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ABSTRACT 
A study was fulfill under sandy soil during the winter season of 2017 and 2018 at the empirical 
position of the National Research Centre at Nubaria area, (North Egypt) to discuss the effectiveness of 
nitrogen (N) fertilizing on growth, yield, and quality of spinach plant. Three N fertilizing average (0, 
75 and 150 unit N /fed. as ammonium nitrate) with foliar sprinkle of three grade of amino acid (amino 
mix) (0, 1 and 2 cm/L) were utilized in a perfectly randomized styling with three replications. Eight 
weeks next planting, the spinach was harvested. The results specific that: 1- increasing N fertilization 
levels up to 150 units N /fed. improved plant growth expressed as ( plant length, number of leaves, 
fresh and dry plant weight as well as total chlorophyll) and total yield (ton/fed.). In addition, 
increment of N fertilization levels generally caused increasing content of N, protein, P, K and NO3 of 
spinach plants. 2-Foliar application of spinach plants through high levels of amino mix (2cm/L) 
significantly increased  plant growth parameters, total yield and the contents of the percentage of N, 
protein, P, K and NO3. 3-The interaction through N fertilizer and foliar usage of amino mix produced 
no significant difference except plant fresh weight in both seasons and plant dry weight in the second 
season.  
 
Keywords: spinach –N-fertilizer- amino mix-plant growth-total yield-nutrition value. 

 
Introduction 

Spinach (Spinacia oleracea L.) is one of the utmost public leafy vegetable crops mature in 
Egypt. It is utilized fresh or tinned or frosted production. It is lower in calories and a perfect exporter 
of vitamin C, vitamin A and minerals essentially iron (Toledo et al., 2003). Spinach is a vegetable 
with a rising biological value, very wealthy in antioxidants mostly when fresh, vaporize, or quickly 
poached (Cho et al., 2008). It is a pretty source of vitamin A, C, E, K, B2, B6, B9, folic acid, minerals 
(Mn, Mg, Fe, K, Ca, Se), and dietary fibrils. 

Nitrogen (N) is one of the utmost essential nutrients limit plant growth (Mengel and Kirkby, 
1987). The farmers utilize chemical fertilizers as a supplemental exporter of nutrients but they do not 
stratify in stable attribution. However, nor chemical fertilizer neither bio fertilizer single can 
assistance realize probable vegetable production. In addition, fertilizer direction pursuit of the Nobaria 
area is highly poor where utmost of the farmers utilize only urea as a fertilizer which is at times over 
recommended dosage. Also, increase in N fertilizer led to improve in nitrate content of the vegetables 
tissues without significant improve in total yield (Custic et al., 1994). Increasing the utilize of 
chemical fertilizer led to rising cost in vegetable product and make contamination of their agrarian 
environment as well as impact the soil fertility. Therefore, it has turn into major to utilize 
untraditional fertilizers as complement or exchange for chemical nitrogen fertilizer. In the same 
respect, Ahmadi et al., (2010) found that, total yield, number of leaves/plant and nitrate content in 
spinach leaves were increased by increasing chemical fertilizer NPK. Moreover, Magda et al. (2015) 
reported that, the strength plant growth i.e. 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 reveal with that plants which fertilizer by rising 
rate of N (100 units/fed.). However, Elsayed and Abdelraouf (2016) the results found that increasing 
N fertilization levels up to 224 kg N/ ha improved plant growth (fresh and dry plant weight, leaf area 
and leaf area index) and yield (fresh and dry weight as ton/ ha). Increase N fertilizer levels 
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significantly lower spinach quality characters (humidity and dry matter contents and nitrate content). 
The nitrogen fertilizer and utilize capacity were lower significantly with increasing N fertilization 
levels. Increase N fertilizer levels generally increased the spinach content of N, P, K, Fe, and Cu and 
lower the contents of Mn, and did not impact the contents of S, Ca, Mg and Zn. The effect show that 
increasing N fertilization levels up to 224 kg N/ ha has favorable effects on spinach yield and inverse 
effect on spinach quality. In the same respect, Aisha et al. (2013) found that supplement of 70 % of 
recommended level (RR) of chemical fertilizer fulfill the lengthy and the heavy fresh and dry weight 
of spinach plants and its various member, as well as the intensive total leaves yield (ton/fed.) and its 
nutritional amount expressed as, protein, N, P, K and No3 content in leaves tissues. Many 
implementing given the effect of conventional fertilizers on mature spinach (Popat et al., 2009; 
Ahmadi et al., 2010; Islam et al., 2011 and Vignesh et al., 2012). 

