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ABSTRACT  
 

Two field experiments were carried out during two experimental seasons of 2012/2013 and 2013/2014 
under newly sandy reclaimed soil at El-Nubaria region. The aim of these experiments is to study the vegetative 
growth, total yield and nutritional values  of leaves of spinach plants cv. Balady as influenced by different levels  
of nitrogen fertilizer (50, 75 and 100 units/fed.) with  three levels of humic acid  at (0, 2 and 4 L/fed) as foliar 
spraying for three times in 15 days interval. The obtained results strongly indicated that the vigor plant growth 
expressed as plant length, number of leaves/plant, fresh and dry weight of leaves as well as total chlorophyll 
content and total yield and the high content of the percentage of  N, protein, P and K of spinach leaves tissues 
were detected with that plants which fertilizer by high level of N (100 units/fed.) with sprayed as humic acid at 
high level (4L/fed.). On the other hand, the percentage of nitrate and oxalate content significantly decreased by 
increasing the level of humic acid application. 
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Introduction 
 

Spinach (Spinacia oleracea, L.) is one of the most important vegetable crops grown for its leaves. It is 
a source of chlorophyll, which gives it a dark green color quality and consumer acceptance. It has a high 
nutritional value due to its unusually high (Fe) and vitamin (A) contents. This plant produces significant 
amounts of fresh leafy mass in a short period of vegetation, and it is particularly distinguished for its high 
vitamin C content, minerals, riboflavin and its low calories. Spinach is known as the richest source of vitamin A 
compared to other vegetables. Among the methods that have been followed for improving the growth, yield, 
seed production and quality of spinach are the application of nitrogenous fertilizers.  

Nitrogen is an essential mineral fertilizer for plant growth and development and is the world’s largest 
agricultural chemical. Nitrogen fertilization effectively increases yield and its quality in many crop plant 
species. It has important role as a basic element of protein, nucleic acids, chlorophyll and growth hormones 
(Barker et al., 1974) and is essential in periods of rapid growth. Adequate supply of nitrogen (N) can promote 
plant growth and increase crop production, but under excessive application of nitrogen fertilizer, especially, 
vegetables can accumulate high levels of nitrate and, upon being consumed by living beings, pose serious health 
hazards (Hord et al., 2009). Nitrate accumulation in leafy vegetables such as rocket, spinach has a detrimental 
impact on human health (Ahmadi et al., 2010). Nitrogen, which is the most yield-enhancing of all nutrients, 
affects plant growth, root system development, seed filling and the synthesis of proteins and other plant 
substances as well as it regulates the consumption of potassium, phosphorus, copper, calcium, and other 
nutrients. Nitrogen application in horticultural crops is sometimes associated with an increased accumulation of 
nitrates, compounds affecting the quality of edible parts. Some vegetables, in particular those with a short 
growing period, are characterized by a natural propensity to accumulate relatively large amounts of these 
compounds. With the increasing amount of nitrogen in the nutritional environment of plants, nitrate content in 
their tissues increases (Ceylan et al. 2002, Wang and Li 2004, Nurzyńska 2006a).  Moreover, Demir et al. 
(1996) reported that by increasing the nitrogen fertilizer rate the leaf area, stem length and yield of spinach 
increased. Zarehie (1995) reported that by increasing the nitrogen fertilizer rate to 200 kg/ ha increased the yield 
of spinach but that by increasing the nitrogen level up to 200 kg ha the corresponding increase in yield was not 
economical. However, Salman et al (2000) reported that, total leaf yield, No3, No2 and oxalate were increased as 
N levels were increased. Also, fresh yield was positively correlated with the leaf fresh weight, leaf number, No3, 
No2 concentration and oxalate content but negatively with percentage of dry matter and ascorbic acid. Moreover, 
Maryam and Naser (2007) results indicated that different levels of nitrogen fertilizer on all growth 
characteristics were significant. In the same respect, the investigations carried out by Tittonell et al. (2003) on 
lettuce showed that increasing nitrogen fertilizer from 0 to 150 kg/ha increased the fresh weight of the crop. 
Gulser (2005) observed that an increase in the fertilizer nitrogen level increased the yield, stem length and leaf 
surface area but not the number of leaves in spinach. Renata et al (2012) found that the increased rates of 
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nitrogen caused significant changes in dry weight (DW) of rocket plants. Also, the increased rate of N increased 
the content of N-NH4 and N-NO3. However, Nevruz et al (2014) the results showed that N fertilization level 
had significant effect on the weight of the fresh leaves, total nitrogen, nitrate and vitamin C content. The highest 
weight of the fresh leaves and C vitamin content were observed at 240 kg/ha nitrogen fertilizer level, whereas 
the highest total nitrogen and nitrate content were observed at 320 kg/ha nitrogen fertilizer level. While, control 
treatment (no application of fertilizers) showed low weight of fresh leaves, total nitrogen, nitrate and vitamin C 
content. On the other hand, high levels of nitrogen causes compositional changes, such as reduced ascorbic acid 
(vitamin C) content, lower sugar content, lower acidity and altered ratios of essential amino acids. In many 
vegetables, especially leafy green vegetables grown under low light, the accumulation of nitrates in the plant 
tissue is to unhealthy levels. 

