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ABSTRACT 

  

Tow field experiments were carried out during two successive seasons (2007 and 2008) to investigate the effect 

of seven NPK fertilizers ratios on growth and chemical constituents of Portulaca oleracea L. plants. The results 

revealed that, in general, all NPK ratios caused significant stimulation to various growth parameters. Applied 

the ratio of 200:100:50 kg/fed. of NPK fertilizer resulted to produce the highest mean values of plant characters. 

Similarly, the chemical constituents of the total carbohydrates, soluble sugars of leaves, crude lipid of stem and 

crude protein of leaves and stems as well as nitrogen and potassium of leaves and stems, phosphorus of stems 

were improved significantly in general by applied the same ratio of (200:100:50 kg/fed NPK). 
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INTRODUCTION 

  

Purslane (Portulaca oleracea L.) is an annual green 

herb with edible succulent stems and leaves slightly 

acidic and spinach-like taste [1]. Several biological 

properties have been attributed to P. oleracea as 

antiseptic, antispasmodic, diuretic and vermifuge 
[2,3]. It has also been used on the treatment of 

dysentery, skin lesions and insect and snake bite, 

cancer and heart disease [4]. Purslane is a good 

source of compounds with a positive impact in 

human health. Those compounds include omega-3 

fatty acids and β-carotene[5], vitamins and essential 

amino acids, α-tocopherols, ascorbic acid, and 

glutathione[6], as well as phenolics[4,7] and 

coumarins[8]. Organic acids are also present [9, 10]. 

Alkaloids have been reported to be important 

chemical constituents of this species [3].  

  

The need for increasing medicinal plants 

production in many parts of the world became an 

ultimate goal to meet the dramatic side effects 

induced by chemical therapy on human health and 

also to increase the economic return from exporting 

their products. Therefore, considerable attentions 

are being given from cultural practices as an 

effective tool for controlling growth, yield and 

accumulation of active ingredients in medicinal 

plants. In addition to traditional practices, a range 

of modern approaches are now receiving more 

attention to enhance the growth and productivity of 

medicinal plants [11].  

  

Plant nutrition is one of the most important factors 

that increase plant production. Nitrogen is most 

recognized in plants for its presence in the structure 

of the protein molecule. In addition, nitrogen is 

found in such important molecules as purines, 

pyrimidines, porphyrines, and coenzymes. Purines 

and pyrimidines are found in the nucleic acids 

RNA and DNA, which are essential for protein 

synthesis. Phosphorus is a component of many cell 

constituents and plays a major role in several key 

processes, including photosynthesis, respiration, 

energy storage and transfer, cell division and cell 

enlargement. Adequate phosphorus is needed for 

the promotion of early root formation and growth. 

Potassium, is often referred to as “the regulator” 

since it is involved with over 60 different enzyme 

systems in plants. Potassium helps plants to resist 

drought and effects from excessive temperatures. It 

also increases crop resistance to disease [10, 11]. 

   

As we mentioned above, many of the recent studies 

proved that P. oleracea plants are important in 

medicinal uses. But in the same time it consider as 

wild plant under Egyptian condition. To improving 

the yield production quality and quantity, it must be 
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cultivated the plants under the suitable fertilization 

condition. Present research was conducted to find 

the adequate amount of N, P and K fertilizer for 

better production of P. oleracea under soil and 

climate condition of Egypt and also the satisfactory 

balance amongst the amounts of the three fertilizer 

elements. 

 

MATERIALS AND METHODS 

  

The experiment was carried out at the farm of 

Agriculture Faculty- Zagazig University at El-

Sharkia Governorate, during the two successive 

seasons, of 2007 and 2008 aiming to study the 

effect of some NPK fertilizers ratios on growth, 

production and chemical composition on Portulaca 

oleracea L plants. Seeds of Portulaca oleracea 

were obtained and identified at the herbarium of 

Flora and Phytotaxonomy Research, Horticulture 

Research Institute, Agriculture Research Centre to 

be used as plant material. The experimental farm 

was cleared, ploughed, harrowed and divided into 

plots. The physical and chemical properties of the 

soil (Table 1) were conducted using the methods 

described by (Jackson[12]) and Cottenie et al., [13].  