Amino acids (Amino- mix) are contributory in the collection of other organic composition, 
expressed as amines, alkaloids, vitamins, enzymes and protein (Ibrahim, et al., 2010). It is the 
fundamental strong ingredients for the style of protein collection and highly utilize for the 
biosynthesis of vitamins, coenzymes, pigments, purine and pyrimidine land (Kamar and Omar, 1987).  

In connection with to the beneficial effects of foliar sprinkle of amino acids, much 
implementing have report that, the worthy effects of amino acids to increased growth and yield for all 
vegetable crops. In connection with 20 earnest amino acids are instrumental in the method of every 
business (Awad et al., 2007). Some investigator reported the benefit of amino acids in improving 
growth, yield and chemical synthesis of some frugal vegetables, El-Shabasi et al. (2005) spraying 
garlic plants with a mixture of glycine, alanine, cysteine and arginine (each at 100 ppm) or with 100 
ppm of cysteine single gave significant improved total yield above the control by (13.96 % and 13.66 
%) and (14.40 % and 16.65 %) in the first and second seasons, respectively. Commercially readiness 
amino acid stimulant can improved fertilizer absorption, increased uptake of nutrients and water, 
elevate the photosynthetic intermediate and dry matter partition, and for this source improve 
vegetables yield. Much study has been affirm that amino acids (Amino- mix) can directly or indirectly 
influence the physiological rendering in plant growth and extension. In addition, El-Shabasi et al 
(2005) on garlic Awad, et al. (2007) on potato, Faten, et al. (2010) on squash and Shafeek et al. 
(2012) on onion recorded that foliar aim of amino acids relation an improve in plant growth, fruit 
yield and component. In the same respect, Ghaith and Galal, (2014) found that, foliar sprinkle of pea 
plants with mixture of amino acid at 100 ppm significantly increased plant growth parameters, total 
pods yield and pods interest. Moreover, shafeek et al. (2016) notify that foliar spraying by elevation 
levels of amino mix (2%) significantly increased the most plant growth parameters, total yield and its 
ingredient as well as the seeds contents of the percentage of N, protein, P and K. 

The objectives of this study were to straighten the effects of nitrogen fertilization levels and 
foliar application of amino acid levels on growth, yield and quality of spinach ripe under sandy soil. 
 
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 2017 and 2018 to investigate the effect 
of different level of N fertilizer (0, 75 and 150 units/ feddan of ammonium nitrate (33.5% N) with 
three amino acid (Amino- mix) levels (0, 1 and 2 cm/L) 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 amino acid is presented in 
Table (2). 

The 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 (0, 75 and 150 units/ fed.) were arranged within the main plots, 
the three levels of amino acid (Amino- mix) (0, 1 and 2 cm/ L) were distributed in the sub-plots. Each 
experiment included 9 treatments with 3 replicates. Each experimental plot area was 10.5m2 consisted 
of 5 ridges; each was 0.7m width and 3m length. Seeds of spinach were sown in hills 10 cm apart on 
one side of the hill, 50cm apart on the second week of January in both seasons. Three levels of 
chemical N fertilizer (Ammonium Nitrate 20.6% N) were applied to the soil and added in two equal 
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portions (during soil preparing, and one month after seeding as side dressing). Whereas, the amino 
acid (Amino mix) was foliar spraying at three levels, i.e. 0, 1 and 2 cm/L was achieved after 20 days 
from sowing date, every 10 days intervals for three times. 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% 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 FC % WP % 
90.08 9.26 0.66 Sandy 16.57 5.25 