Humic substances (HS) have important organic constituents which assure maximum benefits to 
growing plant. The application of humic substances had an overall positive effect on dry matter yield of the 
crops and this effect was statistically significant for Humifirst incorporated. In the case of permanent grassland, 
humic substances promoted mainly the production of the first grass cut, which has the highest grass quality 
among all cuts during the growing season. Tuber production on the potato field trial showed a high response on 
the application of humic substances. Total potato yield increased with 13 and 17% for Humifirst liquid and 
Humifirst incorporated, respectively. Finally, the formal meta-analysis showed a consequent increase in nitrogen 
and phosphorus uptake of all studied crops as well. The effect on potassium and magnesium uptake was also 
mainly positive, while sodium and calcium uptake were not affected in most of the experiments (Verlinden et al 
2009). Many of the beneficial characteristics of soil organic matter are associated with humic substances which 
are recognized as the most chemically active compounds in soils, with cation and anion exchange capacities far 
exceeding those of clays (Stevenson, 1994 and Koopal et al., 2005). Several authors demonstrated that the 
addition of particular concentrations of humic substances can favor the growth of both the root and the aerial 
parts of the plant and encourage nutrient absorption. The absorption of macronutrients was significantly affected 
by the addition of humic substances but differed for each nutrient. Especially early application of humic acids 
had positive impacts on the plant growth and nutrient contents of lettuce plants with a short growing period. 
However, (Koh et al 2012) suggest that organic cropping systems result in spinach with lower levels of nitrates 
and higher levels of flavonoids and ascorbic acid. Organic crops have demonstrated inconsistent differences, 
with the exception of higher levels of ascorbic acid and less nitrate in organic products (Bourn and Prescott 
2002). Also, Mitchell et al (2008) noted a similar trend of higher levels of ascorbic acid (vitamin C) and 
phenolic compounds and lower levels of nitrate in organic tomatoes compared to their conventional 
counterparts. Moreover, Humic substances are reported to help in nitrate uptake from soil and facilitate water 
use efficiency. In addition, they serve to enhance various microbial and enzymatic processes (Ulukan, 2008). In 
the same respect, Shafeek et al (2013) reported that foliar spraying of high rates of humic acid (4g/L) recorded 
the high values of growth characters, i.e. number of leaves and branches, fresh weight of whole plant and its 
different parts as well as total yield and its components ( pod length and number of pod/plant). Also gave the 
highest percentage of protein and nitrogen contents as well as Fe (mg/g dry weight) in broad bean seeds tissues.  
 

Material and methods 

   This study was carried out at the experimental station of the National Research Centre, Beheira 
Governorate (North of Egypt), during the two winter season of 2013 and 2014 to investigate the effect of 
deferent level of N fertilizer (50, 75 and 100 units\ feddan of ammonium sulphate 20.6% N ) (feddan = 4200 m) 
with  three rates of humic acid levels (0, 2 and 4L/fed. of humic acid) and their interactions for influence on 
plant growth, total yield and chemical properties of spinach plants cv. Balady. The experimental trails were 
conducted in sandy soil using drip irrigation system. Chemical analysis and physical properties of the 
experimental soil are shown in Table (1) and the chemical analysis of used humic acid are presented in Table 
(2). 

