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ABSTRACT 

Higher values of vegetative growth and total yield of kohlrabi and broccoli plants were 
obtained by the foliar application of amino acids and seaweed extract. Higher increases were recorded 
by the high concentrations of algae 600 (2000ppm seaweed extract) and aminotal (750ppm amino 
acids). Results of kohlrabi and broccoli were similar in most vegetative growth and yield parameters. 
The highest values of vegetative growth parameters and total yield of kohlrabi knobs were obtained 
by the high concentrations of algae 600 and aminotal, respectively in a descending order. Lower 
values of vegetative growth and total yield of kohlrabi were obtained by the low concentration of 
algae 600 and the low concentration of aminotal, respectively. The lowest values of vegetative growth 
and total yield were recorded by the control treatment. Higher values of vegetative growth of broccoli 
expressed as plant length, leaves number, fresh and dry weight of leaves as well as total heads yield, 
yield increase and its percentage were obtained by the foliar application of algae 600 and aminotal 
compared with the control. The highest total yield, yield increase (Ton/fed) and its percentage of 
broccoli heads were obtained by the high concentration of algae 600 followed by the high 
concentration of aminotal. Lower values of total yield and its components were obtained by the low 
concentration of algae 600 followed by the low level of aminotal without significant difference. The 
lowest values of vegetative growth and total heads yield were obtained by the control treatment.  
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Introduction 

Any improvement in agricultural system that results in higher production should reduce the 
negative environmental impact of agriculture and enhance the sustainability of the system. One such 
approach is the use of bio-stimulants, which can enhance the effectiveness of conventional mineral 
fertilizers. Chitosan, vigimax, milagro, azotobacter, agrispon, microbein, yeast, amino acids and other 
bio-stimulants has received much interest for wide application in food and agriculture. Moreover, 
previous work revealed that foliar application of bio-stimulants increased vegetative growth and yield 
of many cruciferous plants. Marine bioactive substances extracted from marine algae are used in 
agricultural and horticultural crops, and many beneficial effects, in the terms of enhancement of yield 
and quality have been reported (Blunden, 1991; Crouch and Van Staden, 1994).  

Liquid extracts obtained from seaweeds have recently gained importance as foliar sprays for 
many crops including various grasses, cereals, flowers and vegetable species (Crouch and Van 
Staden, 1994). Seaweed extracts contains major and minor nutrients, amino acids, vitamins, 
cytokinins, auxin and abscisic acid like growth promoting substances (Mooney and Van Staden, 1986) 
and have been reported to stimulate the growth and yield of plants (Rama Rao, 1991), develop 
tolerance to environment stress (Zhang and Schmidt, 2000), increase nutrient uptake from soil 
(Verkleij, 1992; Turan and Köse, 2004) and enhance antioxidant properties (Verkleij, 1992).  

In recent years, use of sea weed extracts have gained in popularity due to their potential use in 
organic and sustainable agriculture (Russo and Beryln, 1990), especially in rainfed crops, as a means 
to avoid excessive fertilizer applications and to improve mineral absorption. Foliar application of bio-
stimulants enhanced vegetative growth and yield of cruciferous plants. Broccoli, kohlrabi, Chinese 
cabbage and brussels sprouts responded positively to the foliar application of many bio-stimulants. El 
Bassiony et al., (2014) reported that foliar application of yeast, amino acid and chitosan enhanced 
vegetative growth and yield of kohlrabi. Foliar application of vigimax on broccoli increased growth 
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and spears yield (Abou El Magd, 2018 and Abou El Magd and Zaki, 2018). Abou El Magd et al. 
(2018) reported that foliar application of milagro increased growth and yield of Chinese 
cabbage.Abou El- Magd,et al.,2019 reported that foliar application of Azotobacter, agrispon and 
microbein enhanced growth and yield of brussels sprouts. 

The main objective of this study is to evaluate the application of two concentrations of each of 
aminotal and algae 600 in enhancing the growth, yield and quality of kohlrabi and broccoli plants 
grown in newly reclaimed soils.  
 
