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Abstract 
This investigation was carried out at theAgricultural Experimental Station, Faculty of Agricultural, Cairo 

University, Giza, Egypt during the two successive winter seasons of 2014 and 2015 to study the effect ofsome 

fertilization treatments, cultivars and their interactions onvegetative growth characteristic, yield and quality of 

broccoli (Brassica oleracea L. van. italica)plants. Thenutrient elements applications were as follows, potassium 

(K) 96 kg/fed, K2O, sulphur (S) 150 kg S/fed, zinc (Zn) 200 ppm and nitric oxide (NO) 100 ppm plus the 

control with three cultivars namely, 'Marathon F1', 'Heraklion F1' and 'Centauro F1'. The experimental design 

was a split plot with 3 replicates, where cultivars were allocated in the main plots and the nutrient elementsin the 

sub - plots. Results showed that plant vegetative growth, yield and quality of heads were greatly affected by the 

three cultivars andthe nutrient elements. In this respect, Marathon F1cultivargave the highest values of 

vegetative growth traits expressed as plant height and number of leaves per plant, while the highest leaf area and 

total fresh weight of plant were recorded with 'Centauro F1' in both seasons. As well as The highest values 

ofmost vegetative growth were recorded for potassium soil application. The interaction between'Centauro F1' 

and potassium application showed the highest leaf area and total fresh weight, while the lowest valuesfor these 

triets were obtained from 'Heraklion F1' with the control. Total main head weight / plot was increased with 

'Centauro F1', while'Marathon F1' and interaction between cv. Marathon F1 and sulfur gave the highesttotal 

weight of a secondary head / plot and total head yield / plot and Fedden. The interaction between cultivars and 

nutrients treatment gave considerable effect on head weight in both seasons, therefore the highest head weight 

was achieved by 'Centauro F1' and potassium in both seasons.On the other hand,the highest values of head 

diameter and head height wereobtained by 'Centauro F1' with sulfur in both seasons. 
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Introduction 

 

Broccoli belonging to family Brassicacea and is 

consideredas a member of cole vegetable crops; 

which includes cabbage, cauliflower, and chinese 

cabbage, broccoli, Brussels sprouts and kohlrabi. In 

Egypt, broccoli is still grown in very limited 

scattered areas, therefore, the total cultivated area is 

not exactly known.It's well known that, broccoli has 

enormous nutritional and medicinal values due to its 

high contents of vitamins (A, B1, B2, B5, B6 and E), 

minerals (CA, Mg, Zn, and Fe) and antioxidant 

substances which prevent the formation of cancer 

causing agents (Beecher, 1994, Michaud et al., 

2002).  

Sulfur application plays an important role in 

soils; it is used as a soil amendment to improve the 

availability of nutrients such as P, Fe, Zn, Mn and 

Cu. (Heter, 1985). Moreover, Abd El-Fattah et al. 

(1990) found that the addition of sulfur element 

decreased the soil pH andconverted the unavailable 

phosphorus to an available form for plant absorption. 

Biswas and Tewatia (1991) indicated that most 

crop species have higher yields and better quality 

products when there is an ample amount of S 

available in the soil. In the last few years, the role of 

sulfur (S) in plant nutrition has changed (Abbey et 

al., 2002) and nowadays, in many countries, S has 

become one of the most limiting nutrients in 

agricultural production (Eriksenet al., 2004). Plants 

assimilate inorganic sulfate into methionine 

(Nicoforovaet al., 2003), the precursors for 

glucosinolate production (Moreno et al., 2006). 

Schonhofet al., (2007) showed that sufficient S 

supply increased broccoli head weight and the 

content of glucosinolate under optimal of nitrogen 

fertilization. N and S interact to exert a strong effect 

on various growth parameters such biomass and yield 

(Salvagiotti and Miralles, 2008), Abd el - all (2014), 

found that fertilization of broccoli plants with sulfur 

at 150 kg S/fed. followed by zinc at 200ppm and 

boron at 100 ppm, at three equal doses, gave the best 

growth and higher yield and quality.On the other 

hand, the highest content of sulphoraphan was the 

result of addingsulfur, followed by zinc with the 

same rate. 

The Potassium is the most important element for 

yield and dry weight of broccoli. Additive effects 

were observed on yield and vitamin C content when 
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potassium was applied together with nitrogen or 

nitrogen and phosphorus (Ying et al., 1997). 