Pest control and other agriculture practices were applied as commonly recommended for commercial 
spinach production by Ministry of Agriculture. The experimental design was split plot with three replicates, 
where the three levels of N fertilizer (50, 75 and 100 units/ fed.) were arranged within the main plots, the three 
levels of humic acid fertilizer (0, 2 and 4L/fed.) were distributed in the sub-plots. Each experiment included 9 
treatments with 3 replicates. Each experimental plot area was 10.5 m2 consisted of 5 ridges; each was 0.7 m 
width and 3 m length. Seeds of spinach were sown in hills 10 cm apart on one side of the hill, 50 cm apart on the 
second week of October in both seasons. Three levels of chemical N fertilizer (Ammonium sulphate 20.6% N) 
were applied to the soil and added in two equal portions (during soil preparing, and one month after seeding as 
side dressing). Whereas, the humic acid was mixed thoroughly with water and applied at three levels, i.e. 0, 2 
and 4 L/fed. and divided into two equal portions, first portion was added at 21 days from sowing and the second 
was added at 36 days from sowing. All recommended rate content of phosphorus as calcium super-phosphate 
(15% P2O5) which added during soil preparation at rate of 32 units /fed., whereas, potassium sulphate (48% 
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K2O) was added at rate of 48 units/fed. At one month after seeding as recommended by the Egyptian Ministry of 
Agriculture.  
Table 1: The physical and chemical properties of the experimental soil. 
Physical properties 
Sand Clay Silt Texture F.C.% W. P.% 
90.08 9.26 O.66 sandy 16.57 5.25 
Chemical analysis 
E.C.   Mm 

M/m 
Meq/L 

Ca Mg Na K Hco3 
1.7 8.2 7.020 0.527 o.982 0.31 0.30 

 
Table 2: The analysis of humic acid  

Guaranteed Analysis 
Humic acid  80% 
Potassium (K2O)  10-12% 
Zn, Fe, Mn, etc.  100 ppm 

Physical Data 
Appearance  Black powder 
pH  9-10 
Water solubility  > 98 % 

 
Spinach plants with stems up to 20 cm in length, grown from seeding were harvested after 50 days and 

the fresh weight of plants were recorded as tons/fed. for first cut and after two weeks was harvested the second 
cut 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 , fresh and dry weights of leaves as 
well as total leave chlorophyll was measured using Minolta Chlo. Meter (SPHD)-50. The chemical composition 
of fresh leaves tissue such as NO3 and total nitrogen were determined according to methods of Chapman and 
Pratt (1978). In addition, protein percentages were calculated by multiplying nitrogen content by 6.25. However, 
total phosphorus and/ or total potassium were determined according to John (1970) and Richard (1954), 
respectively. Oxalate content in leaves based on fresh weight was determined according to Human Nutrition 
Information Service, USDA (1984). 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 growth characters: 
A –Effect of N levels: 

The effects of different levels of N fertilizer on plant growth characters and total yield of spinach plants 
are presented in (Table 3). The plant height was (P < 0.05) taller at application of 100 units N/fed. of ammonium 
solphate than at application of 50 or 75 units N/fed. in both seasons. Spinach plant height was most significantly 
depressed at application of 50 unit N/fed. compared medium and high levels (75 or 100 units  N/fed.). Although, 
number of leaves /plant, fresh and dry leaves weight (g) as well as total chlorophyll content were higher in the 
order of application of 100 > 75  > 50 units N/fed. Spinach leaves recorded the highest reading when 100 units 
N/fed. was applied and the lowest reading was recorded with the plants have 50 units N/fed level. The increase 
in chlorophyll content was paralleled with increasing nitrogen level. These results agreed with that obtained by 
Gao et al. (1989) they reported that chlorophyll and vitamin C contents were closely related to application of N. 
However, increasing N levels up to its highest level (100 units/fed.) increased total fresh yield as (ton/fed.) of 
spinach plants (Table 3). The heaviest values of total yield (4.74 and 4.94 ton/fed. for 1st and 2nd seasons, 
respectively with addition of ammonium sulphate fertilizer at level of 100 units N/fed. compared with 50 
units\fed. produced the lowest  values of total yield as ton/fed. (3.83 and 4.12 ton/fed. for 1st and 2nd seasons, 
respectively. It could be concluded that, increased the nitrogen level has important role as a basic element of 
protein, nucleic acids, chlorophyll and growth hormones (Barker et al., 1974) and is essential in periods of rapid 
growth. Adequate supply of nitrogen (N) can promote plant growth and increase crop production. These results 
agreed with those obtained by (El-Fadaly and Mishriky 1990, Zarehie 1995,  Demir et al. 1996, Salman et al 
2000,  Maryam and Naser 2007 and Nevruz et al 2014). They reported that higher N levels enhanced vegetative 
growth and total yield of leafy vegetables. 
 