Materials and Methods   
           

Two field experiments were performed in Taba farm, Kafr Dawood, Beheira Governorate, 
Egypt. Two concentrations of both aminotal and seaweed extract as well as control were used as foliar 
application on kohlrabi and broccoli plants. Seeds of kohlrabi (Brassica oleracea var. gongylodes) and 
broccoli (Brassica oleracea var. italica) were imported from Takii Company in Japan.  

    
 Treatments were as follows:                                                                
1- Control (water).                                                                             
2- Amino acids (Aminotal) low concentration (500 ppm)    
3- Amino acids (Aminotal) high concentration (750 ppm).      
4-Seaweed extract (algae 600) low concentration (1000 ppm).     
5- Seaweed extract (algae 600) high concentration (2000 ppm) 
   

Aminotal and algae 600 were sprayed on foliage two   times every 15 days begins after 20 days 
from transplanting.    

    
Data recorded:  

a. Vegetative growth:  
Plant length, leaves number/plant, leaves fresh weight and leaves dry weight. 

                                           
b. Yield and its attributes:  

Total yield (ton/Fed.), yield increase (ton/Fed.) and increase percentage.                                                     
 
Statistical design:  

The experiment included five treatments arranged in a complete randomized system. Duncan,s 
multible range test was used to verify means of the treatments ( Gomez and Gomez, 1984). 
 
Results   
                                                 
Kohlrabi:  
                                                                          
Vegetative growth:  

Data in (Table 1) indicated that vegetative growth of kohlrabi plants expressed as plant length, 
leaves number as well as leaves fresh and dry weight was statistically affected by the foliar 
application of aminotal and algae 600. Plant length was increased by the foliar application of both the 
low and high concentrations of aminotal and algae 600. The highest values of plant length, leaves 
number, fresh and dry weight of leaves were obtained by the high concentration of algae 600 
treatment. Lower values of these parameters were recorded by the foliar application of the low 
concentration of algae 600 followed by the high and low levels of aminotal, respectively compared 
with the control. Higher values of fresh weight of leaves were recorded by the high concentration of 
any of aminotal or algae 600. Leaves dry weight recorded its high value by the high concentration of 
aminotal or algae 600. Lower values of leaves fresh and dry weight were obtained by the low 
concentrations of algae 600 and aminotal. It was noticed from these results that lower values of the 
vegetative growth of kohlrabi plant expressed as plant length, leaves number, fresh and dry weights 
were obtained by the low concentration of algae 600 and low aminotal concentrations in a descending 
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order. The highest values of plant length and leaves fresh and dry weight were obtained by the high 
concentrations of any of aminotal and algae 600.   
 
Total yield of knobs:                                                         

Data in Table (1) show clearly that foliar application of bio-stimulants enhanced total yield of 
kohlrabi knobs. Total yield of kohlrabi knobs was increased by the foliar application of any of 
aminotal and algae 600. The highest value of total knobs yield was obtained by the foliar application 
of the high concentration of algae 600. Lower values of total yield were obtained by the low 
concentration of algae 600, the high and low concentrations of aminotal, respectively. The lowest 
values of the total yield were obtained by the control treatment. Results of the total yield followed the 
same trend of the vegetative growth. 
 
Table 1: Effect of foliar application of bio-stimulants on vegetative growth and knobs yield of 

kohlrabi. 
Foliar Plant Leaves Leaves weight Knob 
application length No./ Fresh Dry Yield 
treatments (cm) plant (g/plant) (g/plant) (ton./fed.) 
  First season (2010/2011) 
Control (water) 45.31 b 18.38 a 465.61 b 14.23 b 5.670 b 
Aminotal (500 ppm) 44.69 b 18.60 a 466.30 b 14.66 b 5.860 b 
Aminotal (750 ppm) 45.16 b 18.89 a 485.36 a 15.31 b 6.050 b 
Algae 600 (1000 ppm) 45.96 b 18.60 a 489.74 a 17.85 a 5.890 b 
Algae 600 (2000 ppm) 48.25 a 19.50 a 494.37 a 18.22 a 6.860 a 
  Second season (2011/2012) 
Control (water) 49.03 b 44.21 a 632.22 a 8.32 a 6.21 b 
Aminotal (500 ppm) 50.66 b 44.36 a 636.39 a 8.39 a 6.65 b 
Aminotal (750 ppm) 51.39 b 45.32 a 637.42 a 8.88 a 6.86 b 
Algae 600 (1000 ppm) 52.77 a 46.52 a 634.32 a 8.62 a 6.81 b 
Algae 600 (2000 ppm ) 57.36 a 45.33 a 645.39 a 9.87 a 7.43 a 

