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ABSTRACT  
            Two field experiments were conducted in newly reclaimed soil for two successive winter 
seasons during 2016/2017 and 2017/2018 at El-Nubaria, El-Beheira Governorate, Egypt, to study the 
effect of bio-fertilizer treatments (phosphorine and Bacillus megaterium ) and/ or  four levels of 
mineral phosphorus , i.e. 0, 25, 50 and 75 kg P2O5 per fed. on the plant growth, nutrients content , 
green yield and quality of sweet fennel. Bio-fertilizer (phosphorine) treatment recorded higher 
vegetative growth expressed as plant height; leaves number, fresh and dry weight of leaves, bulbs and 
total plant. Phosphorine treatment also resulted in higher concentrations of N, P and K in plant leaves 
and bulbs, higher green yield with better bulb quality. The highest vegetative growth characters; N, P 
and K concentration of the leaves and bulbs; total green yield and quality were obtained by plants 
which received mineral phosphorus at 75 kg P2O5 / fed. Lower values were obtained parallel with the 
lower mineral phosphorus rates (50 and 25 kg P2O5 / fed.) The lowest values were obtained by those 
plants which did not receive phosphoru fertilizer. Significant increases in vegetative growth and green 
yield were obtained by the interaction treatments within bio-fertilizers and mineral phosphorus rates. 
The highest vegetative growth; N, P and K concentrations in the leaves; green yield and bulb quality 
were obtained by applying phosphorine and Bacillus megaterium combined with 75 kg P2O5/ fed 
mineral phosphorus. The lowest values were obtained by the control treatment. Other interaction 
treatments recorded lower values ranging in between these two values.  
 
Keywords: Sweet fennel, Phosphorus, mineral fertilizer, bio-fertilization; Bacillus megaterium; 

phosphorine,  Vegetative growth, bulb yield, bulb quality, micro-nutrients, N, P, K. 

 
Introduction 

In Egypt, great efforts paid for spreading and cultivation of untraditional vegetables. 
Agriculture scientists and scientific centers do their best in transferring technologies of growing, 
marketing and industrial technology of apical and cruciferous vegetable crops. In the recent decades 
more interests has been noticed in the cultivation and production of un-traditional vegetable crops for 
the local consumption and export purposes. Many research projects were determined for definition 
and research purposes of the untraditional crops (sweet fennel, broccoli, Chinese cabbage, Brussels 
sprouts and kohlrabi. Sweet fennel is one of the most promising new crops in Egypt. It is considered 
as one of the most important economic medicinal and aromatic plants grown within the Mediterranean 
region (Kandil, 2002). The cultivated area in Egypt amounted to 2000 - 3000 feddan and its export 
value reached 10 million US $ according to the Ministry of Agriculture Statistics. 
           Fennel is a member of the family Apiaceae. It is classified into two subspecies vulgare and 
piperitum. The most important cultivated fennel cultivars belong to subspecies vulgare. Sweet fennel 
is a variety group with inflated leaf bases which form an edible bulb-like structure (swollen base). 
Due to medicinal and aromatic compounds content of fennel, it is widely used in culinary preparation 
as a flavoring agent, food and beverages industries, perfumery industries, scenting soaps and 
cosmetics industries and in other industries, as well as in confectionery. Also in phytotherapy and 
pharmaceutical purposes (Blumenthal et al., 2000). It is also considered as a spice due to terpenic 
compounds isolated from its fruit volatile oil (Abdallah et al., 1978). 
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           Phosphorus is considered as an important plant macronutrient, making up about 0.2 % of a 
plant’s dry weight. It is one component of key molecules such as nucleic acids, phospholipids and 
ATPs. It is involved in several plant functions, including controlling enzyme reactions, regulation of 
metabolic pathways, energy transfer, photosynthesis and transformation of carbohydrates as well as 
formation of oils (Marschner, 1995). Phosphorus is added to cultivated soil in different forms as 
mineral or organic to ensure plant productivity. The soluble phosphorus in these fertilizers is quickly 
turns into unavailable form for plant uptake because of adsorption, precipitation, or conversion to the 
organic form (Holford, 1997). This problem is well known especially in newly reclaimed areas in 
Egypt where, sandy and calcareous soils are exist (El-Gamal and Abdel Nasser, 1996). Therefore, 
intensive application of phosphate fertilizers is a routine work necessary to supply the plant with the 
required amount of phosphorus (Mehana and Abdul Wahid, 2000 and Zaki et al., 2011). 
           Many investigators proved that phosphorus source even as mineral or organic is urgently 
needed to enhance plant growth, bulb yield and produce acceptable amounts of essential oils with 
sufficient quality in sweet fennel plants (Kandil, 2002; Rai et al., 2002; Kapoor et al., 2004; Abou El 
Magd et al., 2005 and 2008; Badawi et al., 2005a and b and Fawzy et al., 2006.Tank et al., 2007; 
Osman, 2009; Zaki et al., 2010 and Zaki et al., 2011). Moreover, Abd El-Salam (1999) indicated that 
increasing phosphorus fertilization rates caused an increase in plant height, number of branches/plant, 
dry weight of different plant organs and minerals (N, P and K) uptake in sweet fennel plants. 
            This study was undertaken to study the combined effect of bio-fertilizers and mineral 
phosphorus levels on vegetative growth, mineral content, green yield and bulb quality of sweet fennel. 

Material and Methods 

             Seeds of sweet fennel (Foeniculum vulgare Mill. cv. cv. De florence) were sown in the 
nursery of the research and agricultural production station of the National Research Centre, El-
Nubaria, El-Behera Governorate, Egypt. Foam trays filled with a mixture of peat moss and 
vermiculite (1:1 v/v) media during the first week of September in both seasons of 2016/2017 and 
2017/2018. After sowing, trays were subjected to mist up to moister. Every six trays were vertically 
compacted in a stack and wrapped with plastic sheets for three days under the greenhouse conditions. 
All the agricultural practices required for seedling production in the nursery were followed allover 40 
days. Uniform fennel seedlings were transplanted into the open field in the second week of October in 
both seasons. Seedlings were planted on ridges of 75 cm width, 10 m length and 50 cm apart on both 
sides of the ridge. Each experimental plot included five ridges with a net area of 50 m2.  
            Physical and chemical properties of the experimental soil are presented in Table (1). In 
addition chemical analysis, organic matter and dry matter percentages as well as moisture percentage 
of compost manure added to experimental soil in the two seasons of 2016/2017 and 2017/2018 are 
presented in Table (2). 
 
