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ABSTRACT 

 
Two field experiments were conducted during the two successive winter seasons of 2008 and 2009 to study 

the response of spinach plant cv. Balady to two nitrogen fertilizer forms (slow release, ensiaben and quick, urea) 
and foliar applications of Fe, Zn, Mn and Cu for 2 times, 30 and 40 days after seeding, respectively. The most 
important detected results indicated that no significant differences were detected between used nitrogen forms 
on measured characters of plant growth as well as yield in both seasons. Except for total leaf area in both 
seasons whereas quick release form (urea) gave significantly the highest values if compared with using a slow 
release form (ensiaben). The highest chemical nutritional values expressed as protein content, NO3, NO2, N, P 
and K were obtained when spinach plant received urea as nitrogen fertilizer. Micro-elements foliar spraying of 
spinach plants caused an improvement in all plant growth measurements as well as the total yield if compared 
with the control treatment. Moreover, within the applied micro-elements foliar spraying with Cu followed by Zn 
and/or Mn resulted in the vigor plant growth parameters and heaviest plant yield as well as the nutritional 
values. Concerning the interaction effects between nitrogen forms and foliar spraying of micro-elements on 
plant growth characters and yield, significant differences were detected only in the second season. While for 
chemical nutritional values, there no significant differences were detected on K and NO2 contents in both 
seasons of study.                     
 
Key words: Spinach, Slow release, Quick release, Vegetative growth, Quality, N, P and K contents, Nitrite and  
                    Nitrate contents.      
 
Introduction 

 
Spinach (Spinacia oleracea L.) is one of the most popular leafy vegetable crops grown in Egypt. It is low in 

calories and a good source of vitamin C, vitamin A and minerals especially iron (Toledo et al., 2003). Currently, 
this crop has negligible economic importance throughout the world. Spinach is greatly responsive to nitrogen 
fertilization (Cantliffe, 1992) and it is one of the highest NO3 accumulator plants, due to a very efficient uptake 
system and inefficient reductive systems (Maynard et al., 1976) as well as oxalates which are the main indexes 
of the quality (Jaworska, 2005). Nitrates, nitrites, and oxalates compounds unwanted in vegetables because of 
their unfavorable effects on the human health (Crawford and Glass, 1998).  

Nitrogen nutrition plays a significant role in both crop yield and quality. Farmers have increased application 
of N fertilizers to their land year by year without considering the response of different species to N rate and 
forms. Adequate supply of N can promote plant growth and increase crop production, but excessive and 
inappropriate use of chemical N fertilizers causes accumulation of compounds in the edible products which have 
a detrimental impact on human health, cause an environmental pollution and economical losses (Wang et al., 
2002). Improving efficiency of N supply may be achieved by controlling the dissolution of applied nitrogen 
fertilizers, development of compounds with limited water solubility, altering soluble materials to retard their 
release to the soil solution and with mechanical additives to control fertilizer soil microbial reactions (Ezzat and 
Abd El-Hameed, 2010). From the view point of improving nutrient recovery by plants, three main advantages 
are cited for controlled-release fertilizer: i) reduction of nutrient loss via leaching; ii) reduction of chemical and 
biological immobilization reaction in soil which cause plant unavailable nitrogen and iii) reduction of rapid 
nitrification and nitrogen loss through ammonia volatilization and denitrification (Fox et al., 1996).  

The form of N supply controls the uptake ratio of cations and anions and thus, significantly influenced dry 
matter production of several plant species (Marschner, 1997 and Clark et al., 2003). Briemer (1982) 
demonstrated that NO3 content in spinach was positively correlated with plant available nitrogen.  