 
Broccoli: 
   
Vegetative growth:  

Foliar application of bio-stimulants enhanced vegetative growth of broccoli plants Table (2). 
Higher values of vegetative growth expressed as plant length, leaves number, fresh and dry weight of 
leaves were obtained by the foliar application of any of aminotal or algae 600 compared with the 
control. Increases in plant length and leaves number did not reach the level of significance. Leaves 
fresh and dry weight recorded higher and significant values compared with the control. The highest 
values of plant length, leaves number, leaves fresh weight and leaves dry weight were obtained by the 
high concentration of algae 600 and aminotal, respectively. Lower values of plant length, leaves 
number ,fresh and dry weight of plant leaves were obtained by the low levels of seaweed extract and 
aminotal without significant differences. The lowest fresh and dry weights  were obtained by the 
control treatment.                                                                                      
 
Table 2: Effect of foliar application of bio-stimulants on vegetative growth and yield of broccoli 

under newly reclaimed soils. 

Foliar application 
treatments 

Plant 
Height 
(cm) 

Leaves 
No./ 
plant 

Leaves weight 
(g/plant) 

Spears  
yield 

Yield 
 increase 

Fresh Dry (ton/fed.) (ton/fed.) (%) 
(2010/2011) 

Control (water) 62.02 a 17.02 a 717.64 b 14.33 b 7.320 b -- 0.00 
Aminotal (500 ppm) 62.11 a 17.15 a 720.60 b 14 .64 b 7.350 b 0.030 0.41 
Aminota l (750 ppm) 62.03 a 17.21 a 745.45 a 16.10 a 7.410 b 0.090 1.23 
Algae 600 (1000 ppm) 62.35 a 17.13 a 725.69 b 15.36 b 7.370 b 0.050 0.68 
Algae 600 (2000 ppm) 66.11 a 17.22 a 759.14 a 17.64 a 8.020  a 0.070 9.56 
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Total yield and its components: 
 Total yield of broccoli spears and its components were enhanced by the foliar application of 

aminotal and algae 600 (table 2). Higher values of total yield of broccoli were obtained by aminotal 
and algae 600. The highest total yield, yield increase (Ton/fed) and its percentage were obtained by 
the high concentration of algae 600 followed by the high concentration of aminotal. Lower values of 
total yield and its components were obtained by the low concentration of algae 600 followed by the 
low level of aminotal without significant difference. The lowest values of total yield and its 
components were obtained by the control plants. 
 
