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Abstract  
This study was aimed to study the impacts of nitrogen and organic fertilization on the growth 
and yield of the spinach, using two levels of N (Urea) (0 and 40kg/donum) and organic 
fertilizer Alga 600 at (0, 2, 4, and 6g/L.). The results showed that the application of 40kg N 
/donum had a significant effect on the leaf length, chlorophyll, fresh weight plant, total yield 
kg/ha., inflorescences length, and seeds weight/plot. Application of Alga 600 at 6 gm/l had 
a significant increase in most studied traits except the no. of inflorescences/plant and weight 
of 100 seeds. Based on the findings, the interaction between 40kg N /donum and 6g/l of 
Alga600 revealed a significant increase in leaf length (cm), leaves number/plant, 
chlorophyll, plant weight (g), total yield (kg/ha). Inflorescences length (cm), seed weight 
/plot, seeds weight/plant (g). 
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Introduction 
Spinach, Spinacia oleracea L., is a leafy vegetable 
crop, which belongs to the Chenopodiaceae family, 
and includes the chard and beets. Its original habitat 
is western Asia, especially southern Pakistan, 
Afghanistan, and Iran (Hassan 2003). The Arabs 
transferred spinach cultivation to Andalusia in 1100 
AD, and its cultivation had spread to the rest of 
Europe and America (Ryder 1979). It also has a high 
nutritional value, and its cooked leaves are eaten, as 
it contains nutrients, including protein, fat, 
carbohydrates, fiber, ash, calcium, phosphorous, 
iron, sodium, potassium, manganese, vitamin A, 
thiamine, riboflavin, niacin, and ascorbic acid, and it 
is rich in vitamin K, which contains Phylloquinone, 
which is the precursor for vitamin k (Watt & Merrill 
1963; Koivu et al. 1999).  

Spinach yield depends on the vegetative growth 
that could be expressed based on the number of 

leaves, plant height, etc. The nitrogen supply of such 
a leafy vegetable crop leads to productivity due to the 
relatively higher demand for this element (Conte et 
al. 2008). Spinach can be defined as a long-day plant 
that tends bolting throughout the summer (Bergquest 
et al. 2005). Chlorophyll can be used as one of the 
parameters for the quality evaluation of freshly-cut 
vegetables (Bacchiocca & Ninfali 2004).  

Nutrition has an important impact on the quality 
and yield of the crop (Sisson et al. 1991; Lemaire & 
Gastal 2002; Wang et al. 2002). The fertilization of 
the nitrogen results in increasing the foliage that 
reduces the intensity of the light around the plant that 
can impact flavonoid compound concentrations 
(Kader & Lee 2000). Abdel-Kader et al. (2007) 
indicated that the spinach yield with 50% N organic 
+50% N mineral treatments was higher. The high 
spinach plants’ nitrate accumulation has been 
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discovered in the inorganic with organic combination 
fertilizers compared to the inorganic fertilizers, lower 
than WHO standards. Rani et al. (2013) have found 
that applying farmyard manure and chemical 
fertilizers substantially increases growth in the 
spinach and other leafy vegetable types. Phosphorus 
and nitrogen remained in study soils have been raised 
by increasing applied organic nitrogen.  