Zinc is one of the first micronutrients recognized 

as essential for plants that transported to plant root 

surface through diffusion (Maqsoodet al., 2009). Zn 

is a micronutrient and in case of its severe deficiency 

the symptoms may last throughout the entire crop 

season (Asad and Rafique, 2000). Zn deficient plants 

also appears to be stunted (Torun et al., 2001) as a 

result, approximately 2 billion people suffer from Zn 

deficiency all over the world (Asad and Rafique, 

2002). Bora and Hazarika (1997) reported highest 

stover yield (2770 kg ha-1) with Zn and almost the 

same trend of seed yield of Brassica campestrissub 

sp. oleifera var. Tori. The seed yield can be 

improved by the addition of Zn fertilization. Kutuket 

al., (2000) also suggested that the application of Zn 

has become necessary for improved crop yields. 

Mandal and Sinha (2004) recommended application 

of ZnSO4 at the rate of 20 kg ha-1 for oilseeds, 

including mustard. Moniruzzaman et al. (2008) 

applied zinc at the concentrations of 0, 2.5, 5.0 and 

7.5 kg ha-1 and suggested 8 kg Zn ha-1 for 

Brassicaspecies. 

Nitric oxide (NO) is an atmospheric gaseous 

molecule soluble in water and lipids. Research on 

NO, in plants has gained a considerable attention in 

recent years and there is increasing evidence of a role 

of this molecule in plants. Besides its presence in 

atmosphere, NO is also formed endogenously mainly 

in young actively growing tissues. NO production in 

plant tissues was first observed by Klepper(1975) 

and later on four different enzymatic pathways 

involved in its production have been proposed; (a) 

nitric oxide synthase, (b) plasma membrane bound 

nitrate reductase, (c) mitochondrial electron transport 

chain and (d) non-enzymatic reactions(Guo et al., 

2003). NO at low concentrations has been found to 

be involved in the regulation of diverse biochemical 

and physiological processes in plants (Kopyra and 

Gwozdz, 2003; Neill et al., 2008). However, at 

higher concentrations, NO may prove to be 

potentially toxic to the plant systems (Beligni and 

Lamattina, 2000). On the other hand, the impact of 

fertilization on the quality of broccoli, or vegetable 

species in general has not been sufficiently proven, 

and findings from previous experiments are variable. 

Thus, the goal of this research was to determine the 

effect of sulfur (S), potassium (K), zinc (Zn), and 

nitric oxide (NO) fertilization on vegetative growth 

characteristic, yield and quality of some broccoli 

cultivars. 

 

Materials and methods 

 

This investigation was carried out at 

theAgricultural Experimental Station, Faculty of 

Agricultural, Cairo University, Egypt,during the two 

successive winter seasons of 2014 and 2015 to study 

the effect of fertilization with sulfur (S), potassium 

(K), zinc (Zn), and nitric oxide (NO) on vegetative 

growth characteristic, yield and quality of some 

broccoli cultivars. Table 1 shows the physical and 

chemical properties of the experimental soil, 

according to Piper (1950). 

 

Table 1. Some physical and chemical properties of the experimental soil. 

pH 

 

E.C 

dS/m 

Caco3 Soluble Cations (meq/l) Soluble anions (meq/l) Macro 

nutrient 

(ppm) 

Micronutrient 

(ppm) 

 

Ca++ 

 

Mg++ 

 

Na 
+ 

 

K + 

 

 

Co3
--- 

 

Hco3
- 

 

Cl- 

 

So--
4 

 

K 

 

P 

 

N 

 

Fe 

 

Zn 

 

Mn 

7.5 

 

0.32 7.8 1 0.2 2.1 0.49 - 1.4 5.7 1.64 448 50 10 64 1.2 15 

  

Experimental procedure 

 

Seeds of broccoli were sown in the nursery on 1st 

and 3rd of Septemberfor both seasons, respectively. 

Each experimental plot was consisted of 4 rows each 

of 80cm in width and 4m in length with an area 12.8 

m2. The transplants were planted at 60cm apart on 

one side of the rows after 45 days from seed sowing 

in the nursery in the two seasons. N, P and K 

fertilizers were applied at the recommended rate i.e. 

80kg N, 60kg P2O5 and 48kg K2O/fed. suitable for 

such crops, for all treatments except for the 

treatments which received potassium at the 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 

sulfate (48% K2O). Other culture practices were 

carried out according to the recommendation for such 

crop. 