Experimental Soil Preparation and Treatments Distribution: 

Experimental soil was prepared two weeks before seedlings transplanting. During preparation 
processes compost manure was spread out in the ridge and phosphorus fertilizer (calcium super 
phosphate (15.5% P2O5) were applied at a rate of 0, 25, 50 and 75 kg P2O5 per fed. (Feddan = 0.40 
ha.). Nitrogen and potassium fertilizers were added at a rate of 100 N units/ feddan, as ammonium 
nitrate (33.5%) and 40 K2O units/ fed. as potassium sulphate (48%), respectively. These amounts of 
fertilizers were divided into three equal doses added beside the plants during the growing period at 30, 
60 and 90 days after transplanting date. 
 
Microbial Cultures and Bio-fertilizers Inoculation: 

Two cultures (Phosphorine and Bacillus megaterium) were used as bio-fertilizer treatments. The 
recommended dose of phosphorine was mixed with part of soil and applied alone at soil subsurface 
near the plant roots after two weeks from transplanting. Bacillus megaterium was grown in batch 
cultures for 6 days period at 28-30oC to reach late exponential phase and achieve a cell suspension of 
4 x 108 cfu and added alone at a rate of 50 ml/ seedling to the soil surface beside plants after two 
weeks from transplanting. Control plants were grown without bio-fertilizer. All bio-fertilizers cultures 
were kindly provided by the Unit of bio-fertilizers, Agricultural Microbiology Department, National 
Research Centre, Dokki, Egypt. 
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Table 1: Physical and chemical properties of the experimental soil during the two seasons of 
2016/2017 and 2017/2018.  

A. Physical properties 

Season Sand % Clay % Silt % Soil texture 

2016/2017 91.20 5.10 3.70 Sandy 

2017/2018 92.33 4.78 2.95 Sandy 
B. Chemical properties 

Season 
E.C. 

(mmohs/cm3) 
pH 

OM 
(%) 

CaCO3 
(%) 

Cations ( Meq./L ) Anions ( Meq./L ) 

Ca++ Mg++ Na+ K + CO3
2- HCO3

- Cl - SO4 2 - 

2016/2017 0.30 7.80 0.30 10.2 1.00 0.20 0.80 0.39 Nil 1.00 1.00 0.39 

2017/2018 0.50 7.88 0.50 10.8 1.20 0.26 0.82 0.43 Nil 1.10 1.20 0.41 

 
Table 2: Chemical analysis of compost manure during two seasons (2016/2017 and 2017/2018). 

 
Experimental Design and Statistical Analysis: 

The experiment was arranged in a split plot design with four replicates, where bio-fertilizers 
were assigned in the main plots, while phosphorus rates were randomly distributed in the subplots. 
The obtained data were tabulated and subjected to statistical analysis and the different means were 
verified according to LSD test at 5% level according to the method described by Snedecor and 
Cochran (1980). 
 
Measured Parameters: 
 
A. Microbial Counts:  

Soil samples were taken every 30 days, up to 120 days, to record the total microbial counts by 
plating on Nutrient agar (Difco Manual, 1977). B. megaterium was done by plate count on modified 
Alexzandrof medium (Zahra et al., 1984) and Bunt and Riviera medium (Zahra, 1969), respectively.  

 
B. Vegetative Growth:  

Ten plants were chosen randomly from each subplot at 120 days after transplanting date and 
transferred to laboratory to record the following data:- 
1) Plant height (cm). 
2) Leaves number per plant. 
3) Fresh weights of leaves, bulb and total plant (g/plant).  
4) Dry weights of leaves, bulbs and total plant (g/plant).  
5) Bulb dimensions: thickness, width and length (cm). 
 
C: Nutrients Content:  

Nitrogen, phosphorus and potassium were determined in acid digested solution of dried plant 
samples (leaves and bulbs). Total nitrogen and phosphorus were determined using the micro Kjeldah 
method and colorimetric method using spectro-photometer (SPECTRONIC 20 D, Milton Roy Co. 
Ltd., USA), respectively, according to the procedure described by Cottenie et al. (1982). Potassium 
content was measured using flame photometer method (JENWAY, PFP-7, ELE Instrument Co. Ltd., 
UK) as described by Chapman and Pratt (1982). 

2017/2018)(                    (2016/2017) Mineral content  

2.46  2.20  N % 
1.80 0.91 P %  
2.37 1.40 K % 
7.40 4.29  C/N ratio       
46.5 28.1  D.M %   

27.00  16.3  O.C %  
0.90 1.10  Cd ppm 
0.92 0.89  F ppm 

17.48 17.20  Humidity%  
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D: Total Green Yield: 
At green maturity stage, all sweet fennel plants from each subplot were harvested to record total 

green yield which interpreted as ton/ feddan. 
 

E. Physical Bulb Quality: 
Five sweet fennel plants of each subplot were randomly chosen from those plants used for 

recording total green yield. Bulbs of such plants were excised by cutting 5 cm above the bulb using a 
sharp stainless steel knife. Also, roots were excised and the outer-leaf was removed for obtaining 
clean bulbs. Afterwards, flatten, cylinder and elongated shape ratios of bulbs were calculated 
according to Pascale and Barbieri (1995) as follows: 
• Flatten shape ratio = W / T 
• Cylinder shape ratio = L / (WT) 0.05 
• Elongated shape ratio = L / W 
Where: W, width (cm); T, thickness (cm); L, length (cm) 
 
Results and Discussion 
 
I. Microbiological Determinations: 
 
A. Effect of bio-phosphorus fertilization:  

The effect of bio-fertilizers on total microbial count during sweet fennel growth is shown in 
Table (3). It is clear from the data that bio-fertilizer has a profound effect on total microbial count 
under sandy soil conditions. The highest figures were generally in the treatments which received 
phosphorine. Addition of bio-fertilizer resulted in significant increase in total microbial flora in nearly 
all treatments. It is also clear that total microbial flora increased with plant growth reaching their 
highest figures at 120 days from transplanting. The highest figure was in the treatment receiving 
phosphorine inoculation. Figures of the second season showed the same trend of those observed in the 
first season. 
 
Table 3: Effect of bio-fertilization on bacterial total microbial count and B. megaterium count 

percentage during two seasons (2016/2017 -2017/2018). 