Alga 600 is a botanical fertilizer extracted from 
Sargassum marine plants, rich in Alganic acid and 
cytokinins, as well as from the seaweed laminaria 
(containing Mg 0.42-0.6%, Ca 0.4-1.6%, K2O 18-
22%, Fe 0.15-0.3%, S 1.5-2.5%, Cu 20-45 mg/L, I 
300-600 ppm, and Na 2.20-3.20%). Also, 10-30% of 
Alginic acid is a 100% water-soluble extract (Clerpka 
2004). Combinations of the inorganic and organic 
fertilizers to the soils had greater effects upon the 
increase of the yield and the enhancement of the 
fertility of the soil (Clerpka 2004). Jakhro et al. 
(2017) showed that the plantation of the spinach that 
has been nourished with 75kg N + 6t ha-1 FYM had 
resulted in the production of plant height, fresh 
weight, leaves per plant, leaf length, t ha-1 spinach 
yield, and yield of the spinach in each one of the 
plots. The crop that has been fertilized by 75kg N + 
4t ha-1 FYM had resulted in the production of the 
optimal plant height, leaves per plant, length of the 
leaf, fresh weight, t ha-1 spinach yield, kg spinach 
yield in each one of the plots. In contrast, reducing 
the N, FYM or N application with no FYM had 
shown negative impacts upon the spinach yields. The 
application of nitrogen from the urea has been the 
most effective than the other nitrogen sources on 
spinach growth and yield characters (Shormin & 
Kibria 2018). Rop et al. (2012) reported that 
increasing N fertilizer increased some vegetative 
yield and growth of the Indian spinach. Information 
on the yield and growth of the Indian spinach as 
affected by nitrogen from different inorganic sources 
is scarce. Therefore, this study was performed to 
study the impacts of nitrogen and organic fertilization 
on the growth and yield of the spinach, using two 
levels of N (Urea) (0 and 40kg/donum) and organic 

fertilizer Alga 600 at (0, 2, 4, and 6g/L.). 
 

Materials and Methods 
This work was conducted in the vegetable field of 
Horticulture and Landscaping Department of 
Agriculture and Forestry College, the University of 
Mosul, during the planting season of fall 2019/2020, 
to study the effects of organic and nitrogen 
fertilization on the growth and yield of spinach, as the 
seeds of the spinach c.v. (PCRA), obtained from 
Samag seeds PVT Company. Ltd, India. The land 
was sowed on 7/10/2019, on the panels (area of one 
panel was 1x0.45m) with three lines for each panel, 
which represents one experimental unit, where 
different concentrations of organic fertilizer Alga600 
viz. 0, 2, 4, and6g/L were used, with two levels of 
nitrogen fertilizer (urea) as 0 and 40kg/donum. Thus, 
we have 8 experimental units, with three replications 
for each experimental unit, organized by designing a 
randomized complete block design (RCBD) Factorial 
experiment. All agricultural service operations have 
been conducted in productive fields in the research 
area (Matloub et al. 1989). The following data have 
been recorded: length of the leaf (cm), number of 
leaves for each one of the plants, fresh weight of 
whole plant (g), total chlorophyll content in Leaves 
by SPAD method, number of flower spikes 
(inflorescences) for each plant, length of flower spike 
(inflorescences) (cm) total yield (ton/ha), weight of 
seeds/experimental unit (gm), the weight of the seeds 
in every one of the plants (g), and weight of 100 seeds 
(g). The data were analyzed using SAS (SAS 2007) 
according to Dunk's polynomial test at a 5% 
probability level (Torrie & Steel 1980). 
 
Results and Discussion 
Effect of nitrogen fertilizer: Table 1 shows the 
effects of nitrogen fertilizer on the growth, yield, and 
flowering of spinach plants i.e. a significant impact 
observed on the traits of leaf length, chlorophyll 
content, fresh weight of the plant, total yield/ha., 
length of inflorescences, seeds weight /plot, seed 
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weight in each one of the plants and weight of 100 
seed. The fertilized treatments with N at 40kg/donm 
outperformed significantly over most of the traits 
except for the number of leaves in each one of the 
plants, the number of inflorescences /plant, and the 
weight of 100 seeds. An increase in the total fresh 
yield could be a result of the meristematic activity for 
the production of more organs and tissues because 
nitrogen has an important impact on the nucleic acids 
and protein syntheses and the formation of the 
protoplasm (Morchmer 1986), which could result in 
increasing the protoplasm proportion to the size of 
the cells (Russel 1973). This may result in a high 
yield because vegetative growth in the spinach has 
been considered one of the yield parameters.  