The experimental design was a split plot with 

three replicates, where the three cultivars (Marathon 

F1, Heraklion F1 and Centauro F1) were placed in 

the main plots, while the nutrient elements 

(potassium at 96kg/fed. K2O, sulfurat 150kg S/fed, 

Zinc at 200 ppm and nitric oxide at 100 ppm and the 

control) were distributed in the sub-plots. K and S 

were applied to the soil, while Zn and NO were 

applied as a foliar spray on broccoli plants. Amounts 

of K and S allocated for each plot were divided into 3 

equal parts; the first portion was added during soil 

preparation, while the second and third portions were 
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added at 3 and 6 weeks after transplanting. Zinc and 

nitric oxide were foliar sprayed, 3 times 4 and 5 

weeks after transplanting. 

 

Data recorded 

Five plants were randomly taken from each 

experimental plot after 60 days from transplanting 

and the following data were recorded during the two 

seasons: 

1. Vegetative growth parameters 

a. Plant height. 

b. Total number of leaves per plant. 

c. Total fresh weight per plant. 

d. Leaf area  

2. Yield and its components  

A head was considered mature at the time before it 

started to lose compactness or just before buds 

started to break up. Yield of top heads and its 

parameter were recorded in the central row of the 

plot as follows: 

Height and diameter of head. 

Head weight per plant. 

 

Statistical analysis:  

 Data were then tabulated and subjected to 

analysis of variance using M- state program. The 

new LSD method (Waller and Duncn,1969) was used 

for testing the significance of means in all 

experiments conducted.The experimental design was 

a split plot with three replicates where the cultivars 

were placed in the main plots, while the  nutrient 

element applications and subjected in the sub-plots. 

Results and Discassion 

 

1- Effect of cultivars, some nutrienttreatments 

and their interactions on vegetative growth 

1.1. Effect of cultivars 

Data in Table 2 show that the highest plant height 

was recorded with cv. Marathon F1 in the first 

season, while in the second season the statistical 

analysis shows no significant effect between cv. 

Marathon F1 and cv. Heraklion F1 in the plant 

height. The lowest plant height was recorded with cv. 

Centauro F1 in both seasons. It appears from the 

same data in Table 2 that the highest number of 

leaves was recorded with cv. Marathon F1 in both 

seasons. In contrast, the lowest number of leaves was 

recorded with cv. Centauro F1 in both seasons. The 

highest Leaf area and total fresh weight of plant were 

recorded with cv. Centauro F1 in both season, where 

the cultivar cv. Heraklion F1 gave the lowest Leaf 

area and total fresh weight in both seasons. The 

differences among cultivars in vegetative growth 

measurements might be due to their genetic 

differentces which allow using the natural resources 

with high potentiality. Some investigators studied the 

differences among cultivars vegetative growth under 

the Egyptian conditions. They recorded a wide 

variation among the vegetative growth of the 

different cultivars of broccoli (Abd El-Rahmanet al., 

2010; Abou El-Magd, 2003; Aboul-Nasr and Ragab, 

2000; El-Helaly, 2006)  

 

Table 2. Effect of cultivars and some nutrient treatments on vegetative growth of broccoli during 2013/2014 and 

2014/2015 seasons. 

 

Treatment 

Plant 

height 

(cm) 

Number  

of Leaves 

/plant 

Leaf 

area 

(cm2) 

Total 

Fresh 

weight 

(kg/plant) 

Plant 

height 

(cm) 

  Number of  

Leaves/plant 
Leaf 

area 

(cm2) 

Total 

Fresh 

weight 

(kg/plant) 

 2013-2014 2014-2015 

 Cultivars 

Marathon 

F1   (C1) 

82.65      31.60     654.60    4.210    81.96   33.00     769.60    4.357   

Heraklion 

F1   (C2) 

79.99     28.67     585.10    3.817    79.87   30.00    668.60    4.043   

Centauro F1    

(C3) 

75.73      25.60     1303.01 4.682    75.97   26.20    1453.00 4.835    

LSD 0.05 1.26 2.390 29.26 0.210 2.93 1.20 40.26 0.078 

nutrient 

elements 

 

