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ABSTRACT 
 

Two field experiments were carried out in the experimental station of the National Research Center at EL-
Nubaria, EL-Behira Governorate, Northern Egypt, to study the effect of 6-treatments, which were the 
combinations of three levels of phosphorus fertilizers (50, 75 and 100 kg P2O5/fed.) combined with two bio-
phosphorus fertilizer on broccoli plant growth, yield and quality. Results clear that the vegetative growth of 
broccoli plants i.e. plant height, number of leaves per plant as well as fresh weight of leaves, stem and main 
head were gradually and significantly increased with increasing the level of  phosphorus application from 50, 75 
up to 100 kg P2O5/fed. Results also clear that yield and quality were improved by increasing the level of 
phosphorus application. Results also clear that vegetative growth of broccoli, yield and quality were improved 
by phosphorin application. Combined effect of mineral phosphorus and phosphorin enhanced vegetative growth, 
head yield and quality of broccoli heads. 
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Introduction 
 

Sprouting broccoli (Brassica oleracea var. italica) is an important winter season vegetable crop, which 
resembles cauliflower. Broccoli is a member of the Brassicaceae family as a wild form of this family, which is 
found along the Mediterranean region (Decoteau, 2000). Broccoli is widely, cultivated in many European and 
American countries. In Egypt, broccoli still grown in a very limited scattered areas and the total cultivated area 
is not exactly known. 

Mineral fertilizers Application is essential for plant growth, development and yield productivity of plants. 
Phosphorus is essential for root growth, phospho-proteins, phospho-lipids and ATP, ADP formation (Devlin and 
Witham, 1986). Phosphorus is an essential element in the energy transfer processes. Phosphorus has an 
important role in producing energy in various metabolic processes. It is needed in the formation of fat, in 
transformation of starch to sugar, in flowering and fruiting stages. Phosphorus deficiency causes important 
nutritional problems in newly reclaimed soils (Abd El-Salam et al. 2005). Many investigators reported that 
increasing phosphorus levels improved the plant growth, yield and head quality of broccoli (Brahma and 
Phookan, 2006 and Islam et al., 2010). Most of the areas that have been put under reclamation and planned to be 
cultivated in Egypt are sandy and calcarious soils with alkaline pH. Under such conditions, considerable 
amounts of the available forms of phosphorus are usually subjected to rapid transformation to less available or 
unavailable forms. Therefore, the heavy application of phosphate fertilizer is a routine work necessary to supply 
the plant with the required amount of phosphorus (Mehana and Abdul Wahid, 2000).    

Immobilization of phosphorus is the most important problem of phosphate fertilization in Egypt, i. e. due to 
soil alkalinity, the applied phosphorus fertilizers could be converted to unavailable form for plant absorption. 
Phosphorin is a bio-fertilizer product containing active micro-organisms hydrolyzing the insoluble phosphate 
into soluble form under high soil pH. Therefore, the utilization of bio-fertilizers may be dissolve the unavailable 
form of phosphate to available form (Abdel-Nasser and Makawi, 1979, EL-Dahtory et al., 1989 and Hilda and 
Reynaldo, 1999) and reduce rate of chemical fertilizers application (Hewedy, 1999). Adding bio-phosphorus-
fertilizer led to significant increase in vegetative growth, yield and quality of many vegetable crops, EL-Gamal 
(1996) on potato, Saber and Gomaa (1993) and Barkat and Gabr (1998) on tomato, Abd-EL-Fattah and Sorial 
(1998) on lettuce and Brahma and Phookan, (2006) and Islam et al., (2010) on broccoli. 

This work aimed to study the response of broccoli to utilization of bio and mineral phosphorus and 
possibility reducing the amount of mineral fertilizers application to broccoli crop. 
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Materials And Methods 

 
Broccoli crop (Brassica oleracea var. italica) was grown in a field experiment at the experimental station of 

National Research Center, EL-Nubaria, EL-Behira Governorate, Northern Egypt, during two successive seasons 
2010/2011 and 2011/2012 to study the effect of the interaction between three levels of phosphorus fertilizers 
(50, 75 and 100 kg P2O5/fed.) and two levels of phosphate-bio-fertilizer (with or without), i.e. Phosphorin 
application on broccoli cv. BR2. Treatments were arranged in split plot design with three replicates. Where 
phosphorus levels were arranged in the main plots and bio-phosphorus-fertilizer levels (Phosphorin) were 
distributed randomly in the sub-plots. Transplants were planted on 3rd week of October of 2010 and 2011, 
respectively. Transplants were planted on rows, with 75 cm width and 3 m length and 50 cm apart. Each plot 
included 4- rows and the plot area was 9 m2. 

