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____________________________________________________________________________________________________________ 

ABSTRACT---- The aim of this study was to analyse the effect of foliar application of  amino magnical as 

commercial fertilizer beside the effect of bio-nitrogen and different mineral nitrogen on plant growth and yield of 

broccoli. Two field experiments were conducted at El- Nubaria, Beheira Governorate, Egypt during 2013/2014 and 

2014/20015. Experimental design comprised three replicates. The bio-nitrogen treatments were used Microbin, 

Serialen and Azotobacter and different levels of mineral nitrogen. Amino-Magnical used as foliar application (100% 

N recommended dose + without spray of amino magnical; 50% N recommended dose + one spray; 50% N 

recommended dose + two sprays and 50% N recommended dose + three sprays). The  results showed that the 

application of Microbin increases the vegetative growth expressed as plant height, leaves number as well as fresh and 

dry weight of leaves, stems, apical heads and total plant compared with Serialen and Azotobacter treatments. Higher 

values of the abovementioned characteristics were also obtained with 100% N recommended dose without foliar 

application or 50% N recommended dose + One spray of amino magnical. Lower values of vegetative growth were 

obtained with Serialen or the other fertilization treatments. Total yield of apical heads and their physical quality 

expressed as (diameter, height and fresh weight) and their chemical quality recorded higher values with Microbin 

treatment compared with Serialen and Azotobacter treatments. In addition, treatments 100% N recommended dose 

without foliar application or 50% N recommended dose + one spray of amino magnical recorded the highest values of 

total yield and quality of apical heads compared with the other fertilization treatments. With respect to the interaction, 

Microbin treatment plants receiving 100% N recommended dose or 50% N recommended dose + one spray of amino 

magnical recorded the higher values of the vegetative growth, total yield of apical heads and their quality. While, the 

other interaction treatments gave  lower means of vegetative growth, total yield of apical heads and quality. The 

lowest values of vegetative growth, total yield of apical heads and their quality were obtained with Serialen and 

Azotobacter treatments receiving 50% N recommended dose + three sprays of amino magnical. 

Keywords--- Broccoli, commercial fertilizers, foliar application, bio-nitrogen fertilization 

_____________________________________________________________________________________________ 

      

1.  INTRODUCTION 

        Broccoli is an important vegetative crop in the world. Broccoli plant have a high nutritional value which includes 

proteins and vitamins for human, feed and for animals. This plant belongs to the family of cruciferous vegetables [12]. 

Broccoli is an Italian vegetable crop, cultivated in Italy in ancient roman times and about 1720 in England. While, broccoli 

was appeared in USA in 1806, but it was used as an important plant around 1923 [12]. Broccoli is planted in Egypt in 

small areas around Cairo and Alexandria [2]. However broccoli is very important plant as vegetables and it contains more 

vitamins and minerals, many researches were done to increase its cultivation areas. Broccoli has lots of nutrients and 

presents perfect commercial value. For the time being, the yield of broccoli will really increase because of its diversified 

uses and high nutrients [37].   
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        Recently, the broccoli plant in Egypt was exposed to some problems such as cultivars, fertilization, low amounts of 

available nutrients and low organic matter content as well as poor hydrophilic, chemical and biological properties. The 

best means of maintaining soil fertility and productivity could be through periodic addition of organic manures such as 

poultry manure.  

          Nonetheless, the application of bio-fertilization increased the plant growth of broccoli. Many researches on such an 

effect obtained showed that the used of bio-nitrogen improves the plant growth and that of yield reported in [24]; [13]; 

[25]; [40]; [41]; [3] and [4]. 

       Due to nutrition importance and economic significance, it is very important to improve new technique methods for 

increasing the crop production. Thus, the application of the nutrients as sparing is one of these new methods that are 

considered to be more effective on plant growth. In addition, the application of nitrogen sources is very important on 

broccoli and the foliar fertilization. This supports essential role in respiration, metabolism activation of the enzymes, 

photosynthesis, chloroplast formation, chlorophyll synthesis and natural hormone biosynthesis. [34]; [11]; [33]; [32]; [5]; 

[6]; [22].  

        The importance of amino acids in essential nutrients is well Known as a means to increase yield and overall quality 

of crops. The amino acids content many nutrients as nitrogen, calcium, magnesium and boron so the application of amino 

acids increased the plant growth and yield. These results showed by [15]; [16] and [19]. 

         Foliar fertilization of some commercial fertilizers was very important method to increase the plant growth and yield 

highly used in order to increase the mineral fertilizers quantities [19]. The objective of the present work was determine to 

spray amino magnical which is a commercial fertilizer which compound containing with amino acids, Mg and calcium 

on broccoli plants in order to increase their vegetative growth, head yield and quality as well as to save mineral 

fertilizers. Other study obtained that foliar spray by Amifol K (containing amino acids, K and calcium) as a minor 

nutritional fertilizer gained the best plant growth, yield and quality of broccoli heads [19]. 

        However, root is common to be first part of plant that adsorbed nutrients from soils, but nutrients availability might 

be limited then affects fertilizer efficiency. Thus, it is better to use foliar application than extend nutrients for plant. There 

is some information of the foliar fertilization. [34].  This study was contacted to response the vegetative growth, heads 

yield and heads quality of two broccoli cultivars to sparing amino magnical under different mineral and bio- fertilization 

treatments. The aim of this work was to study the effect of bio-nitrogen fertilization with different levels of mineral 

nitrogen plus Amino-Magnical as a foliar application on growth, yield and quality of broccoli. 

2.  MATERIALS AND METHODS 

         Two field experiments were carried out on broccoli (Brassica oleraceae L. var. italica cv. Centauro, Family 

Cruciferae) in an area of newly reclaimed soil at El-Nuberia, Beheira Governorate, Egypt, during the two successive 

winter seasons of 2013/2014 and 2014/2015.  

 Treatments were as follows:-  

1- Nitrogen bio-fertilizer: Three bio-fertilizers were evaluated: i) Microbin, ii) Serialen and iii) Azotobacter.                  

2- Mineral nitrogen fertilization doses: N was applied in the following treatments:i) 100 % N recommended dose without 

spray, ii) 50 % N recommended dose + one spray of amino magnical, iii) 50 % N recommended dose + two sprays of amino 

magnical and 50 % N recommended dose + three sprays of amino magnical. 

     Table (1): Physical and chemical properties of the experimental soil during the two seasons of 2013/2014 and 

2014/2015. 

A. Physical properties 

Season Sand % Clay % Silt % Texture 

2013/2014 55.85 3.45 40.70 Sandy 

2014/2015 56.72 3.72 39.56 Sandy 

B. Chemical properties 

Season 
E.C. 

dSm
-1

 
pH 

Meq./L 

 Cations Anions 

Ca
++

 Mg
++

 Na
+
 K 

+
 CO3

-
 HCO3

-
 Cl

 -1
 SO4

=
 

2013/2014 2.18 7.81 8.61 4.80 4.64 1.59 Nil 1.40 1.80 17.40 

2014/2015 1.26 7.76 7.60 2.20 3.79 0.91 Nil 1.40 1.60 12.20 
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      Soil samples were collected at random before planting from the top layer (0-30 cm depth) for physical and chemical 

analysis. Soil analysis is presented in Table (1). Soil physical properties were analyzed using the procedures described by 

[9] for particle size distribution and soil texture, while soil chemical analysis was measured according to the procedures 

described by [21].  