Sulfur 82.31   30.33     923.60 4.560    81.66  31.67     998.8     4.712    

Potassium 85.06    32.67     909.70 4.643     85.08   33.33      1035.0   4.892    

Zinc 80.95    28.67     797.50 4.051     79.60   29.67     945.7     4.200   

Nitric acid 79.23    27.11    831.00 4.160     77.99    28.33      939.2     4.283    

Control 69.72   24.33     775.40 3.767     72.00    26.00     900.5     3.971    

LSD 0.05 2.74 1.66 74.45 0.208 3.69 2.21 63.4 0.184 
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1.2. Effect of nutrient treatments: 

Data in Table 2 show that the tested nutrient 

treatmentshad a significant effect on vegetative 

growth characteristics of broccoli plant. In this 

respect, potassium soil application gave the highest 

plant height and number of leaves in the first season, 

while usingpotassium and sulfur treatments had the 

highest plant height and number of leaves in the 

second season. In addition, sulfur and potassium soil 

application significantly reflected the highest leaf 

area and total of fresh weight in both seasons. The 

lowest leaf area was recorded with the control in the 

second season, but there were no significant 

differences between foliar application of zinc, nitric 

acid and the control in leaf area in the first season. 

The lowest total fresh weight was recorded with the 

control in both seasons. This growth achiermentmay 

be due to the role of S in improvement the 

availability of nutrients such as P, Fe, Zn, Mg and Cu 

(Heter, 1985). In addition, potassium molecule is the 

carrier of the photosynthetic products, especially 

carbohydrates so that they enhance protein 

andcarbohydrate synthesis. Potassium is necessary in 

young, growing tissues for cell elongation and 

possibly for cell division. Potassium is very mobile 

in plants and therefore circulates free and has a vital 

role in the maintenance of torpor pressure. It also 

helps in several physiological processes and uptake 

of other nutrient elements (Sadanandanet al, 2002). 

The previous results are in agreement with those 

found by Islam et al. (2010), Abou El-Magd (2003), 

El-Helaly, (2006) and Aboul-Nasr and Ragab. (2000)   

on broccoli. 

 

1.3. Effect of the interaction between the cultivars 

and nutrient treatments: 
Data presented in Table 3 show that the highest 

plant height and number of leaves were recorded 

with cv. Marathon F1 and potassium in both seasons, 

while cv. Centauro F1 and control gave the lowest 

plant height and number of leaves in both seasons. 

The highest leaf area was recorded with cv. Centauro 

F1 and potassium in both seasons, while the cv. 

Marathon F1 and sulfur gave the lowest in the first 

season.There were no significant differences between 

cv. Marathon F1 with sulfur, cv. Marathon F1 with 

potassium and cv. Marathon F1 with zincin leaf area 

during the second season. There were significant 

differences in total fresh weight. The treatment of cv. 

Centauro F1 with potassiumand cv. Centauro F1 with 

sulfurgave the highest total fresh weightof plant in 

both seasons. While the lowest values were obtained 

from cv. Heraklion F1 with control. 

 

Table 3. Effect of the interaction between cultivars and some nutrient treatments on vegetative growth of 

broccoli during 2013/2014 and 2014/2015 season . 

 

Treatment 

Plant 

height 

(cm) 

Number  

of Leaves 

/plant 

Leaf 

area 

(cm2) 

Total 

Fresh 

weight 

(kg/plant) 

Plant 

height 

(cm) 

Number of  

Leaves/plant 
Leaf 

area 

(cm2) 

Total 

Fresh 

weight 

(kg/plant) 