Chemical analysis 
EC  pH meq/L 

Ca Mg Na K HCO3 
17 8.2 7.020 0.527 0.982 0.31 0.30 

 
Table 2: The chemical composition of amino acid (Amino- mix): 
Elements 

(g/100cm3) 
Value Amino 

acid 
value Amino 

acid 
value Vitamin 

(mg/100cm3) 
value 

Zn 2 Aspartic 249 Methionine 180 B1 0.8 
Fe 1.5 Thiamine 45 Isoliocine 52 B2 2.4 
Mn 0.50 Serine 56 Therionine 38 B6 1.2 
Mg 0.004 Glutamic 55 Lalamine 22 B12 0.82 
Cu 0.004 Glycine 50 Histidine 12 Folic 4.2 
Ca 0.025 Alanin 100 Liocine 40 Pantothinic 0.52 
Br 0.056 Praline 38 Argentine 20 Niacin 0.14 
S 0.010 Valine 68 Tryptofan 20 Ascorbic 1.00 

Co 0.030 Cyctein 44 - - - - 

 
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. 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 NO-

3 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. 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 
 
1. Plant growth characters: 
1.1. Effect of N fertilizer levels: 

The wares of various rates of N fertilizer on plant growth parameters of spinach plants are given 
in (Table 3). The plant height was (P < 0.05) long at implementation of 150 units N/fed. of 
ammonium nitrate than at usage of 75 or 0 units N/fed. in both seasons. Spinach plant height was 
most significantly decreased at implementation of 0 unit N/fed. (control) parallel medium and high 
rates (75 or 150 units N/fed.). However, number of leaves /plant, fresh and dry leaves weight (g) were 
higher in the demand of usage of 150 > 75 > 0 units N/fed. Spinach leaves reported the biggest 
explication when 150 units N/fed. was used and the lowest commentary was registered with the plants 
possess 0 units N/fed rates. It could be concluded that, improved the nitrogen rates has substantial 
function as a necessary element of protein, nucleic acids, chlorophyll and growth hormones (Barker et 
al., 1974) and is fundamental in time of fast growth. Enough nutrition of nitrogen (N) can raise plant 
growth and improve crop output. These outcome agreeing with those gained by (Salman et al 2000, 
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Maryam and Naser 2007, Nevruz et al., 2014 and Magda et al., 2015) they recorded that increase N 
levels promote vegetative growth of leafy vegetables. 
  
Table 3: Effect of N rates fertilizer with foliar application of amino mix on growth characters of 

spinach plants during 2017 and 2018 seasons. 
N 

fertilizers 
rates 

(unit/fed.) 

Spraying 
of amino 

mix (cm/L) 

2017 season 2018 season 
Plant 
length 
(cm) 

No of 
leave 
/plant 

Weight (g) Plant 
length 
(cm) 

No of 
leaves 
/plant 

Weight (g) 

Fresh Dry Fresh Dry 

Without 
0 21.67 10.67 62.00 7.76 20.00 9.67 61.33 8.12 
1 22.33 11.67 73.00 9.13 21.00 10.00 66.00 8.25 
2 23.67 11.67 87.00 10.87 23.00 11.00 68.67 8.59 

Mean 22.56 11.33 74.00 9.25 21.33 10.22 65.33 8.32 

75 
0 23.67 11.33 94.00 11.82 21.00 11.00 75.33 9.48 
1 24.33 12.00 101.33 12.43 23.67 11.67 86.33 10.79 
2 25.33 12.67 109.67 13.73 25.00 12.33 97.00 11.79 

Mean 24.44 12.00 101.67 12.66 23.22 11.67 86.22 10.69 

150 
0 24.67 12.67 118.33 14.79 22.33 12.67 108.33 13.54 
1 26.33 13.33 126.00 15.73 25.00 13.33 120.00 15.01 
2 28.00 14.33 133.00 16.68 28.00 13.67 125.33 15.68 