        Seeds of broccoli cv. Centauro were imported from Takii Seed Company in Japan. Seeds were sown in the nursery 

in foam trays filled with a mixture of peat moss and vermiculite (1:1 volume) on the first of August in 2013 and 2014 

seasons. Seedlings were transplanted in the open field at 45 days age. 

    Ditches of 50 cm width and 30 cm depth were built in the locations of irrigation lines. Organic fertilizer (compost) and 

calcium super phosphate were added through the ditches before transplanting and ditches were covered by soil. Drip 

irrigation lines were spread over the ditches. Mineral fertilizer was added using ammonium nitrate (33.5 % N) as a source 

of nitrogen at a rate of 100 N unit in four different combinations with foliar application of amino magnical, calcium super 

phosphate (15.5 % P2O5) as a source of phosphorus at a rate of 60 P2O5 units/fed and potassium sulphate (48 % K2O) as a 

source of potassium at a rate of 40 K2O units/fed. The quantities of the chemical fertilizers were splinted into two equal 

doses (21 and 42 days after transplanting) beside plants. Seedlings were transplanted on one side of each row in 75 cm 

width and 50 cm apart. Each plot included three rows, plot area was 10.5 m
2
.  

Experimental design: A split plot design with four replicates was followed. Bio-fertilizer treatments were located in the 

main plots, whereas treatments of mineral fertilization with foliar fertilization were assigned in the sub-plots. Statistical 

analysis of variance was followed according to [36]. 

Data recorded: 

I) Vegetative growth characters: A random sample of five plants was collected from each experimental treatment 60 days 

after transplanting and the following data were recorded during the two seasons. 

1) Plant height. 2) Leaves number per plant. 

3) Leaves fresh weight.  4) Stems fresh weight. 

5) Apical head fresh weight. 6) Total plant fresh weight. 

7) Leaves dry weight. 8) Stems dry weight. 

9) Apical head dry weight. 10) Total plant dry weight. 

II) Apical heads yield and Physical quality: All broccoli heads of each plot were harvested at vegetative mature stage 

in order to record the following data:-  

1) -Apical heads yield (ton/ fed): Total main yield of the apical heads.  

2) - Mean apical head diameter (cm).  

3) - Mean apical Head height (cm). 

4) -Mean apical head weight (g/ plant). 

III) Chemical composition:  

A. Nutritional value: The following analyses were done in the apical spear at maturing stage: 

1) -Total soluble solids (T.S.S.) was determined by a hand refractometer, according to the method described by [8]. 

2) -Ascorbic acid (vitamin C) was determined as mg/100g fresh weight using 2, 4, 6-di-chlorophenol-indophenol method 

described in [7]. 

B. Chemical contents: The percentages of nitrogen, phosphorus and potassium in the acid digested samples of dry leaves 

and heads were determined as follows: 

1) - Nitrogen determination (N): Total nitrogen percentage was determined using Nesslar method according to the 

procedure described by [23]. 

2) - Phosphorus determination (P): Phosphorus percentage was determined colorimetric-ally according to the method 

described by [38]. 

3) - Potassium determination (K): Potassium percentage was determined using Flame Photometer according to [10]. 

3.  RESULTS AND DISCUSSION 

I) - Vegetative growth characteristics 

A. Effect of nitrogen bio-fertilizers: Data in Table (3) showed that the response of plant growth to the application of 

nitrogen bio-fertilizers. Results showed that the vegetative growth was increased by bio-fertilization. Data in the same 

http://www.ajouronline.com/


Asian Journal of Applied Sciences (ISSN: 2321 – 0893) 

Volume 04 – Issue 04, August 2016 

 

Asian Online Journals (www.ajouronline.com)                                                                                                              1007 

Table showed that the application of Microbin was increased the vegetative growth of broccoli plants compared with 

other treatments. In comparison with Serialen and azotobacter, Microbin treatment plants were increased in the tall with 

denser leaves, higher values of spear height and diameters as well as higher values of fresh and dry weight of leaves, 

stems, spears and total plant. The increasing of plant due to microbial flora which happened by the application of bio-

fertilization.These increases in vegetative growth also may be due to the enhancing role of micro-organisms on 

solubilizing of the soil nutrients and increasing its content in the soli solution. Also, the application of Mycorrhizal 

increases the root system volume which in turn causes  more absorbing surfaces more water and increasing the nutrients 

absorption. 

Table (2) :Effect of the interaction of nitrogen bio- fertiliters and mineral nitrogen doses on total bacterial count (TC), 

                  2013/2014 and 2014/2015 Azotobacter, phosphate, potassium, fungal and actinomysets (CFU gram dry soil) after 60 

                  days from transplanting. 

Bio- T.C x 10
5

T.F x 10
3

Act x 10
3

Azot.x 10
4

Mek.x 10
4

Cerr.x 10
4

fertilizers

100% N recommended doses + without spray 275.00 20.00 27.00 42.00 37.00 32.00

50% N recommended doses+ One spray 260.00 24.00 19.00 41.00 34.00 30.00

50% N recommended doses + Two sprays 275.00 20.00 27.00 42.00 37.00 32.00

50% N recommended doses + Three sprays 276.00 29.00 23.00 40.00 39.00 38.00

Mean 271.50 23.25 24.00 41.25 36.75 33.00

100% N recommended doses + without spray 270.00 22.00 25.00 41.00 40.00 33.00

50% N recommended doses + One spray 259.00 22.00 20.00 37.00 33.00 32.00

50% N recommended doses + Two sprays 270.00 22.00 25.00 41.00 40.00 33.00

50% N recommended doses + Three sprays 273.00 27.00 25.00 41.00 41.00 40.00

Mean 268.00 23.25 23.75 40.00 38.50 34.50

100% N recommended doses + without spray 273.00 27.00 21.00 40.00 35.00 37.00

50% N recommended doses + One spray 252.00 20.00 22.00 39.00 35.00 35.00

50% N recommended doses + Two sprays 273.00 27.00 21.00 39.00 35.00 41.00

50% N recommended doses + Three sprays 275.00 28.00 24.00 42.00 40.00 39.00
268.25 25.50 22.00 40.00 36.25 38.00

S
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 + Amino magnical

M
ic

r
o

b
in

Mineral nitrogen fertilizer 

Mean  

In addition, the fertilization with micro-organisms secrete many growth promoters such as GA3, IAA and cytokinins 

which reflected enhancement in vegetative growth.  