 2013-2014 2014-2015 

 Interaction 

C1* T1 85.50   34.00   725.5    4.730    83.66   35.00     794.5    4.652   

C1* T2 88.75   37.00    667.5    4.500     86.75    37.00     800.8    4.765    

C1* T3 84.75   31.00   635.2    4.000     83.21    33.00     776.5    4.150    

C1* T4 81.25   29.00    642.6    4.090     81.20    31.00     752.6    4.200    

C1* T5 73.00   27.00    602.3    3.730     75.00    29.00     723.7    4.020    

C2* T1 82.67   30.00    687.6    4.050     81.33   32.00     706.3    4.245    

C2* T2 84.22   32.00   569.7    4.230     85.50    34.00     695.7    4.410    

C2* T3 81.44   29.00    556.3    3.654    80.25    30.00     650.2    4.050    

C2* T4 81.11   27.33    560.2    3.700     79.77    29.00     665.3    3.850    

C2* T5 70.50   25.00    551.7    3.450     72.50    26.00    625.7    3.660    

C3* T1 78.78   27.00    1358.0  4.900     80.00    28.00     1496.0   5.240    

C3* T2 82.22   29.00    1492.0   5.200     83.00    29.00     1609.0   5.500    

C3* T3 76.66   26.00   1201.0  4.500     75.33    26.00     1410.0   4.400    

C3* T4 75.33   25.00    1290.0   4.690     73.00    25.00    1400.0   4.800    

C3* T5 65.66  21.00    1172.0   4.120      68.50    23.00     1352.0  4.234    

LSD 0.05 4.75 2.88 128.9 0.361 6.41 3.84 109.9 0.320 

1- cv. Marathon F1     (C1)                   4- Sulfur           (T1)                    7- Nitric acid    (T4) 

2- cv. Heraklion F1    (C2)                   5- Potassium    (T2)                     8- Control         (T5) 

3- cv. Centauro F1     (C3)                    6- Zinc              (T3) 
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2- Effect of cultivars, some nutrient treatments 

and their interactionon head yield of broccoli: 

2.1. Effect of cultivars: 

It appears from the data in Table 4 that total main 

heads / plot was increased with cv. Centauro F1, 

while the cv. Heraklion F1 gave the lowest total main 

heads / plot in both seasons. In the first season there 

were no significant differences between cv. 

Heraklion F1 and marathon, but cv. Centauro F1 

gave the lowest total of secondary heads / plotin the 

second season. The illustrated results in Table 4 

indicated that cv. Marathon F1gave the highest total 

of head yield / plot and fedden,but cv. Heraklion F1 

gave the lowest total of head yield / plot and 

fedden.The obtained results might be due to the 

genetic ability of this cultivar which enabled its 

plants to consume more natural resources. Its 

potentiality was higher in absorbing higher quantities 

of minerals from the soil solution and consuming 

more other natural resources.This result explains the 

superiority of cv. Centauro in main head and cv. 

Marathon f1 inside head might be also due to the 

genetic composition for cultivars  witch that increase 

GA3 and IAA in the apical meristem in cv. Centauro 

While cytokinins in cv. Marathon f1 which leads to 

side branches and Side yield. Some investigators 

evaluated broccoli cultivars under the Egyptian 

environmental condition (Abd El-Rahman, et al., 

2010;Abou El-Magd 2003;Aboul-Nasr and Ragab, 

2000 and El-Helaly, 2006).  

 

Table 4. Effect of cultivars and some nutrient elements application on head yield of broccoli during 2013/2014 

and 2014/2015 seasons. 

 

Treatment 

Main 

head / 

plot 

(Kg) 

Secondary 

head / plot 

(Kg) 

Total 

head 

yield / 

plot (Kg) 

Total 

head 

yield / 

fed (ton) 

Main 

head / 

plot 

(Kg) 

secondary 

head / 

plot(Kg) 

Total 

head 

yield / 

plot (Kg) 

Total 

head 

yield / 

fed (ton) 

 2013-2014 2014-2015 

 Cultivars 

cv. 

Marathon F1 

(C1) 

16.50    16.86   33.36  11.12  15.88    16.94   32.82   10.94   

cv. 

Heraklion F1  

(C2) 

13.50     15.62   29.12    9.707    13.10    14.81    27.91     9.304     

cv. Centauro 

F1   (C3) 
20.40   11.60  32.00   10.67  20.14  11.92     32.06    10.69    

LSD 0.05 0.05 1.33 1.31 0.44 0.03 0.22 0.19 0.06 

Nutrient 

elements 
 

Sulfur 17.97    17.76   35.73   11.91   17.58   17.30   34.88   11.62   

Potassium 19.12   15.96   35.08   11.69    18.52   15.68    34.20    11.40    

Zinc 16.59     14.15     30.74     10.24     16.35     14.67     31.02     10.34     

Nitric acid 14.91       13.72      28.63      9.542      14.65       13.16      27.81      9.27 

Control 15.41      11.89       27.30      9.100       14.77      11.99       26.76       8.92 

LSD 0.05 0.11 0.37 0.37 0.12 0.12 0.19 0.25 0.09 

 

2.2. Effect of nutrient treatments: 

 

It is clear from the data in Table 4 that there were 

significant differences among nutrient treatmentsin 

total head yield / plot and fedden. Applying 

potassium at rate of 96 kg/ fed k2Oincreased total 

main heads / plot compared to all other treatments in 

both season. As show in Table 4 soil application of 

sulfur had the highest total secondary heads / plot 

and total head yield / plot and fedden in both seasons. 