Discussion   
                                  

Results of kohlrabi and broccoli in Tables (1and 2) showed that vegetative growth and total 
yield of kohlrabi and broccoli crops were enhanced by the foliar application of aminotal and algae 
600. Higher concentrations of aminotal and algae 600 resulted in higher values of vegetative growth 
parameters and total yield of kohlrabi and broccoli. Any improvement in agricultural system that 
results in higher production should reduce the negative environmental impact of agriculture and 
enhance the sustainability of the system. One such approach is the use of bio-stimulants, which can 
enhance the effectiveness of conventional mineral fertilizers. Many bio-stimulants were tried with the 
different cruciferous plants. Vigimax, Milagro, Chitosan, seaweed extract, yeast, aminotal, 
azotobacter, microbein and agrispon were used for enhancing growth and yield of broccoli, kohlrabi, 
chinese cabbage, brussels sprouts and other cruciferous crops. Abou El Magd, (2018) reported that 
foliar application of vigimax increased vegetative growth of broccoli plants, its total yield and head 
quality up to its highest level (3cm3/L).Plant height, leaf numbers as well as fresh and dry weight of  
leaves,  stems,  spears  and  total  plant  were  increased  gradually  by  vigimax  up  to  the  highest 
concentrations. In another investigation Abou El Magd and Zaki, (2018) reported that foliar 
application of Vigimax enhanced vegetative growth of broccoli plants expressed as plant height and 
leaf numbers per plant up to its highest level(4 cm3/L.) The tallest plants with denser leaves were 
obtained by foliar application of the highest concentration of Vigimax (4 cm3/L).The highest total 
yield of broccoli heads was obtained by the foliar application with the high concentrations of vigimax 
solution (3 and 4 cm3/L). Abou El Magd et al., (2018) on Chinese cabbage reported that foliar 
application of one, two or three sprays of milagro bio-stimulant increased plant growth, head yield 
and quality progressively. Results also indicated that foliar application of milagro bio-stimulant 
increased head yield and their quality up to its highest level (three sprays). Abou El- Magd et al., 
(2019) working on brussels sprouts tried some bi-stimulants. Results indicated that azotobacter 
treatment recorded the highest values of vegetative growth expressed as plant height, leaves number , 
stem diameter, sprouts number as well as fresh and dry weight of leaves, stems, sprouts and total N,P 
and K content of plant leaves. Similarly, the highest values of total yield were obtained by azotobacter 
treatment. Lower values of these parameters were obtained by agrispon and the lowest by microbein. 
El Bassiony et al. (2014) reported that foliar application of yeast, amino acid and chitosan had a 
significant effect on the vegetative growth parameters of kohlrabi (plant length, number of leaves and 
fresh and dry weight of leaves and tubers) and total yield. Meanwhile, the highest values of plant 
height, tubers height and diameter and fresh weight of tuber as well as total yield of tubers of Kohlrabi 
plants were obtained by the foliar application of chitosan. On the contrary,  the lowest  amount  of all 
growth  parameters  and total  yield  were  recorded  by the control  treatment. The use of bio-
stimulants can enhance the effectiveness of conventional mineral fertilizers. Moreover, previous work 
revealed that chitosan application increased yield, growth rate and vitamin C of soybean sprouts (Lee 
and Kim, 2005; Choi et al., 2000). Cho et al. (2008) suggested that soaking sunflower seed in 0.5% 
chitosan with 28 kDa increased free radical scavenging activity and certain biologically active 
compounds such as total phenolic compounds, total isoflavone and melatonin contents in sunflower 
sprouts. Pérez-Balibrea et al. (2011) had reported that 0.01% chitosan treatment induced vitamin C 
and glucosinolate contents in broccoli sprouts during 7 days old seedlings. Hence, chitosan may be 
used as an alternative to maintain postharvest quality and to enhance healthy properties of sprouts. 
Liquid extracts obtained from seaweeds have recently gained importance as foliar sprays for many 
crops including various grasses, cereals, flowers and vegetable species (Crouch and Van Staden, 
1994).Seaweed extracts contains major and minor nutrients, amino acids, vitamins, cytokinins, auxin 
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and abscisic acid like growth promoting substances (Mooney and Van Staden, 1986) and have been 
reported to stimulate the growth and yield of plants (Rama Rao, 1991), develop tolerance to 
environment stress (Zhang and Schmidt, 2000), increase nutrient uptake from soil (Verkleij, 1992; 
Turan and Köse, 2004) and enhance antioxidant properties (Verkleij, 1992). The beneficial effect of 
seaweed extract application is as a result of many components that may work synergistically at 
different concentrations, although the mode of action still remains unknown (Fornes et al., 2002). In 
recent years, use of seaweed extracts have gained in popularity due to their potential use in organic 
and sustainable agriculture (Russo and Beryln, 1990). Results in Tables (1 and 2) indicated that 
aminotal and seaweed extract enhanced the vegetative growth and yield of kohlrabi and broccoli. The 
highest values of vegetative growth and total knobs yield of kohlrabi was obtained by the foliar 
application of the high concentration of sea weed extract. In broccoli the highest values of vegetative 
growth, total yield and its attributes were obtained by the high concentrations of sea weed extract and 
aminotal, respectively. Lower values of vegetative growth, total yield of broccoli, yield increase and 
its percentage were obtained by the low concentrations of algae 600 and aminotal. The lowest values 
were recorded by the control treatment. 
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