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ABSTRACT  
 

Two field experiments were carried out during the two seasons successive  winter seasons of 2009/2010 and 
2010 / 2011 at the Experimental farm of the Horticultural Research Institute at Qaha, Qalubia Governorate to 
study the effect of four nitrogen levels, two phosphorus sources and two sulpher levels fertilization and their 
interaction on vegetative growth ,yield and quality as well as chemical constitutes of broccoli plants (cv.Blestar 
f1). The nitrogen levels were 0, 40, 80 and 120kg N/fed. Phosphorus sources were monoammonium phosphate 
(MAP) and calcium super phosphate (CSP) at 60kg P2O5/fed. While, sulphur levels were 50 and 100kg S/fed. 
Experimental design was split split plot  with three replicates. Nitrogen levels were allocated in the main plot, 
phosphorus sources in sub plot and sulphur levels in sub - sub plot. Results showed that plant growth, yield and 
quality as well as chemical constituents of head were greatly affected by fertilization with nitrogen levels, 
phosphorus sources and sulphur levels in both seasons. In this respect, fertilization with 80kg N/fed gave the 
highest values of vegetative growth and yield . Moreover there was no significant differences between 80 and 
120kg N/fed. Increasing nitrogen levels up to 80kg considerably improved curd height while dry matter was 
reduced by increasing nitrogen levels. In addition, V.C was significantly increasing by nitrogen levels up to 
120kg N/fed. Also increasing levels of nitrogen application significantly increased total N, P and S in both 
seasons and the highest values were obtained by fertilization broccoli plant with 80kg N/fed, while the highest 
values of sulforaphane  was significantly increased by nitrogen levels up to 40   kg N/fed. Results showed that 
the highest values of vegetative growth, yield and quality as well as chemical constituents of broccoli heads 
were found in plants supplied with Map compared with CSP as a source of phosphorus in both seasons. As 
regard to sulphur levels, the results show that 100kg S/fed. Significantly increased vegetative growth, yield, 
quality and chemical constituents in both seasons. While ,the highest values  of sulforaphane was significantly 
affected by 100kg S/fed. The interaction between the three factors had significant effect on all studied traits. 
Therefore, it could be recommended for using 80kg N/fed, Map at 60kg P2O5 as a source of phosphorus and 
100kg S/fed. to raise productivity and improving quality and vit.C of broccoli heads while 40kg N/fed, CSP at 
60kg P2O5 as  a source of phosphorus and 100kg S/fed.  gave the highest values of sulforaphane which it reduce 
the risk of cancer.  
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Introduction  

 
Many studies state that consuming Brassica vegetables (broccoli, cabbage, cauliflower, radish, mustard, 

etc.) with their antioxidant, vitamins, mineral materials, flavonoids and glucocides content, may decrease some 
cancer risks, defend against cardiovascular diseases and prevent chronic millnes (Kristal and Lamp 2002, Dixon 
2006,Barillari et al. 2006, Jing et al., 2009).  

Broccoli (Brassica oleraceae var. italica) is popular vegetable crop around the world especially in Europa 
and USA. It is grown in Egypt recently as a new vegetable crop in winter season but in very ;limited areas.  

Broccoli is well recognized as a source of glucosinolates and their isothiocynate breakdown  products. 
Glucoraphanin is one of the most abundant glucosinolates present in broccoli and its cognate isothiocynate is 
sulforaphane, a potent inducer of mammalian detoxification (phase II) enzyme activity and anti-cancer 
(Farnham et al., 2004) Also, Broccoli, contains sulforaphane in higher rate. It prevents against bacteria 
Helicobacter pylori which are responsible for stomach cancer (Fahey, 2005).  

Nitrogen, phosphorus and sulphur are detrimental nutrients for growing of broccoli and other brassica 
vegetables and quality as well as quantity of harvested phytomass (Goodless et al., 1997, Losak et al., 2008). El-
Shabraway et al. (1999) on cabbage found that N P fertilization at 120kg N/fed + 46.5kg P2O5/fed and 100kg 
S/fed. had the superiority to increase head length and diameter, weight of marketable leaves/plant and 
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marketable yield (Ton/fed.). Tshikalange (2006) on Chinese cabbage found that application of 188kg N/fed + 
100kg P2O5 resulted in optimum biomass production. Hossein (2008) found that fertilization of broccoli plants 
with 180kg N/fed. significantly increased stem length; stem diameter, stem weight; number of leaves per plant, 
both fresh and dry weight of leaves per plant, N, P, K contents, while fertilization  with 140kg N/fed. gave the 
highest values of yield and its components. Cekey et al. (2011) found that the highest yield of cauliflower was 
reached when it was fertilized by the level of nutrients N: S 250:60 kg/ha. and the applied fertilization positively 
affected on the accumulation  of sulforaphane was reached when it was fertilized with the level of N:S 250:60 
kg/ha. compared when nitrogen only was applied.  

Monoammanium phosphate as a source of application was  significantly increased vegetative growth, yield 
and quality of curds and vit. C of cauliflower (Abd El All, 1999). 

Many studies investigate that nitrogen, phosphorus and sulphur fertilization on glucosinolates on brassica 
vegetables, Ball (1999) on cabbage found that low N fertilization increased glucosinolate contents while soil 
application of  P, K, Ca had no effect on glucosinolate contents. Josefsson (1970) showed that low glucosinolate 
concentration was found in rape seed grown with high nitrogen or low sulphur levels in light soil but not in 
heavier soils. The use of sulphur increased glucosinolate contents in cruciferous crops such as rape seed 
(Josefsson 1970 Booth et al 1994 and). Zgao et al., (1993) found that increased N rate decreased seed 
glucosinolate contents in oil seed rape in the absence of applied S, but increased it when S was applied.   

However, knowledge of nitrogen, some sources of phosphorus and sulphur fertilizers responses and 
optimum rates at Qalubia Governorate conditions are essential to improve vegetable production. Thus, the aim 
of the present study was to investigate the response of broccoli production and sulforaphan content to 
fertilization with nitrogen levels, P-sources and sulphur levels.  

 
Materials and Methods  

 
Two field experiments were carried out during the winter seasons of 2009-2010 and 2010-2011 at the 

Experimental farm of the Horticultural Research Institute at kaha, Qalubia Governorate to study the effect of 
four nitrogen levels, two phosphorus sources, two sulphur levels fertilization and their interaction on growth, 
yield, quality and chemical constituents of broccoli plants (cv. Belstar F1). The nitrogen levels were 0, 40, 80 
and 120kg N/fed. phosphorus sources were mono ammonium phosphate (MAP – 45% P2O5 – 11% N). and 
calcium super phosphate (CSP – 15.5% P2O5). While, sulphur levels 50 and 100kg/fed. Experimental design 
was split-split plot design with three replicates. Nitrogen levels were allocated in the main plot, phosphorus 
sources in sub plot and sulphur levels in sub-sub plot. The sub-sub plot  area was 10.5m2. the physical and 
chemical properties of the soil in this study are presented in Table (1) according to Jackson (1965). 
 
Table 1: The physical and chemical properties of the soil under experiments. 

Depth cm Texture class pH in 1:2.5 
soil:water 
suspension 

Organic 
matter % 

E.C. ds/m  at 250 1:5 
soil:water 

CaCo3 
% 

Minerals 
N% P% K% SO4

-- 

0-30 Clay loam 8.3 2.2 0.67 1.79 0.35 0.63 4.1 0.52 
 
Seeds of broccoli cultivar (cv. Belstar F1) were sown in the nursry in foam trays filled with a mixture of 

peat moss and vermiculite (1:1 volume) on 15 and 17 September in the first and second season, respectively. 
The transplants were raised in the trays for one month, then transplanted in the open field. Seedlings were 
transplanted on one side of  rows 75cm width and 50cm apart.    