The lowest values of total main heads / plot, total 

secondary heads / plot, total head yield / plot and 

fedden were recorded with the control. This 

statement is in accordance with results obtained by 

Elwan and Abd El-Hamed (2011) and Pek et al. 

(2012), who also found that increasing S doses 

tended to increase broccoli yield. De Pascale et al. 

(2007) examined the effect of S fertilization on yield 

in friariello (Brassicarapa L. subsp. sylvestris L. 

Janch. Var.Esculenta Hort.). The authors found that S 

application resulted in a higher yield (up to 17.6%) 

compared with treatment without S addition. 

 

2.3. Effect of the interaction between the cultivars 

and nutrient elements treatment:  

Data in Table 5 concerning the effect of the 

interaction between cultivars and the nutrient 

treatmentsindicated that there were significant 

differences in all measured head yield parameters in 

both seasons of growth.In this respect, the highest 

total main heads / plot was recorded for cv. Centauro 

F1 withpotassium in both seasons, while the cv. 

Heraklion F1 with the control gave the lowest values 

of total main heads / plot. The highest values of total 
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secondary heads / plot was recorded for cv. 

Heraklion F1 withsulfur in the first season, and cv. 

Marathon F1 with sulfur in the second season.While 

cv. Marathon F1 with sulfur and cv. Marathon F1 

with potassium gave the highest total of head yield / 

plot and fedden in the first season. On the other hand, 

the high total of head yield / plot and fedden were 

recorded with cv. Marathon F1 with sulfur. The 

lowest total of head yield / plot and fedden were 

recorded for cv. Heraklion F1 with the controlin both 

seasons. 

 

Table 5. Effect of the interaction between cultivars and some nutrient treatments on head yield of broccoli 

during 2013/2014 and 2014/2015 seasons. 

 

Treatment 

Total 

main 

head / 

plot 

(Kg) 

secondary 

head / 

plot (Kg) 

Total 

head 

yield / 

plot (Kg) 

Total 

head 

yield / 

fed 

(ton) 

Total 

main 

head / 

plot 

(Kg) 

secondary 

head / 

plot (Kg) 

Total 

head 

yield / 

plot (Kg) 

Total 

head 

yield / 

fed (ton) 

 2013-2014 2014-2015 

 Interaction 

C1* T1 17.76         19.26    37.03   12.34   17.16        20.62   37.78   12.59   

C1* T2 19.25       18.05     37.30  12.43   18.52       17.71    36.24    12.08    

C1* T3 16.51          16.76      33.27      11.09      15.86         16.22     32.08       10.69      

C1* T4 14.35           16.39      30.73        10.24        13.87           16.04     29.91         9.97 

C1* T5 14.63           13.84         28.47          9.49 13.97           14.13       28.09           9.37 

C2* T1 14.25           19.99   34.24     11.41     14.06           17.66    31.72       10.57       

C2* T2 15.58           16.56      32.14       10.71       15.10          16.22     31.32        10.44        

C2* T3 13.40            15.06       28.46          9.49 13.11            15.33      28.44           9.48 

C2* T4 12.31         14.61       26.92           8.97 11.74           13.46        25.20            8.41 

C2* T5 11.97           11.88           23.85            7.95 11.49            11.38           22.87           7.62 

C3* T1 21.91    14.02        35.93    11.98    21.51    13.62        35.13     11.71     

C3* T2 22.53   13.26          35.79    11.93    21.94   13.10         35.04     11.68     

C3* T3 19.85     10.63            30.48        10.16        20.06     12.46          32.53      10.84      

C3* T4 18.07        10.16            28.23          9.41 18.33       9.99 28.32           9.44 

C3* T5 19.63      9.95 29.58         9.86 18.85      10.46            29.31          9.77 

LSD 0.05 0.19 0.65 0.65 0.21 0.21 0.33 0.44 0.15 

1- cv. Marathon F1   (C1)                    4- Sulfur        (T1)                    7- Nitric acid    (T4) 

