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ABSTRACT 

 

 Two field experiments were  carried out at Ras Suder Res. Station, Desert Res. Center, South Sinai Governorate during 2011/12 and 
2012/13 seasons to study the effects of both magnetic iron (added as soil drench at the rate of 250kg/fed.) and seamino (seaweed extract 

plus amino acids, added as a foliar spray at the rate of 2ml/L.) on growth, yield and chemical composition of two cultivars of both broccoli 

(Brassica oleracea L. var Italica, cvs Belstar F1 and Herkalion) and cauliflower (B. oleracea L. var. botrytis, cvs Snowball and Tobbi) 
cultivated in saline soil of Ras Suder, South Sinai governorate. The effect of interactions between the used cultivars and applying of either 

magnetic iron or seasmino were also studied. The obtained results indicated that broccoli cv. Belstar F1 and cauliflower cv. Tobbi gave 

better results than those of Herkalion and Snowball ones, respectively. In general, broccoli cultivars were more tolerant to salinity than 
those of cauliflower. Both magnetic iron and seamino treatments greatly reduced the harmful effects of soil salinity and significantly 

improved vegetative growth, yield and some physiological parameters such as leaf osmotic pressure and temperature which had some 

effect on transpiration rate. On the other hand, these two treatments markedly decreased Na, Cl, S and sulforaphane content compared to 
the control. However, the mastership in most of previous parameters was for seamino treatment which gave the best growth and higher 

quality in most cases of both seasons. Planting in saline soil of Ras Suder region was found to increase the content of Na, Cl and 

sulforaphane which increases the medical value of the studied plants in cancer prevention. So, it could be recommended to use either 
magnetic iron (as soil drench at 250 kg/fed.) or seamino (as foliar spray at 2ml/L.) to minize the deleterious effects of soil salinity on 

growth, yield and quality of broccoli and cauliflower cultivars, and to use broccoli cv. Belstar F1 rather than cv. Herkalion and cauliflower 

cv. Tobbi rather than cv. Snowbll. If the target is increasing sulforaphane content, cultivating in saline soil without adding magnetic iron or 
seamino is enough. 
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INTRODUCTION 

 

 Broccoli (Brassica oleracea L. var. italica) and 

cauliflower B. oleracea L. var. botrytis) are 

considered the most important vegetable crops in the 

winter season. Broccoli has a high nutritional and 

good commercial value [32]. It is low in sodium 

food, fat and calories, high in vit. C and good source 

of vit. A, B2 and calcium [10].  

 Broccoli and cauliflower are well recognized as 

a source of glucosinolates and their isothiocyanate 

break down products. Glucoraphanin is one of the 

most abundant glucosinolates presented in broccoli 

and cauliflower and congenate isothiocyanate is 

sulforaphane, a potent inducer of mamlion 

detoxification (phase II) enzyme activity and 

anticancer [[13]. Yanaka et al. [31] reported that 

daily intake of sulforaphane rich broccoli sprouts for 

2 months reduces H. pylori colonization in mice and 

improves the sequelae of infection in infected mice 

and in humans. This treatment seems to enhance 

chemoprotection of the gastric mucosa against 

H.pylori-induced oxidative stress. Besides, 

sulforaphane can significantly improve blood 

pressure and kidney function.  

 Recently, Nechuta [23] claimed that broccoli 

protects against breast cancer as it contains 

isothiosyanate (ITS) that removes a mutated protein 

found in 50% of cell cancer.   

 Salinity is an environmental stress that limits 

growth and development of plant. The response of 

plants to excess NaCl is complex and involves 

changes in their morphology, physiology and 

metabolism [15]. In this regard, De Pascale et al. [9] 

found that increase of the EC to 6 dSm
-1

 caused a 

decrease in marketable yield from 26.9 to 9.6 t/ha 

and from 15.8 to 4.9 t/ha in cauliflower and broccoli, 

respectively. Head concentration of Na, Cl, S and Fe 

increased with increase the soil EC, whereas N, P 

and K decreased. Likewise, Jamil et al. [17] 

mentioned that fresh shoot and root weight, leaf area 

and number f leaves of Brassica species were 
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severely affected at all salinity concentrations (4.7, 

9.4 and 14.1 dSm
-1

).   

 On the other hand, Berengure et al. [4] reported 

that glucosinolate content in broccoli heads showed 

the most significant increase in the florets under 40 

and 80 mM of NaCl treatments. Moreover, Guo et al. 