B- Effect of Humic acid levels: 

The application of humic acid at different levels 2 or 4 L/fed. had a statistical significant effect on the 
parameters of spinach plant growth and total yield in the two seasons of 2012/ 2013 and 2013/2014 compared 
with 0 humic acid level Table (3) reported that, the vigor plant growth, i.e. plant length, number of leaves, fresh 
and dry weight of leaves as well as total chlorophyll content of leaves all of them resulted only with that spinach 
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plants which adding with humic acid at 4 L/fed. these findings are true in both seasons. However, the highest 
level of humic acid at 4 L\fed. significantly increased plant growth characters compared the lower level (2g/L). 
In addition, total yield in plots treated with 4 L/fed. humic acid was significantly higher than those in plots 
receiving 0 or 2 L/fed. in both seasons. The application of high rates of humic acid (4 L/fed.) recorded the high 
values of total yield (4.39 and 4.64 ton/fed.) for 1st and 2nd seasons respectively. Moreover, humic substances are 
mostly used to remove or decreased the negative effects of chemical fertilizers from the soil and have a major 
effect on plant growth as shown by many scientists (Ghabbour and Davies, 2001). Also, humic acid stimulate 
plant growth by the assimilation of major and minor elements, enzyme activation and /or inhabitation, changes 
in membrane permeability, protein synthesis and finally the activation of biomass production (Ulukan, 2008). 
Humic acid was influence plant growth both in direct and indirect ways. Indirectly, it improves physical, 
chemical and biological conditions of soil. While directly, it increases chlorophyll content, accelerates plant 
respiration and hormonal growth responses, increases penetration in plant membranes, etc. These effects of 
humic acid operate singly or in integration. The above discussion clearly validates the suitability of humic acid 
as a beneficial fertilizer product. These results are in line with obtained with Cimrin and Yilmaz (2005), 
Yildirim, (2007), Unlu, et al (2011), Shafeek, et al (2013) and  Aisha et al (2014) . 
 
C- Combined effect between N and Humic acid levels: 

The highest vegetative growth expressed as plant length, number of leaves, fresh and dry weight as 
well as total chlorophyll content and total yield were obtained by adding 100 units N/fed. with high level of 
humic acid application (4 L/fed.). the lower values were recorded when N was applied at 50 units\fed. with 0 
humic acid application (Table 3). The statistical analysis of the obtained data showed that fresh and dry weight 
of spinach leaves significantly increased were great enough to reach the 5% levels. The obtained results in both 
two seasons were similar. 
 
Table 3: Effect of N and Humic acid levels on growth and total yield of spinach plants during 2013 and 2014 seasons.      

N  
levels 

Humic 
acid 

levels  

2013 season 2014 season 
Plant 
length 
(cm) 

No. of 
leaves\plant 

Weight 
(g\plant) 

Total 
chlorophylls 

Total 
yield 

(ton\fed.) 

Plant 
length 
(cm) 

No. of 
leaves\plant 

Weight 
(g\plant) 

Total 
chlorophylls 

Total 
yield 

(ton\fed.) fresh dry fresh dry 
50 units 
N\fed. 