Mean 26.33 13.44 125.78 15.73 25.11 13.22 117.89 14.74 

Average 
0 23.33 11.56 91.44 11.46 21.11 11.11 81.67 10.38 
1 24.33 12.33 100.11 12.43 23.22 11.67 90.78 11.35 
2 25.67 12.89 109.89 13.76 25.33 12.33 97.00 12.019 

LSD at 5%  
N 1.23 0.89 4.76 0.60 0.90 0.47 2.78 0.33 

Amino 0.52 0.33 1.99 0.41 0.63 0.36 1.86 0.27 
Interaction NS NS 3.45 NS NS NS 3.23 0.47 

 
1.2. Effect of amino mix levels: 

The outcome in Table (3) especially given that, foliar spray with amino mix for all parameters 
give the top significant rising in plant growth personality such as plant height (cm), number of leaves 
as well as fresh and dry weight of spinach plant compare without amino mix spray (water). However, 
foliar spray of amino mix at height focus (2cm/L) significantly improving plant growth parameters of 
spinach plants. Also, amino mix have work as chelating act on micronutrients and transmission of 
micronutrients inside the plant is simple (Ibrahim, et al., 2010). Also amino acids are fundamental 
strong ingredients in the procedure of protein build (Shafeek et al., 2012). Corresponding conclusion 
reported by (Turkey, 2007; El-Ghamry et al., 2009; Abdel-Mawgoud et al., 2011 and Shafeek et al., 
2016) reported that, amino acid mix reflected the elevated amount for plant growth of vegetable 
plants. 
 
1.3. Combined effect between N and amino acid levels: 

The elevated vegetative growth such as plant length, number of leaves, fresh and dry weight 
was gained by collect high level of N fertilizer (150 units N/fed.) with height application of Amino 
acid (2 cm/ L). The minimize rate were reported when N was used at 0 units\fed. with 0 amino acid 
used (Table 3). The statistical analysis of the gained data recorded that fresh weight of spinach leaves 
significantly increased were great enough to reach the 5% levels in both seasons but, dry weight of 
spinach leaves significantly increase in the second season only.  

 
2. Total yield and leaves quality: 
2.1. Effect of N fertilizer levels: 
The effects of various rates of N fertilizer on total leaves yield of spinach plant given in Table (4). 
However, increase N fertilizer rate up to its elevated rates (150 units/fed.) improving total leaves yield 
as (ton/fed.). The heavy amount of total yield (4.441 and 3.009 ton/fed. for 1st and 2nd seasons, 
respectively) with supplement of ammonium nitrate fertilizer at level of 150 units N/fed. compared 
with 0 units\fed. created the lowest values of total yield as ton/fed. (2.943 and 1.876 ton/fed. for 1st 
and 2nd seasons, respectively). These returns are in good conformity with the two empirical seasons. 
The noteworthy effect of nitrogen fertilizer on total yield of spinach leaves might be due to the 
accumulative activating influence of nitrogen on the vegetative growth parameters Table (3). Also, 
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may be due to the work of improving in photosynthetic activity, dry matter collection and NPK uptake 
(Abou El-Magd, 1979). The way of gained results are in good conformity of past implementing such 
as Tei et al. (2000), Aisha et al. (2013) and Magda et al. (2016) reported that increase in the nitrogen 
fertilizers rate increased the total yield of leafy vegetable. The result in Table (4) recorded that total 
chlorophyll content were higher in the demand of usage of 150 > 75 > 0 units N/fed. in both 
experimental seasons. The increase in chlorophyll content was contrast with increasing nitrogen rates. 
These results concurrent with that gained by Gao et al. (1989) they found that chlorophyll and vitamin 
C contents were carefully regarding to usage of N fertilizer. However, Table (4) produced the spinach 
content of NO3.The increase of N fertilizer significantly improving the percentage of nitrate (NO3), 
However, those gained results were in conformity with those obtained by Wang et al. (1998) recorded 
that accumulation of nitrate (NO3) and oxalate in spinach leaves was perform of the increased uptake 
of nitrate by roots, 
 
Table 4: Effect of N rates fertilizer with foliar application of amino mix on total yield, total 

chlorophyll and nitrate contents of spinach plants during 2017 and 2018 seasons. 
N 

fertilizers 
rates 

(unit/fed.) 

