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ABSTRACT 
 

Two Field experiments were carried out at the vegetable research farm of the N. R. C. El- 
Nubaria, Beheira Governorate, Egypt during the winter seasons of 2013-2014 and 2014-2015 for 
applying new fertilization techniques for saving mineral K requirements of Chinese cabbage plants. 
Two bio-fertilization treatments (without and Bacillus silicates)  and  four levels of k fertilization with 
milagro bio-stimulant, i. e. mineral K  (E1), 50% mineral K + one spray of milagro (E2), 50% mineral 
K + two sprays of milagro (E3) or 50% mineral K + three sprays of milagro (E4) were applied on 
Chinese cabbage. Vegetative growth, head yield and quality of Chinese cabbage plants were studied.  

Results indicated that the highest growth and head yield were obtained by the recommended K 
mineral fertilization treatment (E1). Lower values of head yield were obtained by E2, E3 and E4 in an 
ascending order. It is clear from the obtained data 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, i. e. three sprays. Similarly the levels of E2, E3 and E4 applied K were not sufficient 
to avoid a negative K balance. We concluded that k application to the Chinese cabbage was highly 
profitable. Additional experiments are needed with increased levels of K for further possible benefits 
of milagro bio-stimulant for compensating mineral K fertilization of Chinese cabbage. 
 
Keywords: Chinese cabbage, mineral potassium fertilizers, potassium bio-fertilization, Milagro, bio-

stimulants, foliar application 

 
Introduction 
 

Chinese (Napa) cabbage belongs to Brassica family a large class of leafy flower-head 
vegetables which also includes Brussels sprouts, Kale, Cabbage and Broccoli etc. is one of the 
favorite leafy-cabbage vegetables in mainland china. Napa sweet, crunchy and celery flavored leaves 
are one of the most sought after ingredients in the far East-Asian cuisine. Undoubtedly, Chinese 
cabbage is increasingly being used in the Western, Mediterranean as well as American cuisines for 
their whole some nutrition profile. Chinese cabbage is cultivated in Egypt in small areas in some 
villages surrounding Cairo and Alexandria. Chinese cabbage is an annual, cool season vegetable. It 
grows best when the days are short and mild. As in cabbage Chinese cabbage grows to oblate shaped 
heads consisting of tightly arranged crinkly, thicked light-green leaves with prominent, pale white 
viens. As its core, the leaves feature smooth, light yellow hue. According to its nutritional value 
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Chinese cabbage is zero calories but it is packed with many antioxidant compounds such as carotenes, 
thiocianates, indole -3- carbenol, ufein, zeanthin, sulphoraphene and isothiocyanates. 

Foliar fertilization was followed as a suitable technique supplying plants with their nutrients 
needs. Foliar feeding is a technique of feeding plants by applying liquid fertilizer directly to their 
leaves. Nutrients transport is usually faster through the stomata and epidermis than the other 
fertilization methods. Foliar fertilization with Amino- magnical, Amino- tec and Root most increased 
growth, fresh weight and bulb yield of onion crop (Mona and Abou El-Magd, 2015). Foliar 
fertilization was followed for obtaining higher yields and better quality (Fawzy et al., 2010; Hassan et 
al., 2013 and Mona and Abou El-Magd, 2015) working on snap beans, broccoli and onions, 
respectively. Milagro bio-stimulant is rapid and complete water solubility in water, which provides all 
the nutrients needed by the plant in the stages of root growth. Milagro is an extract of the pollen 
grains of cauliflower. This compound combines the effects of Auxins, Cytokinins, Gibberlic acid, 
Ethylene and Hydrogen Siam-amide depending on the time of application. When applied at the 
growth stage it combines as the effect of Cytokinins (cell division) and Gibberlic acid (elongation 
cell).Milagro was used in this experiment combined with 50% of the recommended mineral K in 
comparison with full recommended mineral K fertilization of Chinese cabbage. Phommy Inthichack 
et al. (2012) reported that increasing the K concentration in the nutrient solution improved the growth 
and yield of cabbage, celery and lettuce Emilia Atanasova et al., (2007); Zhou et al., (2001); 
Muhammad Din et al., (2007) and Tiwari et al., (2014) high-lights the significantly favorable effect of 
potassium on the yield and quality of the leafy crops.  

The aim of this work was substituting an amount of the mineral K using new technologies of 
foliar fertilization (bio-fertilization and Milagro bio-stimulant). 

 
Materials and Methods 
 
          During the two winter seasons of 2013/2014 and 2014/2015, two field experiments were 
conducted on Chinese cabbage (Brassica rapa L. sub-species Chinensis) in El-Nubaria, Beheira 
Governorate, Egypt. Soil of the experiment was newly reclaimed sandy in texture, physical and 
chemical analysis of the experiment soil is described in (Table 1) and analysis of irrigation water 
(Table 2). 

Table 1: Physical and chemical analysis of the experimental soil. 

Table 2: Analysis of irrigation water. 