[14] stated that a relatively high level f NaCl 

treatment (100 mmol/L) significantly increased the 

content of sulforaphane in 7-days- old broccoli 

sprouts compared with control. This result indicate 

that broccoli sprouts grown under a suitable 

concentration of NaCl could be desirable for human 

nutrition.  

 Magnetic iron (magnetite) is one of the most 

important factors affecting plant growth. In this 

connection, El-Hifny et al. [12] pointed out that 

increasing magnetite levels up to 150 or 200kg/fed. 

led to increase the vegetative growth characters, curd 

weight, yield and mineral contents, i.e. N, P, K and 

Fe in leaves and curds of cauliflower, but decreased 

Na and Cl concentrations in leaves and S content in 

leaves and curds. The highest yield was produced 

when 200kg magnetite/fed. was added combined 

with using the high ridge planting method. Similarly, 

were those results attained by Abd El-All [1] on 

eggplant and Ali et al. [3] on capsicum annuum.  

 Amino acids in soil can be utilized directly, but 

the differences of uptake, transport, metabolism and 

physiological effects were noticed in plants due to 

different amino acids. Some amino acids can be 

absorbed through the leaves, but others can easily be 

decomposed by sunlight or degraded 

microorganisms. Its degradation products can serve 

as nutrients and improve the quality and yield of 

crops, strengthen resistance and may improve soil 

conditions [28]. In this concern, Yagi and 

Abdulkareem [30] suggested that incorporation of 

exogenous amino acids in seeds and seedlings of 

Eruca sativa helps to alleviate NaCl salt stress. Abd 

El-All [2] revealed that lettuce and spinach plants 

treated with K, P and seamino under saline 

conditions were less badly affected than those 

sprayed with tap water the same treatment minimized 

the harmful effects of salinity on leaves content of 

chlorophylls, K, P, Na and Cl compared to the 

control. On cucumber, Xue-jun [29] postulated that 

the application of soluble fertilizer with amino acids 

increased yield by 13.3% and the net economic value 

by 785.4 Yuan/666.7m
2
 with the input/output ratio as 

1/15.8. the economic benefit increased significantly. 

A similar trend was also obtained by Shehata et al. 

[26].  

 The present study aims to detect the effects of 

magnetic iron and seamino on growth, yield and 

some active constituents content in some broccoli 

and cauliflower cultivars under saline soil conditions 

of Ras Suder region, South Sinai Governorate.  

 

Materials and Methods 

 

 Two field experiments were conducted at Ras 

Suder Research Station, Desert Res. Center, South 

Sinai Governorate during the winter season of 

2011/12 and 2012/13 seasons to study the effect of 

magnetic iron soil application and seasmino foliar 

spray on growth, yield and chemical composition of 

both broccoli (cvs. Belstar F1 and Herkalion) and 

cauliflower (cvs. Snowball and Tobbi).  

 The soil of location was highly calcareous and 

saline soil. The mechanical and chemical analyses of 

this soil are presented in Tables (a and b) while 

irrigation water chemical analysis was done and 

shown in Table (c). Soil analysis was carried out 

according to Richards [24], Black and Editor [6] and 

Jackson [16].  

 
Table a: Mechanical properties of the experimental soil.  

Depth (cm) CaCO3 % Coarse sand 

(1-0.5mm) 

Fine sand (0.25-

0.1mm) 

Silt (0.05-

0.002mm) 

Total sand 

(0.1-1) 

Clay < 

(0.002) 

Class texture 

0-30 56.99 52.68 27.68 8.15 81.29 10.79 Sandy loam 

30-60 52.49 23.74 62.44 7.59 86.08 6.35 Sandy loam 

 

Table b: Chemical properties of the experimental soil.  

Depth 
(cm) 

pH EC dS/m2 Saturation soluble extract 

Soluble anions (meq/100g) Soluble cations (meq/100g) 

CO-2
3 HCO-

3 SO-2
4 Cl- Ca+2 Mg+2 Na+ K+ 

0-30 7.1 3.80 0.00 0.60 25.00 10.20 18.00 8.00 9.42 0.2 

30-60 7.3 7.50 0.00 0.60 31.20 43.50 22.03 26.00 26.40 0.9 

 

Table c: Chemical analysis of the irrigation water.  

Depth (cm) pH EC 

dS/m2 

Soluble anions (meq/I) Soluble cations (meq/I) 

CO-2
3 HCO-

3 SO-2
4 Cl- Ca+2 Mg+2 Na+ K+ 

Well high salinity 6.1 13.3 0.00 2.80 40.03 125.0 36.0 34.40 97.04 0.43 

Well low salinity 6.3 7.67 0.00 2.00 19.73 62.5 22.0 16.0 45.9 0.33 

 

 Seeds of broccoli and cauliflower cultivars were 

sown in nursery on August, 15
th

 for both seasons. 