Phosphate 
bio-fertilizer 

 

Bacterial  total count B. megaterium count 
 (x 106/g soil)  (x 105/g soil) 

Days of plantation Days of plantation 
0 30 60 90 120 0 30 60 90 120 

First season (2016/2017)  
Without bio. 0.90 1.77 3.00 3.38 8.14 0.22 0.26 0.45 0.55 0.23 
Phosphorine 1.40 2.48 4.79 5.58 8.67 0.77 0.98 1.61 1.98 0.81 
B. megtarium 1.33 2.45 4.77 5.35 8.00 0.87 1.10 1.92 2.28 0.91 
  L.S.D. at 0.05 0.09 0.13 0.26 0.17 0.33 0.10 0.15 0.25 0.22 0.12 

Second season (2017/2018)  
Without bio. 0.34 1.64 3.25 3.90 7.25 0.31 0.40 0.67 0.80 0.33 
Phosphorine 0.45 2.25 4.75 5.98 8.62 1.09 1.38 2.40 2.84 1.12 
B. megtarium 0.44 2.17 4.57 5.61 8.53 1.22 1.53 2.71 3.23 1.95 
  L.S.D. at 0.05 0.03 0.14 0.24 0.23 0.22 0.15 0.20 0.36 0.40 0.15 

             
These figures are in accordance with those observed by Abdelhafez and Abdel-Monsief (2006) 

on cantaloupe and cucumber. Zaki et al., 2010 working on sweet fennel reported that total microbial 
counts in the rhizosphere were significantly higher in the inoculated plants with VA mycorrhizal fungi 
than in the un-inoculated ones.  
           Moreover, the data in Table (3) show that B. megaterium counts followed the same trend of the 
total microbial flora where the highest counts were observed in the treatment which received B. 
megaterium. Also, the total count of B. megaterium increased with plant growth reaching their 
maximum at 90 days from transplanting. 
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B. Effect of mineral phosphorus:  
Data in Table (4) showed that, their counts for both seasons increased with the increase of plant 

growth reaching their maximum after 120 days from transplanting. It is clear also that the treatment of 
75 P2O5/ feddan gave the highest figure reaching 9.33 x 106 cfu/ g dry soil for this treatment. Similar 
trends were recorded. These figures are in accordance with those observed by Abdelhafez and Abdel-
Monsief (2006) on cantaloupe and cucumber. Zaki et al., 2010 working on sweet fennel reported that 
total microbial counts in the rhizosphere were significantly higher in the inoculated plants with VA 
mycorrhizal fungi than in the un-inoculated ones.  
           Moreover, the data in Table (3) show that B. megaterium counts followed the same trend of the 
total microbial flora where the highest counts were observed in the treatment which received B. 
megaterium. Also, the total count of B. megaterium increased with plant growth reaching their 
maximum at 90 days from transplanting.  
 
Table 4: Effect of mineral phosphate rates on bacterial total microbial count and B. megaterium count 

percentage during two seasons (2016/2017-2017/2018). 
Phosphate Bacterial  total count B. megaterium count 

rates  (x106/g soil)  (x 105/g soil) 
(P2O5/ fed.) Days of plantation Days of plantation 

  0 30 60 90 120 0 30 60 90 120 
First season (2016/2017)  

0 1.02 1.62 1.63 2.08 8.14 0.36 0.41 0.74 0.90 0.37 

25 1.10 2.01 2.20 2.61 8.67 0.52 0.62 1.05 1.26 0.53 

50 1.23 2.18 2.44 3.02 9.00 0.62 0.84 1.44 1.66 0.69 

75 1.33 2.49 3.03 3.63 9.33 0.70 0.99 1.62 2.03 0.76 

  L.S.D. at 0.05 0.08 0.17 0.22 0.17 0.25 0.04 0.06 0.07 0.12 0.05 
Second season (2017/2018)  

0 0.31 1.28 2.66 3.42 7.01 0.52 0.60 1.09 1.31 0.63 

25 0.33 1.64 3.60 4.42 7.71 0.75 0.85 1.52 1.82 0.89 

50 0.39 1.99 4.08 4.89 8.05 0.88 1.19 2.04 2.41 1.31 

75 0.48 2.28 5.00 6.09 8.66 0.98 1.39 2.38 2.82 1.36 

  L.S.D. at 0.05 0.04 0.13 0.33 0.23 0.34 0.06 0.06 0.10 0.12 0.10 

 
C. Effect of the interaction:  

Data in Table (5) showed significant differences in total bacterial count with the interaction 
treatments. The highest bacterial total count was obtained by the combined effect of 75 P2O5/ feddan 
with phosphorine inoculation compared with other interaction treatments. Bio-fertilization with 
phosphorine resulted significantly higher microbial densities compared with treatment without bio-
fertilization. The highest figures of B. megaterium were observed after 90 days of transplanting in the 
treatment receiving 75 P2O5/ feddan. Figures obtained in the second season are in harmony with those 
of the first season with respect to bio and P rates fertilizers and also for stages of plant growth. 

Table (5) also showed the effect of phosphate bio-fertilizers and mineral phosphate rates on the 
densities of bacterial total microbial count and B. megaterium percentage in sweet fennel rhizosphere. 
It is clear from the data that B. megaterium count followed the same trend as total microbial count 
with respect to both mineral phosphate rates and bio-fertilization treatments. Inoculation with B. 
megaterium resulted in   significant increase in their densities in both seasons and under different 
fertilization treatments. 

 It is also clear that the densities of B. megaterium increased in the rhizosphere with the 
increase in plant growth reaching the highest figure after 90 days in all treatments for both seasons.  

The progressive increase in the densities of B. megaterium with plant growth indicates that the 
inoculated organism was able to establish itself in the rhizosphere of sweet fennel. 
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Table 5: Effect of the interaction between phosphate bio-fertilizers and mineral phosphorus rates on 
bacterial total count and B. megaterium count percentage during two seasons (2016/2017- 
2017/2018). 

Phosphate Phosphate Bacterial  total count B. megaterium count 
bio- rates  (x 106/g soil)  (x 105/g soil) 

fertilizers (P2O5/ fed.) Days of plantation Days of plantation 
    0 30 60 90 120 0 30 60 90 120 
    First season (2016/2017)  

Without  
bio. 