 

NPK fertilizers were applied using ammonium 

sulphate (20.5% N), calcium super phosphate 

(15.5% P2O5) and potassium sulphate (48% K2O) 

as a source of nitrogen, phosphorus and potassium, 

respectively. NPK ratios were applied at different 

levels including seventh treatments, (three levels 

for each mineral, N and P; 100, 150 and 200 kg/fed 

and K; 50, 75 and 100 kg/fed.) which the treatment 

represented as 100:100:50, 150:100:50, 

200:100:50, 100:150:50, 100:200:50, 100:100:75 

and 100:100:100).  

 

Each treatment contained 3 replicates and each 

replicate represented by 32 plants. After the soil 

was prepared, it divided into plots 2 X 2 m with 4 

rows.  

 

Seeds were sowing on 6th June during two 

successive seasons of 2007 and 2008. Seeds were 

planted in hills in row with 50 cm distance between 

each row. The distance between each hill was 

25cm. The layout experiment was complete 

randomized design.  

 

Plants were harvest on 6th Augusts for two 

successive seasons 2007 and 2008. The following 

parameters were recorded; plant height (cm), 

number of branches/plant, fresh weight of herbage 

(leaves, stems and roots) (g/plant), dry weight of 

herbage (leaves, stems and roots) (g/plant), fresh 

yield of herbage (leaves, stems and root ton/fed.) 

and dry yield of herbage (leaves+ stems+ root 

ton/fed.). 

Representative samples of plant were dried under 

natural shading for 15 day and then at 70Co until 

constant weight were recorded. The dried plant 

organs were powdered and kept in desiccator for 

chemical analysis. 

 

Total carbohydrates content and soluble sugars of 

dried leaves and stems were determined according 

to Dubois et al., [14]. N% was determined adopting 

the method of A.O.A.C. (15). P% and K% were 

determined according to the method described by 

(Cottenie et al.,[13]. Calculation of the protein was 

done according to method of A.O.A.C.[15]. Micro 

elements (Mg and Fe) were determined in the 

digested samples by atomic absorption described 

by Chapman and Prett [16].  

 

Crude lipids were determined as A.O.A.C., [15] 

methods. Fatty acids determined according to the 

procedure reported by Arens et al., [17]. Fatty acids 

were trans esterified into methyl ester (FAME), 

using N-trimthylsulfonium hydroxide (Macherey-

Nagel, Duern, Germany), FAME was identified on 

a Shimadzu Gas chromatography (GC)-14A 

equipped with flame ionization detector (FID) and 

C-R4AX chromatopac integrator (Kyoto, Japan). 

The flow rate of the carrier gas helium was 0.6 

ml/min and the split value with a ratio of 1:40. A 

sample of 1µl was injected onto a 30m*0.25 

mm*0.2 µm film thickness, Supelco SPTM -2380 

(Bellefonte, PA, USA) capillary column. The 

injector and FID temperatures were set at 250 o 

C/min the initial column temperature was 100 o C, 

programmed by 5 o C/min to 175 o C and kept for 10 

min at 175 o C, then by 8 o C/min to 220 o C and kept 

for 10 min at 220 o C. A comparison of the retention 

times of the samples with those of authentic 

standard mixture (Sigma, St. Louis, MO, USA; 

99% purity specific for GLC), run on the same 

column under the same conditions, was made to 

facilitate identification.  

 

All studied data were statistically analyzed using 

Co-Stat 6.303 Software Computer Program (2004) 

hypothesis testing methods included one way 

analysis of variance ( ANOVA) using Duncan Test. 

value of less than 0.05 were considered through 

COSTAT-C program [18]. 

 

RESULTS AND DISCUSSION  

 

Vegetative Characters: 

Plant height: Plant height of P. oleracea L. was 

significantly increased in most cases by various 

NPK fertilizers ratios, except plants fertilized by 

ratio of 100:100:100 at the first season compared 

with control plants (Table 2). The highest plants 

were obtained by NPK fertilizer ratio of 

200:100:50 followed by 100:150:50 at the first and 
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second seasons respectively. These increments 

reached to 13.47% and 10.16% respectively in 

comparison to control. These results are ascertained 

by those of Hossain et al., [19] on Aloe indica plant 

and Azz El-Din et al., [20] on Carum carvi L. plants, 

while these results were disagreed with El-

Mahrouk and Kandeel[21] on Calendula officinalis 

L.  