Milliequivalent/ liter E.C. 
m/mhos 

pH 
Anions Cations 

Cl HCO3 CO3 K Na Mg Ca 
14 5.2 Nill 0.44 15.2 6 8 2.69 7.10 

 
Seeds of red Chinese cabbage cv. Cavolo were sown in the nursery in foam trays filled with a 

mixture of peat moss and vermiculite (1:1 volume). Seedlings were transplanted in the open field at 
45 days age. Ditches of 20 cm depth and 20 cm width were ditched 75 cm apart and 10 m length. 
Nitrogenous fertilizer (80 units/ fed.), calcium superphosphate (90 units P2O5/fed.) and poultry 
manure (5m3/ fed.) were carefully mixed and spread through the ditches and covered with sand. Drip 
irrigation lines were established over the ditches. Irrigation system started three days before 
transplanting for washing planting beds. Healthy Chinese cabbage transplants were selected and 
planted on the eastern side of the irrigation line one beside each dripper (50 cm apart). Potassium 
sulphate as recommended (80 kg/ fed.) was added in two equal portions every two weeks beginning 

Bulk density 
(g/cm3) 

W.P. 
(%) 

F.C. 
(%) 

Texture Silt 
(%) 

Clay 
(%) 

Sand  
(%) 

1.44 5.65 16.77 Sandy 0.66 11.38 87.96 
Meq./L PH 

 
E.C. 

(m/moh) Cl- HCO3
- K + Na + Mg ++ Ca ++ 

26.00 2.1 2.79 62.00 3.00 26.00 8.4 9.1 
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one month after transplanting. Bio-fertilizer was kindly supported by Agricultural Microbiology 
Dept., National Research Centre, Dokki, Cairo, Egypt. 
 
Treatments were as follows: 
 
A. Potassium bio-fertilization: Two treatments, i. e. without and with bio-fertilizer (B. silicates).  
B.   Mineral K and Milagro bio-stimulant: Potassium sulphate (48% K2O) at 80 kg/ feddan level was 
applied (the recommended k fertilization for Chinese cabbage) Mineral K fertilizer was divided into 
two equal doses applied beside plants (beginning one month after transplanting). Aquas solution of 
milagro bio-stimulant (3 cm3/ liter) was  carefully prepared .Treatments of milagro were sprayed 
every two weeks one month after transplanting within four fertilizing equations  as follows: 
E1) - 100% Mineral K  
E 2) - 50% Mineral K + one spray of milagro. 
E 3) - 50% Mineral K + two sprays of milagro. 
E4) - 50% Mineral K + three sprays of milagro. 
 
Experimental design:  
 

The experiment included eight treatments which were the combinations of two bio and four 
fertilization equations. Split plot design with three replicates was followed. Bio-fertilization 
treatments (without bio. and B .silicates) were located in the main plots, whereas treatments of 
mineral K fertilizer + milagro bio-stimulant (E1, E2, E3 and E4) were assigned in the sub-plots. 
Statistical analysis of variance was followed according to Snedecor and Cochran (1980). 
 
Data recorded: 
 
A. Vegetative growth:  

Vegetative growth parameters were recorded at harvest time as follows:- 
-Plant height (cm). 
-Stem length (cm). 
-Outer leaves number/ plant. 
-Inner leaves number/ plant. 
-Total leaves number/ plant. 
-Fresh weight of outer leaves, inner leaves, stems and total plant (g/plant). 
B. Dry weight (%):  

Samples of 100 g from each of the outer leaves, inner leaves and stems were oven dried at 70 
oC, weighed and recorded.          
C. Total head yield (ton/fed.). 
D. Head quality: Head diameter and height (cm). 
  
Results and Discussion 
 
A. Effect of K bio-fertilization: 
 
1. Vegetative growth:  
 

Bio-fertilization increased vegetative growth of Chinese cabbage expressed as plant height, 
stem length, number of outer and inner leaves, fresh and dry weights of outer and inner leaves, stems 
and total plant. These increases were similar and consistent in the two seasons of the experiment 
(Table 3). Similar results were obtained by Osman, (2007); Abou El-Magd et al. (2014); Hanaa, 
(2016) and Hanaa et al. (2016); Abou El-Magd et al. (2014) reported that bio-fertilization increased 
vegetative growth characteristics of broccoli plants compared with the un-inoculated plants. Hanaa, 
(2016) and Hanaa et al. (2016) showed that the vegetative growth of broccoli plants expressed as 
plant length, number of leaves, leaf area as well as fresh and dry weights of plants recorded higher 
values by bio-fertilization. Increased vegetative growth and total heads yield can be attributed to the 
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role of inoculated microorganisms in reducing soil acidity by secreting some organic acids such as 
acetic, propionic, succinic and fumaric acids that consequently convert some insoluble nutrients into 
available soluble forms (Osman, 2007 and Singh and Kapoor, 1999). 
          In addition, the increase in vegetative growth and total heads yield may be also due to the 
increase in soil micro-flora resulting by bio-fertilization (Zaki et al., 2012). Hanaa et al. (2016) added 
that bio-fertilization increased nutrients content in leaves tissues of broccoli plants. They attributed 
these increases to the positive effect of micro-organisms in increasing availability of these nutrients in 
the soil solution. In addition, the increase of vegetative growth by the inoculated plants might be 
attributed to secretion of some growth promoters such as gibberellins, auxins and cytokines by these 
microorganisms (Ibrahim and Abdel-Aziz, 1977 and Abdel-Latif et al., 2001). Thus, bio-fertilization 
increases the availability of soil nutrients, the leaves nutrients content, some growth promoters leading 
to increases in leaf numbers, leaf area, fresh and dry weights of leaves, stems and total plant as well as 
other vegetative growth characteristics of Chinese cabbage, broccoli and other leafy crops. These 
favorable conditions enables plants to benefit more of the natural resources, i.e. light energy, 
irrigation water, nutrients of the soil solution and CO2 leading to more photosynthetic activity which 
increases metabolic substances synthesis and translocation, dry matter accumulation and increased 
their content in plant leaves. 
 