         These results which Many reported that the bio-fertilization increased growth of broccoli plants and other 

cruciferous vegetables crops are harmony with [11] on broccoli; [35] on cauliflower; Similar results were recorded by 

[39] on broccoli since they reported that the plant growth response of broccoli to 12 different treatments of bio-fertilizers 

(Azotobacter and Azospirillum) and N level (100, 125 and 150 kg/ha). Data in the same Table show that the treatment of 

Azotobacter + Azospirillum with 150 kg/ha was significantly superior over the recommended fertilizer rate alone. [25] 

demonstrated that the effect of bio-fertilizers namely Azospirillum sp. and Azotobacter sp., applied at 5 and 10%, on the 

growth and yield of sprouting broccoli gave the maximum values of vegetative growth in plants supplied with 5% 

Azotobacter sp. In addition, [41] on broccoli reported that inoculated plants with bio-fertilizer showed higher vegetative 

growth parameters as (plant height; leaves number; branches number as well as fresh and dry weight of leaves and stems) 

than the  untreated plants. In addition, [28] found that inoculation of bacteria (Bio-N) singly or in combination with 

chemical fertilizers positively affected growth characters of potato plants.  These results may be attributed to the 

increased of activity and efficiency of bacteria in reduction of soil pH by secreting organic acids i.e. acetic, prop-ionic, 

fumaric and succinic, and consequently more solubility and availability of nutrients for plants. Furthermore, bio-

fertilizers can caused a positive effect on plant growth through the enhanced levels of phytohormones (GA3, IAA and 

cytokinins) that modulated by ACC deaminase enzyme, N2-fixation, and the reduction in root membrane potential. The 

noticeable increases of growth traits of broccoli plants by the increase in the applied bio-fertilizer dose may be confirmed 

by the progressively increase in the nutritional elements in the tested soil and in plants. Our results indicated that, bio-N 

is beneficial for sustainable agriculture and human healthy nutrition as a partial alternative to mineral-N fertilizer. 

B. Effect of mineral nitrogen doses: Data in Table (4) show that the effect of mineral nitrogen doses on plant growth as 

plant height, leaves number and fresh and dry weight of leaves, stems, apical heads and total plant were statistically 

increased by fertilization treatments. The highest value of vegetative growth parameters of broccoli plants were obtained 

by application the 100% N recommended dose or 50% N recommended dose + one foliar spray of amino magnical 

treatment without significant differences. Application of 50% N recommended dose + two foliar sprays of amino magnical 

lies in the second order. The lowest values of vegetative growth were obtained by the application of 50% N recommended 

dose + three foliar sprays of amino magnical. These results were similar and significant in the two seasons of the 
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experiment and its harmony with [19] who came to similar results. They reported that the highest values of vegetative 

growth expressed as plant height, leaves number as well as fresh and dry weight of leaves were obtained by foliar 

application of Amifol K because its content of amino acids and potassium which the Amino acids and potassium play a 

important role in the physiology of the plants. Amino acids are the basal components in protein synthesis. In addition, 

potassium molecule is the carrier of the photosynthetic products especially carbohydrates. So that they enhance protein and 

carbohydrates synthesis. [19] added that Amifol K foliar spray recorded the highest N, P and K percentages in broccoli 

leaves. In addition, leaves content of chlorophyll A and B were increased by Amifol K spray. 

           Other studies reported that the mineral fertilizer increase the plant growth as [41] and [30]. It is clear that the 

application of nitrogen is an important method to protein and plays an important  role in the cell enlargement and cell 

division and consequently on plant growth. Nitrogen also plays a great role in photosynthesis and in turn in the 

condensation of its products through plant tissues. 

Consequently, the higher value of  vegetative growth of broccoli plants, resulting by foliar application of amino magnical 

might be due to the easy absorption of foliar amino acids by plant leaves. In addition,  its direct effect on protein, 

carbohydrates and N, P and K contents. In addition, chlorophyll A and B are the major light absorbing pigments of the 

plant leaves and play an important role in the metabolic activities in plant tissues, consequently, higher vegetative growth 

and economic yields with foliar fertilization. 

         Other results reported that, mineral fertilizer as foliar application of nutrients increase vegetative growth as [13]; [29] 

and [40] on broccoli).  

C. Effect of the interaction: Data in Table (5) obtained that the interaction treatments significantly affected all growth 

parameters. These results were true and nearly similar in both seasons of the experiment. Generally, it could be 

summarized that, the highest values of vegetative growth of broccoli plants such as plant height, leaves number as well as 

fresh and dry weight of leaves, stems and apical heads were obtained by inoculation plants with Microbin when fertilized 

by 50% N recommended dose + one foliar spray of amino magnical. On the hand, the lowest values of the 

abovementioned parameters were obtained by plants inoculated with Azotobacter and receiving 50% NPK recommended 

dose + three foliar sprays of amino magnical. Other interaction treatments ranged in-between these two treatments. These 

results were similar and true in the two seasons of the experiment. 
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Table (3) :Effect of nitrogen bio-fertilizers on vegetative growth of broccoli plants during two seasons 2013/2014 and 2014/2015.  

Plant Leave Head Head 

height No./ Dia. height 

(cm) plant (cm) (cm) Leaves Stems Heads Total Leaves Stems Heads 

36.33 12.50 13.25 11.50 150.17 86.60 168.42 405.20 11.73 16.23 24.01 

31.92 11.75 13.00 11.25 128.56 71.54 152.66 352.77 11.64 14.17 21.65 

34.42 10.83 14.17 10.50 141.98 71.94 155.55 369.47 11.94 15.01 21.38 

1.38 0.61 0.68 N.S. 6.82 7.46 4.56 11.82 N.S. 0.68 0.52 

38.92 14.00 14.75 12.25 164.92 93.19 183.92 442.03 12.48 17.64 24.72 

33.92 13.00 14.25 12.08 138.31 77.13 163.16 378.60 12.39 14.97 22.39 

36.25 11.83 16.17 11.25 156.73 80.69 169.88 407.30 12.69 16.19 21.64 

0.85 0.55 0.38 0.58 2.40 2.11 2.91 4.13 N.S. 0.74 0.38 

Table (4) :Effect of N rates on vegetative growth of broccoli plants during two seasons 2013/2014 and 2014/2015.  

Plant Leave Head    Hea

height No./ Dia. height 

(cm) plant (cm) (cm) Leaves Stems Heads Total Leaves Stems Heads 

100% N recommended doses+ without spray 36.50 12.56 17.44 13.00 203.10 106.57 277.89 587.56 11.38 18.44 32.73 

50% N recommended doses+ One spray 37.28 11.33 13.33 10.00 162.17 79.43 160.33 401.93 11.71 14.83 22.65 

50% N recommended doses+ Two sprays 32.94 11.00 15.11 11.56 112.40 75.08 142.32 329.81 10.96 14.19 22.94 

50% N recommended doses+ Three sprays 30.17 11.89 8.00 9.78 83.29 45.70 54.96 183.95 13.03 13.09 11.06 

1.72 0.67 0.50 0.71 4.73 4.46 4.77 8.96 0.39 0.51 0.50 

Nitrogen bio- Fresh weight  Dry weight  

fertilizers (gm / plant) (gm /plant) 

  

(2013/2014) 

Serialen 

Azotobacter 

L.S.D at 0.05 
(2014/2015) 

Microbin 

Azotobacter 

L.S.D at 0.05 

Mineral fertlizer rates Fresh weight  Dry weight  

of NPK (unit/fed.) (gm / plant) (gm /100 gm F*W*) 

(2013/2014) 
 plus Amino magnical 

L.S.D at 0.05 

Microbin 

Serialen 
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Table (5) :Effect of interaction (Bio-nitrogen x Nitrogen doses) on vegetative growth of broccoli plants during two seasons 
                  2013/2014 and 2014/2015.  