 

Number of branches: Data in Table (2) illustrated 

that branches number of P. oleracea didn’t affect 

by different NPK fertilizers ratios in the first 

season. While at the second season, significant 

improvements were recorded with applied the 

ratios of 150:100:50, 200:100:50 and 100:100:100 

NPK fertilizers which recorded an increased over 

control plants reached to 11.51%, 8.21% and 

9.84% respectively. Moreover the ratio of 

150:100:50 showed the highest significant value of 

branches number.  These results were agreed with 

Badawy et al., [22] on Artimisia annua L. plant, 

while an opposite direction were obtained by 

Alabi,[23] on Casicum annuum L. and Olaniyi and 

Ajibola,[24] on Corchorus olitorius plants.  

 

Fresh and Dry Weight:   

Leaves fresh weights of P. oleracea were increased 

significantly in the first season by applied various 

fertilizer ratios as compared with control plants. 

The maximum mean value was recorded with 

applied 200:100:50 NPK, followed by 100:100:75 

NPK which produced an increase over control 

reached to 13.86 and 10.76, respectively. In the 

second season, various NPK fertilizers ratios 

caused significant accumulation in fresh weight of 

leaves as compared with control plants. The 

heaviest weight produced by plants fertilized by 

NPK ratio of 200:100:50 which caused an 

increased percent reached to 59.53%. Meanwhile, 

the lowest increment was recorded by ratio of 

100:200:50 which produce accumulation in leave 

weight reached to 21.37% more than control.  

 

P. oleracea fresh weight of stems Table (2) show 

during the two seasons that, applied various 

fertilizer ratios recorded significant stimulation 

with one exception (100:200:50 at the first season). 

The heaviest weights of stem were recorded with 

plants fertilized by 100:100:75 NPK ratios at the 

first season (694.77 g) and 200:100:50 at the 

second one (796.73 g). The increment in stem 

weight reached to 30.42 and 48.93% over control 

treatments for 1st and 2nd seasons respectively. 

 

For roots fresh weight, it is clear to notice that, at 

the first season, all NPK fertilizers ratios 

significantly increased it, with one exception 

(100:200:50, which did not affect). The heaviest 

weight of root was produced by NPK ratio of 

100:100:75 which giving an increase of (29.33%), 

more than control plants. In the second season, two 

NPK fertilizers ratio of 200:100:50 and 100:100:75 

increased fresh weight of root significantly which 

reached 23.39 and 22.74% over the control plant. 

On the other hand, data in Table (2) showed that, 

the dry weight of leaves, in the first season was 

increased significantly by the two ratios of 

200:100:50 and 100:100:75 reached to 15.80% and 

14.33%  over control plants respectively). In the 

second season all NPK fertilizers ratios caused 

significant increase in dry weight of leaves. The 

heaviest dry weight showed by plants treated with 

ratio of 100:100:75 and 200:100:50 which caused 

increases about 57.68% and 55.19% respectively 

above control plants.  

 

As shown in Table (2), application of different 

NPK fertilizers ratios recorded significant increase 

in dry weight of stems at two seasons, in 

comparison to control plants. The highest 

increment recorded with plants fertilized with the 

two ratios of 100:100:75 and 200:100:50 that given 

an increment about 29.61 and 28.41 % more than 

control plant, respectively at the first season, while 

at the second season the ratio of 200:100:50 

recorded 64.44%, above control treatment. For the 

dry weight of root, no significant differences were 

showed in dry weight with applied various NPK 

fertilizers ratios, except treatments of 100:100:75 at 

the first season and two ratios 100:100:75 and 

200:100:50 at the second one.   

 

As shown in Fig. (1), the fresh weight of aerial 

parts of P. oleracea plants were increased 

significantly, with different NPK ratios at the two 

seasons, with one exception of 100:200:50 in the 

first season. Applied higher nitrogen ratio of 

N200:P100:K50 caused the heaviest increase in 

aerial parts weight. Thus it caused an increase 

reached to 25.46% and 51.60% at the first and 

second seasons respectively.  

  

Dry weight of aerial parts of P. oleracea Fig (2) 

was elevated significantly by NPK fertilizers ratios 

at the first and second seasons. Ratios of 

N200:P100:K50 and N100:P100:K75 showed the 

highest increment reached to 24.90 and 23.90% at 

the first season and 62.51% and 57.32% at the 

second season respectively over control plants. 