Spraying of 
amino mix 

(cm/L) 

2017 season 2018 season 
Total 
yield 

(ton/fed.) 

Total 
chlorophyll 

(Spad) 

NO3 
contents 

% 

Total 
yield 

(ton/fed.) 

Total 
chlorophyll 

(Spad) 

NO3 
contents 

% 

0 
0 2.7372 31.13 0.65 1.4400 32.77 0.64 
1 2.9031 34.82 0.62 1.5567 35.83 0.59 
2 3.1672 38.23 0.55 2.6300 38.90 0.52 

Mean 2.943 34.73 0.61 1.876 35.84 0.59 

75 
0 3.4070 40.37 0.73 2.6500 42.84 0.65 
1 3.7871 44.27 0.65 2.7067 46.10 0.62 
2 3.9831 47.80 0.56 2.8033 52.14 0.54 

Mean 3.733 44.15 0.64 2.7200 47.03 0.61 

150 
0 4.2033 50.53 0.78 2.8767 58.16 0.85 
1 4.4300 55.23 0.67 2.9667 61.37 0.75 
2 4.7000 57.23 0.61 3.1833 64.16 0.62 

Mean 4.441 54.33 0.69 3.009 61.23 0.74 

Average 
0 3.449 40.68 0.72 2.3222 44.59 0.72 
1 3.707 44.77 0.65 2.4100 47.77 0.65 
2 3.950 47.76 0.57 2.8722 51.73 0.56 

LSD at 
5% 

  

N 0.0900 2.67 0.04 0.4377 1.60 0.08 
Amino 0.0400 1.26 0.02 0.2404 0.86 0.05 

Interaction NS NS NS NS NS NS 

 
2.2. Effect of amino mix levels: 

Data recorded in Table (4) particular that total leaves yield (ton/fed.) of spinach plants are 
influenced by various amino acid mix treatments. Whereas, the greatest total yield (ton/fed.) of 
spinach plants and its ingredient cutch as (total chlorophyll content and nitrate NO3 %) were gained 
significantly overflowing with high level of amino mix at (2cm/L) follow in decline order by that 
plant sprinkle depressed level (1cm/L) follow by control treatment. These finding were true in 
altogether empirical seasons. Furthermore, the variance in total leave yield (ton /fed.) compensate to 
14.5% and 23.7 % respectively in first and second seasons liken control treatment. The statistical 
analysis during different treatments was great convenient to reach the 5% level. However, utilize the 
elevated concentration of amino mix (2cm/L) significantly increased leaves chlorophyll and the 
percentage of nitrate contents contrast low level (1cm/L) Table (4) reported the identical trend of total 
yield as mentioned previously These improving might be attribute to increase the vegetative growth 
(Table 3). Also, might be due to provided that readily source of rising substance which forms the 
example of protein in the living tissues Ghaith,.and Galal, (2014) on pea plants. Our epilogue is in 
accordance with those mentioned by Shafeek et al. (2016). 
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2.3. Combined effect between N and amino acid levels: 
The interaction between the rates of N fertilizer as well as foliar application of amino mix 

treatments display in the Table (4). However, the statistical analysis of the gained data detect that the 
variation within various rates of N-fertilizer with foliar application of amino mix treatments were not 
sufficient to reach the 5% level of significant on total leaves yield (ton/fed), total chlorophyll contents 
and the percentage of nitrate content (NO3) of spinach plant. 