0 0.39 0.68 0.79 0.94 8.23 0.14 0.15 0.23 0.31 0.15 
25 0.66 1.51 1.64 1.93 9.05 0.18 0.23 0.33 0.43 0.19 
50 0.92 1.75 1.93 2.43 9.12 0.21 0.27 0.52 0.58 0.21 
75 1.22 2.33 2.81 3.08 9.53 0.24 0.33 0.56 0.68 0.27 

Phosphorine 

0 0.99 1.97 2.12 2.86 8.67 0.41 0.52 0.91 1.10 0.41 
25 1.16 2.26 2.28 3.03 9.10 0.66 0.77 1.30 1.55 0.66 
50 1.44 2.39 2.70 3.41 9.33 0.79 1.07 1.73 2.10 0.90 
75 1.56 2.73 3.23 4.00 9.78 0.89 1.24 1.97 2.55 0.93 

B.megtarium 

0 1.67 2.22 1.97 2.44 7.53 0.52 0.56 1.07 1.29 0.53 
25 1.47 2.24 2.68 2.86 7.87 0.72 0.86 1.52 1.80 0.74 
50 1.33 2.39 2.70 3.23 8.56 0.87 1.18 2.08 2.31 0.96 
75 1.19 2.42 3.05 3.80 8.67 0.98 1.40 2.34 2.88 1.09 

 L.S.D. at 0.05 0.14 0.30 N.S. 0.29 N.S. 0.07 0.11 0.12 0.20 0.09 
Second season (2017/2018)  

Without bio. 

0 0.24 0.65 1.28 1.55 5.26 0.22 0.26 0.38 0.44 0.22 
25 0.25 1.09 2.62 3.15 6.84 0.27 0.30 0.54 0.63 0.27 
50 0.30 1.52 3.09 3.97 7.21 0.30 0.41 0.69 0.86 0.34 
75 0.39 1.89 4.60 5.03 8.27 0.34 0.48 0.80 0.97 0.37 

Phosphorine 

0 0.34 1.61 3.50 4.70 7.70 0.64 0.71 1.36 1.59 0.64 
25 0.35 1.86 3.70 5.40 8.20 0.93 1.06 1.89 2.28 0.89 
50 0.43 2.31 4.73 5.43 8.60 1.10 1.50 2.55 2.93 1.20 
75 0.52 2.53 5.20 6.70 9.03 1.23 1.74 2.96 3.55 1.31 

B.megtarium 

0 0.35 1.56 3.19 4.00 8.07 0.70 0.82 1.52 1.89 1.02 
25 0.39 1.98 4.47 4.70 8.10 1.03 1.18 2.13 2.56 1.50 
50 0.44 2.13 4.40 5.27 8.33 1.24 1.66 2.87 3.45 2.38 
75 0.52 2.43 5.20 6.53 8.67 1.36 1.95 3.38 3.93 2.40 

 L.S.D. at 0.05 N.S. N.S. 0.57 0.40 0.59 0.10 0.10 0.18 0.21 0.18 

 
II. Vegetative Growth: 
 
A. Effect of bio-phosphorus fertilization:  

Data presented in Table (6) showed that bio-fertilization enhanced vegetative growth of sweet 
fennel plants. Inoculating sweet fennel plants by phosphorene or B. megtarium enhanced their 
vegetative growth in the two seasons of the experiment. The highest values of vegetative growth 
parameters, i.e. plant height, leaves number, bulb dimensions (thickness, width and length), fresh and 
dry weights of leaves, bulbs and whole plants were recorded by phosphorene inoculation followed by 
B. megtarium treatment. The lowest values of vegetative growth were recorded by the untreated 
plants. 

These increases in vegetative growth might be referred to the increase in the total count of 
micro flora in the root zone. Increases in vegetative growth might also be due to the increases in 
phosphorine and\or B. megtarium bacteria. Bio-fertilization of sweet fennel plants by inoculating 
plants with phosphorine or B. megtarium resulted in significant increases in the vegetative growth 
characters expressed as plant height, leaves number, bulb dimensions (thickness, width and length), 
fresh and dry weights of leaves, bulbs and total plants. Difference in bulb width character was not 
significant during the two seasons of this study. The increases in vegetative growth characteristics of 
sweet fennel plants was higher due to phosphorene treatment than B. megtarium treatment. 
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 Table 6: Effect of bio- phosphate on vegetative growth of sweet fennel plants during two seasons 
2016/2017 and 2017/2018. 

Bio- Plant Leave Bulb Bulb Bulb Fresh weight  Dry weight  
phosphate height No./ dia. height width (g / plant) (g /plant) 

  (cm) plant (cm) (cm) (cm) Leaves Bulbs Total Leaves Bulbs Total 
First season (2016/2017) 

Without  50.08 11.50 4.68 11.38 7.26 176.77 116.05 292.82 29.80 12.49 42.28 
Phosphorine 52.17 13.42 6.97 12.55 7.08 235.42 159.11 394.53 38.77 17.35 56.11 

B. megaturium 48.75 12.58 6.38 11.68 7.44 211.43 113.85 325.28 33.83 12.93 46.75 
L.S.D at 0.05 1.56 0.66 0.21 0.58 N.S. 5.19 7.92 7.99 1.85 1.09 2.69 

Second season (2017/2018) 
Without  53.58 12.50 5.58 12.22 7.86 183.11 119.55 302.65 31.63 13.60 45.23 

Phosphorine 56.67 15.13 7.53 13.30 7.68 240.92 162.61 403.53 41.11 18.71 59.82 
B. megaturium 51.25 13.58 6.78 12.47 8.04 216.93 118.18 335.11 36.20 14.18 50.39 

L.S.D at 0.05 0.56 0.42 0.27 0.25 N.S. 3.18 4.17 4.01 0.97 0.70 0.84 

 
Table 7: Effect of phosphate rates on vegetative growth of sweet fennel plants during two seasons 

2016/2017-2017/2018.  
Phosphate  Plant Leave Bulb Bulb Bulb Fresh weight  Dry weight  

rates height No./ dia. height width (g / plant) (g /plant) 
 (P2O5/ fed.) (cm) plant (cm) (cm) (cm) Leaves Bulbs Total Leaves Bulbs Total 

First season (2016/2017) 
0 45.67 11.00 4.17 10.66 6.00 153.91 77.62 231.53 22.25 9.22 31.47 

25 50.56 12.11 5.71 11.72 6.92 214.22 118.89 333.11 34.47 12.33 46.80 
50 52.11 13.22 6.41 12.24 7.30 222.93 154.39 377.32 39.19 17.13 56.32 
75 53.00 13.67 7.73 12.87 8.82 240.45 167.77 408.22 40.62 18.33 58.94 

L.S.D at 0.05 1.35 0.57 0.40 0.55 0.37 4.54 6.31 8.12 1.15 0.82 1.45 
Second season (2017/2018) 