Sulphur was added between row, before transplanting. Nitrogen fertilizer treatments were added to the soil 
using ammonium nitrate (33.5%N), MAP and Csp as a source of phosphorus and potassium sulphate (48% K2O) 
as the source of potassium a rate of 50kg K2O/fed. The quantities of the chemical fertilizers were spitted into 
three equal doses (21, 36 and 50 days after transplanting beside plants. Different p-fertilizer sources were used 
to give the required p-level (60kg P2O5/fed.) and then ammonium nitrate were added to complete the nitrogen 
levels (0, 40, 80 and 120kg N/fed.) i.e nitrogen amounts included in MAP  were taken in consideration to adjust 
nitrogen level treatments. The other normal agricultural treatments for broccoli plants were practiced.  
 
Data recorded:  

 
The following data were recorded: 

 
Vegetative growth: 

 
Five plants were randomly chosen from each experimental plot to measure the following parameters at 

harvesting period (80 day, after transplanting). i.e., plant height, weight of leaves /plant, leaf area, Number of 
leaves per plant.  



353 
Res. J. Agric. & Biol. Sci., 9(6): 351-365, 2013 

 
Yield of heads: 

 
All broccoli heads of each sub-sub plot were harvested at mature stage in order to record yield and its 

components i.e. primirary heads yield fed.: Main yield of apical heads, Secondary heads yield (ton/fed) yield of 
the side heads (three picking with one week intervals) and  total heads yield /fed: Main heads plus side heads 
summation.  
 
Physical characteristics of head: 
 

a) Height and diameter of head.  
b) Head dry matter percent.  

 
Chemical composition of head:  
 
1- Vitamin C content as described in A.O.A.C. (1970).  
2- Total N, P and S content, total nitrogen was determined according to Pregl (1945). However phosphorus 
was estimated according to the methods described by Murphy and Riley (1962). While, sulphur content was 
determined as reported by Cocheine et al. (1982).  

3-Sulforaphane content was determined by HPLC system equipped with SPD-10 ultraviolet (UV) detercor 
and reverse-phase C18 column (25x0.46mm, 5μm, SHISEIDOTM).  Sulforaphane  was assayed according to the 
method described by Bertelli et al. (1989). 
 
sulforaphan content in heads were estimated and calculated at the National Laboratory for Quality Control. 
Animal research Institute.  A.R.C. 

 
Standard Solutions and Quantifi cation: 

 
Stock standard solution of sulforaphane (5 mg) was prepared by dissolu-tion in 10 mL of acetonitrile and 

stored at 4°C in the dark. The purity ofthe reference standard was ≥90% (HPLC). Working solutions ( 10, 30, 30, 
30,40 and 80μ acetonitrile prior to analysis. For determination of sulforaphane in  ,heads and stalks, the stock 
solution was in all cases analyzed together with the samples. For quantifi cation, peak areas were correlated with 
the concentrations according to the calibration curve. All samples were ana-lyzed in duplicate. Sulforaphane 
contents are cited as means± standard deviation                                                                                                                                                         

 
Preparation of samples:  
1- Weight 1 g of the sample and put into a 50 ml beaker. 
2- Add 4 ml of acidic water ( PH6) 
3- Incubate in a water bath at 45°C ± for 2.5 hours 
4- Add 20 ml Dichloromethane, vortex for 1 minute and incubate for 1 hour. 
5- Filter with a filter paper. Pass the filtrate through a solid phove  cartridge (Silica) previowly wovhed with 
3 ml ethyl acetate and preconditioned with 3 ml of dichloromethane 
 6- Elute sulforaphan using 3 ml methanol  
7- Evaporate the methanol wing a vaccum concentrator at 45°C (1.5 hour) 
8- Reconstitute using 2 ml acetonitrile, vortex for 30 seconds, filter via a membrane filter (0.45 Mm) the 
injectect 20 Ml under the specified chromatographic conditions 
Column: C18 (waters, 3.9 X 300mm) 
Mobile phase: 70 : 30 water : acetonitrile 
Flow rate : 0.7 ml/ minute 
Detection: 202 nm. 
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Sulforaphane stander: 

(A)                                                                             (B)        

  
   

Fig. 1: HPLC chromatograms of sulforaphane stander (A),Broccoli head content( (B) 
 

Statistical analysis of experimental data was accomplished using SAS program (1994), and the means were 
separated and compared by Duncans Multiple Range Test (Duncan, 1955) at 5% level. 
 
Results and Discussion  
 
A. Vegetative growth characters: 
 
1. Effect of nitrogen application:    

 
Data in Table 2 show that increasing N application up to 80kg N/fed. significantly increased vegetative 

growth parameters i.e. plant height, number of leaves ,leaves area and leaves weight in both seasons. While, 
there was no significant differences between 80kg and 120kg N/fed on number of leaves in second season. 
Srinvas (1984) reported that cabbage plants responded best to N at rate 150kg N/ha. Meanwhile, Lanvande et al 
(1986) found that cabbage responded to N fertilizer up to 240kg N/ha. Also, El-Shabrawy et al (1999) on 
cabbage found that increasing N levels up to 120kg N/fed significantly increased vegetative growth characters. 
Hossein (2008) found that fertilization of broccoli plants with 180kg N/fed significantly increased stem length, 
diameter, weight and  number of leaves per plant, both fresh and dry weight of leaves.  
 
2. Effect of P. sources: 

 
Regarding the effect of phosphorus source on plant vegetative growth, data in Table  3 show that 

monoammonium phosphate gave the heighest values of plant height; No. of leaves/plant; leaves area and leaves 
weight in both seasons. Meanwhile, in the second season leaves area and leaves weight  were significantly 
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increased with MAP than CSP. No significant effect on vegetative growth in the first seasons such increment in 
vegetative growth by MAP, may be due to the encouraging effect of associated ammonium anions on P-uptake 
and consequently effect on plant and development. This result is in harmony with those reported by Henmi et 
al., (1973) on cabbage and Abd El All (1999) on cauliflower.  And Mahmoud et al., (2007) on broccoli found 
that the maximum number of leaves was observed at 180kg/h P2O5 from TSP.   
 
3. Effect of sulphur: 

 
Data in Table 3 show that sulphur application with 100kg S/fed significantly increased plant height; leaves 

area and leaves weight per plant in both seasons. Similar results were obtained by El-Shabrawy et al. (1999) on 
cabbage. these results could be due to the acidic effect of S-fertilization on soil-pH which increase the 
availability of phosphorus and most of micro-nutrients by plant which in turn increased plant vegetative growth 
parameters. These results agree with Bhagauantagoudio and Rokhad (2001) on cabbage.  
 
4. Effect of  the interaction between N and P-sources 

 
Data in Table 2 reveal the interaction effect between nitrogen levels and P-sources was significant in both 

seasons. The highest values were obtained by fertilization broccoli plants with 80kg N/fed combined with MAP 
at 60kg P2O5/fed. this result could be referred to that treatment increase the uptake of N, P and S as shown in 
Table 8.  
 