Growers are more often faced with nutrient deficiency in particular of that of micronutrients such as Fe, Zn, 
Mn and Cu. This problem arises from the fact that growers depended on the presence of those micronutrients as 
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traces in the macronutrient fertilizers and/or in organic fertilizer. Although the traces of those micronutrients 
may be enough for plant needs, the conditions of the soil (i.e. pH, presence of CaCO3) may work in one way or 
another to make them in an unavailable form for plant roots (Fageria et al., 2002). Therefore, foliar application 
of micronutrients is usually practiced. Plant micronutrients are required by plants in a very low concentration for 
adequate growth and reproduction. However, micronutrients are of equal importance to macronutrients for plant 
nutrition. According to Kirkby and Römheld (2004) these lower concentrations of micronutrients are 
fundamental for growth and development, acting as constituents of cell wall and membranes, as constituents of 
enzymes, of activation of enzymes and in photosynthesis. 

The goal of the present experiment was to determine the effect of traditional quick release soluble-N 
fertilizer (urea) and slow release-N fertilizer (ensiaben) as well as the effect of foliar spraying of some micro-
elements on vegetative growth, yield and chemical properties of spinach plants grown in newly sandy reclaimed 
soil. 
 
Material and Methods  

 
Field experiments were carried out during the two successive winter seasons of 2008 and 2009 at the 

experimental farm of National Research Centre in Nubaria region, Behira Governorate, Egypt to study the effect 
of two forms of nitrogen fertilizer (quick and slow release) as well as foliar application of some micro-elements 
on the growth, yield and quality criteria of spinach plants. The physical and chemical analyses of the 
experimental soil are presented in Table (1). Each experiment includes 10 treatments which were the simple 
combination between two nitrogen forms (urea as quick-release and ensiaben as slow-release) and foliar 
application of Fe, Zn, Mn, Cu and distilled water as control treatment. The experimental design was split plots 
design with 3 replicates whereas, the nitrogen form distributed in the main plots, while the foliar spraying 
treatments were randomly arranged in the sub-plots. Each experimental plot area was 10.5 m2 consisted of 5 
ridges, each was 0.7 m width and 3 m length. 

All experimental plots were fertilized by phosphorus as calcium super-phosphate (15% P2O5) which added 
during soil preparation at rate of 32 units/fed., whereas, potassium sulphate (48% K2O) was added at rate of 48 
units/fed. one month after seeding as recommended by the Egyptian Ministry of Agriculture. Whereas nitrogen 
forms was applied at rate of 60 units N/fed. and added in 2 equal portions (during soil preparing, and one month 
after seeding as side dressing). The micro-elements sprayed two times, 30 and 40 days after seeding, 
respectively. However, it was used as foliar in chelating form known under the commercial name of Agro-Fe 
8.5% at rate of 1500 ppm, Agro-Zn 8.5% at rate of 1000 ppm, Agro-Mn 7% at rate of 1000 ppm and Agro-Cu 
6% at rate of 3000 ppm as recommended by manufactory (AGRICO International Co., Egypt, 
www.agricointernational.com. Aqueous spraying solutions of micro-elements were freshly prepared and few 
drops of wetting agent were added to spraying solution. All sprays were done in the morning using a hand 
pressure sprayer and covering the plant foliage with spraying solution. All cultivation practices for spinach plant 
production were carried out according to the growing area.    

Spinach plants with stems up to 20 cm in length, grown from seeding were harvested after 55 days and the 
fresh weight of plants were recorded as tons/fed. In addition twenty spinach plants from each experimental plot 
were randomly taken for measurement of vegetative growth characters (plant length, leaves number and leaves 
total area per plant, fresh and dry weights of leave as g/plant). Leaf area was determined using the leaf area-leaf 
weight relationship formula, leaf disks were obtained using a cork borer according to the method described by 
Wallace and Munger (1965). The chemical composition of dry leaves tissue such as protein, NO3, NO2 and total 
nitrogen were determined according to methods of Chapman and Pratt (1978). However, total phosphorus 
and/or total potassium were determined according to John (1970) and Richard (1954), respectively. All the 
obtained data were statistically analyzed and mean separation was done using the least significant differences 
(LSD) test at 5% level of probability according to Gomez and Gomez (1984).  

