d-h  2.01d-h  2.03d-h  1.92f-h   2.01 CD 
280 in the form of AN + Nitr. 2.01 d-h 2.03d-h  2.23a-e  1.96a-h  2.42ab  2.13 B 
280 in the form of CN + Nitr. 1.99 d-h 1.97a-h  1.82gh  2.29a-d  1.77h   1.97 D 
280 in the form of urea + Nitr. 2.20 b-f 2.13b-f  1.80gh  2.20b-f  2.17b-f   2.10 BC 
Average bio-stimulants and antioxidants 2.09 AB  2.07 B  2.04 B  2.20 A  2.09 AB  --- 
 2009/2010 season 
560 in the form of AS (control) 1.42e-h 1.67c-h 1.60c-h 1.62c-h 2.14ab  1.69AB 
280 in the form of AS + Nitr.* 2.00a-c 1.53d-h 1.82b-f 1.72b-h 1.78b-g 1.77A 
280 in the form of AN + Nitr. 1.34gh 1.55c-h 1.68c-h 1.78b-g 1.71b-h  1.61AB 
280 in the form of CN + Nitr. 1.44e-h 1.33gh 1.88a-e 1.39f-h 1.77b-g 1.56B 
280 in the form of urea + Nitr. 1.27h 1.93a-d 1.57c-h 2.26a 1.83b-f 1.77A 
Average bio-stimulants and antioxidants 1.49C 1.60BC 1.71AB 1.75AB 1.85A -- 

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 7: Effect of soil nitrogen fertilization sources and rates and foliar spray with some bio-stimulants and antioxidants and their 

interaction on offshoot 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) 61.83b-g 67.16a-c 61.00c-g 70.83a 64.00a-f 64.97A 
280 in the form of AS + Nitr.* 64.50a-e 59.16c-g 63.00a-g 62.66a-g 55.16f-i 60.90 B 
280 in the form of AN + Nitr. 57.26d-i 56.00e-i 58.50c-i 54.83g-i 70.00ab 59.32 B 
280 in the form of CN + Nitr. 65.66a-d 66.50a-c 50.33i 64.33a-e 50.50hi 59.47 B 
280 in the form of urea + Nitr. 57.50d-i 62.50a-g 50.00i 60.83c-g 59.00c-h 57.97 B 
Average bio-stimulants and antioxidants 61.35 A 62.27 A 56.57 B 62.70 A 59.73AB --- 
 2009/2010 season 
560 in the form of AS (control) 39.33l-n 54.50c-g 52.16d-h 52.26d-h 60.33a-c 51.72B 
280 in the form of AS + Nitr.* 58.00b-d 47.66g-k 52.33d-h 53.50c-g 48.16f-k 51.93B 
280 in the form of AN + Nitr. 43.16j-m 49.50e-j 58.50b-d 54.83c-f 50.66e-i 51.33B 
280 in the form of CN + Nitr. 41.66k-m 36.50mn 50.66e-i 37.83l-n 33.83n 40.10C 
280 in the form of urea + Nitr. 43.83i-l 62.83ab 46.33h-k 66.00a 55.66c-e 54.93A 
Average bio-stimulants and antioxidants 45.20C 50.20AB 52.00AB 52.88A 49.73B --- 

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 number of green leaves on offshoot 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) 10.5b-e 10.0c-f 7.5g 11.1a-d 7.3g  9.30 B 
280 in the form of AS + Nitr.* 12.5a 9.5d-f 11.3a-c 10.0c-f 9.3d-f 10.53A 
280 in the form of AN + Nitr. 9.0e-g 9.0e-g 10.5b-e 8.3fg 12.1ab  9.80 AB 
280 in the form of CN + Nitr. 10.0c-f 9.5d-f 9.0e-g 10.6b-e 9.5d-f  9.73 AB 
280 in the form of urea + Nitr. 9.0e-g 11.1a-d 11.0a-d 11.3a-c 10.0c-f  10.50 A 
Average bio-stimulants and antioxidants 10.20 A 9.83 A 9.86 A 10.30 A 9.66 A -- 
 2009/2010 season 
560 in the form of AS (control) 12.3bc 13.3a-c 14.3a 14.0ab 12.3bc 13.2A 
280 in the form of AS + Nitr.* 12.6a-c 13.3a-c 13.3a-c 13.6a-c 12.3bc 13.0A 
280 in the form of AN + Nitr. 13.0a-c 13.3a-c 13.6a-c 13.6a-c 13.6a-c 13.4A 
280 in the form of CN + Nitr. 13.0a-c 14.3a 12.0c 13.6a-c 13.6a-c 13.3A 
280 in the form of urea + Nitr. 14.0ab 13.3a-c 12.6a-c 14.0ab 13.0a-c 13.4A 
Average bio-stimulants and antioxidants 13.0B 13.5AB 13.2AB 13.8A 13.0B --- 

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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7- 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 spraying 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 9). 
 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). 
These results are agreement with those obtained by Ali, (2005) and Ahmed et al., (2008) 
 In most instances, supplying the Grand Naine banana plants with N at 560/ plant/ year through 50 % 
ammonium sulphate + 50 g nitrobein/ plant/ year + spraying vitamin c four times at 500 mg/ L was beneficial 
for improving production of offshoots and productivity. 
 
Table 9: 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).  
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