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ABSTRACT 
 

Two independent experiments were conducted in the open field at Qaha Experimental Farm, Hort. Res. Inst. 
during 2009/10 and 2010/11 seasons to study the effect of two levels of potassium (72 and 96kg K2O/fed.), 
sulphur (75 and 150kg S/fed.), zinc (100 and 200 ppm) and boron (50 and 100 ppm) on growth, head yield, 
yield components and quality of broccoli (Brassica aleracea L. var. Italica. cv. Marathon F1). Potassium and 
sulphur amounts allocated for each experimental unit were divided into 3 equal batches. The first batch was 
added during soil preparation, while the second and third ones were added at 3-weeks intervals, starting 3-weeks 
after transplanting. Zinc and boron, however were foliar sprayed, 3 times at one week intervals started 21 days 
after transplanting. The obtained results indicated that all fertilization treatments markedly improved all 
vegetative growth parameters, head yield and yield components, as well as contents of various   determined 
chemical constituents in the tissues of treated plants, with the prevalence sulphur high level treatment (150kg 
S/fed.), which gave the highest means in most registered traits when compared to the control and other 
treatments. The high rate of each element recorded higher values than the low one in most cases. Zinc and 
boron, especially at high level improved some characters giving means sometimes more than those obtained by 
sulphur high level, or sometimes closely near to them with non-significant differences. The least improvement, 
however was attributed to potassium treatment at both levels. Hence, according to result of this study, it could 
be recommended to fertilize broccoli plants with sulphur at 150kg S/fed. Followed by zinc at 200ppm and boron 
at 100 ppm, at three equal doses for the best growth and higher yield and quality .on the other hand the highest 
content of sulphoraphan was the result of addition  sulphur, followed by zinc with the same rate. 
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Introduction  
 

Broccoli (Brassica oleracea L. var. italica) is one of the most important nutritional cole crops in the world. 
It contains high levels of vitamin A, ascorbic acid, calcium, niacin and riboflavin. Some phytochemicals are 
contained within it, glucosinolates in particular, that may help in prevent the onset of certain cancers and 
cardiovascular disease (Jones et al., 2006). In addition, Winkler et al. (2007) demonstrated that fresh broccoli 
heads contain relatively high levels of glucosinolates and flavonoids that may be chemoprotective against 
human cancer. 

Olga Azarenko et al .(2008 )reported that. one possibility is that the consumption of cruciferous vegetables 
may selectively prevent and/or retard proliferation of precancerous, neoplastic and/or malignant cells during 
early stages of carcinogenesis because such cells may divide more rapidly than their normal counterparts and, 
therefore, be vulnerable to mitotic arrest). Because the actions of SFN on microtubule dynamics resemble those 
of microtubule-targeted anticancer drugs, it is important to determine whether SFN might facilitate or interfere 
with conventional chemotherapy. If it does not interfere, an attractive possibility is that SFN may not only be 
useful for prevention of cancer but also for the treatment of cancer along with the commonly used conventional 
drugs. The use of agents, including those with low potency such as SFN, in combination with drugs that act by 
similar or different mechanisms, might provide increased efficacy while minimizing toxicity. 