Uniform transplants were obtained after 45 days 

from seed sowing in the two seasons for field 

experiments. The design of the field experiment was 

split plot with 3 replicates, as each replicate included 

6 treatments, which were two cultivars of plant 

(broccoli or cauliflower) and three chemical 

application (control, magnetic iron and seamino). 
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The main plots were the two cultivars, while sub-

plots were the three chemical applications.  

 The experimental plots were established after 

ploughing twice, each was 12m
2
 and consisted of 4 

ridges, each ridge was 4m length and 75 cm width. 

The distance between plants was 60 cm.  

 

The experimental treatments were:  

 

 Cultivars:  

 

 As two cultivars from each crop were used; 

broccoli cvs. Belstar F1 and Herkalion, cauliflower 

cvs. Snowball and Tobbi.  

 

 Chemical substances:  

 

- Magnetite (magnetic iron, Fe3O4) was applied 

immediately before transplanting at the rate of 

250kg/fed. as soil drench.  

 Seamino (is a chemical compound contains of 17 

kinds of  free amino acids in the form of L., in addition 

to herbage and sea algae extracts.) was applied as 

foliar spray at the rate of 2ml/L. The spra-ying times 

were 1, 3 and 6 weeks after trans-planting.                                                               

 The recommended rate of NPK fertilizer was 

applied to such crops, i.e. 80kg N,60 kg P2O5 and 

48kg K2O/fed., for all treatments. The mentioned 

amounts specified for each plot were divided in to 2 

equal batches. The first batch was applied after 4 

weeks from transplanting, and the second after 

another 4 weeks. The sources of fertilizers used were 

ammonium nitrate (33.5% N), calcium 

superphosphate (15.5% P2O5) and potassium sulphate 

(48% K2O). The other cultural practices were carried 

out according to the recommendation for the used 

crops.  

 At harvest time (after 75 days from transplanting 

of broccoli cvs. Belstar F1and Herkalion and 95 days 

for cauliflower cvs. Snowball and Tobbi), ten plants 

were randomly taken from each experimental plot 

and the following characters were measured:  

1. Vegetative growth: plant height, total number of 

leaves/plant, leaf area  and plant fresh weight. 

2. Yield and its components: total yield/plot, total 

yield/fed, net head or curd yield/fed and increase or 

decrease relative yield percentage of head or curd 

were recorded.  

3. Physiological parameters:   

 Osmotic pressure (O.P.) of leaf cell sap was 

estimated with relationship between TSS and O.P. 

according to Gosev [14]. 

 Leaf temperature (°C) and transpiration rate 

(mg/cm) were evaluated using parameter machine 

model LI-COR, USA.    

4. Chemical constituents of head or curd: 

 Sodium  was determined by flam-photometer set 

as described by Brown and Lilleland [7].  

 Chloride  was assayed according to the method 

described by Jackson [16]. 

 Sulphur  was determined calorimetrically as 

reported by Cohenie et al. [8].  

 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. 

[5].  

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 of the 

reference standard was ≥90% (HPLC). Working 

solutions (2.5, 5, 7.5, 10, 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 1 g of the sample and to 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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(A)                                                                (B) 

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

 

Statisticall analysis:  

 

 All recorded data were accomplished with using 

SAS program [25], and the means were separated 

and compared by Duncan's Multiple Range Test [11] 

at 5% level. 

 

Results and Discussion 

 

Effect of magnetic iron and seamino on:  

 

1. Vegetative growth of broccoli and cauliflower:  

 

 It is obvious from data presented in Table 1 that 

vegetative growth of Belstar F1 broccoli. was better 

than that of Herkalion one in the two seasons, while 

in cauliflower, cv.Tobbi was the best. This may be 

attributed to the difference in the genetic structure 

among cultivars. In this regard, Lopez-Perez et al. 

[21] reported that the modification of lipid 

composition of broccoli root plasma membrane 

vesicles could affect membrane stability and the 

abundance or activity of plasma membrane proteins 

such as aquaporins or H
+
-ATPase. This would 

provide a mechanism for controlling water 

permeability and for acclimation to salinity stress.  