The soil of the experimental field was sandy and the physical and chemical analyses were presented in 
Table (A). The normal agricultural practices required for broccoli production were applied as commonly 
followed in the farm.  
 
Table A: Physical properties and chemical analysis of the experimental soil. 

Physical properties Chemical analysis 

Sand% 90.08 Ca (Meg/L) 7.02 
Clay% 9.26 Mg (Meg/L) 0.527 
Silt% 0.66 Na (Meg/L) 0.982 
Texture Sandy K (Meg/L) 0.31 
F.C. % 16.57 HcO3 (Meg/L) 1.3 
W. P. % 5.25 Cl (Meg/L) 0.566 
E. C. (M/moh) 1.7   
Ph 8.2   

 
Data recorded: 
 
Vegetative growth: 
 

A random sample of 5 plants from each plot was taken at 60 days after transplanting and the following 
vegetative characters were recorded: plant height (cm), number of leaves, fresh weight of leaves, stems, main 
head and whole plant, as well as dry weight percentage of leaves and main head. 
 
Main head yield: 
 

At harvest stage the mature main head of broccoli for each experimental plot were collected along the 
harvesting season and the total main head yield was recorded as ton/fed. as well as increase of yield (ton/fed. 
and percentage) were recorded. 
 
Main head quality: 
 

Random sample of 5 main heads from each plot was taken and the physical properties (average main head 
diameter and stem diameter) were recorded. 
 
Chemical constituents: 
 

Main head content of N, P and K, were recorded as percentage. N, P and K- content were determined 
according to the methods mentioned by Black (1983), Troug and Mayer (1939) and Brown and Lilleland (1946), 
respectively.  

The obtained data were statistically analyzed according to the method described by Gomez and Gomez 
(1984). 

 
Results And Discussions 

 
1. Vegetative growth:  
 
1.1. Effect of mineral phosphorus levels:  
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Data in Table (1) show the effect of the phosphorus on vegetative growth of broccoli plants. Results clear 
that the vegetative growth of broccoli plants i.e. plant height, number of leaves per plant as well as fresh weight 
of leaves, stems and main head were gradually and significantly increased with increasing the level of  
phosphorus application from 50, 75 up to 100 kg P2O5/fed. These results were true in both growing seasons. The 
vigor plant growth expressed as length, leaves number, fresh and dry weights of broccoli plant were detected by 
plants supplied with 100 units of P2O5 /fed. Chemical contents, i.e. ascorbic acid, and total soluble solids of head 
tissues followed the same trend of vegetative growth (Hassan et al., 2013).The increase in the vegetative growth 
by phosphorus application might be referred to its great role in phytophosphorylation  process during 
photosynthesis. In addition, phosphorus play basal role in capticure and transport of solar energy during 
photosynthesis. This result may be also due to the role of phosphorus on root growth development, phospho-
proteins and phospho-lipids formation. Many investigators reported that increasing phosphorus levels improved 
plant growth of broccoli plants (Brahma and Phookan, 2006 and Islam et al., 2010). 
 
Table 1: Effect of mineral phosphorus level on vegetative growth of broccoli plants 

Phosphorus 
(kg P2O5/fed.) 

Plant 
height 
(cm) 

Leaves 
No./plant 

Fresh weight (g/plant) Dry weight (%) 
Leaves Stems Main 

Head 
Total Leaves Heads 

First season 
50 44.60 12.50 307.25 139.60 246.22 693.07 11.95 12.70 
75 46.63 13.75 307.13 159.21 278.47 744.81 11.72 13.55 

100 49.28 14.25 362.05 180.76 362.62 905.43 12.34 14.08 
L.S.D. 0.77 0.31 10.41 6.43 10.48 9.11 0.16 0.25 

Second season 
50 47.29 13.86 313.98 159.96 328.88 802.82 11.44 13.62 
75 48.81 14.16 341.37 157.78 374.40 873.55 12.09 14.09 

100 50.45 14.46 379.34 185.61 429.01 993.96 12.18 14.25 
L.S.D. 0.56 0.19 19.28 17.06 36.25 24.20 0.34 0.18 

 
1.2. Effect of Phosphorin fertilizer: 

 
Data in Table (2) show the effect of Phosphorin fertilizer on vegetative growth of broccoli plants. Results 

clear that the plant height, number of leaves, fresh weight of leaves, stems, main spear and total fresh weight of 
plant as well as dry weight percentage of leaves and heads were significantly increased by Phosphorin 
application compared with the control. These results were true in both growing seasons except for plant height 
in two seasons, which failed to reach the level of significance.  