During the last decades, many researches proved that broccoli significantly responds to chemical 
fertilization with some effective nutrients like potassium (K), sulphur (S), Zinc (Zn) and boron (B). In this 
regard, Mahmud et al. (2007) reported that application of 100kg N, 120kg P2O5, 20kg S, 1kg B and 500kg 
compost/ha might be sufficient for maximum growth and yield of broccoli heads. Likewise, Moniruzzaman et 
al. (2008) indicated that application of S, B, Zn and Mo significantly increased growth of broccoli plants i.e., 
No. leaves/plant, head diameter, main head weight and weight of secondary shoot/plant. The maximum head 
yield was obtained from the nutrient combination of 30 + 1.5 + 5 + 0.8 kg S+ B + Zn + Mo/ha with a blanket 
dose of 180 + 43 + 66kg N + P + K/ha and cow dung at 10 ton/ha. On canola (Brassica napuo), Nadian et al. 
(2010) postulated that the interaction between S and B was significant on yield of dry matter, yield, oil and 
protein content.  
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Similar observations were also attained on broccoli by Zhi et al. (2005) and Liang et al. (2006), as they 
found that Zn solution at 10mg/L increased the content of chlorophylls a and b, seedling height, leaf areas and 
dry weight of single seedling. Furthermore, Zn ion was the only beneficial agent to the liberation of glucose and 
accelerated the formation of sulforaphane in the seeds. Firoz et al. (2008) stated that treating 3 broccoli 
varieties, viz. Green commet, Green King and Green Harmony with 1kg B/ha greatly improved plant height, 
outer leaves g /plant, curd weight/plant, side curd weight/plant and curd yield. 

As for K, Islam et al. (2010) on broccoli, revealed that potassium had significant effect on the days required 
to curd initiation, diameter and weight of primary curd, number and weight of secondary curd/plant. The highest 
curd yield was obtained from 200kg of either P2O5 or K2O/ha. The economic analysis depicted that the 
combination of 200kg P2O5 + 200kg K2O/ha gave the highest net return and maximum benefit cost ratio. On the 
same line, were those results of Ouda and Mahadeen (2008) on broccoli, and Xi-sheng et al. (2007) and Cekey 
et al. (2011) on cauliflower.  

This trial, aims to detect the beneficial effects of the individual application of potassium, sulphur, zinc and 
boron on growth, yield, quality and anticancer material content as (sulphorphan) of broccoli under our local 
environmental conditions.  

 
Materials and Methods  

 
Two separate experiments were carried out on broccoli (Brassica oleracea L. var. italica, cv. Marathon F1) 

at Qaha Experimental Farm, Hort. Res. Inst., Kalubia Governorate during the two seasons of 2009/10 and 
2010/11 to study the effect of two levels from each of potassium (K) 72 and 96kg K2O, sulphur (S) 75 and 
150kg S/fed, Zinc (Zn) 100 and 200 ppm Zn and boron (B) 50 and 100 ppm B application plus the control, k 
and S applied to the soil while Zn  and B applied as foliar spray on broccoli plants. Amounts of k and S 
allocated for each plot were divided to 3 equal parts; the first portion was added during soil preparation, while 
the second and third portions were added at 3-weeks intervals, starting 3-weeks after transplanting. Zinc and 
boron were foliar sprayed, 3 times with one-week intervals, starting 3-weeks after transplanting.  

Seeds of broccoli were sown in the nursery on 1st and 3rd of Sept. for both seasons, respectively. Each 
experimental plot was consisted of 4 rows each of 70cm in width and 4m in length. The transplants were set up 
at 50cm apart on one side of the rows after 45 days from seeds sowing in the nursery in the two seasons. The 
compound NPK fertilizer was applied at the recommended rate suitable for such crops, i.e. 80kg N, 60kg P2O5 
and 48kg K2O/fed., for all treatments excepted for the treatments which received potassium at tested levels. The 
previously mentioned amounts specified for each plot were divided into two equal parts. The first part was 
applied after 3 weeks and the second one after 6 weeks from transplanting. The sources of fertilizers used were 
ammonium nitrate (33.5%N), calcium superphosphate (15.5% P2O5) and potassium sulphate (48% K2O). Other 
culture practices were carried out according to recommendation for such crop. Some physical and chemical 
properties (according to Jackson, 1965) of the soil used in this study are recorded in Table (1).  