Bio- Plant Leave Head Head 

fertilizers height No./ Dia. height 

(cm) plant (cm) (cm) Leaves Stems Spears Total Leaves Stems Heads 

100% N recommended doses+ without spray 39.17 12.67 17.00 13.67 201.79 121.38 289.57 612.74 11.44 20.93 34.64 
50% N recommended doses+ One spray 37.17 12.33 14.67 11.33 189.54 103.00 208.31 500.85 11.59 18.17 27.14 
50% N recommended doses+ Two sprays 33.83 11.67 13.33 11.67 101.50 70.03 124.25 295.78 11.52 13.31 23.07 
50% N recommended doses+ Three sprays 35.17 13.33 8.00 9.33 107.87 52.00 51.57 211.44 12.36 12.50 11.20 
100% N recommended doses+ without spray 33.67 12.33 15.00 12.33 168.99 85.59 242.02 496.61 11.64 15.90 29.42 
50% N recommended doses+ One spray 34.67 10.67 11.00 9.33 130.83 73.81 124.33 328.97 12.46 15.09 18.59 
50% N recommended doses+ Two sprays 33.00 11.33 16.33 11.33 125.72 80.19 161.44 367.34 10.30 13.56 23.56 
50% N recommended doses+ Three sprays 26.33 12.67 9.67 12.00 88.72 46.59 82.84 218.15 12.14 12.14 15.02 

100% N recommended doses+ without spray 36.67 12.67 20.33 13.00 238.50 112.75 302.08 653.33 11.05 18.51 34.14 

50% N recommended doses+ One spray 40.00 11.00 14.33 9.33 166.14 61.48 148.35 375.97 11.07 11.23 22.23 
50% N recommended doses+ Two sprays 32.00 10.00 15.67 11.67 109.99 75.03 141.28 326.30 11.05 15.70 22.20 

50% N recommended doses+ Three sprays 29.00 9.67 6.33 8.00 53.27 38.52 30.47 122.26 14.59 14.61 6.96 

2.98 1.16 0.86 1.23 8.19 7.72 8.26 15.53 0.67 0.89 0.87 

100% N recommended doses+ without spray 42.00 14.17 18.50 14.42 216.54 127.13 305.07 648.74 12.19 22.21 35.55 
50% N recommended doses+ One spray 39.67 13.83 16.17 12.08 204.29 112.09 223.81 540.18 12.34 19.92 27.95 
50% N recommended doses+ Two sprays 36.33 13.17 14.83 12.42 116.25 75.78 139.75 331.78 12.27 14.62 23.42 
50% N recommended doses+ Three sprays 37.67 14.83 9.50 10.08 122.62 57.75 67.07 247.44 13.11 13.79 11.95 
100% N recommended doses+ without spray 35.67 13.58 16.67 13.08 178.74 91.34 252.52 522.61 12.39 16.75 29.92 
50% N recommended doses+ One spray 36.67 11.92 12.00 10.42 140.58 79.56 134.83 354.97 13.21 15.85 19.16 
50% N recommended doses+ Two sprays 35.00 12.58 17.33 12.08 135.47 85.94 171.94 393.34 11.05 14.34 24.76 
50% N recommended doses+ Three sprays 28.33 13.92 11.00 12.75 98.47 51.67 93.34 243.48 12.89 12.96 15.72 

100% N recommended doses+ without spray 38.00 13.67 22.33 13.75 253.25 121.50 318.91 693.66 11.80 19.71 34.37 

50% N recommended doses+ One spray 42.00 12.00 16.33 10.08 180.89 70.23 161.85 412.97 11.82 12.40 22.27 

50% N recommended doses+ Two sprays 34.00 11.00 17.67 12.42 124.74 83.78 154.78 363.30 11.80 16.87 22.83 

50% N recommended doses+ Three sprays 31.00 10.67 8.33 8.75 68.02 47.27 43.97 159.26 15.34 15.78 7.10 
1.80 0.88 0.68 1.15 2.78 3.68 5.31 7.85 0.52 0.77 0.93 

Mineral fertlizer Fresh weight  Dry weight  

(gm / plant) (gm /100 gm F*W*) 

(2013/2014) 

 plus Amino magnical 

Serialen 

L.S.D at 0.05 

Azotobacter 

Azotobacter 

Microbin 

Serialen 

L.S.D at 0.05 

of N (unit/fed.) 

Microbin 
(2014/2015) 
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II. Total yield of apical heads:  

A. Effect of nitrogen bio-fertilizers: Results in Table (6) and Figure (1) Showed that there were significant differences in 

the total main flower spears yield between bio-fertilizers treatments in the two seasons of this study. Total main spears 

yield of broccoli plants which inoculated by Microbin recorded higher values compared with plants inoculated by 

Azotobacter or Serialen. The application of bio-fertilization resulted in statistical increases in the total green yield of 

broccoli. These increase in the main head yield may be due to bio-fertilization might be due to its positive effect on the 

vegetative growth and increase the chemical content of broccoli plants such as N,P and K. 

          These increases in the total green yield due to Microbin amounted to 0.133 and 0.108 ton/fed which equals 9.4 and 

7.6 %; 0.174 and 0.118 ton/fed which equals11.3 and 7.6 % over the Serialen and Azotobacter treatments in the two 

seasons, respectively. These findings were similar and true in both seasons of study. The increasing in head yield might 

be also to the increase in the soil microbial flora which happened by Microbin as the results in Table (2). 

           These results were in agreement with those obtained by Manivannan and Singh (2004); Wange and Kale (2004) 

on broccoli. 

Figure (1): Effect of bio-fertilizers on head yield of broccoli 

during the first season (2013/2014).
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B. Effect of mineral nitrogen doses: Data presented in Table (7) and Figure (2) indicated that total yield of apical heads 

was widely affected by fertilization treatments. The highest total yield of apical heads was obtained by the application of 

the 100% N recommended dose only or 50% N recommended dose + one spray of amino magnical. Treatment of 50% N 

recommended dose + two sprays of amino magnical lies in the second order with respect to the total yield. The lowest 

yield of apical heads was recorded by 50% N recommended dose + three sprays. These results were similar and statistical 

in the two seasons of the experiment. Application of 100% N recommended dose without spray recorded 1.872 and 1.882 

increase in the total yield per feddan in the two seasons of the experiment which equal 80.2 and 76.7% in a comparison 

with 50% N recommended doses+ three sprays treatment. Application of 50% N recommended dose + one spray of amino 

magnical reflected an increase in the total yield amounted to 0.885 and 0.885 ton/ feddan which equal 65.7 and 65.7% in a 

comparison with 50% N recommended doses+ three sprays treatment in the two seasons, respectively. These results 

obtained that treatment of 50% N recommended dose + one spray can substitute 100% N recommended dose without 

spray. This treatment may save the costs of 50% of the recommended dose, their transport and application costs. These 

results indicated that the costs of fertilizing broccoli could be reduced by 50% by foliar application of one spray of amino 

magnical. This treatment might reduce fertilization costs of broccoli by 50%. Superiority of this treatment was the result of 

foliar application of one spray of amino magnical. These results might be due to the role of amino acids and K contents of 

amino magnical in substituting the decrease in N in the plant tissues.  