 This result may be due to the role of Phosphorin which converted the unavailable form of phosphorus to 
available form for plant absorption, which in turn reflected in increasing the vegetative growth of broccoli 
plants. 

This result are in harmony with those reported by EL-Gamal (1996) on potato, Saber and Gomaa (1993) 
and Barkat and Gabr (1998) on tomato, Abd-EL-Fattah and Sorial on lettuce (1998) and Brahma and Phookan, 
(2006) and Islam et al., (2010) on broccoli, which mentioned that, adding Phosphorin led to a significant 
increase in the vegetative growth of plants. 

 
Table 2: Effect of Phosphorin fertilizer on vegetative growth of broccoli plants. 

Phosphate-bio-
fertilizers 

 

Plant 
height 
(cm) 

Leaves 
No./plant 

Fresh weight (g/plant) Dry weight (%) 
Leaves Stems Main 

Head 
Total Leaves Heads 

First season 
Without 46.17 12.67 298.09 148.78 270.83 717.70 11.15 13.11 

With 47.50 14.33 352.87 170.93 320.71 844.51 12.86 13.78 
L.S.D. N.S. 0.53 22.21 3.97 4.72 10.30 0.19 0.26 

Second season 
Without 46.75 12.57 303.23 147.55 319.79 770.57 13.10 10.76 

With 48.34 14.56 368.41 173.91 379.15 921.47 13.89 12.80 
L.S.D. N.S. 1.12 47.15 18.99 49.10 38.41 0.47 1.03 

 
1.3. Effect of the interaction treatments between mineral  phosphours and Phosphorin: 

 
Data in Table (3) show the effect of the interaction between phosphorus and bio-phosphorus-fertilizers 

application on the vegetative growth of broccoli plants. In spite that the combined effect of mineral and bio-
phosphorus fertilizer caused increases in all the vegetative growth parameters, these increases failed to reach the 
level of significance in most of these parameters except fresh weight of stems, main spear and total plant in the 
second season.   
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Table 3: Effect of the interaction between mineral phosphorus and phosphorin on the vegetative growth of broccoli plants. 

Phosphorus 
(kg P2O5/fed.) 

Phosphate –
Bio- 

Fertilizer 

Plant 
height 
(cm) 

Leaves 
No./plant 

Fresh weight (g/plant) Dry weight (%) 
Leaves Stems Main 

Head 
Total Leaves Heads 

First season 
50 Without 43.75 11.50 281.75 122.03 211.88 615.66 11.22 12.23 

With 45.45 13.50 332.76 157.17 280.57 770.50 12.68 13.17 
75 Without 46.00 13.00 274.35 138.77 254.41 667.53 11.04 13.41 

With 47.25 14.50 339.91 179.65 302.54 822.10 12.40 13.69 
100 Without 48.75 13.50 338.17 185.54 346.20 869.91 11.19 13.69 

With 49.80 15.00 385.94 175.99 379.04 940.97 13.49 14.47 
L.S.D. N.S. N.S. N.S. 6.88 N.S. N.S. N.S. N.S. 

Second season 
50 Without 43.87 11.19 283.78 115.72 249.64 649.14 10.85 12.05 

With 45.90 13.57 344.48 157.53 331.37 833.38 12.59 13.17 
75 Without 46.55 12.97 274.97 135.64 300.25 710.86 10.63 13.46 

With 48.04 14.76 352.99 184.28 357.52 894.79 12.25 13.79 
100 Without 49.82 13.57 350.92 191.29 409.47 951.68 10.81 13.79 

With 51.07 15.35 407.76 179.92 448.55 1036.23 13.55 14.72 
L.S.D. N.S. N.S. N.S. 13.17 47.88 20.35 N.S. N.S. 