 
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 8.4 2.1 0.67 1.77 0.34 0.63 4.1 0.55 
 
The experimental design was a complete randomized blocks with three replicates. The treatments were 

randomly arranged in each replicate. At harvesting time, after 75 day from transplanting of broccoli cv. 
Marathon F1, five plants were randomly taken from each experimental plot, and the following data were 
recorded:  

1. Vegetative growth: plant height, mean number of leaves per plant, leaf area/ plant  and leaf weight 
(kg/plant).  

2. Yield and its components: primary curd yield, secondary curd yield and total curd yield, as well as the 
edible part weight of curd were determined. The net curd yield, increase yield percentage and dry matter 
percentage were also calculated.  

3. Physical characteristics: length and diameter of curd were recorded. Compactness of curd was estimated 
according to the following scale: 1, compact ,2 medium compact to 3, little compact.  

4. Chemical constituents of curd: total nitrogen percentage was measured according to Pregl (1945) using 
micro-Kjeldahl apparatus. Phosphorus percentage was estimated calorimetrically according to the method 
described by Murphy and Riely (1962). Potassium percentage was determined using the method of Brown and 
Lilleland (1946). Sulphur percentage was evaluated colorimetrically as reported by Cohenie et al. (1982). 
Vitamin-C content was measured in fresh samples by titration with 2,6-dichlorid phenol indophenols as 
indicated in A.O.A.C. (1970). Total sugars  was also determined by the method of Herbert et al. (1971). As well 
as zinc and boron were determined by the atomic absorption spectrometry using the method of AOAC 
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5. Sulforaphane content was determined by HPLC system equipped with SPD-20 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 (μg/g d.w) were 
estimated and calculated at the  Center of applied research &advanced studies Cairo .Uni.fac.of.farmcy                                                                                       

 
Standard Solutions and Quantifi cation: 

 
Stock standard solution of sulforaphane (5 mg) was prepared by .7dissolu-tion in 10 mL of acetonitrile and 

stored at 4°C in the dark. The purity ofthe reference standard was ≥90% (HPLC). Working solutions ( 2,5, 7.5, 
10,12.5,15  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. standards were purchased from Sigma–Aldrich 
(St. Louis, MO, USA). 

 
Preparation of samples:  
1- Weight of 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 

 
Glucoraphanin (glycone)       Sulforphane (Aglicone)           
 

(Sulforaphan glucosinate)   
Sulforaphane stander:   

(A)                                                               (B) 

 
 

Fig. 1: HPLC chromatograms of sulforaphane stander (A),Broccoli head content(B)  
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6. 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  
 
Effect of the individual application of K, S, Zn and B on:  
 
1- Vegetative growth:  

 
It is evident from data in Table 1 that all fertilization treatments used in this study significantly improved all 

vegetative growth parameters expressed as: plant height, No.of leaves/plant, leaf area and fresh weight of leaves 
with various significant levels compared to the control in the two seasons. In general, the high rate of each 
element gave higher records than the low one in most cases of both seasons, except for leaf area trait in the first 
season, as the means of different treatments were closely near together with non-significant differences in 
comparison to  the control one. The highest averages, however were recorded in both seasons by the high level 
of either S (150kg/fed.) or Zn (200 ppm). The high rate of K (96kg/fed.) only improved No. 0f leaves/plant and 
its fresh weight in the first season, as well as leaf area in the second one, while both rates of B gave the utmost 
high means in the first season and greatly improved plant height in the second one.  

This may be reasonable, because S improves the availability of nutrients such as P, Fe, Zn, Mg and Cu 
(Heter, 1985). Such element, also decreased the soil pH and converse the unavailable P to available form for 
plant absorption (Abdel-Fattah et al., 1990). Zinc, however is essential for activating many enzymes, especially 
those involved in CO2 oxidation. It is also important to synthesize the amino acid tryptophan, which in turn 
changes into auxin (Liang et al., 2006). Zhi et al. (2005) mentioned that zinc plays a major role in synthesis of 
amino acids and protein. On the other hand, boron has a great role in biosynthesis of cell wall, cell division, 
carbohydrates transport and activating some hormones(Nadian et al., 2010). Moreover, it is not only increase 
root growth, but also increase shoot dry weight of plants (Asad et al., 2003).  