 Improvement in vegetative growth of either 

broccoli or cauliflower cultivars was also noticed as 

a result of applying either magnetic iron or seamino, 

with the superiority of seamino treatment which gave 

the highest means in both seasons. This may indicate 

the role of amino acids as a fundamental ingredient 

not only for protein synthesis, but also for the 

biosynthesis of many non-protein nitrogenous 

materials, such as pigments, vitamins, coenzymes, as 

well as purine pyrimidine bases [19]. Moreover, 

Treichel [27] mentioned that amino acids may 

function as osmo-regulatory since they are very 

soluble in water, therefore increase the concentration 

of cellular osmotic components versus salinity 

osmosis. Degradation products of amino acids can 

also serve as nutrients necessary for best growth, and 

consequently strengthen resistance of plants to 

harmful effect of salinity [28].  

 The satisfactory stimulation of plant growth due 

to the application of magnetic iron under salinity 

conditions may be referred to the encouragement of 

N, P, K and Fe uptake against the reduction of Na 

and Cl [12]. In this connection, Shehata et al. [26]  

on cucumber noted that suitable magnetic treatment 

increased the absorption and assimilation of nutrients 



26                    Hatem M. Abd El-All et al, 2013 /Journal Of Applied Sciences Research 10(1), January, Pages: 22-31 

 

 

and ameliorated  the stress of salinity on 

sphotosynthetic activities.  

 Interaction results show that Belstar F1 broccoli 

cultivar and Tobbi cauliflower one sprayed with 

seamino at 2ml/L gave the highest values of plant 

height, No. of leaves/plant, leaf area  and plant fresh 

weight compared to all other interactions in the two 

seasons. This may ascribed to that these two cultivars 

(Belstar F1 and Tobbi) were the most tolerante 

cultivars to  soil salinity.  

 The previous gains are in good harmony with 

those obtained by Jamil et al. [17] on Brassica 

species, El-Hifny et al. [12] on cauliflower, and Yagi 

and Abdulkareem [2] on Eruca sativa. In this respect 

Maheshwari [22] who clarified that magnetic 

treatment assisting to reduce the Na toxicity either by 

restricting the entry of Na at membrane level or by 

reduced absorption of Na by plant roots.  

 

2. Yield and its components of broccoli and 

cauliflower:  

 

 Data in Table (2 and fig.1,2) show that cv. 

Belstar f1 of broccoli recorded the highest total yield 

either per plot (kg) or per feddan (ton/fed.) and net 

head yield(ton/fed.) comparing with cv. Herkalion in 

both seasons. However, cv. Herkalion slightly raised 

the increase of head % over that of cv. Belstar f1 

with non-significant differences between them in the 

1
st
 and 2

nd
 seasons. On the other hand, cultivars of 

cauliflower gave closely near values of yield 

components in the 1
st
 season except for cv. Tobbi 

that significantly reflected an increase of head % to 

31.9% against 27.6% for cv. snowball, while in the 

2
nd

 season, significant increments in all yield criteria 

were recorded by cv. Tobbi over those of cv. 

snowball. Variation in response of cultivars may be 

due to variation of genetical factors. 

 The different yield measurements of both 

broccoli and cauliflower were greatly improved in 

response to use either magnetic iron or seamino, with 

the prevalence of seamino treatment which recorded 

the utmost high values in both seasons. This 

improvement might be attributed to the stimulating 

effect of magnetite on plant growth and the 

absorption of N, P, K and Ca [3], as well as the role 

of amino acids activating metabolic processes and 

strengthening resistance to salinity, which finally 

reflected positive effect on growth and yield of plant 

[28]. 

 Combining either broccoli or cauliflower 

cultivars with either magnetic iron or seamino 

treatment resulted in a significant increment in yields 

and its components registered in such work over the 

control in the two seasons, but the mastery for 

combining between either broccoli cv. Belstar f1 or 

cauliflower cv. Tobbi and seamino treatment at 

2ml/L, as these two combinations gave the highest 

total yield, net head and increase of head % with few 

exceptions in both seasons.  

 These results could be discussed as previously 

stated in case of vegetative growth. On the same line, 

were those results revealed by 

 De Pascale et al. [9] on broccoli and cauliflower, 

Abd El-All et al. [1] on eggplant Ali et al. [3] on 

Capsicum annuum and Shehata et al. [26] on 

cucumber.   

 

3. Some physiological parameters:  

 

 From data reported in Table 3 , it is clear that 

there was no marked differences between the two 

cultivars of both broccoli (Belstar f1 and Herkalion) 

and cauliflower (Snowball and Tobbi) concerning 

leaf osmatic pressure (A.P.), leaf temperature (°C) 

and transpiration rate, with the exception of leaf 

osmotic pressure which was significantly less in cv. 