           These results may be reflect o that amino magnical which contains amino acids, Mg and calcium. The role of amino 

acids in essential quantities is well known as a means to increase yield and overall quality of crops [31]; [15] and [16]). 
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[19] found that using Amifol K as foliar spray to broccoli plants recorded higher yields of apical heads. Also the content of 

potassium nutrients as a mobile element play a great role as a carrier within the plant tissues. In addition K had a important  

role in carbohydrate synthesis besides its role as chlorophyll component. These characters introduce K for an important 

role in enhancing growth, photosynthesis, dry matter accumulation and in turn head yield of broccoli plants. Results also 

recommend one spray of amino magnical besides 50% of the recommended nitrogen dose. 

Figure (2): Effect of N mineral fertilizer with foliar 

application of amino magnical on head yield of broccoli 

during the first season (2013/2014).
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C. Effect of the interaction: Data in Table (8) and Figure (3) show that the interaction of nitrogen bio-fertilization with 

mineral and foliar nitrogen fertilizer doses statistically affected apical heads yield of broccoli. Results obtained that the 

highest values of total yield of apical heads was obtained by Microbin treatment which receiving 100% N recommended 

dose without amino magnical spray.  Total yield of Microbin treatment which receiving 50% N recommended dose + one 

spray of amino magnical lies in the second order. On the contrary, the lowest total yield was obtained by Azotobacter 

treatment which receiving 50% N recommended dose + three sprays of amino magnical. The other interaction treatments 

ranged in between these two interaction treatments. These results were similar and true in the two seasons of the 

experiment. 
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Figure (3): Effect of the interaction between bio-fertillizers 

and N mineral fertilizer on main head yield of broccoli 

during the first season (2013/2014).
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Table (6) :Effect of bio-nitrogen on main flower spears yield and quality of broccoli during two seasons 
                  2013/2014 and 2014/2015.  

Head   
yield Weight Dia. Height T.S.S Vit.C 

(ton/fed.) (g) (cm) (cm) (%) (mg/ 100g N (%) P(%)  K (%) 
F*W*)  

1.415 168.42 13.83 11.50 11.57 93.84 3.15 0.38 2.76 
1.282 152.66 13.08 11.53 6.29 75.79 3.36 0.39 3.06 
1.307 155.55 14.11 10.50 9.16 84.28 3.34 0.41 3.09 
0.038 4.562 N.S. 0.645 0.526 1.534 0.130 N.S. 0.182 

1.545 183.92 15.33 10.30 12.78 92.67 3.10 0.44 3.31 
1.371 163.16 14.58 10.33 7.59 74.20 3.31 0.44 3.68 
1.427 169.88 15.53 9.30 10.46 83.70 3.29 0.47 3.62 
0.024 2.910 N.S. 0.411 0.200 0.448 0.065 N.S. 0.041 

Table (7) :Effect of N rates on main flower spears yield and quality of broccoli during two seasons  
                  2013/2014 and 2014/2015.  

Head   
yield Weight Dia. Height T.S.S Vit.C 

(ton/fed.) (g) (cm) (cm) (%) (mg/ 100g N (%) P(%)  K (%) 
F*W*)  

100% N recommended doses+ without spray 2.334 277.89 17.44 13.22 9.80 92.99 2.80 0.33 2.75 

50% N recommended doses+ One spray 1.347 160.33 13.22 10.37 8.91 73.83 3.44 0.47 2.92 

50% N recommended doses+ Two sprays 1.196 142.32 16.11 11.67 8.71 90.70 3.54 0.34 3.08 

50% N recommended doses+ Three sprays 0.462 54.96 7.92 9.44 8.60 81.01 3.35 0.42 3.12 
0.040 4.768 1.198 1.044 0.292 1.635 0.099 0.060 0.233 

100% N recommended doses+ without spray 2.454 292.17 18.94 12.02 11.10 91.71 2.75 0.39 3.36 

50% N recommended doses+ One spray 1.457 173.50 14.61 9.28 10.21 72.66 3.39 0.54 3.42 

50% N recommended doses+ Two sprays 1.306 155.49 17.61 10.36 10.01 89.76 3.49 0.40 3.69 

50% N recommended doses+ Three sprays 0.572 68.13 9.42 8.24 9.79 79.96 3.30 0.46 3.68 
0.026 3.066 0.643 0.720 0.147 0.899 0.049 0.019 0.036 

L.S.D at 0.05 

L.S.D at 0.05 

Microbin 
Serialen 

Azotobacter 

Microbin 
Serialen 

Azotobacter 

Nitrogen bio- 
fertilizers 

L.S.D at 0.05 

L.S.D at 0.05 

Physical quality Chemical quality Chemical content  

Mineral fertlizer Physical quality Chemical quality Chemical content  

(Flower spears) 

(2014/2015) 

(2013/2014) 

of N 
(unit/fed.) 

(Flower spears) 

 plus Amino magnical 

(2014/2015) 

(2013/2014) 
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Table (8) :Effect of interaction (Cultivars x Nitrogen rates) on vegetative growth and main head yield of broccoli during two seasons 
                  2013/2014 and 2014/2015.  

Bio- Head   
fertilizers yield Weight Dia. Height T.S.S Vit.C 

(ton/fed.) (g) (cm) (cm) (%) (mg/ 100g N (%) P(%)  K (%) 
F*W*)  

100% N recommended doses+ without spray 2.432 289.57 18.00 13.33 12.13 102.90 2.16 0.19 1.96 
50% N recommended doses+ One spray 1.750 208.31 14.67 11.67 10.80 82.32 3.47 0.58 2.80 
50% N recommended doses+ Two sprays 1.044 124.25 14.67 11.67 11.40 98.00 3.57 0.37 2.99 
50% N recommended doses+ Three sprays 0.433 51.57 8.00 9.33 11.93 92.12 3.39 0.36 3.30 
100% N recommended doses+ without spray 2.033 242.02 15.67 13.00 7.20 82.32 3.06 0.35 3.01 
50% N recommended doses+ One spray 1.044 124.33 11.00 10.43 6.53 66.31 3.43 0.40 3.31 
50% N recommended doses+ Two sprays 1.356 161.44 17.00 11.67 5.90 81.67 3.66 0.37 3.12 
50% N recommended doses+ Three sprays 0.696 82.84 8.67 11.00 5.53 72.85 3.29 0.41 2.78 
100% N recommended doses+ without spray 2.537 302.08 18.67 13.33 10.07 93.75 3.18 0.43 3.28 
50% N recommended doses+ One spray 1.246 148.35 14.00 9.00 9.40 72.85 3.43 0.44 2.64 