5. Effect of the interaction between nitrogen and sulphur levels: 

 
Data in Table 2 show the effect of interaction between nitrogen and sulphur levels was significant on plant 

height,No. of leaves, leaves area and weight per plant in both seasons. The highest values were obtained from 
plants fertilized with 80kg N/fed  pluse 100kg S/fed. in both seasons which increase minerals uptake, especially 
N, P and S as shown in Table 8.  
 
6. Effect of the interaction between P-sources and sulphur levels: 

 
Data in Table 3 show a significant effect due to P-sources and sulphur levels in both easons. The highest 

values were obtained by plants fertilized with MAP and 100kg S/fed. in both seasons. The superiority of this 
treatment on vegetative growth may be referred to contain NH4, HPO4

-2 and sulphur which increased uptake of 
N, P and S and Map fertilizer is free sulphur.  
 
Table 2: Effect of nitrogen levels and its interaction with some phosphorus sources and sulphur levels on vegetative growth parameters of broccoli plants during 2009/2010 and 

2010/2011.  
N. fert 
Kg/fed 

P.fert 
source 

Plant height (cm.) No. of leaves/plant Leaf area Leaf wt. (g) 
S1 S2 mean S1 S2 mean S1 S2 mean S1 S2 mean 

First season 
0.0 CSP 63.3 i 65.2 hi 64.2 e 14.3 ef 15.1 ef 14.7 e 4401 i 5240 g 8420 d 450.5 i 460.7 hi 455.6 f 

Map 64.1 hi 66.3 h 65.2 e 15.0 def 16.5 ef 15.7 de 4922 h 5110 g 5016 c 471.1 hi 480 h 475.5 e 
mean 63.7 f 75.7 e 64.7 d 14.6 c 15.8 c 15.2 c 4661 f 5175 e 4918 c 460.8 f 470.3 f 465.5 d 

40 kg CSP 78.3 f 79.5 ef 78.9 c 18.7bcde 20.1 cd 19.4 cd 7276 f 7610 e 7443 b 611.1 g 643.4 f 627.2 d 
Map 72.1 g 80.5de 76.3 d 13.2 f 23.3 ab 18.2 de 7420 f 7690 e 7555 b 610.9 g 661.3 f 636.1 d 
mean 75.2 d 80.0 c 77.6 c 15.9 c 21.7 ab 18.8 b 7348 d 7650 c 7499 b 611.0 e 652.3 d 631.6 c 

80 kg CSP 80.1 ef 85.5 b 82.8 a 21.0 abc 24.1 ab 22.5 ab 8203 bc 8310 ab 8256 a 820.3 bc 870.3 a 845.3 a 
Map 81.1de 85.9 a 83.5 a 23.2 ab 25.5 a 24.3 a 8010 d 8410 a 8210 a 833.1 b 885.1 a 859.1 a 
mean 80.6 c 85.7 a 83.5 a 22.1 ab 24.8 a 23.4 a 8106 b 8360 a 8200 a 826.7 b 877.7 b 852.2 a 

120 kg CSP 79.3 ef 83.5 bc 81.4 b 20.1 abcd 24.2 ab 22.1abc 8090 cd 8290 ab 8190 a 767.5 e 780.3 de 773.9 c 
Map 81.9 cd 84.3 ab 83.1 a 21.3 abc 23.3 ab 22.3 bc 8110 cd 8310 ab 8210 a 790.1 de 801.4 cd 795.7 b 
mean 80.6 c 83.9 b 82.2 b 20.7 a 23.7 ab 22.2 a 8100 b 8300 a 8233 a 778.8 c 790.8 c 784.8 b 

Second season 
0.0 CSP 61.1 e 63.4 de 62.2 c 11.3 i 12.1 i 11.7 g 4110 e 4240 e 4175 d 450.0 f 469.4 f 459.7 d 

Map 62.1 de 64.2 d 63.1 c 11.1 h 14.4 h 12.75 f 4190 e 4310 e 4250 d 469.1 f 514.1 e 491.6 c 
mean 61.6 e 63.8 d 62.7 c 11.2 h 13.25 g 12.22 d 4150 d 4275 d 4212 c 459.5 e 491.7 d 475.6 c 

40 kg CSP 73.4 c 75.9 bc 74.6 b 17.3 g 19.3 ef 18.3 e 5510 d 5750 d 5630 c 614.7 d 650.1bcd 632.3 b 
Map 74.9 bc 77.1 b 76.0 b 18.7 f 20.1 de 19.4 d 5590 d 5795 d 5692 b 625.3 d 631.4 d 628.3 b 
mean 74.1 c 76.5 b 75.3 b 18.0 f 19.7 e 18.85 c 5550 c 5772 b 5661 b 620.0 c 640.7 bc 630.3 b 

80 kg CSP 81.2 a 83.1 a 82.1 a 22.1 c 25.3 a 23.7 b 6520bc 6730abc 6625ab 680.3abc 697.1 a 688.7 a 
Map 82.1 a 83.4 a 82.7 a 23.2 bc 26.2 a 24.7 a 6610 abc 6795 ab 6702 ab 680.7 abc 701.9 a 691.3 a 
mean 81.6 a 83.2 a 82.4 a 22.6 c 25.7 a 24.17 a 6565 a 6762 a 6663 a 680.5 a 699.5 a 690.0 a 

120 kg CSP 81.2 a 82.1 a 81.6 a 21.0 d 23.3 b 22.15 c 6430 c 6610 abc 6520 b 619.3 d 650.1 cd 634.7 b 
Map 81.4 a 82.4 a 81.9 a 20.3 de 24.1 b 22.2 c 6823 ab 6870 a 6846 a 620.5 d 691.1 a 655.8 b 
mean 81.3 a 82.2 a 81.7 a 20.6 d 23.7 b 22.17 b 6626 a 6740 a 6683 a 619.9 c 670.6 ab 645.2 b 

Values followed by the same letters in the same column is not significant according to Duncan's multiple range test at 0.05. 
 

7. Effect of the interaction between N levels, P-sources and sulphur levels: 
 
Data in Table 2 reveal that plant height , No. of leaves, leaves area and weight of broccoli plant as affected 

by the interaction between N levels, P-sources and S levels in both seasons. The highest values were obtained by 
plants fertilized with 80kg N/fed. + MAP at 60kg P2O5/fed + 100kg S. Meanwhile, the lowest values were 
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obtained with the control + CSP + 50kg S/fed. This result could be refereed to that N, P and S plays important 
role in plant growth, nitrogen is essential for protein production for proper growth of leaves and has many 
critical function such as photosynthesis in plant. Similarly, phosphorus is necessary for plant growth and it has a 
significant roles in photosynthesis, respiration, energy storage and transfer (Tirasoglu et al., 2005). Sulphur is 
involved in numerous metabolic activates, especially, in amino acid and protein synthesis (Zaho et al., 1997). 
Plants assimilate inorganic sulphate  into cystein, which is subsequently converted into methionine and this 
reduction step is regulated by the nitrogen content (Koprivova et al., 2000).  
 
Table 3: Effect of some phosphorus sources and sulpher levels and their interaction on vegetative growth parameters of broccoli plants during 2010/2011.  