The maximum yield and growth that have been 
induced by fertilization with N fertilizer confirmed 
the suitability of the fertilizer containing N for some 
of the crops such as the spinach; the short cycle of the 
crop still made these fertilizers available readily to 
the uptake of the plant more suitable to obtain higher 
yield levels (Li & Wang 2003). The height of a plant 
depends on plant vigor and growth habit; it is a 
vigorously growing plant, and nitrogen significantly 
affects the length of vines. The positive role of 
nitrogen in enhancing plant height has been reported 
by some researchers (Ninfali & Bacchiocca, 2004; 
Abdel-kader et al., 2007; Stagnari et al. 2007; Novaes 
et al. 2009; Rop 2012; Bharad et al. 2013; Wahocho 
et al. 2016 Jakhro et al. 2017: Shormin 2018), that N 
fertilizer increase the vegetative growth, chlorophyll 
content, high biomass, high total fresh yield, seeds 
yield per plant and per unit area in the spinach plant.  
Effect of Alga 600: Table 2 shows the effect of 
Alga600 at 0, 2, 4, and 6 g/l on the characteristics of 
vegetative growth, yield, and seeds in spinach, 
indicating that the 6g/l of Alga was significantly 

higher in most traits except the number of spikes for 
each one of the plants and the weight of 100 seeds. 
Alga 600 at 6g/l has been found to produce the 
highest value of the leaf length (31.887cm). This 
level was significantly higher than the levels of 0, 2, 
and 4g/l, and between these levels did not find any 
significant difference in this trait. As for the number 
of leaves for each plant, 6g/l of Alga 600 
outperformed the rest of the levels for this trait and 
gave the highest value (25.047), while in the control 
group, the lowest value was 21.297. There are also 
significant differences between levels 0 and 2gl 
compared with 4g/l. Alga 600 at 6g/l significantly 
affected the chlorophyll content compared with other 
treatments. There was a significant impact of 6g/l of 
Alga 600 on the length of the plant, which was 
25.368cm, and it differed significantly with the three 
groups. 

The total yield kg/ha increased significantly in 
6g/l of Alga 600 (50041.25 kg), which differed 
significantly from other levels. There were no 
significant differences between 2 and 4g/l on this 
trait. Alga 600 did not affect the number of spikes 
(inflorescences). For the spike (inflorescences) 
length, the effect of the 6g/l was higher than 0, 2, 4g/l 
treatments. Also, there were significant effects of 6g/l 
on the weight of the seeds /plot (166.11g). The results 
also indicated a significant effect of 0, 2, 4, and 6g/l 
of Alga 600 on the weight of the seed for each plant 
which its value at 6g/l was 67.2g (Table 2). 

For the weight of 100 seeds, a significant impact 
was observed in all levels of Alga 600, e.g. the level 
of 4g/l produced the highest value (1.155g). These 
results showed the effects of the organic fertilizer 
Alga 660 to increase in properties of the vegetative 
growth, flowering, seed production, and yield 
because the organic fertilizer contains many mineral 

Nitrogen 
(kg/donum) X 1 X2 X 3 X4 X5 X 6 X7 X8 X9 X 10 

0 27.123b 23.294a 31.538b 16.381b 10145.4b 4.346a 112.331b 122.14b 59.693a 1.102a 
40 29.833a 20.98a 37.891a 28.816a 59332.1a 4.011a 127.913a 153.593a 48.77b 1.04a 
X1= length of the leaf (cm), x2=no. of leaves /plant, x3=chlorophyll, x4= weight of the plant (gm), x5=total yield (kg/ha.), x6=no. of 
inflorescences /plant, x7= inflorescences length (cm), x8=seeds weight /plot, x9=seeds weight/plant (g), x10=weight of 100 seeds. 

 