The previous results are in agreement with those found by Mahmud et al. (2007), Moniruzzaman et al. 
(2008), Firoz et al. (2008) and Islam et al. (2010) on broccoli. 
 
2- Head yield and yield components:  
 

From data recorded in Table 2 , it could be concluded that the highest curd yield; either primary or 
secondary and total yield/fed. and the highest increase percent in the total yield in both seasons were obtained 
with the using high rate of sulphur (150kg/fed.), except for secondary curd yield character which reached in the 
second season to 2.940 ton/fed. by the high level of potassium against 2.830 ton/fed. for sulphur high rate. A 
similar trend was also gained concerning curd compactness and curd diameter, as the high rate of S gave also 
the most compacted and widest curds comparing with other treatments in the two seasons. The longest curd in 
both seasons, however was achieved by the high level of Zn (200ppm). The yield of secondary curd in both 
seasons and curd length in the second season were also improved by the high rates of either K or B, which 
scored values in the same rank of those scored by high S rate. As mentioned before in case of vegetative growth, 
the high rates of the used elements gave higher means than the low rates in most instances of both seasons.  

The previous gains may be interpreted and discussed as done before in case of vegetative growth. 
Furthermore, they are in harmony with the gains pointed out by Zhi et al. (2005), Liang et al. (2006) and Islam 
et al. (2010) on broccoli, as well as Nadian et al. (2010) on canola (Brassica napus).  

 
3- Chemical composition:  
 

A similar trend to that noticed in case of vegetative growth, head yield and yield components was also 
obtained in case of chemical composition (Tables, 3 and 4), as sulphur at the high rate treatment (150kg S/fed.) 
registered the utmost high percentages of N, P and K, as well as the highest content of vit.C over all other 
treatments in the two seasons, whereas the high rate of K (96kg/fed.), 

Zn at(200ppm) and B at (100ppm) recorded the highest content of K, Zn and B in the tissues of treated 
broccoli plants, respectively. However, the heaviest dry matter weight in both seasons was found due to 
application of boron at high level, which gave also the highest total sugars content in the first  and second 
seasons. The high rate of sulphur was also improved the tissue content of K, Zn, B and total sugars, but to some 
extent lesser than potassium, zinc and boron treatments, respectively. Beside, data in Tables 3 and 4 exhibit that 
the rates of elements used in this work recorded higher content of the different constituents than the rates in 
most instances of the two seasons. 
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As wel as application of sulfur at 150 kg S/fed.  and Zn at 200 ppm respectively recorded the highest 
content of sulforaphan (SFN) μg/g d.w. as compared with the other treatments in the two seasons. The previous 
gains may be interpreted that a large increase in S , and sulforaphan content was found in the green head of broccoli 
and mature seeds, S presen-ted in glucoraphanin accounted for only 4-10% of total S content in broccoli heads. 
However, S presented in glucoraphanin in mature seeds accounted for 40-46% in the seeds, as well as the partitioning 
of S into glucoraphanin also increased of with gypsum application, Rangkadilok et al., (2004).  

Hao Liang et,al. (2006). found that effects of six metal ions on the formation of sulforaphane and the 
liberation of glucose upon hydrolysis of glucoraphanin by myrosinase at neutral pH were studied.Only zinc ion 
was beneficial to the liberation of glucose and accelerated the formation of sulforaphane at initial reaction 
intervals. 

It can be, therefore inferred that sulphur at the rate of 150kg/fed is the most suitable treatment for the best 
growth and higher productivity, quality  and sulforaphan content as anticancer  in broccoli.  

 
Table 1: Effect of potassium, sulphur, zinc and boron on vegetative growth of broccoli during  2009/10 and 2010/11 seasons. 