P.fert 
source 

Plant height (cm.) No. of leaves/plant Leaf area Leaf wt. (g) 
S1 S2 mean S1 S2 mean S1 S2 mean S1 S2 mean 

First season 
CSP 75.2 b 78.4 a 76.8 a 18.5 bc 20.8 ab 19.7 a 6992 c 7362 a 7177 b 662.3 d 688.6 b 675.5 b 
Map 74.8 b 79.2 a 77.0 a 18.1 c 22.1 a 20.1 a 7115 b 7380 a 7247 a 676.3 c 706.9 a 691.6 a 
mean 75.0 b 78.8 a  18.3 b 21.5 a  7054 b 7371 a  697.8 a 669.3 b  

Second season 
CSP 74.2 c 76.1 ab 75.1 a 17.9 c 20.0 b 18.9 b 5642 b 5832 a 5737 b 591.0 c 616.6 ab 608.3 a 
Map 75.1 ab 76.7 a 75.9 a 18.3 b 21.1 a 19.7 a 5803 a 5942 a 5872 a 598.9 bc 634.6 a 616.7 a 
mean 74.6 b 76.4 a  18.9 b 20.5 a  5723 b 5887 a  595.0 b 625.6 a  

Values followed by the same letters in the same column is not significant according to Duncan's multiple range test at 0.05. 

 
B. Yield and its components: 
 
1. Effect of nitrogen levels:  

 
Data in Table 4 reveal that increasing of nitrogen levels up to 80kg N/fed. significantly increased primary 

and secondary head yield /fed. as well as total yield in both season compared with other treatments. While, there 
was  no significant differences  between 80kg and 120kg N/fed in both seasons. Similar results were obtained by 
Hassan et al. (1990) and El-Shabrawy et al. (1999) on cabbage., Hossein (2008) and Yaldas et al. 2008 on 
broccoli found that 300kg N/ha gave the highest values of yield.  
 
Table 4: Effect of nitrogen levels and its interaction with some phosphorus sources and sulpher levels on yield of broccoli plants during 

2009/2010 and 2010/2011.  
N. fert 
Kg/fed 

P.fert 
source 

Primary head yield (Ton/fed.) Secondary head yield (Ton/fed.) Total yield (Ton/fed.) 
S1 S2 mean S1 S2 mean S1 S2 mean 

First season 
0.0 CSP 1.290 g 1.310 g 1.300 e 1.009 f 1.010 f 1.009 e 2.299 i 2.320 i 2.309 f 

Map 1.810 fg 2.107 f 1.958 d 1.067 f 1.170 f 1.118 e 2.877 h 3.277 h 3.077 e 
mean 1.550 e 1.708 e 1.629 c 1.038 e 1.090 e 1.064 c 2.588 e 2.798 e 2.693 c 

40 kg CSP 3.390 e 4.290 d 3.840 c 1.947 e 2.903 bc 2.425 c 5.337 g 7.193 f 6.265 d 
Map 3.610 e 5.303 c 4.456 b 2.028 e 1.992 e 2.010 d 5.638 g 7.320 f 6.479 d 
mean 3.500 d 4.796 c 4.148 b 1.987 d 2.447 c 2.217 b 5.487 d 7.256 c 6.372 b 

80 kg CSP 5.210 c 5.930 ab 5.570 a 2.519 d 2.320 d 2.419 c 7.729 de 8.260 c 7.994 c 
Map 5.3100 c 5.960 a 5.685 a 2.943 bc 3.544 a 3.243 a 8.353 bc 9.494 a 8.923 a 
mean 5.310 b 5.945 a 5.627 a 2.731 b 2.932 a 2.831 a 8.041 b 8.877 a 8.459 a 

120 kg CSP 5.210 c 6.076 a 5.643 a 2.376 d 3.023 b 2.699 b 7.856 ef 8.660 b 8.123 c 
Map 5.310 c 5.901 ab 5.605 a 2.765 c 2.809 c 2.787 b 8.075 cd 8.710 b 8.392 b 
mean 5.260 b 5.988 a 5.624 a 2.570 bc 2.916 a 2.743 a 7.830 b 8.685 a 8.257 a 

Second season 
0.0 CSP 1.305 k 1.490 j 1.397 g 0.806 d 1.052 d 0.929 d 2.216 j 2.512 i 2.365 e 

Map 2.005 i 2.110 i 2.057 f 1.050 d 1.062 d 1.056 d 3.055 h 3.172 h 3.113 d 
mean 1.655 f 1.800 e 1.727 c 0.928 d 1.057 d 0.992 c 2.635 g 2.843 f 2.739 d 

40 kg CSP 4.011 g 4.190 fg 4.100 d 2.135 c 2.353 c 2.244 c 6.079 g 6.543 f 6.113 c 
Map 3.690 h 4.213 f 3.951 c 2.296 c 2.385 c 2.340 c 6.046 g 6.550 f 6.298 c 
mean 3.850 d 4.210 c 4.026 b 2.215 c 2.369 c 2.292 b 6.062 e 6.546 d 6.304 c 

80 kg CSP 4.340 ef 4.510 de 4.425 c 2.898 b 3.286 ab 3.092 ab 7.238 e 7.796 b 7.517 b 
Map 4.680 bc 5.110 a 4.895 a 3.064 b 3.627 a 3.345 a 7.684 bc 8.737 a 8.210 a 
mean 4.510 b 4.810 a 4.660 a 2.981 b 3.456 a 3.218 a 7.461 c 8.266 a 7.963 a 

120 kg CSP 4.310 f 4.700 b 4.505 c 3.208 ab 3.109 b 3.158 ab 7.518 cd 7.800 b 7.659 b 
Map 4.530 cd 4.950 a 4.740 b 2.868 b 2.925 b 2.896 b 7.398 de 7.845 b 7.621 b 
mean 4.420 b 4.825 a 4.622 a 3.038 b 3.017 b 3.027 a 7.458 c 7.822 b 7.640 b 

Values followed by the same letters in the same column is not significant according to Duncan's multiple range test at 0.05. 
 
2. Effect of P-sources: 

 
Regarding  the effect of phosphorus sources on yield and its components (primary head, secondary head 

and total yield /fed.) data in Table 5 show that plants fertilized with monoammonium phosphate (MAP) 
exhibited  higher values than calcium super phosphates (CSP) in both seasons. The superiority of Map than CSP 
on yield and its components may be referred to that MAP was in granulated form which decreased the chance of 
P-fixation on soil complex but CSP was in the powder form which gave more chance to PO4

-3 for exchange and 
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fixation. This result is in harmony with those of Sharma and Man (1973), Fonts (1992). These results are in 
completely agreement with Abd El-All (1999) on cauliflower, who indicated that MAP gave the highest values 
of yield compared with CSP. Mahmoud et al. (2007) found that the highest yield of broccoli was observed at 
180kg P2O5 from TSP. 
 
3. Effect of sulphur application: 

 
Data in Table 5 show that sulphur soil application at rate of 100kg S/fed. significantly increased primary, 

secondary head and total yield /fed. in both growing seasons. Sulphur had several important role in soil such as 
reducing soil pH (reaction) and consequently increase the availability of phosphorus and several nutrients (Hilal 
and Abd El-Fattah, 1987 and Hassaneen 1992), Rosen et al. (2005) studied of effect of different levels of S on 
cabbage cultivars, they found that sulphur application at 110kg/ha gave the highest significant increase of 
cabbage yield.  

 
4. Effect of the interaction between N and P-sources: 

 
Data in Table 4 show that yield and its components of broccoli were significantly increased as result of the 

interaction between nitrogen levels with P-sources in both seasons. The highest values were obtained from 
plants fertilized with 80kg N/fed and MAP.  

This result could be referred to that plants received MAP fertilizer contains NH4
+ + HPO4

-2 in one fertilizer 
which increase plant growth Table 2 and increased the uptake of  both N, P and S as shown in Table 8.  
 