2. Total heads yield:  
 

Results in Table (3) show clearly that head yield of Chinese cabbage was increased with bio-
fertilization. Increases in the total yield of heads due to bio-fertilization amounted to 3.512 and 3.521 
tons/ feddan which equals 109and 115% compared with the untreated plants in the two seasons 
respectively. These results were true and similar in the two seasons of the experiment. These increases 
in head yield might be due to the increases in the vegetative growth of the green organs, leaf area and 
numbers and leaves N, P, K content of the treated plants which resembles increases in the 
photosynthetic surface of the green plants and nutrients content of plant leaves. In addition, it might 
be due to the resulting increases in the fresh and dry weights of the total plant and its organs, i. e. 
outer and inner leaves and stems. Bio-fertilization induced wider green surface, higher rates of 
photosynthesis and photosynthetic activity and higher amounts of carbohydrates and other 
photosynthetic products. Consequently, condensation of higher levels of photosynthetases' in plant 
tissues. These favorable conditions creates suitable conditions for obtaining higher head yield of 
Chinese cabbage. Many investigators came to similar results with bio-fertilization (Zaki et al. 2012); 
Abou El-Magd et al., 2014 and 2015; Hanaa, 2016 and Hanaa et al., 2016). Hanaa, (2016) and Hanaa 
et al. (2016) reported that total heads yield of broccoli plants and its components, i.e. main and 
secondary head yields were positively enhanced by bio-fertilizers. Enhancement of main, secondary 
and total heads yields may be due to the role of Azotobacter + Mycrrohizae in fixing nitrogen, 
producing GA3, IAA and cytokinines and increase nutrient dissolution (Ibrahim and Abdel-Aziz, 
1977 and Abdel-Latif et al., 2001).They added that the induced nutrients uptake enhancement by bio-
fertilization treatments may be due to many reasons such as root system efficiency improvement, 
Rhizosphere pH reduction and also the increase of nutrient dissolving and availability in the soil 
which encouraged photosynthetic activity of the treated plants. The mentioned photosynthesis activity 
encouragement resulted more different metabolic substances production. Consequently, more dry 
matter accumulation in plant tissues and more heads yield. These results come along with those 
obtained by Ertan et al., (2011) who reported that root inoculations of broccoli plants with Bacillus 
cereus, Brevibacillus reuszeri, and Rhizobium rubi increased total heads yield compared to the non-
inoculated plants. Zaki et al. (2012) mentioned that higher main, secondary and total heads yields of 
broccoli were obtained by the application of Bacillus circulans; Bacillus megaterium and Azotobacter 
chroococcum compared with the control. Abou El- Magd et al. (2013) showed that heads yield was 
significantly increased by phosphorine application as compared with the check. Also, Abou El-Magd 
et al. (2014) reported that broccoli plants treated with bio-nitrogen had higher main head yield than 
non-inoculated plants. Singh et al. (2014) mentioned that treated seedlings with Azospirillum + 
Azotobacter significantly increased total heads yield of broccoli compared to other treatments. 
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3. Head Quality:  
 

Quality of Chinese cabbage heads expressed as head diameter and height was enhanced by K 
bio-fertilization. Chinese cabbage heads of the plants which were treated with B. silicates suspension 
recorded wider diameter and higher height than those of the control (Table 3). These results were true 
and similar in the two seasons of the experiment. This enhancement in head quality might be due to 
the resulting increases in the vegetative growth and fresh and dry matter content of Chinese cabbage 
plants (Table 3). The requirements of amino acids in essential quantities is well known as a means to 
increase yield and overall quality of crops (Fawzy et al., 2010 and Hassan et al., 2013). Hanaa (2016) 
and Hanaa et al. (2016) reported that K bio-fertilization enhanced the quality of broccoli heads and 
their nutritional value. They showed that the physical quality of main heads of broccoli expressed as 
fresh weight, height, diameter and number of stalks per head were significantly enhanced by bio-
fertilization. Their obtained results referred to that the improvement of nutrients availability and 
uptake by plant roots encouraged photosynthetic activity giving better vegetative growth parameters, 
then more metabolites production and translocation within plant tissues and finally giving higher main 
heads yield and quality, i.e. higher heads weight, diameter and height. Our results were pararel with 
those reported by Ertan et al. (2011); Zaki et al. (2012); Abou El-Magd et al.(2013); Abou El-Magd 
et al. (2014) and Singh et al.(2014).Chemical quality of broccoli heads (vitamin C, chlorophyll, 
carotenoids, total phenols, total flavonoids, protein and dry matter contents) were enhanced by bio-
fertilizer treatments (Hanaa, 2016 and Hanaa et al. (2016).Their results indicated that application of 
bio-fertilizers enhanced chlorophyll, carotenoids, dry matter and protein in heads of broccoli plants 
compared to the non-inoculated plants. The increase in dry matter, chlorophyll and carotenoids in 
broccoli heads may be due to the use of beneficial micro-organisms that could colonize the roots and 
increase plant growth by improving supply or availability of essential nutrients to the plants (Vessey, 
2003). 

 
B. Effect of mineral K + milagro: 
 
1. Vegetative Growth:  
 

Chinese cabbage vegetative growth expressed as plant height, outer and inner leaves number, 
fresh and dry weight of leaves, stems and total plant was widely influenced by potassium fertilization 
(Table 4). The tested equations affected vegetative growth of Chinese cabbage statistically in the same 
trend in the two seasons of the experiment. The highest values of vegetative growth parameters were 
obtained by 100% mineral K fertilization only (E1 equation).This result may be due to the easier 
solubility of the mineral K salts in the soil solution which offers abundant k availability for absorption 
by the root system. Phommy Inthichack et al. (2012) reported that increasing the K concentration in 
the nutrient solution greatly affected the growth and yield of cabbage, celery and lettuce, especially 
the yield quantity, and the Ca and Mg content of plant tissues.  