2- cv. Heraklion F1   (C2)                   5- Potassium   (T2)                     8- Control        (T5) 

3- cv. Centauro F1    (C3)                    6- Zinc           (T3) 

 

1-Effect of cultivars, some nutrient treatments 

and their interaction on head quality of 

broccoli: 

2.1. Effect of cultivars: 

As show in Table 6 the highest values of head 

weight, diameter and head height were recorded with 

cv. Centauro F1 in both seasons, while cv. Heraklion 

F1 gave the lowest values of head weight and 

diameter in both seasons. However cv. Centauro F1 

gave the highest values of head height in both 

seasons, but there were no significant differences 

between cv. Marathon F1and  cv. Heraklion F1 in 

both seasons. 

 

3.2. Effect of nutrient treatments: 

Data in Table 6 show also that soil application of 

potassium gave the highest values of head weight in 

both seasons. It is clear from the data in Table 6 that 

the highest values of head diameter were recorded by 

applying both sulfur and potassium tothe soil in the 

first season, while in the second season sulfur 

application only gave the highest values of head 

diameter. The highest values of head height were 

recorded by applying sulfur to the soil compared to 

all other treatments in both seasons. 

 

3.3. Effect of the interaction between the cultivars 

and nutrient treatments:  

Data illustrated in Table 7 show that the 

interaction between cultivar and nutrient elements 

treatment gave considerable effect on head weight in 

both seasons, therefore the highest head weight was 

achieved by cv. Centauro F1 with potassium soil 

addition in both seasons. On the other hand cv. 

Heraklion F1 with control gave the lowest values of 

head weight in both season. As shown in table 7 the 

highest values of head diameter were obtained by 

using cv. Centauro F1 withsulfur soil addition and 

cv. Centauro F1 withpotassium in both seasons. The 

cv. Centauro F1 combined with sulfur significantly 

increased the head height values in both season. 
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Table 6. Effect of cultivars and some nutrient treatments on head quality of broccoli during 2013/2014 and 

2014/2015seasons. 

 

Treatment 

Head 

weight(g/plant) 

Headdiameter 

(cm) 

Head 

height 

(cm) 

Head 

weight(g/plant) 

Head 

diameter 

(cm) 

Head 

height 

(cm) 

 2013-2014 2014-2015 

 Cultivars 

cv. Marathon 

F1   (C1) 868.4    22.33    18.03    835.6    21.30    16.83    

cv. Heraklion 

F1   (C2) 710.6     19.54     17.30    689.6     19.21     16.98    

cv. Centauro 

F1   (C3) 1074.0 26.31   20.10   1060.0 25.00   19.86  

LSD 0.05 2.3 1.02 1.38 1.64 0.99 0.24 

nutrient 

elements 

 

Sulfur 946.0    24.17   20.54   925.0    23.29   20.57   

Potassium 1006.   23.38   19.42    975.0   22.58    18.89    

Zinc 873.0     22.53    18.17     860.3     21.74     17.62     

Nitric acid 784.7      22.61    17.44    771.0      21.06      16.34    

Control 811.0     20.94     16.83     777.3      20.52      16.04      

LSD 0.05 5.9 1.40 0.48 6.4 0.61 0.12 

 

Table 7. Effect of the interactionbetween cultivars and some nutrient treatmentson head quality of broccoli 

during 2013/2014 and 2014/2015 seasons. 

 

Treatment 

Head 

weight(g/plant) 

Head 

diameter 

(cm) 

Head 

height 

(cm) 

Head 

weight(g/plant) 

Head 

diameter 

(cm) 

Head 

height 

(cm) 

 2013-2014 2014-2015 

 Interaction 

C1* T1 935.0     24.12    20.05     903.0       22.66       19.26     

C1* T2 1013.0   23.66     19.20  975.0       21.96     17.60      

C1* T3 869.0     22.16      17.66 835.0      21.12    16.13     

C1* T4 755.0     21.19       17.03   730.0        20.92  15.85       

C1* T5 770.0      20.53    16.23     735.0        19.85       15.33      

C2* T1 750.0     20.80       19.33 740.0         20.89   20.11     

C2* T2 820.0      20.22      18.03   795.0        20.03    18.13    

C2* T3 705.0     19.55       17.23  690.0         19.06      16.66     

C2* T4 648.0    18.90       16.33     618.0        18.12     14.95      

C2* T5 630.0    18.22         15.60      605.0         17.96       15.03      

C3* T1 1153.0   27.60        22.25   1132.0 26.33   22.33   

C3* T2 1186.0  26.26       21.03   1155.0 25.76   20.95    

C3* T3 1045.0   25.89      19.63   1056.0 25.05    20.06     

C3* T4 951.0     27.75      18.95   965.0       24.13    18.23     

C3* T5 1033.0   24.06      18.65    992.0      23.75      17.75      

LSD 0.05 10.2 2.42 0.84 11.0 1.06 0.21 

1- cv. Marathon F1   (C1)                  4- Sulfur         (T1)                 7- Nitric acid    (T4) 