5. Effect of the  interaction between N and S: 

 
Data in Table 4 show that the effect of  the interaction between N x S on yield and its components on 

broccoli, results show a significant increase due to the interaction between N levels and S levels in both seasons. 
The highest values were obtained from plants fertilized with 80kg N/fed and 100kg S/fed. Data did not show 
any significant differences between 80kg N/fed + 100kg S/fed and treatment fertilized with 120kg N/fed + 
100kg S/fed in both seasons. Similar results were obtained by El-Shabrawy et al. (1999) on cabbage they found 
that there was no significant differences between 100kg S + 80kg N/fed and 100kg S + 120kg N/fed. Schonhof 
et al.(2007) on broccoli, found that plant receiving an optimal amount of N and S supplied had a higher average 
head weight, when S was insufficient and N was optimal head weight was reduced and insufficient S supply 
limited the utilization of N already present in protein biosynthesis, thus a shortage in the S supply also limits the 
utilization of applied N (Cecotti, 1996). Slosär et al. (2011) on broccoli found that the highest yield was reached 
when it was fertilized with the level of N:S= 200:60 (kg/ha). 
 
Table 5: Effect of some phosphorus sources and sulpher levels and their interaction on yield of broccoli plants during 2010/2011.  

P.fert 
source 

Primary head yield (Ton/fed.) Secondary head yield (Ton/fed.) Total yield (Ton/fed.) 
S1 S2 mean S1 S2 mean S1 S2 mean 

First season 
CSP 3.775 c 4.035 c 3.905 b 1.962 c 2.314 a 2.138 b 5.737 d 6.235 c 5.986 b 
Map 4.401 b 4.817 a 4.609 a 2.200 b 2.378 a 2.289 a 6.608 b 7.200 a 6.904 a 
mean 4.088 b 4.426 a  2.081 b 2.346 a  6.172 a 6.718 a  

Second season 
CSP 3.437 c 3.722 b 3.605 b 2.261 a 2.319 a 2.290 b 5.762 d 6.045 c 5.903 b 
Map 3.726 b 4.095 a 3.911 a 2.450 a 2.499 a 2.474 a 6.163 b 6.576 a 6.369 a 
mean 3.607 b 3.909 a  2.356 a 2.409 a  5.962 b 6.310 a  

Values followed by the same letters in the same column is not significant according to Duncan's multiple range test at 0.05.  
 

6. Effect of the interaction between P-sources and S:  
 
Data in Table 5 show the effect of interaction between P-sources and S on yield and its components of 

broccoli, results show  that their was a significant increase due to the interaction between p-sources and S levels. 
The highest values were obtained by MAP and 100kg S/fed. in both seasons.  

The superiority of MAP and 100kg S/fed on yield and yield components may be referred to its favorable 
effect on plant growth Table 3 and minerals uptake, especially N, P and S Table 9. Bhorose et al, (2011) on toria 
found that 50kg P2O5 + 20kg S gave the highest values of yield and N P K content, protein % and oil content.  
 
7. Effect of interaction between N levels, P-source and S levels: 

 
Data in Table 4 reveal that primary, secondary and total head yield /fed. of  broccoli as significantly 

affected by the interaction between N levels, p-sources and S levels in both seasons. The highest values were 
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obtained by plants fertilized with 80kg N/fed + MAP + 100kg S/fed. in both seasons. Meanwhile, the lowest 
values were obtained with the control (without N fertilization) + 50kg S + CSP.  

The superiority of 80kg N/fed + MAP as a source P and 100kg S/fed on yield and its components may be 
referred to its favorable on plant growth Table  2  and mineral uptake, especially N, P and S Table  8 , N, P and 
S plays an important role on plant growth and yield of broccoli plants.  
 
C. Head quality (physical characteristics): 
 
1. Effect of nitrogen levels:       

 
Data presented in Table  6  show the effect of nitrogen levels on average head length, head diameter and dry 

matter content. Results show that N levels significantly increased head length in both season. The highest values 
was obtained by 120kg N/fed. While, head diameter significantly increased up to 80kg N/fed. No significant 
differences between 80 and 120kg N/fed. on head length and head diameter in both seasons. Meanwhile, 
increasing N levels up to 120kg N/fed. significantly reduced dry matter content in both seasons. The highest 
values of dry matter was obtained by the i control (ON kg/fed). Similar results were obtained by Hassan et al. 
(1994) and El-Shabrawy et al. (1999) on cabbage and Hossein, (2008) on broccoli. 
 
2. Effect of P-sources: 

 
Data in Table 7 reveal that MAP significantly increased head length, head diameter and dry matter content 

compared with CSP in both seasons. These results were agree with those of Hassan et al., (1994) and El-
Shabraway et al. (1999) on cabbage and Abd El-All (1999) on cauliflower. 
 
Table 6: Effect of nitrogen levels and its interaction with some phosphorus sources and sulpher levels on head quality of broccoli plants  
               during 2009/2010 and 2010/2011.  

N. fert 
Kg/fed 

P.fert 
source 

Head length (cm) Head diameter (cm) Dry matter % 
S1 S2 mean S1 S2 mean S1 S2 mean 

First season 
0.0 CSP 5.7 f 5.9 f 5.8 c 13.4 h 14.1 gh 13.7 d 16.1 ab 16.9 a 16.5 a 

Map 5.8 f 5.8 f 5.8 c 13.9 gh 14.5 g 14.2 d 16.6 a 16.9 a 16.7 a 
mean 5.7 c 5.8 c 5.8 c 13.6 f 14.3 e 13.9 c 16.3 ab 16.9 a 16.6 a 

40 kg CSP 7.4 e 7.9 de 7.6 b 17.0 f 18.1 e 17.5 c 15.0 bc 15.8 ab 15.4 bc 
Map 7.7 e 7.8 de 7.7 b 18.3 e 20.3 d 19.3 b 15.8 ab 15.9 ab 15.8 ab 
mean 7.5 b 7.8 b 7.7 b 17.6 d 19.2 c 18.4 b 15.4 bc 15.8 bc 16.5 b 

80 kg CSP 8.9 cd 9.4 bc 9.1 a 21.3 cd 22.7 ab 22.0 a 14.2 cd 14.2 bc 14.5 cd 
Map 9.5 bc 10.3 a 9.9 a 21.2 cd 23.2 a 22.1 a 14.1 cd 14.9 bc 14.5 cd 
mean 9.2 a 9.8 a 9.5 a 21.2 b 22.9 a 22.1 a 14.1 d 14.9 cd 14.5 c 

120 kg CSP 9.9 abc 10.0 abc 9.9 a 21.1 cd 21.9 bc 21.5 a 12.7 e 13.9 cde 13.3 e 
Map 10.1 abc 10.3 ab 10.2 a 21.4 c 22.7 ab 22.0 a 13.5 de 13.9 cde 13.7 de 
mean 10.0 a 10.1 a 10.1 a 21.2 b 22.3 a 21.7 a 13.1 e 13.9 de 13.5 d 

Second season 
0.0 CSP 6.1 d 6.0 d 6.0 d 13.5 g 13.9 fg 13.7 g 17.3 bc 17.8 ab 17.5 a 

Map 6.4 d 6.3 d 6.3 d 14.3 fg 14.9 f 14.6 f 17.0 c 17.9 a 17.4 a 
mean 6.2 c 6.1 c 6.2 c 13.9 e 14.4 e 14.1 c 17.1 b 17.8 a 17.5 a 