Lower values of growth were recorded by50% mineral K fertilization + one, two or three sprays 
of milagro (E2, E3 and E4) in an ascending order. The lowest values of vegetative growth were 
obtained by 50% mineral K + one spray of milagro (E2). E3 and E4 equations (50% mineral K + two 
and three sprays of milagro) recorded higher values of vegetative growth compared with E2. These 
results are similar in the two seasons of the experiment. Results indicated that the vegetative growth 
was increased progressively by milagro foliar application up to three sprays. It was concluded that 
vegetative growth was superior when k fertilization balanced with the other fertilizers (recommended, 
E1).This result might be due to the solubility of the mineral fertilizer which offered abundant k 
nutrient available for absorption by plant roots in the soil solution. Lower growth values were 
recorded when k and other nutrients are imbalanced. Results indicated also that foliar application of 
milagro increased vegetative growth up to three sprays + 50% mineral K (E4).The equation of 50% 
mineral K + three sprays of milagro (E4) recorded lower growth values than 100% mineral K lonely. 
These results indicated that vegetative growth was increased with increasing milagro sprays up to 
three sprays and then ceased. Growth values of 100% mineral K were higher than those of 50% 
mineral + three milagro sprays (E4). These increases in the vegetative growth might be due to the 
abundant potassium in the plant tissues resulting by foliar application of milagro bio-stimulant. 
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Milagro is rapid and complete water solubility in water, which provides all the nutrients needed by the 
plant.  

Foliar application of milagro enables plants to absorb essential elements through their leaves. K 
absorption and transport is usually faster through the stomata and epidermis than the other fertilization 
methods.  

Increases in the vegetative growth resulting by foliar application of milagro might be referred 
also to its content of many growth regulators. This compound combines the effects of Auxins, 
Cytokinins, Gibberlic acid, Ethylene and Hydrogen Siam-amide. When applied at the growth stage it 
combines as the effect of Cytokinins (cell division) and Gibberlic acid (elongation cell). Higher values 
of vegetative growth were obtained by mineral K fertilization. This result might be due to the 
imbalanced nutrients resulting by the milagro sprays. Ni Wuzhong et al. (1996) reported that k 
application to Chinese cabbage increasing shoot biomass and proportion of head yield in shoot 
biomass. While a further increase of K did not result in any additional benefits. On the other hand, the 
Mg concentration, but not Ca, decreased with an increase in K supply but the concentration was still 
at a sufficient level. Supplying K in the form of KCl resulted in a relatively higher yield for celery but 
not for cabbage and lettuce, irrespective of the amount of K fertilization. Similarly, foliar application 
of Vigimax bio-stimulant resulted increases in the vegetative growth of broccoli plants expressed as 
plant height, leaf numbers and fresh weight (Abou El-Magd and Zaki, 2018). Foliar fertilization with 
Amino magnical, Amino tec and Root most increased onion growth and fresh weight of onion crop 
(Mona and Abou El-Magd, 2015). 

  
2. Total heads yield: 
 

Total heads yield was widely affected by k fertilization treatments (Table 4). The highest total 
head yield was obtained by 100% mineral K fertilization without milagro (E1).The lowest head yield 
was obtained by E2 (50% mineral + one milagro spray). Total head yield of E3 (50% mineral + two 
milagro sprays) did not reflect significant increase compared with E2.E4 (50% mineral + three 
milagro sprays) resulted significant yield increases compared with both E2 and E3.The highest total 
head yield was obtained by 100% mineral K fertilization without milagro. Spraying red cabbage 
plants with milagro one, two or three sprays + 50% mineral fertilization increased head yield 
progressively. These increases did not reach head yield of 100% mineral K only. Results indicated 
that the total head yield was superior when k fertilization is balanced with the other fertilizers (E1 
100% mineral K fertilization).Lower head yield was recorded when k and other nutrients were 
imbalanced. These results were similar in the two seasons of the experiment. Results of the total head 
yield followed the same trend of the vegetative growth. Since total yield is the function of vegetative 
growth, photosynthetic activity and dry matter accumulation, these results followed the same trend of 
those of the vegetative growth and dry matter accumulation. These increases in head yield might be 
due to the increases in the green surface of the vegetative growth of the treated plants which 
resembles increases in the photosynthetic surface of the green plants. In addition, it might be due to 
the resulting increases in the fresh and dry weights of the total plant and its organs, i.e. outer and inner 
leaves and stems. The wider green surface, higher rates of photosynthesis and photosynthetic activity 
and higher amounts of carbohydrates and other photosynthetic products. Consequently, condensation 
of higher levels of photosynthetases in plant tissues. These favorable conditions creates suitable 
conditions for obtaining higher head yield of Chinese cabbage. Many investigators' came to similar 
results with foliar fertilization. Foliar fertilization with Amino Magnical, Amino Tec and Root most 
increased total yield of onion crop (Mona and Abou El-magd, 2015). Foliar fertilization was followed 
for obtaining higher yields of snap beans, broccoli and onions (Fawzy et al., 2010; Hassan et al., 2013 
and Mona and AbouEl-Magd, 2015, respectively). Similar results were obtained by foliar application 
of vigimax stimulant on broccoli (Abou El-Magd and Zaki, 2018). Ni Wuzhong (1996) results 
indicate that K application can enhance head yield of Chinese cabbage through increasing shoot 
biomass and proportion of head yield in shoot biomass. It also can be found that head yield is 
significantly correlative to the amount of dry matter accumulation which means that the production of 
head yield is based on the accumulation of dry matter in head. The growth rate of K fertilizer on head 
yield declines with the increase in the dose of K supply, but with the analysis of economic benefits, 
the adequate rate of K2O for Chinese cabbage is in 180 to 240 kg/ha, which can be regarded as a 



Middle East J. Agric. Res., 7(4): 1310-1322, 2018 
ISSN: 2077-4605 

1316 

Table 3: Effect of potassium bio-fertilization on vegetative growth and total heads yield of Chinese cabbage. 