 
Results and Discussion 
 
Plant Vegetative Growth and Yield 

 
Data presented in Table (2) clearly showed the response of vegetative growth of spinach plant to the 

application of nitrogen forms (quick and slow release) and the foliar spraying of Fe, Zn, Mn and Cu during the 
two seasons of 2008 and 2009. Statistical analysis of the obtained data revealed that, there no significant 
differences were detected between the two forms of nitrogen fertilizer on spinach plant vegetative growth 
parameters and yield (Fig. 1). The obtained results were completely true in both seasons with low exception of 
the plant length and plant fresh weight in the second season only. Regarding of plant total leaf area in both 
seasons as shown in Fig. (1), quick release form (urea) gave significantly the highest values if compared with 
using a slow release form (ensiaben).  
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It is worth to mentioned that, nitrogen application, generally improved spinach plant growth, this might be 
explained on the basis that N is an essential element for plant growth, that possibly increased the efficiency of 
photosynthesis which result in more accumulation of assimilates that caused an increase in the vegetative 
growth parameters as well as the total yield (El-Gizawy et al., 1992; Abd El-Rahman et al., 2001; Ahmed, 2003 
and Ahmed et al., 2004). Generally, it could be concluded that, under the condition of this study the 
requirements of plant for nitrogen fertilizer is more critical for plant growth particularly in the early stages of the 
short-life cycle plants such as spinach. Further more, the vigor plant growth of spinach resulted from that plant 
which received nitrogen fertilizer as urea (quick-release) over that plants which supplied ensiaben as slow-
release nitrogen form might be attributed to the short period of spinach plant. So, the urea fertilizer contains 
more soluble nitrogen than ensiaben which reflected on plant growth characters. A contractive reviews were 
reported, where the previous studies detected that, the slow release of nitrogen fertilizer resulted the vigor plant 
growth if compared with that supplied quick nitrogen particularly for long-life cycle plants such tomatoes, 
potatoes and other field crops (Shaviv, 2001; Zvomuya et al., 2003; Pack, 2004; Fageria and Baligar, 2005; 
Worthington et al., 2007 and Ezzat and Abd El-Hameed, 2010). 
 
Table 1: Physical and chemical properties of the experimental soil. 

Properties Value
Sand% 90.80
Silt% 5.20
Clay% 4.0
Texture Sandy
pH (1 : 2.5  soil : water) 8.50 
EC (1 : 2.5  soil : water) dS/m 0.14
CaCO3% 5.20
Organic matter% 0.26 
Exchangeable acronutrients (mg/100g soil) Available micronutrients (mg/kg soil) 
P 0.23 Fe 6.15 
K 12.5 Mn 4.12 
Mg 12.6 Zn 0.13 
Ca 92.8 Cu 0.20 
Na 11.92 

 
The foliar spraying with Fe, Zn, Mn and/or Cu as individual for spinach plant caused an enhancement in 

plant growth and yield measurements if compared with the non-treated plants as shown in Table (2) and Fig. (2). 
Moreover, spinach plants which sprayed by Cu resulted in the most vigor plant growth while the heaviest plant 
yield was obtained by Zn. In the same regards, the highest values of total leaf area were obtained when spinach 
plants sprayed by Fe. These findings were completely similar in both seasons of study. However, in most cases 
the foliar spraying with Cu and Zn resulted no significant differences between them. 

 
Table 2: Effect of nitrogen fertilizer forms and foliar spraying with some micro-elements on growth and yield of spinach plant  during the  
              experimental seasons of 2008 and 2009.  

N 
Fertilizer 

Micro- 
elements 

Plant 
length 

No. Of 
leaves 

Wt. of leaves (g) Leaf 
area  
cm3 

Yield 
(ton 
/fed.) 