40 kg CSP 8.3 c 8.9 bc 8.6 c 16.9 e 17.5 e 17.2 e 15.3 ef 15.9 de 15.6 b 
Map 8.4 c 8.9 bc 8.6 bc 18.9 d 19.4 d 19.1 d 15.7 de 15.9 d 15.8 b 
mean 8.3 b 8.9 ab 8.6 b 17.9 d 18.4 d 18.1 b 15.5 c 15.9 c 15.7 b 

80 kg CSP 9.8 ab 9.8 ab 9.8 ab 19.8 d 21.9 bc 20.8 c 14.9 fg 14.2 hi 14.5 c 
Map 10.1 a 10.1 a 10.1 a 22.4 bc 23.9 a 23.1 a 14.0 i 14.7 gh 14.3 c 
mean 9.9 a 9.9 a 9.9 a 21.1 c 22.9 a 22.0 a 14.4 d 14.4 d 14.4 c 

120 kg CSP 9.0 abc 9.2 abc 9.1 abc 21.7 c 22.3 bc 22.0 b 12.0 k 13.1 j 12.5 e 
Map 9.4 abc 9.9 ab 9.6 abc 21.9 bc 22.8 b 22.3 b 13.8 i 13.9 i 13.8 d 
mean 9.2 ab 9.5 a 9.3 ab 21.8 bc 22.8 ab 22.1 a 12.9 f 13.5 e 13.2 d 

Values followed by the same letters in the same column is not significant according to Duncan's multiple range test at 0.05. 
  

3. Effect of sulphur levels: 
 
Regarding the effect of S-application on head quality of broccoli data presented in Table 7 show that 100kg 

S/fed significantly increased head length, head diameter and dry matter content in both seasons compared with 
50kg S/fed. This result may be due to the role of S -application on the availability of macro and micro elements 
in the soil. Moreover, these results are similar with those reported by Hunasikotti et al. (2000) and Sanderson 
(2003) on broccoli and cauliflower.   
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4. Effect of the interaction between N levels and P sources: 

 
Data in Table (6) show the effect of the interaction between N levels x P- sources. Results show that 

increasing nitrogen levels and using MAP as a source of P-application significantly increased head length and 
head diameter in both seasons as compared with other interaction. There was no significant differences between 
80kg N/fed + MAP and 120kg N/fed + MAP in both seasons. As regard to the  interaction effect of N levels and 
P-sources data in Table 6 show that the control (untreated treatment with nitrogen) and MAP or CSP gave the 
highest values of dry matter percentage  in both seasons.  
 
5. Effect of the  interaction between N levels and S levels: 

 
Concerning the effect of N levels interaction within S levels, data in Table 6 show that  using 80kg N/fed 

and 100kg S/fed gave the highest values of head length and diameter compared with the other treatments in both 
seasons. Also, data show that there no significant differences between 80kg N/fed + MAP and 120kg N/fed + 
MAP. in both seasons. As regard to dry matter, data in Table 6 show that interaction effect of N levels and S 
levels in case of the control (untreated with N) and 50 or 100kg S/fed. gave the highest values of dry matter 
content compared with other treatments in both seasons. El-Shabrawy et al. (1999) on cabbage found that 120kg 
N/fed and 100kg S gave the highest values of head length and diameter.  
 
6. Effect of  the interaction between P-sources and S levels: 

 
Data in Table 7 show the effect of p-source and S levels on physical quality traits such, results show that 

MAP and 100kg S/fed significantly increased head length, head diameter and dry matter content compared with 
other treatments. Similar results were obtained by Abd El- All (1999) on cauliflower who found that MAP 
significantly increased curd height and diameter and El-Shabrawy et al.(1999) on cabbage found that 100kg S 
gave the highest values of head length and diameter.  
 
Table 7: Effect of some phosphorus sources and sulpher levels and their interaction on head quality of broccoli plants during 2010/2011.  

P.fert 
source 

Head length (cm) Head diameter (cm) Dry matter % 
S1 S2 mean S1 S2 mean S1 S2 mean 

First season 
CSP 7.9 b 8.2 ab 8.1 b 18.2 d 19.2 b 18.7 b 14.5 b 15.3 a 14.9 a 
Map 8.3 ab 8.5 a 8.4 a 18.6 c 20.1 a 19.4 a 15.0 ab 15.4 a 15.2 a 
mean 8.1 b 8.4 a  18.4 b 19.6 a  14.7 b 15.3 a  

Second season 
CSP 8.3 b 8.4 ab 8.3 a 17.9 c 18.9 b 18.4 b 14.8 c 15.2 b 15.0 b 
Map 8.5 ab 8.8 a 8.6 a 19.3 b 20.2 a 19.8 a 15.1 bc 15.6 a 15.3 a 
mean 8.4 a 8.6 a  18.6 b 19.5 a  15.0 b 15.4 a  

Values followed by the same letters in the same column is not significant according to Duncan's multiple range test at 0.05. 
 
7. Effect of the interaction between N levels X P-sources X S levels: 

 
Data in Table 6 show the effect of the  interaction between N levels x P-sources x S levels on quality of 

broccoli head (head length, head diameter). Results show that there were significant differences  between 
treatments. The highest values were obtained by fertilization broccoli plants with 80kg N/fed + MAP + 100kg 
S/fed. in both season, No significant differences between 80kg N/fed + MAP + 100kg S treatment and 120kg 
N/fed + MAP + 100kg S/fed treatment. As regard to dry matter, data in Table 6 show also that 120 kg N/fed + 
MAP + 100kg S treatment significantly reduced dry matter of broccoli head compared with other treatments, the 
highest values of dry matter was obtained in treatment zero N + Map or CSP + 100kg S/fed. in both seasons. 
Similar results were obtained by El-Shabrawy et al. (1999) on cabbage.   
 
D. Chemical composition: 
 
1. Effect of N levels:  

 
Vit C content was significantly influenced by different nitrogen levels (Table 8). The maximum vit C 

(mg/100 fresh wt.) was recorded in  case of using in 120kg N/fed. treatment in both seasons and the lowest vit 
C. content was not iced in case of  control in both seasons, No significant differences between 80kg N/fed and 
120kg N/fed. on vit C content. Similar results were obtained by Slosar et al., (2011) on broccoli found that, the 
highest values of Ascorbic acid was determined at (N: 200kg/ha).  

As regard to N, P and S contents, Table 8  indicate that mean values of N, P and S contents of broccoli head 
were significantly increased with increasing rat of N from the  control up to 80kg N/fed. No significant 
differences between 80kg N/fed and 120kg N/fed treatments in both seasons. This suggestion was confirmed by 
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Radwan (1990)  and El-Shabrawy et al. (1999) on cabbage, who found that increasing the rate of nitrogen levels 
from 0 to 120kg/fed increased nitrogen content.. Also, Yaldas et al. (2008) on broccoli found that 450kg N/fed 
increased N, M, Ca, Mg, Fe, Zn. 
 
2. Effect of P-sources:  

 
According to the effect of source of P application on vit C, N, P and S content of heads, data in Table  9 

show that plants fertilized with MAP contained higher N, P and S percentage of heads as compared with CSP in 
both seasons . However, no significant differences between Map and CSP on vit C content in both season. Such 
increment in N, P and S content by MAP may be due to the encouraging effect of the associated ammonium ions 
on P-uptake and consequently on N, P and S content. This result is in harmony with those of Sharma and Mann 
(1973), Zaki et al. (1999) and Fonts (1992) on tomato and Abd El-All (1999) on cauliflower.    
 