Table 1. Impacts of N fertilizer on growth, flowering, yield for spinach in growing season 2019/2020. 
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nutrients, amino acids, and growth regulators that 
stimulate root growth and vegetative growth, 
improve yield characteristics in many vegetable 
crops, increase resistance to insects and their  
tolerance to freezing, drought and water stress 
conditions, and to stimulate cell division. The cells of 
the plant tissues and their elongation lead to balance 
in the biological and physiological processes within 
the plant’s tissues (Verkleij 1992; Thomas & Li 
2004). Verkleij (1992) and Jakhro et al. (2017) 
indicated that a marine extract sprayed on the foliage 
causes a significant increase in leaf length, total yield 
per unit area, and seeds yield per plant in spinach 
plant. Also, the same result was reported in other 
works (Anyaegbu et al. 2010; Shah et al. 2016; Hove 
et al. 2020; Rioba et al. 2020) on vegetative growth 
and yield in swiss chard affected by organic fertilizer. 
Effect of interaction between nitrogen fertilizer 
and Alga 600:  Table 3 shows the effects of the 
interaction between the levels of nitrogen 
fertilization and Alga 600 organic fertilizer on the 
growth, flowering, and yield of spinach plants. There 
were no significant differences between interaction 
treatments of 40kg of nitrogen per acre with 4 and 
6g/l of Alga 600. Between the 0 nitrogen and 6g/l of 
Alga 600 and the minimum length resulted in the 
interaction treatment of 0kg of nitrogen and 0g of 
Alga 600. Concerning effects of binary interactions 
between the two factors on the number of leaves for 
each plant, the treatment of the binary interaction 
40kg of nitrogen with 6g/l of Alga600 had the highest 
number (24,303) significantly different from the 
interaction between 0kg of nitrogen and levels of 0, 

2 and 4g of Alga 600. The lowest number was 
recorded in the interaction treatment of 0kg of 
nitrogen fertilizer and 0g of Alga 600 (22,083). The 
interaction between the 40kg of nitrogen with the 
Alga 600 of 0, 2, 4, and 6g/l resulted in the highest 
total chlorophyll content, and the highest one 
observed in 40kg of nitrogen + 6g of Alga 600 
(40.350), and the lowest one found in the control 
group (29.307).  

The interaction between 40kg of nitrogen and 6g 
of Alga 600 produced the highest weight in the plant, 
as 30.163g, and the lowest weight in 0 kg of the 
nitrogen fertilizer and 0g of Alga 600 (16,443g). The 
effects of the interaction of the two factors were 
inconsistent with the total yield ton/ha, and the dual 
interaction treatment produced between 40kg of 
nitrogen fertilizer and 6g of Alga 600 
(80,556tons/ha). For the number of the flowering 
inflorescences, no effect was found in the binary 
interaction between the nitrogen fertilizer and Alga 
600 (Table 3). The results indicate that the length of 
the flower spike (inflorescences) has been 
significantly affected by the interaction of nitrogen 
fertilizer 40kg and 6g of Alga600 (138.44cm) 
significantly different from other treatments. Also, 
the dual interaction between 40kg of nitrogen 
fertilizer and 6g of Alga 600 had the highest weight 
of seeds (187.73g). The lowest weight resulted from 
the interactions between 0kg nitrogen with 0g Alga 
600 (96.99g). For the seed weight for each plant, the 
treatment of the interaction between 0kg of nitrogen 
fertilizer and 4 and 6g of Alga 600 produced the 
highest value as 66.61 and 77.26g, respectively. The 

Alga 600 
(gm/L.) X1 X 2 X3 X 4 X5 X 6 X7 X8 X9 X10 

0 24.777c 21.297b 33.24b 22.19b 29738.95c 3.890a 112.442c 117.65d 47. 02c 0.974a 
2 28.79b 20.692b 34.808b 20.579c 30126.45b 3.814a 115.61c 121.905c 47.825c 1.087a 

4 28.459b 19.84c 34.017b 22.256b 33981.85b 4.0505a 120.607b 145.80b 54.88b 1.155a 

6 31.887a 25.047a 36.792a 25.368a 50041.25a 4.506a 131.83a 166. 11a 67.2a 1.069a 
X1= length of the leaf (cm), x2=no. of leaves /plant, x3=chlorophyll, x4= weight of the plant (gm), x5=total yield (kg/ha.), 
x6=no. of inflorescences/plant, x7= inflorescences length (cm), x8=seed weight /plot, x9=seeds weight/plant (g), x10=weight 
of 100 seeds 

  

Table 2. Effect of Alga 600 on growth, flowering, yield for spinach plant in growing season 2019/2020*. 
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weight of 100 g of seeds has been considerably 
affected by interactions of nitrogen fertilizer and the 
Alga 600. The interaction between 0kg nitrogen and 
4g of Alga 600 (1.257g) is significantly different 
from 40 kg nitrogen and Alga 600 organic fertilizer 
levels.  
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