Obtained results agreed with those of Hammad,[25] 

on Spinacia oleracea, Hammam,[26] on Cassia 

acutifolia, Abd El-Azim[27] on Salvia officinalis L. 

plant and Kandeel,[28] on Calendula officinalis, L.  

 

Commonly, it is clear from the previous results 

that, the fertilization with high nitrogen ratio 

(N200) combined with middle ratio of P and K 

(150 and 75) resulted in most cases, to produce 
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highest promotion for the growth. The fertilizer 

ratio of 200:100:50 showed the highest; plant 

height, fresh and dry weight of leaves, stems and 

aerial parts (g/plant), followed by NPK ratio of 

N100:P100:K75 at the first and second seasons 

respectively. Ratio of N100:P100:K75 produced 

the highest fresh and dry weight of roots at two 

seasons of 2007 and 2008. These increases are 

quite expected since it is well established that 

decreasing the C/N ratio within the plant usually 

favors vegetative growth. N is a key constituent of 

proteins, which in turn provide a basic foundation 

for the plant infrastructure [29]. Moreover, the effect 

of nitrogen fertilization on plant might be through 

its effect on either the biosynthesis or destruction 

of some plant hormones [30]. Moreover, nitrogen 

plays an important role for increasing meristematic 

activities consequently the vegetative growth of 

plants [31]. In this connection Gharib et al.,[32] 

reported that stimulating effect of nitrogen on 

morphological characters of marjoram plants may 

be due to that nitrogen increases the meristematic 

activity of plant tissues also play an important role 

in building protein molecules.   

 

Chemical Composition: 

Total carbohydrates: Total carbohydrates % of the 

leaves was increased significantly at the two 

seasons, with some exception for 150:100:50 the 

first season and 100:100:75 for the two seasons 

Table (3). However, the highest total 

carbohydrates% production was recorded by 

applied 100:100:100 ratios followed with 

200:100:50 ratios at the first and second seasons. 

For stems, the total carbohydrates % was 

insignificant decreased as a result of employed 

various NPK ratios at the two seasons. So the 

highest carbohydrates accumulation was showed 

with the control plants. The stimulation effect of 

carbohydrates content in leaves by applied NPK 

ratios may be due to the effect of nitrogen 

fertilization on chlorophyll synthesis stimulation, 

hence the photosynthesis increased and lead to 

increase carbohydrate synthesis. Similar results 

were reported by Hussein and Darwish[33] on 

Populus alba L. and Abdelaziz et al.,[34] on 

Rasmarinus offiecinalis L.   

 

Total Soluble Sugars: Application various levels 

of NPK ratios significantly improved the 

accumulation of T.S.S. % of P. oleracea during the 

two seasons (Table 3). The maximum value of 

soluble sugars% were obtained as a result of 

applying NPK ratios of 100:100:75 and 200:100:50 

at the first season (21.60% and 19.08% 

respectively) and the ratio of 200:100:50 at the 

second one (23.80%) as compared with control 

plants. For stems, opposite trends were noticed that 

significant decrease during the two seasons with 

applied all NPK fertilizers ratios, with one 

exception of 100:100:100, which showed 

significant increase at two seasons. The stimulated 

effect of NPK ratio on TSS agreed with the results 

of Hassan et al., [35] on Calendula officinalis L 

plant. Meanwhile, Hanafy et al.,[36] on Eruea 

vescaria reported that soluble sugars concentration 

(reducing, non-reducing and total) in the leaves of 

rocket were decreased when fertilized with high 

nitrogen level (200 kg/fed.). In this connection, a 

negative relationship between nitrogen level 

application and sugar concentration were reported 

by Hanafy [30] on spinach plants.  

 

Crude lipids: Data illustrated in Table (3) showed 

that crude lipids % on leaves were significantly 

increased by the application of different NPK 

ratios, at the two seasons. The maximum crude 

lipids were produced with applied 100:200:50 

ratios, during the two seasons.  In stems, crude 

lipid was significant improved at the two seasons, 

with one exception obtained as a result of fertilizer 

treatment by 150:100:50 and 100:100:75 at the first 

season and ratio of 100:100:75 at the second one. 

However the highest accumulation of stem crude 

lipid was showed with applied NPK ratio of 

200:100:50 at the first and the second seasons. 