3. Effect of sulphur levels: 

 
Increasing of the rate of applied sulphur from 50 to 100kg significantly increased N, P and S contents of 

broccoli heads in both seasons Table 9  and significantly vit C content in second season only. These results are 
in agreement with those reported by El-Shabrawy et al., (1999) and Bhaganantogaudra and Rokhad (2001) on 
cabbage and Vallejo et al., (2003) on broccoli.  
 
4. Effect of  the interaction between N levels and P-sources: 

 
As regard to the interaction effect of N levels and P-sources on vit C, N, P and S contents, data in Table  8  

show that 80kg N/fed and MAP gave the highest values of N, P and S contents on broccoli heads in both 
seasons. No significant difference between MAP + 80kg N/fed and MAP + 120kg fed treatments. Meanwhile, 
the highest values of vit C content was determined in 120kg N/fed + CSP in both seasons.  
 
5. Effect of the interaction between N levels X S-levels: 

 
Data obtained on the interaction effect of N levels within S levels on vit C, N, P and S contents of broccoli 

heads are presented in Table  8. Data show that 80kg N/fed significantly increased vit C, N, P and S contents in 
both seasons. No significant differences between 80kg N/fed + 100kg S/fed and 120kg N/fed + 100kg S 
treatments in both seasons. El-Shabraway et al. (1999) on cabbage found that 120kg N + 100kg S/fed. gave the 
highest values of N, P and S contents. Schonhof et al.(2007) on broccoli showed that on insufficient S supply 
limited the utilization of N already present in the plant, insufficient N supply led to a significant decrease of the 
N concentration and under S limited condition the efficiency to take up N appears to be lower. Also, Aires et al. 
(2007) on broccoli, found that N and S fertilization significantly influenced the uptake of N, S, K, Ca, Mg, Na, 
Cl and silicon of broccoli sprouts.  
 
6. Effect of  the interaction between p-sources x S levels: 

 
As regard to the interaction effect of p-sources and S levels on vit C, N, P and S of broccoli heads are 

presented in Table  9  data show that MAP + 100kg S/fed. significantly increased vit C, N, P and S contents. 
Meanwhile, there was significant differences between MAP + 50kg S/fed and MAP and 100kg S/fed in the first 
season.  

The superiority of this treatment on chemical composition may be referred to contain NH4, HPO4
- and 

sulphur which increased fertility of soil and increased availability of nutrients.  
 
7. Effect of the interaction between N x P-souces X S levels:  
 

Data in Table  8  show that 80kg N/fed + MAp + 100kg S/fed significantly increased N, P and S contents of 
broccoli heads in both seasons. While, vit C content was increased by fertilization broccoli plants with 120kg 
N/fed + MAP + 100kg S/fed in  both seasons.  
 
E-Sulforaphane content:        
 
1-Effect of nitrogen levels: 

 
Data in Table (10 and fig.1) show that, nitrogen levels significantly affected sulforaphane content on 

broccoli head, The highest values were obtaind by 40Kg N/Fed. In both seasons. Similar results were obtained 
by Josefsson (1970) and Ahmed et al. (2007) on canola. 
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Table 8: Effect of nitrogen levels and its interaction with some phosphorus sources and sulphur levels on chemical contents of broccoli plants during 2009/2010 and 2010/2011.  

N. fert 
Kg/fed 

P.fert 
source 

vit. C (mg/100g) N% P% S% 
S1 S2 mean S1 S2 mean S1 S2 mean S1 S2 mean 

First season 
0.0 CSP 67.3 f 73.7 e 70.5 d 1.140 h 1.390 fg 1.265 d 0.194 g 0.230 fg 0.212 f 0.18 i 0.230 h 0.205f 

Map 68.3 77.3 de 72.8 c 1.230 gr 1.510 f 1.370 d 0.199 g 0.261 f 0.230 f 0.219 h 0.314 g 0.266 e 
mean 67.8 e 75.5 d 71.6 c 1.185 f 1.450 e 1.317 c 0.196 f 0.245 e 0.220 c 0.199 f 0.272 e 0.235 d 

40 kg CSP 83.4 cd 93.9 c 83.6 b 2.780 e 3.01 a 2.900 c 0.350 e 0.410 d 0.380 e 0.360 f 0.390 ef 0.375 d 
Map 84.3 c 84.9 c 84.6 b 3.02 d 3.07 cd 3.030 c 0.375 e 0.440 d 0.407 d 0.410de 0.420 de 0.415 c 
mean 83.8 c 84.4 c 84.1 b 2.885 d 3.045 c 2.965 b 0.362 d 0.425 c 0.393 b 0.385 d 0.405cd 0.395 c 

80 kg CSP 107.3 b 110.4ab 108.8a 3.13 cd 3.510b 3.320b 0.570bc 0.572bc 0.571bc 0.410 de 0.490 b 0.450 b 
Map 107.8ab 112.0 a 109.9 a 3.310bc 3.910 a 3.610 a 0.540 c 0.570 bc 0.610 a 0.440 cd 0.540 a 0.490 a 
mean 107.5 b 111.2 a 109.3 a 3.22 bc 3.710 a 3.465 a 0.580 b 0.606 a 0.590 a 0.425 c 0.515 a 0.470 a 

120 kg CSP 110.9 ab 110.1 ab 110.5 a 3.110 cd 3.440 b 3.275 b 0.540 c 0.575 bc 0.557 c 0.440 cd 0.460 bc 0.450 b 
Map 108.1 ab 111.1 ab 109.6 a 3.390 b 3.790 a 3.590 a 0.590 b 0.600 b 0.595 ab 0.410 de 0.465 bc 0.450 b 
mean 109.5 ab 110.6 ab 110.0 a 3.250 b 3.615 a 3.432 a 0.565 b 0.587 ab 0.576 a 0.425 c 0.462 b 0.433 b 

Second season 
0.0 CSP 63.1 f 67.3 ef 65.2 c 1.440 f 1.450 f 1.445 c 0.180 f 0.240 ef 0.210 c 0.175 h 0.2479 g 0.210 e 

Map 63.3 f 68.1 ef 65.7 c 1.490 f 1.610 f 1.550 c 0.195 f 0.270 e 0.235 c 0.170 h 0.330 ef 0.250 e 
mean 63.2 c 67.7 c 65.4 c 1.465 e 1.530 e 1.497 c 0.187 e 0.255 d 0.221 c 0.172 f 0.287 e 0.230 d 

40 kg CSP 87.3 de 88.9 cd 88.1 b 2.910 e 3.110de 3.01 b 0.380 d 0.405 d 0.395 b 0.310 f 0.331 ef 0.320 c 
Map 87.0 de 89.3 cd 88.1 b 2.790 e 3.19 de 3.08 b 0.410 d 0.450 cd 0.430 b 0.335 ef 0.395 cd 0.365 c 
mean 87.1 b 89.1 b 88.1 b 2.940 d 3.15 cd 3.045 b 0.395 c 0.427 c 0.411 b 0.322 d 0.363 c 0.342 c 

80 kg CSP 108.2 bc 113.7 a 110.9 a 3.290cde 3.89 abc 3.440 a 0.510 bc 0.550 ab 0.530 a 0.410 c 0.430 bc 0.420 a 
Map 109.3 bc 114.1 ab 111.7 a 3.44 abcd 3.810 a 3.62 a 0.519 bc 0.590 a 0.554 a 0.420 c 0.470 ab 0.445 a 
mean 108.7 a 113.9 a 111.3 a 3.365 bc 3.700 a 3.532 a 0.514 b 0.570 a 0.542 a 0.415 b 0.450 a 0.432 a 

120 kg CSP 133.2 a 109.8 b 121.5 a 3.230 cde 3.590abc 3.413 a 0.517 bc 0.560 ab 0.538 a 0.350 ef 0.435abc 0.392 b 
Map 110.0 b 113.0 b 111.5 a 3.300bcde 3.710 ab 3.505 a 0.540 ab 0.275 ab 0.557 a 0.361 de 0.475 a 0.418ab 
mean 121.6 a 111.4 a 116.5 a 3.265 cd 3.653 ab 3.459 a 0.528 ab 0.567 a 0.548 a 0.355 c 0.455 a 0.405b 

Values followed by the same letters in the same column is not significant according to Duncan's multiple range test at 0.05. 
 