 
2. Yield and quality: 
 
2.1. Effect of mineral phosphorus level application: 

 
Data in Table (4) show the effect of phosphorus level on the main head and stem diameter, head yield as 

well as yield increase (ton/fed. and percentage). Results clear that, head and stem diameter as well as head yield 
were gradually and significantly increased with increasing the level of phosphorus application from 50, 75 up to 
100 kg P2O5/fed., this result was true in both growing seasons.  

As fore yield increase, results also clear that yield increase amounted to 0.390 and 0.540 ton/fed., which 
represented 13.22 % and 15.84 % in the first and second season, respectively by adding 75 kg P2O5/fed. as 
compared with 50 kg. Results also clear that, increasing the level of phosphorus application up to 100 kg 
P2O5/fed. Caused increases in yield amounted to 1.400 and 1.20 ton/fed., which represented 47.46 and 35.19 % 
in the first and second season, respectively compared with 50 kg P2O5/fed, Respecting to mineral content of 
head broccoli, results clear that increasing the level of phosphorus application from 50 up to 75 kg 
P2O5/fed.caused an increase in nitrogen and potassium content and then decreased. However, phosphorus 
content was gradually and significantly increased with increasing the level of phosphorus application, no 
variances were detected between adding 50 and 75 kg P2O5/fed. in both growing seasons. Hassan et al., 2013 
came to similar results with broccoli. They found that the highest total yield and the head weight, head diameter 
as well as chemical content, ascorbic acid and total soluble solids of the apical head tissues of broccoli were 
recorded with the addition of 100 unit P2O5/fed. of rock phosphate fertilizer.      

This result may be due to the role of phosphorus in increasing root system development and vegetative 
growth of broccoli plants (Table, 1) and the role of phosphorus in phospho-proteins, phospho-lipids energy 
transport compounds (AMP,ADP and ATP)during phosphorylation processes through photosynthesis operation 
which increased head formation. Moreover, Brahma and Phookan, 2006 and Islam et al., 2010 mentioned that, 
increasing phosphorus application caused a significant increase in yield and quality of broccoli. 
 
Table 4: Effect of mineral phosphorus level on yield and quality of broccoli. 

Phosphorus 
(kg P2O5/fed.) 

Head 
diameter 

(cm) 

Stem 
diameter 

(cm) 

Main Head 
yield 

(ton/fed.) 

Yield increase Mineral content 
(ton/fed.) (%) N % P % K % 

First season 
50 11.65 3.18 2.950 0.000 0.00 1.86 0.10 0.99 
75 12.63 3.88 3.340 0.390 13.22 2.10 0.11 1.07 

100 13.50 4.28 4.350 1.400 47.46 1.58 0.13 0.97 
L.S.D. 0.12 0.19 0.130 *** *** 0.24 0.01 N.S. 

Second season 
50 12.52 4.04 3.410 0.000 0.00 1.98 0.10 1.04 
75 12.88 4.16 3.950 0.540 15.84 2.16 0.11 1.02 

100 13.57 4.52 4.610 1.200 35.19 1.64 0.14 1.00 
L.S.D. 0.16 0.11 0.270 **** *** 0.14 0.01 N.S. 

 
2.2. Effect of phosphorin application: 

 
Data in Table (5) show the effect of phosphorin on head and stem diameter, head yield as well as yield 

increase (ton/fed. and percentage). Results clear that head diameter and head yield were gradually and 
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significantly increased by Phosphorin application as compared with the control. However, stem diameter was 
not-significantly affected by phosphorin application in both growing seasons. Results also clear that phosphorin 
application caused an increase in head yield amounted to 0.600 and 0.710 ton/fed., which equal 12.46% and 
21.52% in the first and second season, respectively. As fore mineral content of head, results clear that 
Phosphorin  application caused significant increase in phosphorus content of head in both growing seasons. 
However, nitrogen and potassium content were insignificantly affected by Phosphorin application in both 
growing seasons, except for nitrogen content in the second season which was significantly decreased by using 
phosphorin application.         