Plant 
length

No. Of
leaves

Wt. of leaves
(g)

Leaf 
area 
cm3 

Yield 
(ton 
/fed.) Fresh Dry Fresh Dry 

2008 2009 

Ensiaben 

Control 28.33 16.67 21.58 2.52 350 3.28 30.67 16.33 27.32 3.50 361 3.45
Fe 34.00 18.33 31.85 4.98 470 3.78 37.33 18.33 33.38 5.86 495 4.66
Mn 38.00 20.00 36.13 4.49 431 3.99 41.33 20.33 35.46 4.43 475 5.14
Zn 39.67 21.67 31.12 4.25 425 5.11 45.33 23.33 43.61 6.45 450 5.61
Cu 39.33 22.67 36.56 5.91 410 4.55 47.67 21.00 45.35 7.12 400 4.04

Mean 35.87 19.87 31.45 4.43 417 4.14 40.47 19.87 37.03 5.47 436.2 4.58

Urea 

Control 30.00 16.67 23.35 2.75 375 3.42 30.33 15.67 26.13 4.17 410 3.32
Fe 38.67 18.33 31.50 3.66 550 3.80 33.67 18.67 32.06 4.48 565 3.81
Mn 34.00 18.00 30.43 4.44 425 4.50 37.33 21.67 38.74 4.84 500 7.72
Zn 34.67 20.33 26.04 4.64 440 5.29 37.33 22.33 33.61 5.61 475 5.25
Cu 37.33 21.33 27.35 5.47 420 4.56 40.67 20.67 36.05 6.19 455 5.44

Mean 34.93 18.93 27.73 4.19 442 4.31 35.87 19.80 33.32 5.06 481 4.51 

Average 

Control 29.17 16.67 22.46 2.64 362 3.35 30.50 16.00 26.73 3.84 285.5 3.39
Fe 36.33 18.33 31.68 4.32 510 3.79 35.50 18.50 32.72 5.17 530 4.24
Mn 36.00 19.00 33.28 4.46 428 4.24 39.33 21.00 37.10 4.64 487.5 4.93 
Zn 37.17 21.00 28.58 4.44 433 5.20 41.33 22.83 38.61 6.03 462.5 5.43
Cu 38.33 22.00 31.95 5.69 415 4.56 44.17 20.83 40.70 6.65 427.5 4.74 

L.S.D. at 
5% 

N 
Fertilizers 

N.S. N.S. N.S. N.S. 15.5 N.S. 3.26 N.S. 1.72 N.S. 23.5 N.S. 

Micro-
elements 

4.98 1.51 4.13 0.84 25.0 0.64 2.17 2.03 2.29 0.61 66.3 0.35 

Interaction N.S. N.S. N.S. N.S. N.S. N.S. 3.06 N.S. 3.24 0.87 N.S. 0.49
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Fig. 1: Effect of nitrogen fertilizer forms on leaf area and yield of spinach plant during both  seasons of 2008  
            and 2009.  

 
  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Effect of foliar spraying with some micro-elements on leaf area and yield of spinach plant during both   
            seasons of 2008 and 2009. 

250

280

310

340

370

400

430

460

490

520

550

L
ea

f 
ar

ea
 (

cm
2 )

Cont. Fe Zn Mn Cu Cont. Fe Zn Mn Cu

First Season Second Season

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

Y
ie

ld
 (

to
n

/f
ed

.)

Cont. Fe Zn Mn Cu Cont. Fe Zn Mn Cu

First Season Second Season

Micro-elements

400

410

420

430

440

450

460

L
ea

f 
ar

ea
 (

cm
2 ) 

Ensiaben Urea Ensiaben Urea

First Season Second Season

0

1

2

3

4

5

Y
ie

ld
 (

to
n

/f
ed

.)

Ensiaben Urea Ensiaben Urea

First Season Second Season

Nitrogen source



781 
J. Appl. Sci. Res., 8(2): 777-785, 2012 

 

 

It could be concluded that, foliar spraying of Cu, Mn, Zn and/or Fe gave superiority in plant growth and 
yield of spinach plant if compared with the control treatment. In addition, the application of Cu, Zn and/or Fe 
resulted the vigor plant growth and heaviest plant yield. In this study, foliar application of micro-elements gave 
a clear positive effect. As reviewed above micronutrients are involved in many physiological processes which 
seemed to be positively affected by the application of Cu, Fe, Zn and Mn. The increment in plant growth 
parameters may be brought about by the presence of the foliar spraying of the micronutrients which acts as 
constituents of cell wall and membranes (Kirkby and Römheld, 2004). The results of other investigators such as 
Abdel-Mawgoud et al. (2011) on green bean; Fawzy (2007) on lettuce; Shaheen et al. (2011) and Abd El-Samad 
et al. (2011) on onion; Rafque and Mushi (2004) on Okra and Hoda et al. (2010) on squash. All of them gained 
results which supported the obtained ones in this study.   