Table 9: Effect of some phosphorus sources and sulpher levels and their interaction on chemical contents of broccoli plants during 

2009/2010 and 2010/2011.  
P.fert 
source 

vit. C (mg/100g) N% P% S% 
S1 S2 mean S1 S2 mean S1 S2 mean S1 S2 mean 

First season 
CSP 92.2bc 94.5ab 93.3 a 2.54 c 2.840 b 2.690b 0.413 c 0.446b 0.430b 0.347 d 0.392b 0.370b 
Map 92.1 c 96.3 a 94.2 a 2.730 b 3.070 a 2.900a 0.436 b 0.485a 0.460a 0.396 c 0.434 a 0.402a 
mean 92.1 b 95.4 a  2.635 b 2.955 a  0.424 b 0.466a  0.358 b 0.413 a  

Second season 
CSP 97.9 a 94.9 a 96.4 a 2.717 c 2.936ab 2.827b 0.396 c 0.438b 0.417a 0.311 c 0.360 

b 
0.355b 

Map 92.4 a 96.1 a 94.2 a 2.800bc 3.08 a 2.940a 0.416bc 0.471a 0.443a 0.321 c 0.417 a 0.369a 
mean 95.1 a 95.5 a  2.758 b 3.008 a  0.406 b 0.455a  0.316b 0.388 a  

Values followed by the same letters in the same column is not significant according to Duncan's multiple range test at 0.05. 
 
2-Effect of phosphorus sources: 

 
Data in Table 11 show that, the highest sulforaphane content was obtained when CSP was applied, although 

sources of application had no significant impact on sulforaphane content in both seasons. Similar results were 
obtained by Ball (1999) on cabbage found that soil application of P had no effect on glucosinolate contents. 
 
3-Effect of sulphur: 

 
Data in Table (11and fig.2) show that, sulforaphane content was significantly increased by increasing 

sulphur soil application from 50 to 100Kg S/Fed. in both season. Similer results were obtained by (Josefsson 
1970 and Booth et al 1994) found that the use of sulphur increased glucosinolate, contents in cruciferous crops 
such as rape seed. Also Abdel- All (2008) on cabbage and cauliflower. 
 
4. Effect of interaction between N levels and P-sources: 

 
Data in Table 10 show that sulforaphane content was significantly affected by interaction between N levels 

and P sources in both seasons. The highest  values was obtained by fertilization broccoli plants 40Kg N/Fed and 
CSP as asource of phosphorus. 
 
5. Effect of the interaction between N levels X S-levels: 

 
Data in Table 10 clear that the interaction between N levels and S fertilizers significantly affected 

sulforaphane content in broccoli head in both seasons. The highest values was obtained by fertilization broccoli 
plants with 40Kg N/Fed and 100Kg S/Fed. In both seasons. Ahmed et al (2007) on canola found that significant 
N*S interaction indicated that glucosinolate content increased with increase in both S and N and higher 
glucosinolate content was recorded in plants that received 80Kg N/ha and 30Kg S/ha. Also schonhof  et al, 
(2007) reported that broccoli plants should be supplied with sufficient sulfur and nitrogen in order to obtain 
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greater amounts of sulforaphane. Also,Similer results were obtained by (Josefsson 1970 and Booth et al 1994) 
showed that low glucosinolate concentration was found in rape seed grown with high nitrogen or low sulphur 
levels. 
 
6. Effect of  the interaction between p-sources x S levels: 

 
Data in Table 11 show that CSP and 100Kg S gave the highest values of sulforaphane content in both 

seasons. Similer results were obtained by Krisha et al., (2005) on mustard found that 60Kg P2O5 + 60Kg S/ha 
gave the highest values of glucosinolates. 
 
7. Effect of the interaction between N x P-souces X S levels:  

 
The interaction effect between N levels, P sources and S levels had a significant effect on sulforaphane 

content in both seasons Table 10 . Results indicate that the highest values were obtained by soil application 
40Kg N/ Fed +100Kg S/Fed and CSP as a source of phosphorus.   
 
Table 10: Effect of nitrogen levels and its interaction with some phosphorus sources and sulphur levels on  sulforaphane content of broccoli 

plants during 2009/2010 and 2010/2011.  
N. fert Kg/fed P.fert source sulphorphane 

(SFN)              μg/g d.w . 
 

S1 S2 mean 
First season 

0.0 CSP 16.9d 19.2d 18.0c 
Map 16.8d 19.1d 17.9c 
mean 16.8f 19.1e 18.0c 

40 kg CSP 25.9b 32.4a 29.1a 
Map 25.1bc 29.7a 27.4a 
mean 25.5b 31.oa 28.2a 

80 kg CSP 23.1bc 24.7bc 23.9b 
Map 23.3bc 24.4bc 23.8b 
mean 23.2cd 24.5bc 23.2b 

120 kg CSP 22.3c 24.9bc 23.6b 
Map 22. 4c 24.7bc 23.5b 
mean 22.3d 24.8bc 23.5b 

Second  season 
0.0 CSP 15.3h 17.4g 16.3e 

Map 15.7h 18.0g 16.8 e 
mean 15.5g 17.7f 16.6d 

40 kg CSP 26.1c 30.8a 28.4a 
Map 25.7c 29.7b 27.7b 
mean 25.9b 30.2a 28.0a 

80 kg CSP 23.8de 26.3c 25.0c 
Map 23.1e 26.2c 24.6c 
mean 23.4d 26.2c 24.8b 

120 kg CSP 21.7f 23.9d 22.8d 
Map 21.6f 24.1d 22.8d 
mean 21.6e 24.0c 22.8c 

Values followed by the same letters in the same column is not significant according to Duncan's multiple range test at 0.05. 
 

Table 11: Effect of some phosphorus sources and sulpher levels and their interaction on vegetative sulforaphane content of broccoli plants 
during 2010/2011.  

P.fert source sulphorphan 
(SFN)         μg/g d.w . 

 
S1 S2 mean 

First  season 
CSP 22.0b 25.3a 23.6a 
Map 21.9b 24.4a 23.1a 
mean 21.9b 24.8a  

Second season 
CSP 21.8b 24.6a 23.1a 
Map 21.5b 24.4a 23.0a 
mean 21.6b 24.5a  

Values followed by the same letters in the same column is not significant according to Duncan's multiple range test at 0.05 
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Fig. 1: Effect of nitrogen levels on sulforaphane content in broccoli heads. 
 

 
 
Fig. 2: Effect of sulphur levels on sulforaphane content in broccoli heads. 
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