Herkalion than in. Belstar f1 in the two seasons, as 

well as transpiration rate that was significantly higher 

in cv. Herkalion than in. Belstar f1 in the only second 

season. This may be due to, as mentioned before, 

variation of genetical factors among cultivars.  

 Data in Table 3 also manifested that both 

magnetic iron and seamino treatments significantly 

decreased osmotic pressure and temperature of 

leaves of broccoli cultivars in both seasons, while 

seamino caused a significant increase in transpiration 

rate comparing with either control or magnetic iron 

treatment. This may be reasonable because seamino 

diminished leaf osmotic pressure to the least values. 

None has affered an acceptable explanation of this 

phenomenon. The opposite was the right regarding 

cultivars of cauliflower, as the leaf osmotic pressure 

was significantly increased by magnetite and 

seamino in the first and second seasons, and 

therefore transpiration rate was decreased. However, 

leaf temperature trait exhibits a similar trend to that 

of broccoli cultivars. Increasing leaf osmotic pressure 

of cauliflower cultivars under salinity conditions of 

Ras Suder soil may be attributed to accumulation of 

some amino acids and amides in the leaves and roots 

of salinity-stressed plants because de nova synthesis 

and not the result of protein degradation [9].  

 A pronounced decrement was observed in the 

leaf osmotic pressure and temperature of both 

broccoli cultivars when combined with either 

magnetite or seamino treatment in most cases of both 

seasons, while a significant increment as noticed in 

transpiration rate due to seamino treatment, but 

magnetic iron caused a slight increase in such 

character with non-significant differences compared 

to the control in the two seasons. Another trend was 

observed concerning cauliflower cultivars, as the 

only leaf osmotic pressure was significantly 

increased in the two seasons as a result of the 

interaction of the two cvs. of cauliflower with either 

magnetic iron or seamino treatment, whereas leaf 

temperature and transpiration rate were significantly 

decreased. Analogous observations were also noticed 

by Berenguer et al. [4] on broccoli. 
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Table 1: Effect of magnetic iron and seamino on vegetative growth of broccoli cauliflower under salinity of Sinai conditions during the two 

seasons.  

Cultivars Treatments Plant 

height 

(cm) 

Number of 

leaves per 

plant 

Leaf area 

(cm2) 

Plant 

F. W. 

(g) 

Plant 

height 

(cm) 

Number of 

leaves per 

plant 

Leaf 

area 

(cm2) 

Plant F. 

W. (g) 

  First season 2011/2012 Second season 2012/2013 

Broccoli 

Belstar f1  48.8a 24.4a 5673a 1054a 51.1a 25.7a 5830a 933a 

Herkalion  44.7b 22.4b 5128b 935b 45.3b 23.4a 5379b 872a 

 Control 42.9b 17.7b 3935c 951b 44.0c 19.3b 4020c 613c 

 Magnetic iron 
(MG) 

47.8a 25.2a 5927b 1062a 49.1b 26.6a 6224b 995b 

 Semino 49.7a 27.4a 6340a 971b 51.8a 27.6a 6569a 1100a 

interaction 

Belstar f1 Control 45.1c 18.1c 3970e 778d 46.7d 20.6c 4110e 661d 

Magnetic iron 
(MG) 

50.3a 26.4ab 6210b 1120b 52.2b 27.6ab 6440b 1010bc 

Seamino 51.2a 28.9a 6840a 1266a 54.4a 28.9a 6940a 1130a 

          

Herkalion Control 45.3bc 17.3c 3901e 1125b 41.3e 18.1c 3930f 566d 

Magnetic iron 

(MG) 

45.3bc 24.1b 5645d 1004c 46.1d 25.7b 6008d 980c 

Seamino 48.2ab 25.9ab 5840c 676e 49.2c 26.4ab 6940a 1070ab 

Cauliflower 

Snowball  42.9a 23.4b 5284b 1037a 43.8b 26.8a 5578b 1020a 

Tobbi  47.6a 30.1a 6904a 1065a 47.8a 28.5a 6324a 1068a 

 Control 42.0c 24.1c 4921c 756c 40.6a 24.6c 4986c 719c 

 Magnetic iron 

(MG) 

45.4b 27.0b 6419b 1051b 45.6b 28.1b 5856b 1034b 

 Seamino 48.3a 29.0a 6942a 1345a 51.3a 30.3a 7010a 1380a 

Interaction 

Snowball Control 40.9d 20.9d 4138f 725c 38.5d 24.1d 4627e 700d 

Magnetic iron 

(MG) 

42.5cd 23.4c 5499e 1098b 43.7c 27.3bc 5269d 1051c 

Seamino 45.3c 25.9b 6216c 1288a 49.3b 29.1ab 6838b 1310b 

Tobbi Control 43.2cd 27.4b 5704d 788c 42.7c 25.1cd 5346d 738d 

Magnetic iron 

(MG) 

48.3b 30.7a 7339a 1004b 47.5b 28.9b 6444c 1017c 

Seamino 51.4a 32.2a 7669a 1403a 53.4a 31.5a 7182a 1450a 

Means within a column having the same letters are not significantly different according to Duncan's Multiple Range Test (DMRT) at 5% 
level.  