These results were in harmony with those obtained 

by Salman et al., [37] on Eruca sativa and Alabi, [23] 

on Capiscum annuum L plants. 

 

Crude Protein: data presented in Table (3) showed 

that the different NPK ratios added to P. oleracea 

plants caused significantly accumulation to crude 

protein% in leaves.  Plants fertilized with 

200:100:50 ratios produced the highest crude 

protein% (27.56 and 27.08% respectively) at the 

first and second seasons respectively. Similarly 

crude protein showed the same trend of leaves at 

the two seasons. These results are ascertained by 

those of Mekki and Hassanein,[38] and Risk,[39] on 

Carthamus tinctorius and Abelmoschus esculentus 

plant respectively.  

 

Mineral Component:  

Nitrogen: N% in P. oleracea leaves was increased 

significantly by various NPK ratios at the first and 

second season with two expectation of 

N100:P150:K50 and N100:P100:100 at the second 

season (Table. 4). Application of 200:100:50 ratios 

caused the maximum of N% at the two seasons. 

Similarly, N% of stems was stimulated 

significantly with applied different NPK ratios, 

compared with control plants. The highest N% of 

stems (2.94%) was showed with employed the ratio 

of 200:100:50 NPK at the two seasons. Such 

finding was obtained by Osman, [40] on Coriandrum 

sativum plant and Abd El—Azim[27] on Salvia 

officinalis plants. El Gohary[41] indicated that 
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increasing NPK levels restudied a gradually 

increment in nitrogen percentage of Grindelia 

camporum herb.   

 

Phosphorus: Data show in the Table (4) indicated 

that P% of P. oleracea leaves was elevated 

significantly in plants fertilized by different NPK 

ratios at the two seasons, compared with control 

plants. Ratio of N100:P200:K50 caused the highest 

improved to P%; which produced 0.377 and 

0.353% at the first and the second season 

respectively. For the stem content, it could show 

that, in general, the different NPK ratio caused 

significant difference in P% at the first season. In 

the second season, the ratio of 100:100:75was the 

only treatment caused significant increment in P% 

(0.177%), while the other various ratios did not 

effect on its accumulation. These results were in 

agreement with those obtained by Kassem[42] and 

Elgohary[41] on Rosmarinus officinalis and 

Grindelia camporum plant.   

 

Potassium: K% of the leaves (Table 4) was 

improved significantly by applied various NPK 

fertilizers ratios at two seasons, compared with 

control plants, with two exceptions of 100:100:75 

and 100:100:100 ratios at the first season.  The 

highest K% in leaves showed in plants fertilized by 

ratio 200:100:50 at the first and the second seasons. 

K% of stems showed the same trend of the leaves 

at the two seasons. The present results were in 

harmony with those found by Elgohary [41] on 

Grindelia camporum plant who found that the 

increased in NPK fertilization levels at beginning 

of flowering stage caused gradually increasing in 

potassium percentage, while at the end of flowering 

no significant increased were observed.   

 

Magnesium: different NPK fertilizers ratios caused 

significant reduction in Mg% in P. oleracea leaves, 

at two seasons, compared with control plants 

(Table 4). The lowest decreased was showed with 

treated of 100:100:100 NPK ratios at the two 

seasons. Mg% of stems was decreased significantly 

in most cases by NPK ratios at the two seasons, 

two exceptions were recorded that 100:150:50 at 

the first season and ratio of 150:100:50 at the 

second season, which caused significant 

accumulation. Opposite results recorded by 

Ughreja and Chundawat,[43] on Coriander 

(coriandrum sativum) plant and Alabi,[23] on pepper 

plant (Casicum annuumL.). 

 

Iron: As illustrated in Table 4, Fe% in P. oleracea 

leaves was decreased significantly by various NPK 

ratios at the two the seasons, with two exception, 

which were 100:100:100 and 100:150:50 that 

caused significant and insignificant increment, 

respectively. In this respect, Hanafy et al.,[36] 

reported that iron concentration was slightly 

increased when rocket plants were fertilized with 

high level of nitrogen (200 kg/fed.) as compared 

with low nitrogen fertilization (100 kg/fed.). For 

the stem Fe% at the first season was decreased 

significantly by various NPK ratios used. So, the 

control plant contained the highest Fe% (0.120%). 