Treatments First season Second season 
Plant 
height 
(cm) 

Number of 
leaves/plant 

Leaf area 
(cm2/plant) 

Leaf 
weight 

(g/plant) 

Plant 
height 
(cm) 

Number of 
leaves 
/plant 

Leaf area 
(cm2/plant) 

Leaf weight 
(g/plant) 

K1 60.4cd 21.2bcd 6113.1a 781c 61.1cd 21.7d 6140.2d 680cd 
K2 61.4bcd 23.3ab 6240.2a 890ab 62.4cd 22.3cd 6430.1ab 821b 
S1 61.5bcd 20.1cd 6310.0a 710d 59.7d 23.1bc 5970.0e 630e 
S2 63.1ab 24.9a 6310.0a 910a 62.1bc 25.9a 6310.2bc 890a 

Zn1 61.5bcd 21.9abc 6170.2a 690de 62.3bc 23.7bd 6210.2cd 640de 
Zn2 64.9a 23.4ab 6170.2a 870ab 66.1a 25.5a 6510.1a 840b 
B1 60.1cd 21.3bcd 6420.1a 647e 61.5bc 22.2cd 5940.3e 690c 
B2 62.1bc 22.4b 6340.1a 830bc 63.0b 23.4bc 6210.1cd 813b 

Control 59.5d 19.5d 5510.3a 685de 56.9e 18.7E 5910.1e 610e 
* Values followed by the same letters in the same column are not significant according to Duncan's  multiple range test at 0.05 
 
Table 2: Effect of potassium, sulphur, zinc and boron on head yield and yield components of broccoli during 2009/10 and 2010/11 seasons.  

Treatments First season Second season 
Primary 

curd yield 
(Ton/fed) 

Secondary 
curd yield 
(Ton/fed) 

Total 
curd 
yield 
(Ton/ 
fed) 

Increase 
yield 
(%) 

Curd 
compactness 

(1-3) 

Curd 
diame

ter 
(cm) 

Curd 
length 
(cm) 

Primary 
curd 
yield 
(Ton/ 
fed) 

Secondary 
curd yield 

(Ton/ 
fed) 

Total 
curd 
yield 
(Ton/ 
fed) 

Increase 
yield 
(%) 

Curd 
compactness 

(1-3) 

Curd 
diameter 

(cm) 

Curd 
length 
(cm) 

K1 3.427de 2.336c 5.763de 14.4c 1.7bc 15.3bc 6.1c 2.980d 2.150f 5.130de 2.7f 1.3de 14.9de 5.9c 
K2 4.262b 2.659a 6.921b 35.9a 1.3de 15.9bc 7.1b 3.378c 2.940a 6.318bc 26.4c 1.1ef 15.4cd 6.9ab 
S1 3.614cd 2.011d 5.625ef 5.3e 1.5cd 16.0b 6.3c 2.900de 2.310e 5.210de 4.3ef 1.2ef 15.3cd 6.1c 
S2 4.843a 2.631a 7.474a 37.7a 1.1e 17.0a 7.2b 4.180a 2.830b 7.010a 34.3a 1.0f 16.4a 6.8b 

Zn1 2.998ef 2.411bc 5.409e 6.2de 1.9b 15.5bc 5.3cd 2.640f 2.650c 5.290c 5.9de 1.5cd 15.3cd 5.9c 
Zn2 4.022bc 2.310c 6.332c 24.3b 1.3de 16.1b 7.8a 3.930b 2.480d 6.410b 28.3b 1.7bc 16.3ab 7.4a 
B1 2.988ef 2.510b 5.498f 7.9d 1.5cd 15.1c 6.4c 2.950d 2.390de 5.340d 6.9d 1.7bc 15.3cd 6.1c 
B2 3.186def 2.710a 5.896d 15.9c 1.7bc 15.9bc 7.0b 3.340c 2.810b 6.150c 24.9c 1.8b 15.8bc 6.9ab 

Control 2.791f 2.310c 5.101g - 2.3a 13.9d 6.1c 2.805e 2.190f 4.995E - 2.1a 14.5e 5.6c 
* Values followed by the same letters in the same column are not significant according to Duncan's multiple range test at 0.05 
 
Table 3: Effect of potassium, sulpher, zinc and boron application on chemical contents of broccoli during 2009/10 and 2010/11 seasons. 