50% N recommended doses+ Two sprays 1.187 141.28 16.67 11.67 8.83 92.45 3.38 0.27 3.14 
50% N recommended doses+ Three sprays 0.256 30.47 7.10 8.00 8.33 78.07 3.36 0.49 3.29 

0.069 8.258 2.075 N.S. 0.506 2.832 0.171 0.104 0.403 

100% N recommended doses+ without spray 2.563 305.07 19.50 12.13 13.43 101.23 2.11 0.24 2.46 
50% N recommended doses+ One spray 1.880 223.81 16.17 10.47 12.10 81.32 3.42 0.67 3.30 
50% N recommended doses+ Two sprays 1.174 139.75 16.17 10.47 12.70 97.00 3.52 0.46 3.69 
50% N recommended doses+ Three sprays 0.563 67.07 9.50 8.13 12.90 91.12 3.34 0.38 3.80 
100% N recommended doses+ without spray 2.121 252.52 17.17 11.80 8.50 80.82 3.01 0.41 3.85 
50% N recommended doses+ One spray 1.133 134.83 12.50 9.57 7.83 64.15 3.38 0.45 3.81 
50% N recommended doses+ Two sprays 1.444 171.94 18.50 10.13 7.20 80.17 3.61 0.43 3.62 

50% N recommended doses+ Three sprays 0.784 93.34 10.17 9.80 6.83 71.68 3.24 0.47 3.44 
100% N recommended doses+ without spray 2.679 318.91 20.17 12.13 11.37 93.09 3.13 0.52 3.78 
50% N recommended doses+ One spray 1.360 161.85 15.17 7.80 10.70 72.51 3.38 0.49 3.14 
50% N recommended doses+ Two sprays 1.300 154.78 18.17 10.47 10.13 92.11 3.33 0.33 3.77 
50% N recommended doses+ Three sprays 0.369 43.97 8.60 6.80 9.63 77.07 3.31 0.55 3.79 

0.045 5.310 1.113 1.248 0.254 1.558 0.085 0.033 0.063 L.S.D at 0.05 

L.S.D at 0.05 

 plus Amino magnical 

Serialen 

Azotobacter 

Mineral fertlizer 
of N (unit/fed.) 

Microbin 

(2013/2014) 

(2014/2015) 

Chemical quality Chemical content  
(Flower heads) 

Physical quality 

Microbin 

Serialen 

Azotobacter 
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III. Quality of apical heads:  

A. Effect of nitrogen bio-fertilizers: Data in Table (6) Showed that there were significant differences in the physical and 

chemical quality of apical heads of broccoli between nitrogen bio-fertilizers treatments in the two seasons of this study. 

The highest values of heads physical quality, .i.e. weight, diameter and height were recorded by Microbin treatment and 

the lowest values were found by Serialen treatment. Also, Data presented in Table (6) indicated that application of 

Microbin increased the values of TSS and vitamin C in apical heads of broccoli compared with Azotobacter and Serialen 

treatments. These findings were similar and true in both seasons of this study. Enhancing head physical and chemical 

quality might be also referred to the higher products of photosynthesis and bio-synthesis resulting by the increase in the 

soil microbial flora which happened by bio-fertilization as the results in Table (2). 

B. Effect of mineral nitrogen doses: Physical quality of apical heads of broccoli expressed as weight, diameter and 

height and chemical quality expressed as TSS and vitamin C were statistically affected by mineral nitrogen doses 

treatments (Table, 7). The highest values of physical and chemical quality were obtained by application of 100% N 

recommended doses without spray and 50% N recommended dose + one foliar spray of amino magnical treatment in the 

second order. Lower quality was obtained by 50% N recommended dose + three foliar sprays of amino magnical 

treatment. 

C. Effect of the interaction: The physical quality of apical heads expressed as diameter, height and Mean fresh weight 

of apical head followed the same trend of the vegetative growth and total yield in relation to the interaction (Table, 8). 

The highest values of quality parameters were obtained by application of Microbin treatment which receiving 100% N 

recommended doses without spray of amino magnical treatment and the second treatment which receiving 50% N 

recommended dose + one foliar spray of amino magnical treatment. On the other hand, the lowest quality was obtained 

by plants inoculation by Azotobacter which receiving 50% N recommended dose + three foliar sprays of amino 

magnical. The other interaction treatments ranged in between these two treatments. These results were similar and true in 

the two seasons of the experiment. 

IV- Chemical composition of broccoli heads: 

A. Effect of nitrogen bio-fertilizers: Data presented in Table (6) demonstrated that, the N % in broccoli heads were 

significantly increased by inoculation plants by Serialen compared with other two treatments in both seasons. Moreover, 

the lowest values of N percentages were recorded by plants which inoculated by Microbin. The P % in broccoli heads was 

not significantly differed between nitrogen bio-fertilizers treatments. Data presented in Table (6) demonstrated that, the K 

% in broccoli heads were significantly increased by inoculation plants by Azotobacter compared with other two treatments 

in both seasons.  

[17] and [18] reported that application of bio-fertilizer increased the ability to convert N2 to NH4 and thus make it 

available to plants and enhanced the concentration of N, P and K in onion. In addition, the mechanism by which bio-

fertilization can exert a positive effect on plant growth can be through the synthesis of phytohormones, N2 fixation, 

reduction in membrane potential of roots, synthesis of some enzymes (such as ACC deaminase) that modulate the level 

of plant hormones. Free living N-fixing bacteria such as Azotobacter and Azospirillum have the ability not only to fix 

nitrogen but also to release certain phytohormones, i.e. GA3, IAA and cytokinins which could stimulate plant growth and 

increase the availability of nutrients for plant roots by the increase in their dissolutions. In addition, the increase in the 

capacity of photosynthesis process [20]. 

B. Effect of mineral nitrogen doses: Data in Table (7) show that there were significant differences in N, P and K 

percentages by using different mineral nitrogen doses treatments in the two seasons of this study. The highest N 

percentages in heads of broccoli was produced by 50% N recommended doses+ two spray of amino magnical treatment in 

the two seasons of this study. On the contrary, the lowest amount of N percentage in heads of broccoli was found by 100% 

mineral fertilizer without spray treatment in the two seasons. These results were in accordance with those reported by [1] 

and [14]). 

           Concerning to the superiority in elemental values in tissues of leaves and heads of broccoli by increasing the 

organic manure, may be attributed to high content of N, P and K. The high availability of macro and micro elements in 

organic manure are found in an enough quantity which required for a good plant growth, consequently higher yield and 

better quality. The results are accordance with those obtained by [2]. These results may be due to the role of N, P and K 

in plant tissues of broccoli, since, N plays major roles in the synthesis of structural proteins and other several 

macromolecules. In addition to its vital contribution in several biochemical processes in the plants [27].  