 
3. Nutritional value of spinach leaves:  
3.1. Effect of N fertilizer levels: 

Increasing N fertilizer rates improve N% content of leaves of spinach plants (Table 5). The 
increase of N content led to improve the percentage of nitrogen, protein, P and K content. However, 
those gained outcome were in conformity with those gained by Wang et al. (1998). And reported that 
the increased level of nitrogen give rise to significant changes in dry weight (DW) of rocket plants. 
Also, the increase rate of N improving the content of N-NH4 and N-NO3. It is clear from these data 
that N fertilization modulates the macro- and micro-nutrient synthesis of spinach plants and these 
divergence were generally proportionate across all test. Very close conclusion were found repotted by 
Abdel-Razzak et al. (2008) and Gutiérrez, et al. (2013) recorded that the total N, P, K, Ca, Mg, and S 
uptake were increased with increasing N fertilizer rates. 

  
Table 5: Effect of N rates fertilizer with foliar application of amino mix on nutritional value of 

spinach plants during 2017 and 2018 seasons. 
N 

fertilizers 
rates 

(unit/fed.) 

Spraying of 
amino mix 

(cm/L) 

2017 season 2018 season 
% % 

N Protein P K N Protein P K 

0 
0 1.74 10.88 0.45 1.70 1.70 10.61 0.48 1.96 
1 1.86 11.65 0.50 1.81 1.77 11.06 0.51 2.09 
2 1.93 12.09 0.54 1.89 1.90 11.90 0.54 2.19 

Mean 1.85 11.54 0.49 1.80 1.79 11.19 0.51 2.08 

75 
0 2.06 12.86 0.58 1.99 2.06 12.86 0.59 2.31 
1 2.22 13.85 0.63 2.08 2.13 13.29 0.66 2.40 
2 2.31 14.44 0.66 2.22 2.23 13.92 0.72 2.46 

Mean 2.20 13.72 0.62 2.10 2.14 13.36 0.66 2.39 

150 
0 2.43 15.21 0.76 2.29 2.32 14.50 0.79 2.51 
1 2.46 15.40 0.81 2.35 2.42 15.13 0.87 2.56 
2 2.55 15.92 0.84 2.43 2.48 15.52 0.94 2.72 

Mean 2.48 15.51 0.80 2.35 2.41 15.05 0.87 3.60 

Average 
0 2.08 12.98 0.60 1.99 2.02 12.65 0.62 2.26 
1 2.18 13.63 0.65 2.08 2.11 13.16 0.68 2.35 
2 2.26 14.15 0.68 2.18 2.20 13.78 0.74 2.46 

LSD at 5% 
N 0.14 0.86 0.07 0.04 0.10 0.61 0.02 0.06 

Amino 0.03 0.22 0.01 0.03 0.02 0.10 0.02 0.03 
Interaction NS NS NS NS NS NS NS NS 

 
3.2. Effect of amino mix levels: 

Data respect in Table (5) found that, foliar sprinkle of amino mix treatments significantly 
improve the nutritional value of dry leaves of spinach plant such as the percentage of N, Protein, P 
and K contents in two experimental seasons. However, the utmost signification in nutritional value of 
dry leaves of spinach plant gained with foliar usage of high concentration of amino mix at (2 cm/L). 
Also, the following highest outcome gained with foliar sprinkle of amino mix at (1cm/L). On the 
contrary, the lowest value of nutrition gained with foliar application with water. However, amino 
acids (amino mix) have work as chelating impact on micronutrients, when used both with 
micronutrients, the assimilation and transmission of micronutrients inside the plant is easier (Ibrahim, 
2010).The gained outcome are bring to the same illation with (Toledo et al., 2000; Cho et al., 2008; 
Khalilzada et al., 2012 and Shafeek et al., 2016) on vegetable crops. 
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3.3. Combined effect between N and amino acid levels: 
In resentment of the non significant effect of the interaction of N fertilizer rates and three levels 

of amino acid in spinach leaves tissues in the two seasons (Table 5). It could be concluded that the 
elevated values of the percentage of N, protein, P and K content in spinach leaves tissues were 
connected with that plants received higher N fertilizer rate (150 units/fed.) with higher concentration 
of amino acid (2 cm/L). On the contrary, the lowest values from the over above-mentioned that was 
gained by 0 level of N fertilizer level (control) with 0 level of amino acid addition. These findings are 
in good accordance in both seasons.  
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