0 49.83 12.17 4.57 11.41 6.60 159.41 82.23 241.64 24.03 10.30 34.33 
25 53.39 13.39 6.63 12.58 7.46 220.05 122.39 342.44 36.73 13.45 50.18 
50 55.61 14.39 7.18 12.99 7.97 228.10 157.89 385.98 41.03 18.47 59.50 
75 56.50 15.00 8.13 13.67 9.42 247.06 171.27 418.33 43.47 19.76 63.23 

L.S.D at 0.05 0.92 0.55 0.39 0.43 0.34 2.16 4.45 5.60 0.74 0.70 0.97 

       
            These increases in vegetative growth might be due to the increases in the densities of soil 
microbial flora which happened by bio-fertilization as it is shown in Table (3).The increase in the soil 
microflora accompanied by more activation in solubilization and availability of soil nutrients. These 
activities create favourable conditions for the root system to absorb and translocate water and 
nutrients to the green parts of the plant which encourage photosynthetic activities resulting denser 
vegetative growth.  Many investigators reported that bio-fertilization increased growth of sweet fennel 
plants (Badawi et al., 2005 a and b; Abou El magd et al., 2005 and 2008 ; Fawzy et al., 2006 on sweet 
fennel; Abdou et al., 2004; Badran and Safwat, 2004; Rupam et al., 2004; Darzi et al., 2006; Mahfouz 
and Shamf-Eldin, 2007; Zaki et al., 2009; Zaki et al., 2010 and Zaki et al., 2011). 
 
B. Effect of mineral phosphorus: 

 Application of mineral phosphorus enhanced vegetative growth of sweet fennel plants up to its 
highest level. The highest significant values of vegetative growth parameters were obtained by 
application of 75 P2O5/ feddan followed by 50 and 25 P2O5/ feddan treatments in a descending order, 
respectively. While, the lowest values were obtained by the untreated plants as shown in Table (7). 
The same trend was obtained in both seasons. Increases in vegetative growth were the direct effect of 
phosphorus which play an important role in biosynthetic activities 

Phosphorus is considered as an important plant macronutrient, making up about 0.2 % of a 
plant’s dry weight. It is one component of key molecules such as nucleic acids, phospholipids and 
ATPs. It is involved in several plant functions, including controlling enzyme reactions, regulation of 
metabolic pathways, energy transfer, photosynthesis and transformation of carbohydrates as well as 
formation of oils (Marschner, 1995). In addition, it resembles a maim component of fatty acids, lipids 
,lipoproteins and fats leading to increases in vegetative growth. Since sweet fennel contains 
considerable percentage of oil, phosphorus arises of great importance in growing and medical 
products of this crop. Many investigators stated that phosphorus is urgently needed to enhance 
vegetative growth of sweet fennel plants (Abou El Magd and Hussein, 1992; Kandil, 2002; Rai et al., 
2002; Kapoor et al., 2004; Tank et al., 2007; Osman, 2009; Zaki et al., 2009; Zaki et al., 2010; Zaki et 
al., 2011 on sweet fennel; Hassan et al., 2013 on broccoli and Tamer Anwar, 2013 on broccoli). 
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C. Effect of the interaction:  
Interaction of bio and mineral phosphorus enhanced vegetative growth of sweet fennel plants. 

Interaction treatments reflected significant differences on all the measured vegetative growth 
parameters, except for leaves number/ plant  and bulb height in the first season and bulb diameter in 
the second season (Table, 8). These results were similar in both seasons. 
            Generally, it could be noticed that the highest values of all vegetative growth parameters, i.e., 
plant height and bulb dimensions (thickness width and length) as well as fresh and dry weight of 
leaves, bulbs and total plant by the plants which inoculated by phosphorine and received 75 P2O5/ 
feddan in the two seasons. The lowest values of vegetative growth were obtained by the control 
plants. Values of vegetative growth of the other interaction treatments ranged inbetween these two 
values.  

  
Table 8: Effect of the interaction between bio-phosphate and phosphate rates on vegetative growth of 

sweet fennel plants during the two seasons of 2016/2017 and 2017/2018. 
Phosphate  Phosphate  Plant Leave Bulb Bulb Bulb Fresh weight  Dry weight  

Bio-  rates height No./ dia. height width (g / plant) (g /plant) 
fertilizer   (P2O5/ fed.) (cm) plant (cm) (cm) (cm) Leaves Bulbs Total Leaves Bulbs Total 

First season (2016/2017) 
0 46.67 10.67 3.57 9.40 5.13 112.06 40.75 152.81 18.63 5.31 23.94 

Without  25 51.00 10.67 3.67 11.63 7.43 187.92 121.28 309.20 30.26 11.03 41.29 
50 51.33 12.00 3.93 11.97 7.57 192.25 142.05 334.30 33.80 15.20 49.00 

  75 51.33 12.67 7.53 12.53 8.90 214.87 160.11 374.98 36.50 18.40 54.91 
0 49.33 11.33 4.70 11.93 6.30 190.61 105.00 295.61 24.68 9.85 34.54 

Phosphorine 25 51.33 13.33 7.03 11.97 6.37 233.66 134.24 367.89 37.28 13.89 51.17 
50 53.67 14.33 7.97 12.70 7.27 247.70 192.25 439.95 44.17 20.82 65.00 

  75 54.33 14.67 8.17 13.60 8.40 269.72 204.94 474.66 48.94 24.82 73.75 
0 41.00 11.00 4.23 10.63 6.57 159.05 87.10 246.15 23.44 12.50 35.94 

B. megaturium 25 49.33 12.33 6.43 11.57 6.97 221.08 101.16 322.23 35.88 12.07 47.96 
50 51.33 13.33 7.33 12.07 7.07 228.83 128.87 357.70 39.58 15.37 54.95 
75 53.33 13.67 7.50 12.47 9.17 236.77 138.27 375.04 36.41 11.76 48.16 

L.S.D at 0.05 2.34 N.S. 0.70 N.S. 0.64 7.86 10.93 14.06 1.99 1.43 2.51 
Second season (2017/2018) 

0 50.17 11.67 3.97 10.15 5.73 117.56 44.25 161.81 20.25 6.03 26.28 
Without 25 54.50 11.67 4.07 12.72 7.83 194.41 124.78 319.19 32.46 12.10 44.56 