          The highest p percentages in heads of broccoli was produced by 50% N recommended doses+ one spray of amino 

magnical treatment in the two seasons of this study. On the contrary, the lowest amount of P percentage in heads of 

broccoli was found by 100% mineral fertilizer without spray treatment in the two seasons. However, phosphorus plays 

major role in protein synthesis and protoplasm formation. These may increase the proportion of protoplasm cell wall with 

the result of increased concentration of P in cells and increased cell size [26].  
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           The highest K percentages in heads of broccoli was produced by 50% N recommended doses+ three sprays of 

amino magnical treatment in the two seasons of this study. On the contrary, the lowest amount of K percentage in heads 

of broccoli was found by 100% mineral fertilizer without spray treatment in the two seasons. Moreover, potassium plays 

an important role in the functions of enzymes needed for the vital processes.  

C. Effect of interaction: Interaction of nitrogen bio-fertilizers with mineral nitrogen doses statistically affected on the N, 

P and K% in tissues of broccoli heads shown in Table (8). These results held well in the two seasons. Generally, it could 

be summarized that, the highest amount of N percentage in heads of broccoli recorded when inoculated broccoli plants by 

Serialen with 50% N recommended doses + Two sprays of amino magnical treatment and follow up the broccoli plants 

which inoculated by Microbin with 50% N recommended doses + Two sprays of amino magnical treatment in the second 

order.  

         Results in Table (8) show clearly that, the P percentage in heads of broccoli significant response to the interaction 

among nitrogen bio-fertilizers with mineral nitrogen doses during the two seasons. The highest value of P percentage in 

heads of broccoli was produced by broccoli plants which inoculated by Microbin and fertilized with 50% N 

recommended doses+ one spray of amino magnical treatment and follow up the broccoli plants which inoculated by 

Azotobacter and fertilized with 50% N recommended doses+ Three sprays. 

          The highest values of K percentage in heads of broccoli was produced by broccoli plants which inoculated by 

Serialen and fertilized by 50% N recommended doses + One spray of amino magnical and follow up the broccoli plants 

which inoculated by Microbin and fertilized with 50% N recommended doses+ Three sprays.  

           On the contrary, the lowest values of N, P and K percentages in broccoli heads recorded by plants which 

inoculated by Microbin and fertilized by 100% N recommended doses + without spray of amino magnical. These results 

were completely similar in both seasons.  

 

4.  CONCLUSION 

      Foliar fertilization could be used for saving fertilizers and reducing production costs. Foliar application of Amino 

magnical play an important role in the production of good crop and higher yield. The obtained results show that the 

vegetative growth, yield and quality of broccoli plants were enhanced by bio-nitrogen fertilizers. It is concluded that 

broccoli plants could be inoculated by Microbin and cultivated in a combined with 100% N recommended doses without 

spray of amino magnical treatment and follow up the treatment 50% N recommended dose + One application spray of 

amino magnical in the second order to improve growth and reduce use of mineral N fertilizer, producing high yield of 

broccoli heads with high quality.  

5.  ACKNOWLEDGMENT 

Thanks are due to the National Research Center, Egypt for the financial support of this work. Many thanks also to the 

staff members of soil and water use Department1,vegetable Department and agricultural Microbiology Department  

National Research Center for great help during this study. 

 

6.  REFERENCES 

[1]Abou El-Magd, M. M.; A. M. El-Bassiony and Z. F. Fawzy "Effect of organic manure with or without chemical 

fertilizers on growth, yield and quality of some varieties of broccoli plants." Journal of Applied Sciences 

Research, 2 (10): 791-798. 2006. 

[2]Abou El-Magd, M. M.; Hoda, A. Mohamed and Z. F. Fawazy " Relationship growth, yield of broccoli with increasing 

N, P or K ratio in a mixture of NPK fertilizers (Brassica oleracea var. italica plenck)." Annals of Agric. Sc., 

Moshtohor, 43 (2): 791-805.2005. 

[3]Abou El-Magd, M. M.; Omaima M. Sawan; M. F. Zaki and Faten S. Abd Ellall "Productivity and quality of two 

Broccoli cultivars as affected by different levels of nitrogen fertilizers." Australian Journal of Basic and Applied 

Science, 4 (12): 6125-6133.2010. 

[4]Abou El-Magd, M.M.; M.F. Zaki and S.A. Abo Sedera "Effect of Bio-Nitrogen as a Partial Alternative to Mineral-

nitrogen Fertilizer on Growth, Yield and Head Quality of Broccoli (Brassica oleracea L. Var. Italica)." World 

Applied Sciences Journal 31 (5): 681-691.2014. 

[5]Agarwal, A.; S. Gupta and Z. Ahmed "Nitrogen nutrition and plant density influencing marketable head yield of 

broccoli in cold arid desert of Ladakh". Acta- Horticulturae, 756: 299-307.2007. 

[6]Aires, A.; E. Rosa; R. Carvalho; S. Haneklaus and E. Schnug " Response of nitrogen and sulfur fertilization on the 

mineral composition of broccoli sprouts. "Journal of Plant Nutrition, 30(7/9): 1035-1046.2007. 

http://www.ajouronline.com/


Asian Journal of Applied Sciences (ISSN: 2321 – 0893) 

Volume 04 – Issue 04, August 2016 

 

Asian Online Journals (www.ajouronline.com)                                                                                                              1018 

[7]Association of Official Agricultureal Chemists (A.O.A.C.). " Association methods of analysis of the Official 

Analytical Chemists.12 th Ed.," published by A. O. A. C., Washington. D. C. 20044, U.S.A.1975. 

[8]Association of Official Agricultural Chemists (A.O.A.C.). "Association methods of analysis of the Official Analytical 

Chemists." Published by A.O.A.C., Washington. D. C., U.S.A.1980.  

[9]Black, C. A.; D. D. Evans; L. E. Ensminger; G. L. White and F.E. Clark "Methods of soil analysis". Part 2, pp: 1-100, 

Agron. Inc. Madison. Wisc., USA.1981. 

[10]Brown, J. D. and O. Lilleland " Rapid determination of potassium and sodium in plant material and soil extracts by 

flame photometry." Proc. Amer. Soc. Hort. Sci., 48: 341-346.1946. 

[11]Chaterjee, B.; P. Ghanti; U. Thapa and P. Tripathy " Effect of organic nutrition in sprouting broccoli (Brassica 

oleraceae var. italica Plenck)." Vegetable science, 33(1): 51-54.2005. 

[12]Decoteau, D. R. "  Vegetable crops. Upper  company. "New Jersey, U.S. A.2000. 

[13]Devi, H. J.; T. K. Maity and N. C. Paria. "Effect of different sources of nitrogen on yield and economics of cabbage." 

Environment and Ecology, 21(4): 878-880.2003.   

[14]El-Shakry, M. F. Z. " Effect of bio-fertilizers, nitrogen sources and levels on vegetative growth characters, yield and 

quality and oil yield of sweet fennel". Ph.D. Thesis, Fac. Agric. Cairo Univ., Egypt.2005. 