Head 
yield 
(ton/ 
fed.) 

Head quality Dry weight  
(%) 

Fresh weight  
(g/ plant) 

Leaves No./ 
plant 

Stem 
length 
(cm) 

Plant 
height 
(cm) 

 
Potassium 

 bio- 
fertilization 

Head 
height 
(cm) 

Head 
dia. 
(cm) 

Stems Inner 
leaves 

Outer 
leaves 

Total 
plant 

Stems Inner 
leaves 

Outer 
leaves 

Inner 
leaves 

Outer 
leaves 

First season (2013/2014)  
Without 
A. silicates 

3.241 7.08 8.29 13.14 23.52 19.45 385.80 55.35 188.62 141.84 30.92 7.08 11.50 23.17 
6.753 9.43 10.48 22.19 22.19 20.36 803.89 91.28 421.75 290.86 33.08 6.25 14.92 30.75 
0.177 1.43 0.29 0.14 N.S. N.S. 21.08 5.37 5.82 11.08 1.35 0.24 0.64 2.87 L.S.D at 0.05 

Second season (2014/2015 )  
3.067 6.58 7.55 11.89 22.02 17.99 365.14 52.68 180.37 132.09 29.42 6.71 10.25 21.67 Without 

B. silicates 6.586 8.93 9.73 14.88 20.69 19.11 784.06 87.78 413.50 282.78 32.08 5.25 13.67 29.08 
0.041 0.15 0.19 0.71 0.27 N.S. 4.82 1.71 5.83 7.79 0.64 0.64 0.49 0.24 L.S.D at 0.05 

Table 4: Effect of mineral K and foliar application of milagro on vegetative growth and total head yield of Chinese cabbage. 

K mineral fertilizer 
(unit/fed.) 

+ 
Milagro 

Plant 
height 
(cm) 

Stem 
length 
(cm) 

Leaves No./ 
plant 

Fresh weight  
(g/ plant) 

Dry weight  
(g/ plant) 

Quality 
Head 
yield 
(ton/ 
fed.) 

Outer 
leaves 

Inner 
leaves 

Outer 
leaves 

Inner 
leaves 

Stem Total 
Outer 
leaves 

Inner 
leaves 

Stems 
Head 
dia. 
(cm) 

Head 
height 
(cm) 

First season (2013/2014 ) 
E1 28.33 13.67 8.67 32.00 276.50 339.78 88.99 705.26 21.53 14.32 15.98 10.22 19.13 5.924 
E2 23.67 14.67 5.33 34.50 192.28 253.75 90.09 536.12 17.95 14.85 13.65 8.95 7.68 4.503 
E3 27.17 12.00 6.17 31.33 181.06 307.78 55.93 544.78 17.76 32.03 13.66 9.00 7.78 4.576 

E4 28.67 12.50 6.50 30.17 215.56 319.44 58.24 593.23 22.39 30.22 15.25 9.37 8.42 4.983 

L.S.D at 0.05 1.92 0.72 0.69 1.66 19.04 12.22 5.21 24.31 0.89 5.96 1.07 0.52 0.53 0.204 
Second season (2014/2015) 

E1 26.50 12.42 7.92 30.75 270.08 331.53 85.49 687.09 20.54 12.82 14.73 9.48 8.63 5.772 

E2 22.17 13.42 4.58 33.25 182.53 245.50 86.59 514.62 16.49 13.35 12.40 8.20 7.18 4.323 
E3 25.67 10.75 5.42 30.08 171.31 299.53 52.43 523.28 16.28 30.53 12.41 8.27 7.28 4.396 
E4 27.17 11.25 6.00 28.92 205.81 311.19 56.40 573.40 20.89 28.72 14.00 8.62 7.92 4.817 

L.S.D at 0.05 0.92 0.54 0.50 0.91 6.73 4.34 2.32 9.77 0.46 2.07 0.54 0.49 0.49 0.082 
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reference to K fertilization in production of Chinese cabbage. Emilia Atanasova et al. (2007) in a trial 
included mineral fertilizer, farmyard manure and foliar fertilizer found that the highest yield values of 
cabbage were obtained with mineral fertilization.  

Phommy Inthichack et al. (2012) came to similar results. They reported that increasing k 
concentration in the nutrient solution greatly affected growth and yield of cabbage, celery and lettuce 
and the Ca and Mg content of the plant tissues. While a further increase of K did not result in any 
additional benefits. Supplying the K in the form of KCl resulted in a relatively higher yield for celery 
but not for cabbage and lettuce, irrespective of the amount of K fertilization. Higher total head yield 
was obtained by 100%mineral K fertilization. One, two or three milagro sprays + 50% mineral K 
recorded lower values of head yields compared with mineral K. These results might be due to that 
mineral salts rapid dissolving in the soil solution resulting abundant k solution for absorption by the 
root system and translocation through plant tissues. These results might be due to the imbalanced 
nutrients resulting by the milagro sprays. Results were similar in the two seasons of the experiment. 
Similar results have also been reported by Zhou et al. (2001), which shows that at the 225 kg/ ha K2O 
dose, cabbage culture matured faster, and better production and quality were obtained. Similarly, 
research  by Muhammad Din et al.(2007 ) in Northern Pakistan reported that NPK level of 120-90-60 
kg per hectare significantly performed better with regard to marketable heads (13770 kg/ha) and head 
yield (35170 kg/ha). Minimum values for these parameters were recorded in control where no 
fertilizer was applied. Tiwari et al. (2014) mention that by applying potassium fertilizers, cabbage 
production increased by 29%. 
 