 

4. Chemical composition of broccoli and cauliflower: 

 

 As can be seen from Table (4 and fig 3,4), cv. 

Belstar F1 has less percentages of Na and Cl than cv. 

Herkalion in the two seasons. So, its growth was 

better. However, content of S and sulforaphane was 

high in the two cultivars and closely near together 

with non-significant differences among them in both 

seasons. In this regard, Berenguer [4] elicited that the 

nutritional value of the edible florets of broccoli was 

improved under moderate saline stress. A similar 

trend was also obtained in relation to Snowball and 

Tobbi cauliflower cultivars, as the precent of Na and 

Cl was less in cv. Tobbi than in cv. Snowball, 

whereas S and sulforaphane content was high and 

equal in the two cultivars. This means that under 

salinity conditions both sulphur and sulforaphane 

markedly increased in the head and curd. Similar 

results were also attained by Guo et al. [14] on 

broccoli and Keling and Zhujum [20] who concluded 

that NaCl stress considerably increased 

glucosinolates content with decreased myrosinase 

activity in pakchoi (Brassica campestris L. ssp. 

Chinensis var. communis).  

 On the other side, magnetic iron and seamino 

treatments significantly decreased the content of all 

previous constituents in the cultivars of either 

broccoli or cauliflower compared to the control in the 

two seasons. This may ascribed to that these 

treatments reduced the deleterious effect of salinity 

on chemical composition of the used cultivars as 

previously indicated by El-Hifny et al. [12] on 

cauliflower, Abd El-All et al. [2] on lettuce and 

spinach and Shehata et al. [26] on cucumber.  

 Interaction between cultivars and either 

magnetite or seamino showed that all determined 

constituents were significantly decreased in the 

tissues of both broccoli and cauliflower as a result of 

applying either magnetite or seamino comparing with  

the control irrespective of the cultivar used. This may 

be reasonable since using magnetite or seamino 

diminish the injury of salinity, consequently the 

plants don't need more TSS to face harms of salinity. 

These findings are in accordance with those 

postulated by De Pascale et al. [9] on broccoli and 

cauliflower, El-Hifny et al. [12] on cauliflower and 

Guo et al. [14] on broccoli.  
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 According to the previous results, it could be 

recommended to use either magnetic iron (as soil 

drench at 250 kg/fed.) or seamino (as foliar spray at 

2ml/L) to minimize the harmful effects of soil 

salinity on growth, yield and quality of broccoli and 

cauliflower, and to use broccoli cv. Belsatr f1 rather 

than cv. Herkalion and cauliflower cv. Tobbi rather 

than cv. Snowball. It the target is increasing 

sulforaphane content, cultivating in saline soil 

without adding magnetic iron or seamino is enough.  

  

 
Table 2: Effect of magnetic iron and seamino on yield components of broccoli and cauliflower under salinity of Sinai conditions during the 

two seasons.  

Cultivars Treatments Total 

yield/ 

plot 
(kg) 

Total 

yield/ fed. 

(Ton/fed) 

Net head 

(Ton/fed) 

Increase 

of head 

(%) 

Total 

yield/ 

plot 
(kg) 

Total 

yield/ fed. 

(Ton/fed) 

Net head 

(Ton/fed) 

Increase 

of head 

(%) 

  First season 2011/2012 Second season 2012/2013 

Broccoli 

Belstar f1  24.392a 8.120a 5.155a 45.6a 21.190a 6.589a 4.307a 41.4a 

Herkalion  21.744b 7.253b 4.613a 46.0a 19.298b 5.974b 3.985b 43.8a 

 Control 16.057c 5.360c 3.348c 0.0c 14.701c 4.346c 2.907b 0.0c 

 Magnetic 

iron (MG) 

24.610b 8.230b 5.431b 61.8b 22.698b 7.056 b 4.658a 60.2b 

 Semino 28.537a 9.470a 5.872a 75.6a 23.933a 7.442 a 4.873a 67.7a 

interaction 

Belstar f1 Control 17.101d 5.710d 3.540c 0.0d 15.07d 4.686c 3.045c 0.0d 

Magnetic 

iron (MG) 