[15]Fawzy, Z. F.; M.A. El-Nemr and S. A. Saleh " Influence of levels and methods of potassium fertilizer application on 

growth and yield of eggplant." Journal of Applied Sciences Research, 2007; 3(1): 42-49. 2007. 

[16]Fawzy, Z.F.; A.M. El-Bassiony; A.G. Behairy and Y.I. Helmy " Effect of foliar spraying by some bio and organic 

compounds on growth, yield and chemical composition of snap bean plants." Journal of Applied Sciences 

Research, 2010; 6(12):2269-2274.2010. 

[17]Gadallah, F. M. and T. A. El-Masry  “Onion growth and yield as affected by bio-fertilization”. Annals Agric. Sci. 

Moshtohor, vol. 44, 2006, pp. 987–1005.2006. 

[18]Hanafy, A. H., N. F. Kheir, and N. B. Talaat. “Physiological studies on reducing the accumulation of nitrate in Jew's 

mallow (Corchorus olitorius) and radish (Raphanus sativus L.)”. Bull. Fac. Agric., Cairo Univ., vol. 48, 1997, 

pp. 25–64. 1997. 

[19]Hassan H.A., Hassan XMY, Abou El-Magd MM, Anwar MT " Effect of different phosphorus fertilizer rates and 

foliar spray with some commercial nutrients on growth and yield of broccoli grown in sandy soils."J Appl Sci 

Res. 9:2052-2062.2013. 

[20]Ibrahim, A. N. and I. M. Abd El-Aziz. “Solubilization of rock phosphate by streptomycin”. Agr. Talajton, vol. 26, 

1977, pp. 424–434. 1977. 

[21]Jackson, M. L. " Soil Analysis. Constable Co". Ltd.,London, pp:1-15.1973. 

[22]Jones, R. B.; M. Imsic; P. Franz; G. Hale and R. B. Tomkins "High nitrogen during growth reduced glucoraphanin 

and flavonol content in broccoli (Brassica oleraceae var. italica) heads." Australian Journal of Experimental 

Agriculture, 47(12): 1498-1505.2007. 

[23]Koch, F. C. and T. L. McMeekin " The chemical analysis of food and food products." J. Amer. Chem. Sec., 46: 

2066.1924. 

[24]Mahendran, P. P. and N. Kumar " Effect of organic manure on cabbage cv. Hero (Brassica oleraceae var. capitata 

L.). "South Indian Horticulture, 45 (5/6): 240-243.1997. 

[25]Manivannan, M. I. and J. P. Singh. "Effect of bio-fertilizers on the growth and yield of sprouting broccoli (Brassica 

oleraceae var. Italica Plenck) under Allahabad agro-climatic conditions." Bioved; 15 (1/2): 33-36.2004. 

[26]Marschner, H. C. "Mineral nutrition in higher plants. Academic Press, Harcourt Brace Jovanovish," Publishers, pp., 

674.1986. 

[27]Marschner, H. C. " Mineral nutrition in higher plants. Second Edition, "Academic Press Limited Text Book, pp., 

864.1996. 

[28]Osman, A. S. “Effect of partial substitution of mineral-N by bio-fertilization on growth, yield and yield components 

of potato”. The 3rd Conf. Sustain. Agric. Develop., Fac. Agric., Fayoum Univ., 12–14 Nov., pp. 381–396. 2007. 

[29]Rakesh, S.; S. N. S. Chaurasia and S. N. Singh " Response of nutrient sources and spacing on growth and yield of 

broccoli (Brassica oleraceae var. italica Plenck). "Vegetable science, 33(2): 198-200.2006. 

http://www.ajouronline.com/


Asian Journal of Applied Sciences (ISSN: 2321 – 0893) 

Volume 04 – Issue 04, August 2016 

 

Asian Online Journals (www.ajouronline.com)                                                                                                              1019 

[30]Saad, M. Howladar, Mostafa M. Rady, and Ashraf S. Osman " Effect of bio-nitrogen as a partial alternative to 

mineral-nitrogen fertilizer on growth, nitrate and nitrite contents, and yield quality in Brassica oleracea L." 

International Journal of Agricultural Science and Engineering, 7 (7): 482-487.2013. 

[31]Sanaa, A.M.Z.; S.I. Ibrahim and H.A.M.S. Eldeen " The effect of naphthalene acetic acid (NAA) and salicylic acid 

on growth, fruit setting, yield and some correlated components in dry bean." Annals of Agric. Sci. Cairo, 

46(2):451-463.2001. 

[32]Sanwal, S. K.; K. Laxminarayana; D. S. Yadav; N. Rai and R. K. Yadav " Growth, yield and dietary antioxidants of 

broccoli as affected by fertilizer type. "Journal of Vegetable Science, 12(2):13-26.2006. 

[33]Sanwal, S. K.; N. Rai; D. S.Yadav and R. K. Yadav " Compositional difference of stem and floral portions of 

broccoli under different organic manures and natural growth promoters. "Vegetable Science, 32 (1): 73-75.2005.  

[34]Sharma, K. C. " Influence of integrated nutrient management on yield and economic in broccoli (Brassica oleraceae 

var. italica). "Vegetable Science, 27(1):62-63.2000. 

[35]Singh, V.N. and S.S. Singh, "Effect of inorganic and bio-fertilizers on production of cauliflower (Brassica oleracea 

L. var. botrytis)". Vegetable-Science, 32(2): 146-149.2005. 

[36]Snedecore, W. C. and W. G. Cochran " Statistical Methods. 7 
th

 ed., 2 
nd

 printing." The Iowa State Univ. Press, Ames, 

Iowa, U.S.A.1980. 

[37]Talalay, P. and J. W. Fahey " Phytochemicals from cruciferous plants protect against cancer by maculating 

carcinogen metabolism. "American Soc. Nutr. Sci., 23: 3027-3033.2001.  

[38]Trough, E. and A. H. Meyer "Improvement in denies colorimetric method for phosphorus and arsenic. "Ind. Eng. 

Chem. Anal. Ed. 1: 136-139. 1939. 

[39]Wang, S.S. and R.H. Kale "Effect of microbial inoculants with graded levels of inorganic on broccoli and lettuce. 

"Journal of Soils and crops, 14(1): 18-21.2004. 

[40]Zaki, M. F.; A. A. M. Abdelhafez and Camilia Y. Eldewiny ". Influence of bio-fertilization and nitrogen sources on 

growth, yield and quality of broccoli (Brassica oleracea Var. Italica). "Egyptian Journal of Applied Sciences, 

24 (3): 86-111.2009. 

[41]Zaki, M.F.; A. S. Tantawy; S.A. Saleh and Yomna, I. Helmy " Effect of bio-fertilization and different levels of 

nitrogen sources on growth, yield components and head quality of two broccoli cultivars." Journal of Applied Sciences 

Research, 8 (8): 3943 – 396.2012. 

 

http://www.ajouronline.com/