3. Head quality:  
 

Head quality expressed as head diameter and height were influenced by E, E2, E3 and E4 
treatments (50% mineral K + Milagro). One, two or three sprays of milagro + 50% mineral K 
increased head diameter and height. The lowest head diameter and height was recorded by E2 
equation (50% K mineral + one milagro spray).These values increased with two or three sprays of 
milagro(E3 and E4).These values were lower than 100% mineral K treatment (E1).Better head quality 
was obtained by the recommended dose of mineral K fertilization. The higher quality of mineral K 
fertilization might be due to the rapid dissolving of mineral salts through the soil solution which 
provides the root system by abundant k for absorption. These results might be also due to the 
imbalanced nutrients resulting by foliar fertilization with milagro. Results were similar in the two 
seasons of the experiment. Similar results have also been reported by Zhou et al. (2001), which shows 
that at the 225 kg/ha K2O dose, cabbage culture matured faster, and better production and quality were 
obtained. 

Ni Wuzhong (1996) results also show that K dressing to Chinese cabbage can improve the head 
quality by increasing the contents of rough protein, vitamin C, all amino acid as well as essential 
amino acid; reducing the content of NO3 in vein and mesophyll, and decreasing the ratio of vein fresh 
weight to mesophyll fresh weight in head. Emilia Atanasova et al.(2007)in a trail included mineral 
fertilizer, farmyard manure and foliar fertilizer reported that the best quality parameters in the cabbage 
leaves - dry weight, total soluble sugars, cellulose, vitamin C and nitrates content were obtained in the 
treatments with foliar fertilization . 

Muhammad Din et al. (2007) in Northern Pakistan reported that NPK level of 120-90-60 kg per 
hectare significantly performed better with regard to head weight (1.05 kg/plant), head diameter 
(24.46 cm/plant) head length (24.66 cm/plant), marketable heads (13770 kg/ha) and head yield (35170 
kg/ha) compared with the control. 
 
C. Effect of the interaction 
 
1. Vegetative Growth: 
  

Interaction of bio-potassium fertilization with K mineral fertilizer + milagro bio-stimulant 
influenced vegetative growth of Chinese cabbage expressed as plant height, outer and inner leaf 
numbers as well as fresh and dry weights of outer and inner leaves, stems and total plant (Table 5). In 
general the highest values of vegetative growth parameters were obtained by the mineral K combined 
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with biofertilization without milagro sprays (E1). Lower values of vegetative growth parameters were 
recorded by biofertilization combined combined with the other fertilization equations (E2, E3 and 
E4). 

Biofertilization combined E1 (50% mineral K + one spray of milagro) recorded the lowest 
values of vegetative growth parameters. Biofertilization combined with  E3 and E4 equations (50% 
mineral K fertilization + one or two milagro sprays) recorded higher vegetative growth, respectively. 
Foliar fertilization with milagro bio-stimulant + 50% mineral fertilization increased vegetative growth 
up to three sprays of Milagro. The highest vegetative growth of Chinese cabbage was obtained by the 
mineral fertilization + bio fertilization without milagro sprays. Milagro sprays up to three sprays could 
not compensate the decrease in the mineral fertilization with respect to the vegetative growth of 
Chinese cabbage. Results were similar in the two seasons of the experiment. The increased vegetative 
growth and total heads yield of broccoli plants may by referred to the combined effect of bio-fertilizer 
and 75% mineral + 25% organic which maintains and promotes productivity of the soil by adjustment 
of soil fertility, increasing the activity of microorganisms leading to more plant nutrient supply and 
the highest vegetative growth (Jen et al., 2008).  

These results agreed with those obtained by Sharma et al. (2008) and Ertan et al., (2011). 
Interaction between biological, mineral and organic fertilizers significantly affected N, P, K, Ca and 
Mg% in leaves and heads of broccoli plants. The combined effect between Bio2 (Azotobacter + 
Mycrrohyzae) with application of 75% mineral + 25% organic of the recommended fertilizer units or 
Bio 2 with 100% mineral of the recommended fertilizer units gave the highest values of nutrients in 
leaves and heads tissues(Hanaa,2016 and Hanaa et al., 2016). Nutrients content increase in broccoli 
leaves and heads tissues may be due to the induced plant roots absorption enhancement. This 
enhancement is caused by the interaction effect between bio-fertilizer and 75% mineral +25% organic 
of the recommended fertilizer units or 100% mineral of the recommended fertilizer units (Jen et al. 
2008). Hassan (2015) mentioned that the highest values of N, P and K contents in leaves were 
obtained by application of microorganisms combined with 100% of the recommended dose of N, P 
and K as mineral fertilizers, while lower values were recorded by application of 50% of the 
recommended dose of N, P and K as an organic amendment. 