27.01b 9.010b 5.946a 67.9b 23.64b 7.350ab 4.851ab 59.3c 

Seamino 29.064a 9.640a 5.979a 68.8b 24.86a 7.731a 5.025a 65.0b 

         

Herkalion Control 15.013d 5.010e 3.156c 0.0d 13.132e 4.007c 2.77c 0.0d 

Magnetic 

iron (MG) 

22.210c 7.450c 4.917b 55.7e 21.756c 6.763b 4.465b 61.1c 

Seamino 28.01ab 9.301ab 5.766a 82.5a 23.005b 7.154a 4.721ab 70.4a 

Cauliflower 

Snowball  24.05a 7.987a 5.768a 27.6b 23.342b 7.772b 5.490b 11.8a 

Tobbi  23.85a 7.931a 5.732a 31.9a 24.407a 8.118a 5.853a 41.8a 

 Control 18.619c 6.149a 4.431c 0.0c 17.045c 5.662c 4.034c 0.0c 

 Magnetic 
iron (MG) 

24.171b 8.043b 5.872b 32.5b 24.445b 8.140b 5.751b 46.4b 

 Seamino 29.057a 9.685a 6.948a 56.8a 30.133a 10.034a 7.229a 79.1a 

interaction 

Snowball Control 19.109e 6.293e 4.517e 0.0d 16.910d 5.631d 3.941d 0.0c 

Magnetic 
iron (MG) 

25.010c 8.328c 5.996c 32.7c 24.410c 8.128c 5.553c 48.6c 

Seamino 28.011b 9.370b 6.793b 50.3b 28.705b 9.558b 6.978b 77.0b 

         

Tobbi Control 18.129f 6.036e 4.345e 0.0d 17.180d 5.694d 4.128d 0.0e 

Magnetic 
iron (MG) 

23.331d 7.758d 5.749d 32.3c 24.480c 8.151c 5.950c 44.3d 

Seamino 30.102a 10.001a 7.103a 63.4a 31.560a 10.509a 7.481a 81.2a 

Means within a column having the same letters are not significantly different according to Duncan's Multiple Range Test (DMRT) at 5% 

level.  
 

Table 3: Effect of magnetic iron and seamino on physiological parameters of broccoli and cauliflower under salinity of Sinai conditions 

during the two seasons.  

Cultivars Treatments Leaf osmotic 

pressure (A.P.) 

Leaf 

temp 

(°C) 

Trans. rate 

(mg cm-1) 

Leaf osmotic 

pressure 

(A.P.) 

Leaf 

temp 

(°C) 

Trans. rate 

(mg cm-1) 

  First season 2011/2012 Second season 2012/2013 

Broccoli 

Belstar f1  9.59a 35.03a 24.00a 9.03a 34.78a 24.46b 

Herkalion  8.93b 35.20a 24.51a 8.14b 36.11a 25.61a 

 Control 9.59a 36.25a 22.69b 9.19a 37.36a 23.74b 

 Magnetic iron (MG) 9.29b 34.48b 23.03b 8.33b 33.78c 23.47b 

 Semino 3.805c 34.61b 37.05a 8.24b 35.20b 27.89a 

Interaction 

Belstar f1 Control 10.21a 36.23a 22.16b 10.44a 37.11a 23.20bc 

Magnetic iron (MG) 10.12a 34.75ab 22.88b 9.31b 33.15b 22.81c 

Seamino 8.45cd 34.12b 26.98a 7.35c 34.10b 27.38a 

        
Herkalion Control 8.37d 36.28a 23.22b 7.94c 37.61a 24.29b 

Magnetic iron (MG) 8.87cd 34.22b 23.19b 7.35c 34.41b 24.14bc 

Seamino 9.56b 35.11ab 27.12a 9.14b 36.31a 28.40a 
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Cauliflower 

Snowball  9.11a 35.42a 24.09a 9.66a 36.33a 25.49a 

Tobbi  9.09a 35.68a 24.6a 9.10a 34.62b 25.11a 

 Control 8.23c 36.81a 26.82a 8.44b 36.85a 27.71a 

 Magnetic iron (MG) 9.16b 35.41b 23.75b 9.49a 35.14b 25.36b 

 Seamino 9.90a 34.43b 22.46c 10.22a 34.43b 22.84c 

Interaction 

Snowball Control 8.11d 36.88a 26.31a 8.67bc 37.99a 27.41a 

Magnetic iron (MG) 9.33abc 35.12b 23.15bc 10.02ab 36.11b 25.01b 

Seamino 9.83ab 34.27b 22.81bc 10.31a 34.90bc 22.91c 

        