In the second season; the same trend was observed 

with one exception of 100:150:50 ratios that 

improved Fe% and recorded 0.135% while the 

control recorded (0.123%). Similar results were 

found by Hanafy et al., [36] on (Eruca vesicaria 

subsp. Sativa). On other hand these results 

disagreed with Risk, [39] on okra (Abelmoschus 

esculentus).   

 

Fatty Acids Composition: Five saturated fatty 

acids and four unsaturated ones were markedly 

identified and grouped into three classes, i.e., 

Major fatty acids (more than 10 %), minor fatty 

acids (less than 10 %) and traces (less than 1 %) 

were identified Table (5). Accordingly, in all 

treatments the major saturated fatty acids were 

palmetic and stearic acids. The three unsaturated 

fatty acids of oleic, linoleic and α-linolenic acids 

were found as major components in all treatments. 

Different NPK fertilizers ratios increased total 

unsaturated fatty acids and decreased total saturated 

fatty acids of P. oleracea leaves with respect of 

control plant, with one exception of ratio 

100:100:100. The two NPK ratios of 200: 100:50 

and 100:200:50, produced the highest total 

unsaturated fatty acids percentage (69.56 and 

69.43%, respectively) with the lowest total 

saturated fatty acids percentage (30.44 and 30.57% 

respectively). Meanwhile, the two ratios of 

N100:P200:K50 and N100:P100:K75 produced the 

highest percentage of linolenic acids (32.60 and 

31.19% respectively). On the other hand, linoleic 

acid decreased with different NPK ratios compared 

with control, except, plant treated with 100:150:50 

ratios. Similar results were found by Palaniswamy 

et al., [9] and Fontana et al., [10] on Portulaca 

oleracea L. plant.                                       

 

CONCLUSION  

It is therefore concluded that the application of  

NPK at the rate of 200:100:50 kg/fed enable 

maximum exploitation of soil resources, hence 

resulting in enhanced most of vegetative growth 

Characteristics, chemical constituents   and overall 

yield  of P. oleracea plants. Fertilization of NPK at 

the rate of (200:100:50) is adequate for optimum 

growth, dry matter production and stable yield of 

Purslane (P. oleracea L.). The ratio of NPK 

200:100:50 fertilizer increased plant N, P, K, Mg 

and Fe in P. oleracea plant. The ratios of 

N100:P200:K50 and N100:P100:K75 produced the 

highest percentage of the unsaturated fatty acids.
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Table (1) physical and chemical properties of experimental soil during two seasons of 2007 and 2008. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 * Water extract of 1:10 soil: water.                  **Suspension of 1:10 soil: water. 

 

Table (2): Effect of NPK fertilizers ratios on some growth parameters of P. oleracea plant 

during two successive seasons of 2007 and 2008. 

First season 

Treatments Plant 

height  

No. 

branches 

Fresh weight (g/plant) Dry weight (g/plant) 

N:P:K Leaves  stems roots Roots Stems Leaves  

100:100:50 76.67d 21.67a 193.82b 532.70d 6.99d 1.73b 48.37e 18.49b 

150:100:50 80.33b 21.00a 196.28b 639.75b 7.68c 1.92ab 57.77b 19.10b 

200:100:50 87.00a 20.67a 220.68a 690.83a 8.07bc 2.00ab 62.11a 21.41a 

100:150:50 80.67b 22.00a 176.52c 575.67c 7.67c 1.89ab 52.17c 17.29c 

100:200:50 77.67cd 20.00a 174.92c 529.58d 6.98d 1.79b 50.63d 17.21c 

100:100:75 80.00bc 22.67a 214.67a 694.77a 9.04a 2.24a 62.69a 21.14a 

100:100:100 74.00e 22.00a 189.87b 574.63c 8.52ab 2.14ab 52.20c 18.85b 

Second season  

Treatments Plant 

height  

No. 