2- cv. Heraklion F1  (C2)                  5- Potassium   (T2)                    8- Control        (T5) 

3- cv. Centauro F1   (C3)                  6- Zinc             (T3) 
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نتاجية بعض أصناف   البروكليتأثير بعض المعامالت الغذائية على نمو وا 
 

 أ.د / سعيد عبد اهلل شحاتة   أستاذ الخضر ، كلية الزراعة ، جامعة القاهرة
 أ.د / أسامة قنصوة أحمد    أستاذ الكيمياء الحيوية ، كلية الزراعة ، جامعة القاهرة

 مصر أ.د / حاتم محمد عبد العال  رئيس بحوث الخضر، معهد بحوث البساتين ، مركز البحوث الزراعية ، الدقي ،
 د / كريمة فاروق عبد الجواد  مدرس الخضر، كلية الزراعة ، جامعة القاهرة

 محمود عبد الحميد محمد  مدرس مساعد البساتين )الخضر( ، كلية الزراعة ، جامعة بني سويف
 

لدراسة  4102و  4102أجريت هذه الدراسة في محطة التجارب الزراعية، كلية الزراعة، جامعة القاهرة، مصر خالل موسم الشتاء المتتالين لعامي 
تأثير بعض معامالت التسميد، أصناف والتفاعل بينهما على خصائص النمو الخضري والمحصول وجودة رؤوس البروكلي. وكانت معامالت 

جزء في  011جزء في المليون زنك و 411كجم كبريت /الفدان،  021كجم بوتاسيوم /الفدان،  69عناصر المغذية على النحو التالي، التسميد بال
". وأظهرت  F1" و "  سنتورو  F1"، "هيراكليون F1المليون أكسيد النيتريك باإلضافة إلى المعاملة الكنترول مع ثالثة أصناف وهي  "ماراثون  

ون النتائج أن النمو الخضري والمحصول وجودة الروؤس تأثروا كثيرا باألصناف الثالثة ومعامالت التسميد. وفي هذا الصدد، أعطي الصنف ماراث
F1 لكلي مع أعلى القيم من صفات النمو الخضري  )ارتفاع النبات وعدد األوراق للنبات(، بينما سجلت أعلى مساحة للورقة والوزن الطازج ا

  F1في كال الموسمين. وكذلك سجلت أعلى القيم في معظم النمو الخضري مع معاملة البوتاسيوم. أظهر التفاعل بين سنتورو  F1الصنف سنتورو 
ملة مع المعا F1ومعاملة البوتاسيوم أعلى مساحة الورقة والوزن الطازج الكلي، لكن تم الحصول على أدنى قيم مع التفاعل بين  هيراكليون 

والتفاعل بين   F1، في حين أن الصنف ماراثون F1الكنترول. وقد ارتفع إجمالي وزن الرأس الرئيسي للقطعة التجريبية مع الصنف سنتورو 
ي ومعاملة الكبريت أعطوا أعلى وزن للروؤس الثانوية للقطعة التجريبية و المحصول الكلي للروؤس للقطعة التجريبية والفدان ف F1الصنف مارثون 

الموسمين. التفاعل بين األصناف ومعامالت التسميد أعطوا تأثير كبير على وزن الرأس في كال الموسمين، ولذلك حقق أعلى وزن الرأس مع 
 F1والبوتاسيوم في كال الموسمين. من ناحية أخرى، تم الحصول على أعلى قيمة لقطر الرأس وارتفاع الرأس بواسطة سنتورو  F1الصنف سنتورو 

 كبريت في كال الموسمين.مع ال
 

 : البروكلي ، األصناف ، العناصر الغذائية ، النمو ،الحصول ، الجودة. الكلمات المفتاحية
 
 