Tobbi Control 8.36cd 36.75a 27.33a 8.21c 35.71b 28.01a 

Magnetic iron (MG) 8.99bcd 35.71ab 24.36b 8.97ab 34.18c 25.71b 

Seamino 9.98a 34.59b 22.11c 10.31a 33.97c 22.75c 

Means within a column having the same letters are not significantly different according to  Duncan's Multiple Range Test (DMRT) at 5% 
level. 

 

Table 4: Effect of magnetic iron and seamino on chemical  composition   of broccoli  and   cauliflower under   salinity of Sinai conditions 
during the two seasons.  

Cultivars Treatments Na % Cl % S % sulphorphan 

(SFN) 

(μg/g d.w) 

Na % Cl % S % sulphorphan 

(SFN) 

(μg/g d.w) 

  First season 2011/2012  Second season 2012/2013  

Broccoli 

Belstar f1  0.91b 0.78b 1.58a 27.9a 0.75b 0.75b 1.43a 27.2a 

Herkalion  1.07a 0.86a 1.59a 25.6a 0.91a 0.89a 1.47a 26.9a 

 Control 1.39a 1.26a 1.78a 30.3a 1.21a 1.27a 1.75a 32.5a 

 Magnetic iron 

(MG) 

0.76c 0.63b 1.45c 27.1b 0.65b 0.60b 1.26c 25.1b 

 Semino 0.84b 0.56c 1.52b 22.9c 0.64b 0.60b 1.35b 23.5b 

Interaction 

Belstar f1 Control 1.23b 1.21b 1.81a 30.6a 1.11b 1.18b 1.79a 32.0a 

 Magnetic iron 

(MG) 

0.71d 0.60cd 1.42e 29.8a 0.59d 0.49e 1.21c 25.9b 

 Seamino 0.81c 0.53e 1.51cd 23.5b 0.55d 0.59d 1.31bc 23.7b 

Herkalion Control 1.55a 0.60cd 1.75b 30 .0a 1.31a 1.36a 1.71a 33.0a 

 Magnetic iron 
(MG) 

0.81c 0.67c 1.49d 24.5b 0.71c 0.72c 1.31bc 24.4b 

 Seamino 0.87c 0.59de 1.54c 22.4b 0.73c 0.61d 1.40b 23.3b 

Cauliflower  

Snowball  1.01a 1.13a 1.46a 12.8a 1.92a 1.06a 1.51a 13.6a 

Tobbi  0.94b 0.94b 1.44a 11.2b 0.85b 0.84b 1.46b 10.6b 

 Control 1.60a 1.54a 1.59a 14.1a 1.24a 1.42a 1.64a 14.3a 

 Magnetic iron 

(MG) 

0.63c 0.79b 1.35b 11.8b 0.71b 0.72b 1.39b 12b 

 Seamino 0.70b 0.77b 1.41b 10.2c 0.71b 0.71b 1.43b 9.9c 

Interaction  

Snowball Control 1.69a 1.61a 1.55ab 15.3a 1.35a 1.53a 1.62ab 16.5a 

 Magnetic iron 

(MG) 

0.66e 0.91c 1.40c 12.4bc 0.73c 0.85c 1.43cd 13.5b 

 Seamino 0.69d 0.88c 1.43bc 10.8de 0.70c 0.81c 1.49bc 10.8d 

Tobbi Control 1.51b 1.48b 1.64a 12.9b 1.14b 1.31b 1.67a 12.2c 

 Magnetic iron 

(MG) 

0.61f 0.68d 1.31c 11.2cd 0.70c 0.60d 1.35d 10.6d 

 Seamino 0.71c 0.66d 1.39c 9.6e 0.72c 0.62d 1.37d 9.0e 

Means within a column having the same letters are not significantly different according to Duncan's Multiple Range Test (DMRT) at 5% 
level.  

 
Fig. 1: Effect of salinity ,magntic iron and seamino on total yield of broccoli. 
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Fig. 2: Effect of salinity ,magntic iron and seamino on total yield of cauliflower curds. 

 

 

 
 

Fig. 3: Effect of salinity, magntic iron and seamino on sulforaphan content of broccoli heads. 

 

 
 

Fig. 4: Effect of salinity, magntic iron and seamino on sulforaphan content of cauliflower curds. 
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