 
2.  Total Heads Yield:  
 

Head yield of Chinese cabbage was influenced by the interaction of mineral K and bio-
fertilization (Table 5).The lowest head yield was obtained by biofertilization + E2 equation (the 
interaction of 50% mineral K + one spray of Milagro).Higher total yields were obtained by bio 
fertilization combined with 50% mineral K fertilization + two or three Milagro sprays. The highest 
total head yield was obtained by mineral k fertilization without milagro sprays. Milagro sprays up to 
three sprays could not compensate the decrease in mineral K fertilization with respect to total heads 
yield. Results were similar in the two seasons of the experiment. 

Main, secondary and total heads yield was widely affected by the interaction between 
biological, organic and mineral fertilizer (Hanaa, 2016 and Hanaa et al., 2016). They  reported that the 
highest value of head yield was recorded by application of 75% mineral + 25% organic of the 
recommended fertilizer units. Integrated application of biological, mineral and organic fertilizers led 
to the highest content of total, main and secondary heads yield compared to the other treatments, 
which may be due to the induced enhancement of soil fertility and nutrient supply. Sharma et al. 
(2008) found similar results. They recorded the highest values of apical and lateral heads weight of 
broccoli when applying Azotobacter with recommended practice (100% NPK + 20 t/ha of cow 
manure) compared to the recommended practice (100% NPK + 20t/ha of cow manure). 
 
3. Head quality:  
 

Quality of Chinese cabbage heads expressed as diameter and height was affected by the 
interaction of bio and mineral fertilization (Table 5).The highest head diameter and height were 
obtained by mineral k fertilization lonely (E1). In addition, the lowest quality values were obtained by 
E2 (50% mineral K + one milagro spray). E2 or E3 equations produced higher quality of head yields. 
Biofertilization combined with 50% mineral K + two or three sprays resulted in higher values of head 
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Table 5: Effect of interaction (bio-fertilizer x mineral K levels with sprays number of Milagro) on vegetative growth and total head yield of Chinese cabbage. 
 

K bio - 
fertilizer 

K mineral 
fertilizer 

(unit/fed.) & 
(Milagro) 

Plant 
height 
(cm) 

Stem 
length 
(cm) 

Leaves 
No./plant 

Fresh weight (g/ plant) Dry weight (g/ plant) Head Quality 
Head 
yield 

(ton/fed.) 
Outer 
leaves 

Inner 
leaves 

Outer 
leaves 

Inner 
leaves 

Stem Total 
Outer 
leaves 

Inner 
leaves 

Stems 
Head 
dia. 
(cm) 

Head 
height 
(cm) 

First season (2013/2014 ) 

W
it

h
o

u
t E1 26.00 10.67 10.33 30.33 217.73 220.92 74.21 512.86 21.13 14.24 15.78 9.40 8.17 4.308 

E2 18.33 13.33 5.00 33.67 67.86 159.04 59.23 286.12 16.18 17.55 10.91 8.17 7.03 2.403 
E3 24.67 10.00 7.00 30.00 145.10 174.85 38.17 358.12 20.05 31.24 11.59 7.27 5.67 3.008 

E4 23.67 12.00 6.00 29.67 136.65 199.68 49.77 386.10 20.45 31.05 14.26 8.33 7.47 3.243 

B
. s

il
ic

a
te

s E1 30.67 16.67 7.00 33.67 335.26 458.68 103.77 897.66 21.92 14.39 16.17 11.03 10.1 7.540 

E2 29.00 16.00 5.67 35.33 316.69 348.46 120.96 786.11 19.72 12.15 16.38 9.73 8.33 6.603 
E3 29.67 14.00 5.33 32.67 217.02 440.72 73.69 731.43 15.48 32.82 15.73 10.73 9.90 6.144 

E4 33.67 13.00 7.00 30.67 294.47 439.20 66.70 800.37 24.33 29.38 16.24 10.40 9.37 6.723 

 L.S.D at 0.05 2.72 1.04 0.97 N.S. 26.92 17.29 7.37 34.37 1. 26 N.S. 1.51 0.73 0.75 0.289 
Second season (2014/2015 ) 

W
it

h
ou

t E1 24.50 9.42 9.83 28.83 207.98 212.67 70.71 491.36 19.67 12.74 14.53 8.67 7.67 4.127 

E2 16.83 12.08 4.50 32.17 58.11 150.79 55.73 264.62 14.75 16.05 9.66 7.42 6.53 2.223 

E3 23.17 8.75 6.50 28.50 135.35 166.60 34.67 336.62 18.58 29.74 10.34 6.52 5.17 2.828 
E4 22.17 10.75 6.00 28.17 126.90 191.43 49.61 367.93 18.95 29.55 13.01 7.58 6.97 3.091 

B
.s

il
ic

at
es

 E1 28.50 15.42 6.00 32.67 332.17 450.38 100.27 882.83 21.42 12.89 14.92 10.28 9.60 7.416 

E2 27.50 14.75 4.67 34.33 306.64 340.21 117.46 764.61 18.22 10.65 15.13 8.98 7.83 6.423 

E3 28.17 12.75 4.33 31.67 207.27 432.47 70.19 709.93 13.98 31.32 14.48 10.02 9.4 5.963 

E4 32.17 11.75 6.00 29.67 284.72 430.95 63.20 778.87 22.83 27.88 14.99 9.65 8.87 6.542 

 L.S.D at 0.05 1.29 0.77 0.71 N.S. 9.52 6.13 3.29 13.81 0.65 N.S. 0.76 0.69 0.70 0.116 
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height and weight, respectively. These results were similar in the two seasons of the experiment. NPK 
level of 120-90-60 kg per hectare significantly performed better with regard to head weight (1.05 
kg/plant), head diameter (24.46 cm/ plant) head length (24.66 cm/plant) and marketable heads (13770 
Kg/ ha).Interaction between bio-fertilizer and mixture of mineral and organic fertilizers significantly 
influenced physical and chemical quality of broccoli heads. Head diameter, height, mean weight and 
number of stalks per head recorded their highest value by application of Azotobacter + Arbiscular 
mycrrohyzae and 75% mineral + 25% organic of the recommended fertilizer units without any 
significant differences with application of 100% mineral of the recommended fertilizer units + 
Azotobacter + Arbiscular mycrrohyzae.  