The interaction effect between the two factors of nitrogen forms (quick and/or slow release) and the foliar 
spraying of micro-elements and their effect on spinach plant growth and yield parameters are shown in Table 
(2). It is clear to mention that the results from this study showed that the interaction between N forms and foliar 
spraying of some micro-elements had no significant effect on vegetative growth and yield of spinach plants. 
Significant effects were detected only in the second season with exception of average number of leaves and its 
total surface area per plant. 

It could be summarized that, in spite of the no significant difference were detected but generally, the most 
vigor spinach plant growth as well as the heaviest yield was recorded with those plants which supplied urea as 
chemical nitrogen fertilizer and foliar sprayed with either Cu or Zn.  
 
Nutritional Values: 

 
Table (3) presented protein content, NO3, NO2, N, P and K values as influenced by each of form of nitrogen 

and the foliar spraying by Cu, Mn, Zn and/or Fe during the two seasons of 2008 and 2009. Spinach plants which 
received urea as nitrogen fertilizer resulted the highest significant values of the above mentioned nutritional 
constituents, if  compared with those plants which fertilized by ensiaben. These results were completely similar 
in both experimental seasons except for P content in the first season only and for K content in both seasons. The 
positive effect of urea in comparison with ensiaben, was reflected as a good productivity but with a higher 
amount of nitrate and nitrite than ensiaben (Fig. 3). 

It could be concluded that, urea as a quick release nitrogen fertilizer form caused an improvement in the 
nutritional values of spinach yield compared to ensiaben as slow release. This superiority might be attributed to 
that spinach plant, as a short life cycle crop (50 - 60 days), and due to that ensiaben needs enough time to be 
available for plant absorption. The obtained results are in good accordance with that written by Chance et al. 
(1999) on squash; Pack (2004); Fageria and Baligar (2005) and Ezzat and Abd El-Hameed (2010) on potatoes; 
Salman et al. (2000) and Abd El-Rahman et al. (2001) on spinach. In addition Stagnari et al. (2007) indicated 
that fast N-release, proved to be a more suitable match to the N-uptake of a short life cycle crop such as spinach 
allowing the highest crop yields, but it also increased particularly nitrate and oxalate concentrations. 

Spinach nitrate and nitrite concentrations were found to be under the acceptable levels. In this respect the 
European Commission regulation set the maximum acceptable nitrate concentration as 3000 and 2500 mg/kg-1 
on fresh weight basis for crops harvested from November 1st to March 31st and from April 1st to October 31st, 
respectively, (Anonymous, 2005). 

Regarding the foliar application of some micro-elements such as Cu, Mn, Zn and Fe on spinach plants, data 
presented in Table (3), indicated that the above mentioned spraying caused an enhancement in protein content, 
NO3, NO2, N, P and K over the control treatments. Within the nutrition application material, foliar application of 
Cu resulted the highest significant values of NO3, N, P and K in tissues of spinach plant while Zn treatment gave 
the highest value of protein content. NO2 content in plant tissue recorded no significant difference among 
treatments (Fig. 4). These findings were completely similar in both experimental seasons.  