branches 

Fresh weight Dry weight 

N:P:K Leaves  stems roots Leaves  stems Roots 

100:100:50 82.00d 20.33c 181.20e 534.98g 6.20b 17.25e 43.17g 1.44bc 

150:100:50 86.00c 22.67a 234.22c 691.50d 6.53b 25.20b 55.52d 1.55b 

200:100:50 90.33a 22.00ab 289.07a 796.73a 7.65a 27.20a 70.99a 1.85a 

100:150:50 87.67b 20.00c 242.02c 580.63e 6.01bc 24.70b 50.52e 1.48b 

100:200:50 81.33d 19.67c 219.92d 555.83f 5.12c 21.18d 47.36f 1.24c 

100:100:75 85 20.67bc 275.01b 775.03b 7.61a 26.77a 68.27b 1.84a 

100:100:100 84.67c 22.33a 233.90c 755.12c 6.53b 22.79c 62.60c 1.58b 

Mean of three replicates.    P ≤ 0.05, Value with the same letter has no significant but value with  

different letter has significant at 0.05. 

Characters 1st Season  2nd  season Characters 1st  season  2nd season 

Particle size distribution (%) Soluble ions (meq /100 siol) 

Clay 52.82 53.30 Na 1.49 1.44 

Silt 12.97 14.25 K 0.07 0.11 

Fine sand 27.10 25.46 Ca 0.54 0.51 

Coarse sand 7.11 6.99 Mg 0.66 0.61 

Field capacity 45.10 44.80 CL 0.79 0.82 

Texture class (According to USDA triangle) 
CO3 0 00 

 Clay Clay 

Density (gm/cm3) HCO3 0.30 0.26 

Bulk density 1.43 1.50 SO4 1.69 1.71 

Particledenist 

(g/cm2) 2.54 2.53 
Available N, P and K (mg/kg) 

organic matter % 0.51 0.48 N 522 514 

Soluble ions, EC* and pH** P 18.10 17.40 

C(dS/m) (soil extract 

1:2.5) 

2.67 2.33 

K 134 131 pH (Soil suspension 

1:2.5) 

7.82 7.62 
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Table (3): Effect of NPK fertilizers ratios on the major components of P. oleracea plant in two 

successive seasons 2007-2008.  

 

First season 

Treatments 

N:P:K 

Total 

carbohydrates (%) 

Soluble sugars 

 (%) 

Crude lipids  

(%) 

Crude protein (%) 

Leaves  Stems  Leaves  Stems  Leaves  Stems  Leaves  Stems  

100:100:50 38.59c 43.73a 9.12d 7.87b 5.22e 1.73d 19.27e 13.17d 

150:100:50 40.38bc 39.25bc 9.86bc 7.43c 5.47c 1.81d 20.46d 14.88c 

200:100:50 42.40b 38.54bc 10.86a 7.30c 5.93a 2.18a 24.58a 18.40a 

100:150:50 41.07b 35.81d 9.54c 6.80d 5.68b 2.06bc 19.50e 14.48c 

100:200:50 42.14b 37.83c 10.09b 7.38c 6.05a 2.11ab 24.04b 17.19b 

100:100:75 40.39bc 38.30bc 11.09a 6.28e 5.35d 1.81d 20.90c 17.21b 

100:100:100 45.37a 40.06b 10.02b 8.35a 5.78b 1.98c 20.63cd 17.42b 

Second season 

Treatments 

N:P:K 

Total 

carbohydrates (%) 

Soluble sugars 

 (%) 
Crude lipids (%) Crude protein (%) 

Leaves  Stems  Leaves  Stems  Leaves  Stems  Leaves  Stems  

100:100:50 40.46d 43.74a 8.70f 7.45b 5.26f 2.03e 20.64c 14.23f 

150:100:50 43.15bc 38.26d 9.91d 7.16c 5.68d 2.43b 23.79b 14.54ef 

200:100:50 45.28a 35.38e 10.77a 7.13cd 6.01b 2.72a 26.23a 20.06a 

100:150:50 42.20cd 35.78e 9.95d 6.71e 5.86c 2.19d 20.60c 15.04de 

100:200:50 43.15b 40.05c 10.09c 7.50b 6.18a 2.42b 24.38b 15.69c 

100:100:75 41.40d 40.30c 10.48b 7.02d 5.48e 194f 23.75b 15.40cd 

100:100:100 45.49a 41.67b 9.58e 7.91a 5.96bc 2.29c 21.23c 16.73b 

Mean of three replicates.       P ≤ 0.05, Value with the same letter has no significant but value with 

different letter has significant at 0.05. 
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Table 4: Effect of NPK fertilizers ratios on minerals of P. Oleracea plant during two successive seasons 

2007-2008.  