0 29.33 6.67 69.67 6.91 40.10 3.67 24.33 7.33 70.79 7.85 36.03 4.10 
2 L\fed. 31.67 7.67 68.30 7.28 41.77 3.90 30.00 9.00 73.60 8.11 37.47 4.10 
4L\fed. 33.33 8.33 74.33 7.70 43.87 3.93 32.00 9.67 76.22 8.44 38.33 4.17 

mean 31.44 7.56 70.77 7.30 41.91 3.83 28.78 8.67 73.54 8.13 37.28 4.12 
75 units 
N\fed. 

 

0 34.67 8.67 68.33 7.80 44.90 4.02 33.00 9.67 86.13 9.57 39.13 4.37 
2 L\fed. 35.67 9.33 77.67 8.27 45.64 4.17 36.00 11.00 128.87 14.27 40.67 4.48 
4L\fed. 39.00 10.33 82.33 9.50 46.87 4.30 37.00 11.67 163.03 18.53 42.57 4.62 

mean 36.44 9.44 76.11 8.52 45.80 4.16 35.33 10.78 126.01 14.12 40.79 4.49 
100 
units 

N\fed. 

0 40.67 9.67 89.27 11.07 50.43 4.59 41.00 12.33 93.70 10.41 40.83 4.70 
2 L\fed. 43.67 10.67 113.33 14.71 52.49 4.70 43.00 13.67 128.24 15.19 44.53 4.98 
4L\fed. 49.33 12.33 126.67 17.25 56.57 4.93 43.33 15.00 169.36 20.11 47.70 5.14 

mean 44.56 10.89 109.76 14.34 53.16 4.74 42.44 13.67 130.43 15.24 44.36 4.94 
Average  0 34.89 8.33 75.76 8.59 45.14 4.09 32.78 9.778 83.54 9.27 38.67 4.39 

2 L\fed. 37.00 9.22 86.43 10.09 46.63 4.26 36.33 11.22 110.24 12.52 40.89 4.52 
4L\fed. 40.56 10.33 94.44 11.48 49.10 4.39 37.44 12.11 136.20 15.69 42.867 4.64 

LSD at 
5% 

levels 

N levels 2.20 0.52 20.76 1.19 1.47 0.16 0.74 O.86 10.63 0.64 0.81 0.09 
Humic  1.86 0.38 5.40 0.54 1.03 0.13 1.00 0.63 5.99 O.86 1.11 0.07 
Inter. NS NS 9.35 0.93 NS NS NS NS 10.37 1.48 NS NS 

 
Chemical quality of spinach leaves: 
A –Effect of N levels: 
       Increasing N fertilizer levels increased N% content of leaves of spinach plants (Table 4). The increase of N 
content led to increase the percentage of nitrate, protein, oxalate, P and K content. However, those obtained 
results were in accordance with those obtained by (Bakr and Gawish 1997, Wang et al 1998) reported that 
accumulation of nitrate and oxalate in spinach leaves was resulted of the increased uptake of nitrate by roots, 
whereas lowered nitrate levels in leaf blades was mainly due to reduction in nitrate uptake by roots and not to 
increased reduction on nitrate in leaf blades. Moreover,  Renata et al (2012) found that the increased rates of 
nitrogen caused significant changes in dry weight (DW) of rocket plants. Also, the increased rate of N increased 
the content of N-NH4 and N-NO3. 
 
B- Effect of Humic acid levels: 
    The application of humic acid at different levels (2L/fed. or 4L/fed.) significantly increased leaves content of 
the percentage of N, protein, P and K compared to control treatment Table (4). However, the percentage of 
nitrate and oxalate content of leaves tissues significantly decreased by increased level of humic acid.  The 
statistical analysis of the obtained data showed that high level of humic acid (4L/fed.) significantly increased the 
spinach leaves tissues of the content of the percentage of N, protein, P and K compared low level (2L/fed.). On 
the other hand, the percentage of nitrate and oxalate in leaves tissues significantly decreased by increased level 
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of humic acid application. Ayas and Gulser (2005) indicated that increasing doses of humic acid increased N 
and P contents in spinach leaves. However, MacCarthy et al. (2001) concluded that humates enhance nutrient 
uptake, improve soil structure, and increase the yield and quality of various crops. Humic substances have 
demonstrated inconsistent differences, with the exception of higher levels of ascorbic acid and less nitrate in 
organic products (Bourn and Prescott 2002). Also, Mitchell et al (2008) noted a similar trend of higher levels of 
ascorbic acid and phenolic compounds and lower levels of nitrate in organic tomatoes compared to their 
conventional counterparts. Moreover, Humic substances are reported to help in nitrate uptake from soil and 
facilitate water use efficiency. 
 