It could be concluded that, foliar spraying by some micro-elements such as Cu, Mn, Zn and/or Fe for 
spinach plant, resulted in an increase in contents of protein, NO3. NO2, N, P and K in tissues of spinach 
compared with those plants of control treatment. Many investigators reported that the concentration of the 
macro or micro elements in plant tissues increased with their application (Hoda et al., 2010 on squash; Shaheen 
et al., 2006 on Okra; Shaheen et al., 2011 and Abd El-Samad et al., 2011 on onion; El-Morsy et al., 2006 on 
potatoes). 
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Table 3: Effect of nitrogen fertilizer forms and foliar spraying with some micro-elements on chemical contents of spinach plant during the  
              experimental seasons of 2008 and 2009. 
N 
Fertilizer 

Micro- 
elements 

protein No3 No2 N P K protein No3 No2 N P K 
2008 2009 

Ensiaben 

Control 15.79 0.25 0.07 2.53 0.77 3.22 21.10 0.24 0.07 3.38 0.82 3.26 
Fe 28.03 0.61 0.12 4.48 1.85 3.31 29.42 0.43 0.16 4.71 1.86 3.30 
Mn 23.97 0.83 0.19 3.83 1.94 3.48 30.38 0.68 0.22 4.86 1.27 3.28 
Zn 26.92 0.91 0.10 4.31 2.62 3.20 26.71 0.34 0.26 4.27 1.82 3.39 
Cu 30.97 0.96 0.11 4.96 2.77 3.46 25.75 0.36 0.26 4.12 2.28 3.56 

Mean 25.13 0.71 0.12 4.02 1.99 3.33 25.75 0.41 0.19 4.27 1.61 3.36 

Urea 

Control 15.33 0.26 0.05 2.45 0.83 3.22 26.67 0.19 0.07 3.17 0.92 3.34 
Fe 29.26 0.55 0.11 4.68 1.79 3.31 19.80 0.38 0.15 3.51 2.60 3.65 
Mn 29.57 1.23 0.21 4.73 2.39 3.48 21.92 0.77 0.33 5.85 2.76 3.98 
Zn 33.97 2.35 0.58 5.43 2.48 3.2 36.59 2.31 0.59 5.89 3.51 3.85 
Cu 36.38 2.67 0.75 6.82 2.67 3.46 36.83 2.85 0.67 6.43 3.65 4.40 

Mean 28.90 1.41 0.34 4.62 2.03 3.33 40.19 1.30 0.36 4.97 2.69 3.85 

Average 

Control 15.56 0.25 0.06 2.49 0.80 3.07 31.07 0.22 0.07 3.27 0.87 3.30 
Fe 28.64 0.58 0.12 4.58 1.82 3.24 20.45 0.41 0.16 4.11 2.23 3.48 
Mn 26.77 1.03 0.20 4.28 2.16 3.42 25.67 0.72 0.26 5.36 2.01 3.63 
Zn 30.44 1.63 0.34 4.87 2.55 3.32 33.48 1.33 0.42 5.08 2.67 3.62 
Cu 33.67 1.81 0.43 5.39 2.72 3.46 31.77 1.60 0.43 5.28 2.97 3.98 

L.S.D. at 
5% 

N 
Fertilizers 

1.97 0.18 0.05 0.32 N.S. N.S. 32.97 0.45 0.08 0.57 0.37 N.S. 

Micro-
elements 

2.41 0.27 N.S. 0.39 0.18 0.23 3.59 0.26 N.S. 0.54 0.25 0.38 

Interaction 3.40 0.39 N.S. 0.54 0.25 N.S. 3.39 0.37 N.S. 0.77 0.35 N.S. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3: Effect of nitrogen fertilizer forms on nitrite and nitrate content of spinach plant during  both seasons of  
            2008 and 2009. 
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Fig. 4: Effect of foliar spraying with some micro-elements on nitrite and nitrate contents of spinach plant during  
            both seasons of 2008 and 2009. 

 
Also Table (3) showed that the interaction between the two forms of nitrogen fertilizers (urea and/or 

ensiaben) and foliar application of some micro-elements during the two seasons of 2008 and 2009. It evident 
that, spinach plants which fertilized by urea and sprayed by Cu resulted the highest values of protein, NO3, NO2, 
N, P and K contents. Moreover, the statistical analysis of the obtained data revealed that, the differences within 
interaction treatments were significantly at 5% level. These were true for both seasons, except for K and NO2 

contents in both seasons. 
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