First season 

Treatments Nitrogen (%) Phosphorus (%) Potassium (%) Magnesium (%) Iron (%) 

N:P:K L. S. L. S. L. S. L. S. L. S. 

 100:100:50 3.08e 2.11d 0.253d 0.137b 2.57d 4.67f 0.172a 0.077b 0.132b 0.120a 

150:100:50 3.27d 2.38c 0.297c 0.157a 2.96b 5.15b 0.143d 0.061c 0.113c 0.071c 

200:100:50 3.93a 2.94a 0.347b 0.163a 3.14a 5.49a 0.137e 0.046d 0.090d 0.075c 

100:150:50 3.12e 2.32c 0.307c 0.137b 2.73c 5.04c 0.157bc 0.085a 0.136b 0.082c 

100:200:50 3.85b 2.75b 0.377a 0.153a 2.91b 4.91d 0.153c 0.075b 0.114c 0.073c 

100:100:75 3.34c 2.75b 0.227e 0.160a 2.52d 4.77e 0.151c 0.073b 0.112c 0.10b 

100:100:100 3.3cd 2.80b 0.223e 0.153a 2.61d 4.71ef 0.160b 0.077b 0.157a 0.082c 

Second season 

Treatments 

N:P:K 

Nitrogen (%) Phosphorus (%) Potassium (%) Magnesium (%) Iron (%) 

L. S. L. S. L. S. L. S. L. S. 

100:P100:50 3.30c 2.28f 0.236d 0.143b 2.47f 4.55e 0.213a 0.107a 0.145bc 0.123b 

150:100:50 3.81b 2.33ef 0.300b 0.143b 2.85bc 5.32b 0.183b 0.107a 0.139cd 0.078d 

200:100:50 4.20a 3.21a 0.350a 0.147b 3.01a 5.63a 0.159d 0.080d 0.101e 0.095c 

100:150:50 3.30c 2.41de 0.297b 0.140b 2.73d 5.30b 0.177bc 0.099ab 0.153b 0.135a 

100:200:50 3.90ab 2.51c 0.353a 0.147b 2.78cd 4.85d 0.162d 0.091bc 0.136cd 0.121b 

100:100:75 3.80b 2.46cd 0.273bc 0.173a 2.63e 5.36b 0.167cd 0.079d 0.134d 0.083d 

100:100:100 3.40c 2.68b 0.260cd 0.140b 2.88b 5.09c 0.187b 0.084cd 0.166a 0.076d 

L=Leaves, S=Stems            Mean of three replicates.         P ≤ 0.05, Value with the same letter has no significant 

but value with different letter has significant at 0.05. 
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Table (5): Effect of NPK fertilizers ratios on the fatty acids composition of P. oleracea plant in the 

season of 2008. 

Fatty 

acids  
NPK fertilizers ratios 

control 150:100:50 200:100:50 100:150:50  100:200:50  100:100:75 100:100:100  

C16:0 16.52 21.61 15.65 19.21 14.76 14.1 20.66 

C18:0 7.83 7.05 14.01 8.32 7.31 11.44 15.86 

C18:1 13.02 22.06 18.03 16.45 17.58 21.44 16.7 

C18:2 18.04 21.06 16.59 17.54 14.43 14.75 14.65 

C18:3 24.86 26.17 28.52 27.04 32.6 31.19 28.83 

C20:0 1.23 0.56 2.97 3.12 2.06 0.27 - 

C20:1 5.48 0.27 1.03 2.51 4.82 0.27 - 

C22:0 8.74 0.69 2.36 4.05 4.73 4.84 3.3 

C24:0 4.28 0.53 0.84 1.76 1.71 1.59 - 

Unsat. 61.4 69.56 64.17 63.54 69.43 67.65 60.18 

Sat. 38.6 30.44 35.83 36.46 30.57 32.35 39.82 

 Unsat.= Unsaturated  fatty acids       Sat.= Saturated fatty acids 

 

 

 

 

 

 

Fig. 1: Effect of NPK fertilizers ratios on fresh weight of aerial parts of  

          P. oleracea plant during two successive seasons of 2007 and 2008 
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Fig. 2: Effect of NPK fertilizers ratios on dry weight of aerial parts of 

P. Oleracea plant during two successive seasons of 2007 and 2008. 
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