C- Combined effect between N and Humic acid levels: 

In spite of the non significant effect of the interaction of N fertilizer and three levels of humic acid 
except percentage of N and protein content in spinach leaves tissues in the two seasons (Table 4). It could be 
concluded that the highest values of the percentage of N, protein, P and  K content in spinach leaves tissues 
were associated with that plants received higher N level (100 units/fed.) with higher level of humic acid (4 
L/fed.). On the contrary, the lowest values from the above mentioned that were obtained by low N fertilizer 
level (50 units/fed.) with 0 level of humic acid addition. These findings are in good accordance in both seasons. 
On the other hand, the percentage of nitrate and oxalate content significantly decreased by increasing the level 
of humic acid application. 
 
 Table 4: Effect of N and humic acid levels on nutritional values on spinach leaves contents during 2013 and 2014 seasons. 

N  
levels 

Humic 
acid 

levels  

2013 season 2014 season 
% % 

N NO3 Protein Oxalate P K N NO3 Protein Oxalate P K 
50 units 
N\fed. 

0 2.20 0.67 13.77 0.68 0.54 2.21 2.71 0.65 17.01 0.71 0.47 2.16 
2 L\fed. 2.27 0.64 14.21 0.64 0.63 2.33 2.74 0.56 17.13 0.65 0.52 2.18 
4L\fed. 2.30 0.59 14.38 0.58 0.73 2.40 2.84 0.50 17.75 0.58 0.59 2.22 

mean 2.26 0.63 14.12 0.63 0.63 2.31 2.67 0.57 17.29 0.65 0.53 2.19 
75 units 
N\fed. 

 

0 2.38 0.71 14.88 0.74 0.76 2.48 2.86 0.70 17.90 0.74 0.66 2.28 
2 L\fed. 2.50 0.66 15.63 0.67 0.85 2.63 2.89 0.65 18.04 0.68 0.71 2.36 
4L\fed. 2.56 0.61 16.02 0.62 0.93 2.72 2.96 0.60 18.48 0.67 0.75 2.41 

mean 2.48 0.66 15.51 0.68 0.85 2.61 2.90 0.65 18.14 0.70 0.71 2.35 
100 
units 

N\fed. 

0 2.50 0.74 15.63 0.78 0.96 2.78 3.09 0.75 19.34 0.79 0.80 2.49 
2 L\fed. 2.62 0.68 16.38 0.73 1.02 2.87 3.39 0.69 21.19 0.75 0.88 2.57 
4L\fed. 2.91 0.67 18.19 0.70 1.10 2.95 3.72 0.68 23.23 0.70 0.94 2.67 

mean 2.68 0.70 16.73 0.74 1.03 2.87 3.40 0.71 21.25 0.75 0.87 2.58 
Average  0 2.36 0.71 14.76 0.74 0.75 2.49 2.89 0.70 18.08 0.75 0.64 2.31 

2 L\fed. 2.46 0.66 15.40 0.68 0.83 2.61 3.01 0.63 18.79 0.69 0.70 2.37 
4L\fed. 2.59 0.62 16.20 0.63 0.92 2.69 3.17 0.59 19.82 0.65 0.76 2.43 

LSD at 
5% 

levels 

N levels 0.07 0.02 0.43 0.02 0.02 0.03 0.09 0.03 0.56 0.02 0.03 0.07 
Humic  0.04 0.01 0.26 0.02 0.02 0.02 0.03 0.02 0.18 0.02 0.01 0.03 
Inter. 0.07 NS 0.45 NS NS NS 0.05 NS 0.31 NS NS NS 
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