Many investigators came to similar results with vegetable crops. Anburani and Manivannan 
(2002) found that farmyard manure at 25t/ha with 100% NPK of mineral fertilizer + bio-fertilizers 
produced the highest fruit set percentage and number of fruits of eggplant. Devi et al. (2002) 
mentioned that the highest values of fruit weight, number of fruits per plant of eggplant was obtained 
by application of 50% nitrogen + 25% poultry manure + bio-fertilizers. Hanaa, (2016) reported that 
chemical quality of broccoli heads expressed as vitamin C, chlorophyll, carotenoids, total phenols, 
total flavonoids, protein, dry matter contents and free radical scavenging activity were widely 
influenced by the combined effect of bio, mineral and organic fertilization. The highest values of 
chlorophyll, carotenoids, protein and dry matter content were produced by application of 75% mineral 
+ 25% organic of the recommended fertilizer units + Azotobacter + Arbiscular mycrrohyzae. On the 
contrary, the highest values of vitamin C, total phenols, total flavonoids and free radicals cavenging 
activity were obtained by application of 25% mineral + 75% organic of the recommended fertilizer 
units and the non-inoculated plants. Chaterjee et al. (2005) mentioned that the organic sources of 
nutrition produced significantly better quality of broccoli head parameters than inorganic sources. The 
highest ascorbic acid content was obtained in heads of plants which treated with mustard oil cake + 
bio-fertilizer II (Azotobacter + Vesicular Arbuscular Mycorrhizae + Potashmobilizer). Abd El-
Moniem et al. (2012)mentioned that the highest total phenol, total flavonoid contents and free radical 
scavenging activity were recorded in broccoli plants that treated by 50% mineral NPK + 50% Organic 
NPK followed by treatment (50% mineral NPK + 50% organic fertilizer + Bio fertilization compared 
to control (100% NPK).  
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	2. Total heads yield:
	Total heads yield was widely affected by k fertilization treatments (Table 4). The highest total head yield was obtained by 100% mineral K fertilization without milagro (E1).The lowest head yield was obtained by E2 (50% mineral + one milagro spray). Total head yield of E3 (50% mineral + two milagro sprays) did not reflect significant increase compared with E2.E4 (50% mineral + three milagro sprays) resulted significant yield increases compared with both E2 and E3.The highest total head yield was obtained by 100% mineral K fertilization without milagro. Spraying red cabbage plants with milagro one, two or three sprays + 50% mineral fertilization increased head yield progressively. These increases did not reach head yield of 100% mineral K only. Results indicated that the total head yield was superior when k fertilization is balanced with the other fertilizers (E1 100% mineral K fertilization).Lower head yield was recorded when k and other nutrients were imbalanced. These results were similar in the two seasons of the experiment. Results of the total head yield followed the same trend of the vegetative growth. Since total yield is the function of vegetative growth, photosynthetic activity and dry matter accumulation, these results followed the same trend of those of the vegetative growth and dry matter accumulation. These increases in head yield might be due to the increases in the green surface of the vegetative growth of the treated plants which resembles increases in the photosynthetic surface of the green plants. In addition, it might be due to the resulting increases in the fresh and dry weights of the total plant and its organs, i.e. outer and inner leaves and stems. The wider green surface, higher rates of photosynthesis and photosynthetic activity and higher amounts of carbohydrates and other photosynthetic products. Consequently, condensation of higher levels of photosynthetases in plant tissues. These favorable conditions creates suitable conditions for obtaining higher head yield of Chinese cabbage. Many investigators' came to similar results with foliar fertilization. Foliar fertilization with Amino Magnical, Amino Tec and Root most increased total yield of onion crop (Mona and Abou El-magd, 2015). Foliar fertilization was followed for obtaining higher yields of snap beans, broccoli and onions (Fawzy et al., 2010; Hassan et al., 2013 and Mona and AbouEl-Magd, 2015, respectively). Similar results were obtained by foliar application of vigimax stimulant on broccoli (Abou El-Magd and Zaki, 2018). Ni Wuzhong (1996) results indicate that K application can enhance head yield of Chinese cabbage through increasing shoot biomass and proportion of head yield in shoot biomass. It also can be found that head yield is significantly correlative to the amount of dry matter accumulation which means that the production of head yield is based on the accumulation of dry matter in head. The growth rate of K fertilizer on head yield declines with the increase in the dose of K supply, but with the analysis of economic benefits, the adequate rate of K2O for Chinese cabbage is in 180 to 240 kg/ha, which can be regarded as a reference to K fertilization in production of Chinese cabbage. Emilia Atanasova et al. (2007) in a trial included mineral fertilizer, farmyard manure and foliar fertilizer found that the highest yield values of cabbage were obtained with mineral fertilization. 
	Muhammad Din et al. (2007) in Northern Pakistan reported that NPK level of 120-90-60 kg per hectare significantly performed better with regard to head weight (1.05 kg/plant), head diameter (24.46 cm/plant) head length (24.66 cm/plant), marketable heads (13770 kg/ha) and head yield (35170 kg/ha) compared with the control.
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