50 54.83 13.00 6.33 12.72 8.37 196.75 145.55 342.30 34.49 16.44 50.93 
75 54.83 13.67 7.93 13.28 9.50 223.70 163.61 387.31 39.33 19.81 59.14 
0 55.83 12.83 5.10 12.68 6.90 196.11 108.50 304.61 26.59 10.83 37.43 

Phosphorine 25 53.83 15.17 8.10 12.72 6.97 239.16 137.74 376.89 39.59 15.11 54.70 
50 58.17 15.83 8.37 13.45 7.87 253.20 195.75 448.95 46.68 22.38 69.05 
75 58.83 16.67 8.57 14.35 9.00 275.22 208.44 483.66 51.58 26.51 78.10 
0 43.50 12.00 4.63 11.38 7.17 164.55 93.93 258.48 25.24 14.05 39.29 

B. megaturium 25 51.83 13.33 7.73 12.32 7.57 226.58 104.66 331.23 38.15 13.14 51.29 
50 53.83 14.33 6.83 12.82 7.67 234.33 132.37 366.70 41.92 16.59 58.51 
75 55.83 14.67 7.90 13.37 9.77 242.27 141.77 384.04 39.50 12.95 52.46 

L.S.D at 0.05 2.34 1.59 N.S. 0.67 0.74 0.59 3.74 7.70 9.70 1.29 1.21 

 
These results were the reflection of the high microbial flora in the soil of this treatment as it is 

shown in Table (5).The high microbial flora surrounding the root system creates higher solubility and 
more availability of nutrients enabling the root system to absorb and translocate more water and 
nutrients. These favourable conditions lead to higher vegetative growth of sweet fennel plants. On the 
contrary, the lowest values were obtained by sweet fennel plants which were un-inoculated with bio-
phosphorus and did not receive any calcium super phosphate. These finding were true in both seasons. 
These results are in agreement with those obtained by Rupam et al., (2004). Zaki et al. (2010) found 
that two Arbuscular mycorrhizal (AM) fungi Glomus macrocarpum and Glomus fasciculatum 
significantly improved vegetative growth. However, AM inoculation along with phosphorus 
fertilization significantly enhanced growth of plants compared to either of the components applied 
separately. Darzi et al. (2006) found that the interactions of two factors of mycorrhizal inoculation 
and phosphate bio-fertilizer on vegetative growth of fennel were significant. 
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II1.Nutrients content of plant leaves and bulbs: 
 
A.Effect of bio-phosphorus fertilization: 

 Bio-fertilization increased nutrients content of sweet fennel leaves and bulbs. Data presented in 
Table (9) demonstrated that, the N, P and K percentages in the tissues of sweet fennel leaves and 
bulbs were significantly increased by phosphate bio-fertilizer treatments compared with control. 
Moreover, the highest N, P and K percentages were recorded when the plants were inoculated by 
phosphorene. These results held well in the two seasons of study. Bio-fertilization increased the total 
bacterial count in the root zone. Consequently, activities of the denser bacterial count increased 
solubility and availability of nutrients in the root zone. These activities create favourable conditions 
for water and nutrients uptake by the root system and enhanced their translocation to the aerial parts 
of the plant. So that nutrients concentration became higher in the leaves and bulbs of sweet fennel 
plants. These results were in accordance with those reported by Abdou et al. (2004), Rupam et al. 
(2004) and Zaki et al., 2010 on sweet fennel. Other data on pepper infected with mycorrhizal fungus 
Glomuse intrardices showed that P content increased (Demir, 2004). Abdelhafez and Abdel-Monsief 
(2006) on cantaloupe and cucumber reported that N, P and K percentages reached their maxima with 
VA mycorrhizae infected plants.  
 
B. Effect of mineral Phosphate:  

Data presented in Table (10) indicated that mineral phosphorus fertilization increased nutrients 
content of sweet fennel leaves and bulbs. The highest values of N, P and K % in leaves and bulbs of 
sweet fennel plants were recorded by application of 75 P2O5/ feddan treatment compared with other 
rates of phosphate. Lower N, P and K concentrations were obtained by 50 and 25 P2O5 levees in 
descending order .The lowest concentrations of N, P and k were obtained by the control treatment. 
Increases in N, P and K concentration in the leaves and bulbs by mineral fertilization might be due to 
the great balance between these elements in the soil solution and through their absorption and 
translocation to the green parts of sweet fennel plants. So that increases in phosphorus concentration 
was accompanied by higher concentrations of N and K in the plant tissues. Similar results were 
obtained by Abd El-Salam (1999) on fennel plants and Wani and Konde (1998) found that, applying 
phosphorus of garlic enhanced the uptake of N and P. 
 
C. Effect of the interaction:  

Interaction between phosphate bio-fertilization and mineral phosphorus rates statistically 
affected on the N, P and K concentration in the tissues of sweet fennel leaves and bulbs as shown in 
Table (11). The obtained data reveals that, the interaction treatments significantly affected N, P and K 
uptake. These results held well in both seasons. Generally, it could be summarized that, the highest 
amount of N, P and K percentages in tissues were recorded when phosphorine treatment was 
combined with 75 P2O5/ feddan. On the contrary, the lowest N,P and K concentrations in leaves and 
bulbs were recorded by the control plants. Other  interaction treatments ranged inbetween these two 
values. Data revealed that the interaction results go in accordance with that of phosphorus bio-
fertilization and\or mineral nutrition . 
            These results were similar in both seasons and in agreement with those obtained by Rupam et 
al. (2004) on fennel found that two Arbuscular mycorrhizal (AM) fungi Glomus macrocarpum and 
Glomus fasciculatum significantly improved growth of Foeniculum vulgare Mill. However, AM 
inoculation of plants along with phosphorus fertilization significantly enhanced P-uptake of plants 
compared to either of the components applied separately. 
 
IV. Total Green Yield : 
 
A. Effect of bio-phosphorus fertilization:  

Total green yield of sweet fennel was increased by bio-fertilization. Data presented in Table (9) 
demonstrated that there were significant differences in the total green yield between bio-phosphorus 
treatments. Application of bio-fertilizer (phosphorine) recorded higher values of green yield compared 
with other treatments. Bio-fertilization resulted in statistical increases in the total green yield of sweet 
fennel. 
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            Increase in the total green yield due to bio-fertilization might be due to its positive effect on 
the vegetative growth and nutrients content of sweet fennel plants. Inoculating sweet fennel plants 
with phosphorine resulted in statistical increases in the total green yield in both seasons. Phosphorine 
treatment gave the highest values of total green yield (7.891and 8.071 ton/fed.) followed by B. 
megaturium treatment. Plants of the control treatment yielded the lowest values of total green yield 
(5.856 and 6.053 ton/fed.), in the first and second seasons, respectively. This increase in the total 
green yield due to inoculation with phosphorine amounted to 2.035 and 2.018 ton/fed which equals 
25.78 and 25.00 % of the control in the two seasons, respectively. These findings were similar and 
true in both seasons of study. These results were in agreement with those obtained by Rupam et al., 
(2004); Darzi et al. (2006) and Zaki et al. (2010) on sweet fennel.  
 