Treatments First season Second season 
N (%) P (%) K (%) S (%) Zn 

(mg/kg) 
B 

(mg/kg) 
N (%) P (%) K (%) S (%) Zn 

(mg/kg) 
B 

(mg/kg) 
K1 2.750cd 0.470cde 3.150b 0.343cd 61.0c 67.1cd 2.750cd 0.410c 3.550b 0.330d 58.1e 63.1cd 
K2 3.110b 0.550bc 3.510a 0.440b 603c 68.0c 3.010bc 0.490b 4.250a 0.390b 61.0e 68.2c 
S1 2.610cd 0.430cd 2.930cd 0.410b 61.3c 65.1cd 2.790cd 0.520b 3.150e 0.383bc 68.0cd 68.1c 
S2 3.490a 0.640a 3.250b 0.710a 74.0b 74.1b 3.190b 0.610a 3.500bc 0.740a 74.2b 79.1b 

Zn1 2.810bc 0.350fg 3.100bc 0.320d 64.0c 65.3cd 2.740cd 0.370cd 3.350cd 0.320d 70.0bc 67.0c 
Zn2 3.710a 0.390ef 3.150b 0.390bc 81.0a 66.3cd 3.750a 0.410c 3.340cd 0.423b 84.3a 68.3c 
B1 2.680cd 0.510bcd 2.940cd 0.340cd 63.0c 75.0b 2.830cd 0.540b 3.290d 0.340cd 63.0de 85.2b 
B2 2.910bc 0.590ab 2.910d 0.390bc 71.6b 89.6a 2.890c 0.620a 3.390bcd 0.390b 62.0e 102.1a 

Control 2.450d 0.300g 2.490e 0.290d 46.0d 62.2d 2.590d 0.320d 2.790f 0.310d 50.0f 58.0d 
* Values followed by the same letters in the same column are not significant according to Duncan's multiple range test at 0.05.  
 
 
Table 4: Effect of potassium, sulphur, zinc and boron on dry matter and chemical constituents  in broccoli heads during 2009/10 and 2010/11 seasons.  

Treatments Dry matter 
(g/100g) 

Vit-C 
(mg/100gf.w) 

Total sugar 
(mg/100g) 

sulphorphan 
(SFN) 

(μg/g d.w) 

Dry matter 
(g/100g) 

Vit-C 
(mg/100gf.w) 

Total sugar 
(mg/100g) 

sulphorphan 
(SFN) 

(μg/g d.w) 
K1 15.7c 103.6ab 4112.0a 18.7e 14.8e 100.3bc 4010e 16.7f 
K2 16.3c 103.8ab 4471a 21.8d 17.1d 102.1ab 4340c 17.7e 
S1 18.8ab 105.3a 4210a 24.9c 17.3d 102.4ab 4190d 24.4c 
S2 16.4c 106.1a 4600a 31.6a 16.9d 105.1a 4540b 27.9a 

Zn1 19.8ab 105.5a 4190a 22.5d 19.1ab 101.1b 3910ef 23.7d 
Zn2 18.4b 105.1a 4510a 27.7b 18.3c 103.1ab 4310c 26.0b 
B1 19.2ab 106.4a 4490a 18.0e 18.4bc 102.3ab 4390c 16.4f 
B2 20.2a 104.3a 4810a 18.9e 19.7a 105.1a 4940a 17.4e 

Control 15.1c 101.0b 3951a 16.5f 14.3e 97.1c 3883f 14.9g 
* Values followed by the same letters in the same column are not significant according to Duncan's multiple range test at 0.05. 
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