This result may be due to the role of phosphorin in increasing the availability of phosphorus for plant 
absorption (Table, 2). These results are in harmony with those reported by EL-Gamal (1996) on potato, Saber 
and Gomaa (1993) and Barkat and Gabr (1998) on tomato, Abd-EL-Fattah and Sorial on lettuce (1998) and 
Brahma and Phookan, (2006) and Islam et al., (2010) on broccoli, who reported that, using Phosphorin caused 
an increase in yield and quality of broccoli. 
 
Table 5: Effect of phosphorin on yield and quality of broccoli. 

Phosphorus 
(kg P2O5/fed.) 

Head 
diameter 

(cm) 

Stem 
diameter 

(cm) 

Main Head 
yield 

(ton/fed.) 

Yield increase Mineral content 
(ton/fed.) (%) N % P % K %

First season
Without 11.57 3.83 3.250 0.000 0.00 1.91 0.10 1.02

With 13.62 3.72 3.850 0.600 18.46 1.97 0.12 1.00
L.S.D. 0.11 N.S. 0.060 *** *** N. S. 0.01 N. S.

Second season
Without 11.26 3.99 3.300 0.000 0.00 2.02 0.11 1.00

With 13.70 3.85 4.010 0.710 21.52 1.89 0.13 1.03
L.S.D. 1.05 N.S. 0.530 *** *** 0.09 0.01 N. S.

 
2.3. Effect of the interaction between mineral phosphorus level and phosphorin on yield and quality of broccoli: 

 
Data in Table (6) show the effect of the interaction between mineral phosphorus level and phosphorin on 

yield and quality of broccoli. Results clear that head diameter, stem diameter and head yield were gradually and 
significantly increased by increasing the level of phosphorus combined with Phosphorin. Stem diameter and 
Main Head yield variances failed to reach the level of significance in the first seasons as affected by interaction 
treatments.   

With respect to N, P and K content of broccoli head, results clear that phosphorus content was significantly 
increased by increasing the level of phosphorus application combined with phosphorin. However, the variances 
between the combined effect of 50 and 75 kg P2O5 / fed with phosphorin failed to reach the level of significance 
with respect to total yield in the first season. In addition, nitrogen content in the second season and potassium 
content in both seasons were not statistically effected by interaction. It was noticed that nitrogen content 
decreased by the combined effect of mineral phosphorus and phosphorin. The increase in the total yield by the 
interaction of mineral and bio-phosphorus might be due tot its positive effect on the vegetative growth of 
broccoli plants. It could be also referred to its important role in the condensation of phospholipds, 
phosphoprotiens and other metabolites during photosynthesis process translocated to the main product. These 
results are in harmony with those reported by Brahma and Phookan, 2006 and Islam et al., 2010 who reported 
that increasing phosphorus levels application improved the plant growth of broccoli plants and head quality. 
 
Table 6: Effect of the interaction between mineral phosphorus level and phosphorin on yield and quality of broccoli. 

Treatments Head 
diameter 

(cm) 

Stem 
diameter 

(cm) 

Main Head 
yield 

(ton/fed.) 

Yield increase Mineral content 
Phosphorus 

(kg P2O5/fed.) 
Phosphate –Bio- 

Fertilizer 
(ton/fed.) (%) N % P % K %

First season
50 Without 10.25 3.00 2.540 0.000 0.00 1.89 0.10 0.93

With 13.05 3.35 3.370 0.830 32.68 1.82 0.09 1.04
75 Without 11.65 3.95 3.050 0.510 20.08 2.24 0.10 1.13

With 13.60 3.80 3.630 1.090 42.91 1.96 0.11 1.00
100 Without 12.80 4.55 4.150 1.610 63.39 1.61 0.11 0.99

With 14.20 4.00 4.550 2.010 79.13 1.54 0.15 0.95
L.S.D. 0.19 N.S. N.S. *** *** 0.11 0.02 N. S.

Second season
50 Without 9.70 3.00 2.460 0.000 0.00 2.02 0.11 0.96

With 13.03 3.42 3.440 0.980 39.84 1.94 0.10 1.12
75 Without 11.36 4.13 3.060 0.600 24.39 2.34 0.11 1.03

With 13.68 3.95 3.750 1.290 52.44 1.98 0.12 1.00
100 Without 12.73 4.84 4.370 1.910 77.64 1.69 0.12 1.03

With 14.4 4.19 4.840 2.380 96.75 1.60 0.17 0.98
L.S.D. 1.07 1.07 0.320 *** *** N. S. 0.02 N. S.
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