Table 9: Effect of bio- phosphate on total green yield and Physical and chemical bulb quality of sweet 

fennel plants during two seasons 
Phosphate  Total green Physical bulb quality Chemical bulb quality 

Bio- yield  Flatten Cylinder  Elongated  N (%) P (%) K(%) 
fertilizer  (ton/fed.) shape  shape shape Leaves Bulbs Leaves Bulbs Leaves Bulbs 
      ratio ratio ratio             

First season (2016/2017) 
Without  5.856 1.65 2.04 1.60 1.07 0.65 0.14 0.15 3.57 3.93 

Phosphorin 7.891 1.05 1.83 1.79 1.23 1.16 0.19 0.25 4.35 5.68 
B. megaturum 6.506 1.21 1.74 1.59 1.16 0.71 0.16 0.17 3.90 4.89 
L.S.D at 0.05 0.160 0.05 0.12 N.S. 0.02 0.02 0.01 0.01 0.07 0.15 

Second season (2017/2018) 
Without  6.053 1.48 1.92 1.58 1.09 0.69 0.19 0.20 3.61 3.98 

Phosphorin 8.071 1.06 1.79 1.74 1.26 1.19 0.25 0.31 4.40 5.73 
B. megaturum 6.702 1.22 1.72 1.57 1.19 0.75 0.21 0.22 3.95 4.94 
L.S.D at 0.05 0.080 0.03 0.06 0.07 0.01 0.02 0.01 0.01 0.19 0.05 

 
B. Effect of mineral phosphorus:  

Data shown in Table (10) indicated that mineral phosphorus fertilization enhanced the total 
green yield of sweet fennel. The highest green yield was obtained by the application of 75 P2O5/ 
feddan treatment .Lower values of green yield were obtained by the lower phosphorus levels. The 
lowest green yield was obtained by the untreated plants .The increment in the total green yield of 
sweet fennel due to the application of 75 P2O5/ feddan amounted to 3.533 and 3.534 ton/feddan which 
equals 43.27 and 42.24 % compared with the control in the first and second seasons, respectively. The 
heaviest total green yield was produced by 75 P2O5/ feddan treatment followed by 50 P2O5/ feddan 
treatment, while the lowest total green yield was recorded by the control. The obtained results may be 
due to the role of phosphorus in increasing vegetative growth of sweet fennel plants. These results 
were in agreement with those obtained by Abd El-Salam, (1999); Kapoor et al., (2004) and Zaki et 
al., (2010). 
 
Table 10: Effect of phosphate rates on total green yield and Physical and chemical bulb quality of 

sweet fennel plants during two seasons of 2016/2017-2017/2018. 
Phosphate  Total green Physical bulb quality Chemical bulb quality 

rates yield  Flatten Cylinder  Elongated  N (%) P (%) K(%) 
 (P2O5/ fed.) (ton/fed.) shape  shape shape Leaves Bulbs Leaves Bulbs Leaves Bulbs 

      ratio ratio ratio 
First season (2016/2017) 

0 4.631 1.45 2.14 1.78 0.92 0.68 0.14 0.17 2.66 3.89 
25 6.662 1.34 1.92 1.71 1.16 0.76 0.15 0.18 3.67 4.60 
50 7.546 1.27 1.85 1.68 1.23 0.90 0.18 0.20 4.28 5.64 
75 8.164 1.15 1.56 1.47 1.30 1.01 0.18 0.23 5.14 5.21 

L.S.D at 0.05 0.162 0.09 0.12 0.09 0.02 0.02 0.01 0.01 0.04 0.13 
Second season (2017/2018) 

0 4.833 1.45 2.09 1.73 0.95 0.71 0.19 0.22 2.71 3.94 
25 6.849 1.26 1.85 1.69 1.20 0.80 0.20 0.23 3.72 4.65 
50 7.720 1.13 1.73 1.63 1.26 0.94 0.23 0.24 4.33 5.69 
75 8.367 1.17 1.56 1.46 1.31 1.05 0.24 0.28 5.18 5.27 

L.S.D at 0.05 0.112 0.10 0.10 0.07 0.03 0.02 0.01 0.01 0.14 0.04 

          
These results might be due to the increases in vegetative growth and nutrients content of leaves 

and bulbs with mineral phosphorus treatment. Increases in total green yield also might be due to the 



Curr. Sci. Int., 8(1): 147-160, 2019 
ISSN: 2077-4435 

157 

increases in the soil flora in the root zone resulting by bio-fertilization leading to increases in 
vegetative growth, nutrients content and higher dry matter accumulation as it is shown in Table (4). 
These results were similar in both seasons of the experiment. These results were in agreement with 
those obtained by Abd El-Salam, (1999); Abou Zeid et al., (2005) and Zaki et al., (2010) on fennel. 
 
C. Effect of the interaction:  

Interaction between phosphate bio-fertilization and mineral phosphorus affected statistically 
total green yield of sweet fennel (Table 11). These results held well in the two experimental seasons. 
Generally, it could be concluded that, the highest total green yield of sweet fennel plants was recorded 
by the combined effect of phosphate bio-fertilizer (phosphorine) treatment and the rate of 75 P2O5/ 
feddan in the two seasons of this study. On the contrary, the lowest total green yield of sweet fennel 
plants was recorded by the control plants .Values of total green yield of the other interaction 
treatments ranged inbetween these two values. These results indicate that bio-phosphorus and mineral 
phosphorus rates act dependently. These results were parallel with those of vegetative growth and 
nutrient content of sweet fennel leaves. These results are expected in the light of the fact that the green 
yield is the function of the vegetative growth ,dry matter accumulation and nutrients content. 
            These results were in agreement with those obtained by Rupam et al. (2004) on sweet fennel 
found that VAM inoculation of plants along with phosphorus fertilization significantly enhanced yield 
compared to either of the components applied separately. Darzi et al. (2006) found that the 
interactions of two factors of mycorrhizal inoculation and phosphate bio-fertilizer on yield of fennel 
were significant. 
 
V. Physical bulb quality:  
 
A. Effect of bio-phosphorus fertilization:  

Bio-fertilization improved bulb quality of sweet fennel plants (Table 9). There were significant 
differences in bulb shape (flatten, cylindrical and elongated shape) between phosphate bio-
fertilization treatments in both seasons. Bio-fertilization with phosphorine caused significant 
decreases in flatten shape ratio and increases in cylindrical and elongated shape ratios of sweet fennel 
bulbs. The depression in the flatten shape bulbs means that bio-fertilized bulbs tended to be round in 
shape more than flattening .The decrease in cylindrical shape ratio and increase in elongated shape 
bulbs means increases in the round bulbs .This trend is considered an improvement in quality of 
fennel bulbs. Consequently, bio-fertilization increased the exportable yield of sweet fennel crop (El-
Shakry, 2005). Higher values of flatten shape ratio and lower values of elongated shape were recorded 
by the un-inoculated plants followed by B. megaterium treatment. So that, lower quality bulbs were 
obtained by these treatments. Results were similar in the two seasons of the experiment. These results 
were in accordance with those reported by Zaki, et al. (2010).  
            The decrement in the flatten shape ratio and the increment of the cylinderical and elongated 
shapes mean that bulbs tended to be round in shape by phosphorine treatment. This reflected an 
improvement of bulbs quality as well as increasing the exportable bulbs of sweet fennel. These results 
were completely similar in both seasons.    The obtained results were in good accordance with those 
reported by Zaki et al., (2009) and Zaki et al.,( 2010).  
 
B. Effect of mineral phosphorus:  

Data shown in Table (10) indicated that mineral phosphorus application recorded lower values 
of flatten shape. Cylindrical elongates ratios determined the round shape of sweet fennel bulbs. So 
that, mineral phosphorus improved and increased the round shape of bulbs up to 75 P2O5/ feddan. 
Applying mineral phosphate at a rate of 75 P2O5/ feddan did not improved physical bulb quality of 
sweet fennel plants. The similar trends were obtained in both seasons. Sweet fennel plants that 
receiving mineral phosphorus recorded low  values of physical bulb quality (flatten, cylindrical and 
elongated shape) but the round shape was increased. Results indicated that mineral phosphorus 
fertilization resulted in higher bulb quality. Similar results were obtained by Kandil, (2002) and Zaki 
et al., (2010). 
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C. Effect of the interaction:  
The interaction between bio-fertilization treatments with mineral phosphorus rates recorded 

differences in physical bulb quality of sweet fennel plants (Table 11). Generally, it could be stated 
that the highest values of bulb quality of sweet fennel bulbs were recorded by plants which inoculated 
by phosphorine with 75 P2O5/ feddan. Lower bulb quality was recorded by the other interaction 
treatments. The lowest values were obtained by the control plants. 
 
Table 11: Effect of the interaction between bio-phosphate and phosphate rates on total green yield 

and Physical and chemical bulb quality of sweet fennel plants during two seasons of 
2016/2017 and 2017/2018. 

Phosphate  Phosphate  Total green Physical bulb quality Chemical bulb quality 
Bio-  rates yield  Flatten Cylinder  Elongated  N (%) P (%) K(%) 

fertilizer   (P2O5/ fed.) (ton/fed.) shape  shape shape Leaves Bulbs Leaves Bulbs Leaves Bulbs 
        ratio ratio ratio 

First season (2016/2017) 
0 3.056 1.45 2.20 1.83 0.78 0.52 0.12 0.14 2.20 2.66 

Without  25 6.184 2.03 2.23 1.57 1.12 0.56 0.13 0.15 3.46 3.34 
50 6.686 1.93 2.19 1.58 1.17 0.68 0.13 0.16 3.85 5.36 
75 7.500 1.18 1.53 1.42 1.20 0.83 0.17 0.17 4.78 4.35 

  0 5.912 1.36 2.21 1.90 1.00 1.01 0.16 0.21 3.51 5.54 
Phosphorin 25 7.358 0.91 1.79 1.88 1.23 1.09 0.19 0.25 3.91 5.32 

50 8.799 0.91 1.67 1.75 1.31 1.22 0.21 0.26 4.77 5.96 
  75 9.493 1.03 1.65 1.63 1.39 1.31 0.22 0.29 5.20 5.92 

0 4.923 1.55 2.02 1.63 0.97 0.51 0.13 0.15 2.28 3.46 
B. megaturum 25 6.445 1.08 1.74 1.67 1.12 0.62 0.14 0.15 3.63 5.15 

50 7.154 0.96 1.68 1.71 1.23 0.81 0.19 0.17 4.23 5.59 
75 7.501 1.23 1.51 1.37 1.31 0.90 0.17 0.21 5.45 5.36 

L.S.D at 0.05 0.281 0.16 0.21 N.S. 0.04 0.04 0.02 0.01 0.08 0.22 
      Second season (2017/2018) 

0 3.236 1.45 2.13 1.77 0.81 0.55 0.17 0.19 2.25 2.71 
Without  25 6.384 1.93 2.25 1.62 1.19 0.61 0.18 0.20 3.51 3.39 

50 6.846 1.32 1.75 1.52 1.18 0.72 0.19 0.21 3.90 5.41 
75 7.746 1.20 1.53 1.40 1.17 0.88 0.22 0.22 4.79 4.42 

  0 6.092 1.37 2.15 1.84 1.03 1.04 0.21 0.26 3.56 5.59 
Phosphorin 25 7.538 0.87 1.70 1.82 1.27 1.12 0.24 0.30 3.96 5.37 

50 8.979 0.94 1.66 1.71 1.34 1.25 0.26 0.31 4.82 6.01 
  75 9.673 1.06 1.64 1.60 1.42 1.34 0.27 0.36 5.25 5.97 

0 5.170 1.55 1.98 1.59 1.00 0.55 0.18 0.20 2.33 3.51 
B. megaturum 25 6.625 0.98 1.61 1.63 1.15 0.67 0.19 0.20 3.68 5.20 

50 7.334 1.13 1.77 1.67 1.26 0.84 0.24 0.22 4.28 5.64 
75 7.681 1.24 1.52 1.38 1.34 0.94 0.22 0.26 5.50 5.41 

L.S.D at 0.05 0.194 0.17 0.17 N.S. 0.04 0.03 0.01 0.01 0.24 0.07 
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