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Abstract 
 

Cotton is an economically important cash crop in Egypt. Along with the classical mineral fertilization practices, foliar 
spray by selective biological sources can be contributive enhancers to its growth and performance. Mineral fertilization 
by common treatments with P and K along with quantities of N fertilizer is conventionally considered the main source 
of nutrition for best plant growth and performance. This work aimed to introduce dual fertilization practice comprising 
N fertilizer along with foliar spray of cyanobacteria. Two-seasons field experiment were carried out at the 
experimental farm of the Sakha Agriculture Research Station, Kafr Elsheikh, Egypt (31°18′30″N & 30°48′14″E) to 
study the response of plant growth, yield attributes and fiber qualities of the cotton cultivar Giza-94 to foliar 
application of 6, 12 or 18 g/ha destructed cells of Spirulina platensis and 96, 144 or 192 kg urea (46% N) / ha. 
Application of the cyanobacteria positively affected area of mean of the  leaf area, contents of photosynthetic pigments, 
gibberellins, plant height at harvest, number of fruiting branches and open bolls/plant,  seed yield, and improved fiber 
length, fineness (Micronair) and strength (Pressely) comparing with the corresponding non-sprayed control plants. 
Application of 18 g/ha destructed cells of Spirulina along with urea at 192 kg N/ha exhibited the superior enhancement 
effects comparing to the other treatment combinations. The results strongly suggesting contributive effect of foliar 
application of Spirulina for better growth and performance of cotton.    

 
Introduction 

 
Egyptian cotton (Gossypium barbadense L.) is one of the most important fiber crops in the world for its best fiber 
quality. Its vegetative and reproductive growth proceeds simultaneously Nitrogen plays a crucial role in synthesis of 
amino acids, proteins and chlorophyll contents, photosynthesis, plant growth and crop performance. Excessive 
vegetative growth due to over doses of mineral fertilization aiming for higher growth, yield and better fiber quality 
may cause fruit abortion leading to less productivity. Nitrogen plays a crucial role in synthesis of amino acids and 
proteins, plant growth, chlorophyll formation, leaf photosynthesis, and yield development of cotton.                                                                                                                  
           
Microalgae bio-stimulants are products that can be utilized in small quantities for stimulation of   growth and 
development of many crops under both optimal and stressful conditions.  They can be used, in conjunction with 
synthetic fertilizers, for crop protection, growth regulators, yield enhancers and supporters to plant tolerance towards 
stress conditions (Tamoi et al. 2006 and Ronga et al. 2019). Mechanisms of positive effects of its utilization were 
reported  to be due to increase of antioxidants, leaf chlorophyll, enhanced cellular metabolism (Khan et al. 2009), 
along with longer shelf life of harvested products (Garcia-Gonzalez and Sommerfeld 2016; Rouphael and Colla 2018). 
Cyanobacterial preparations were proved to be a potential biofertilizer when used for field soil inoculation or foliar 
application of their extracts during the vegetative growth stage (Howard et al, 2007). Cyanobacterial extracts contain 
substances that proved to support  plant growth and development of many crops containing, among others, cotton, 
barley, oats, tomato, sugarcane, maize, chili, lettuce (Ordog 1999 and Grzesik and Romanowska-Duda, 2015). They 
reported activation mechanisms of plant growth enhancement involving production of vitamins, amino acids, 
polypeptides, along with antibacterial and antifungal bio-controllers that can, directly and/or indirectly, improve plant 
growth and crop productivity. 
 
This work targeted assessment of the ability of nitrogen fertilization along with  foliar application of cyanobacteria 
extract for possible improvement of cotton growth and performance as assessed by mean of the leaf area, chlorophyll 
a, b, carotenoids, gibberellin contents during vegetative growth, plant height, number of fruiting branches, open bolls 
at harvest , and yield of cotton  cultivated under  agrochemical circumstances dominant during the cotton cultivation 
season (April through October) in the Egypt Nile delta. This cotton fertilization management practice, if found 
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successful, can contribute to more economic production, higher yield and fiber qualities and better environmental 
soundness. 

 
Materials and Methods 

 
 The study was conducted at The Sakha Agricultural Research Station, Kafr El-Sheikh, Egypt (31°18′30″N & 
30°48′14″E) during the two consecutive cotton cultivation seasons 2016 and 2017. The fertilization management 
comprised foliar application of ascending quantities of cyanobacteria extract and N-fertilization by urea (46% N) on 
growth, yield and fiber quality of the cotton cultivar Gossipium barbadense L, cv. Giza 94. The experimental design 
comprised 3 main-plot treatments for urea application at 96, 144 or 192 kg N/ha and 4 sub-plot treatments for foliar 
application of broken cells of Spirulina platensis at 6, 12 and 18 g dried cells/ha, along with a non-sprayed control 
treatment.  
 
Preparation of mass culture of Spirulina platensis and field application of destructed cells 
The cyanobacterium was obtained from The Algae Biotechnology Unit of The National Research Center, Cairo, Egypt 
(www.nrc.sci.eg), grown on 100 ml (Zarrouk medium,1966) and incubated for 7 days under 30+2oC under 
continuous illumination of 5500 – 6500 lux. The produced culture density was found to be around 108 colony-forming 
units (CFU)/ml. For assessment of mass production possibility, the culture was used as a starter for inoculation of a 
glass basin containing 288 liter of the same medium and incubated for 25 day. Sterile air was contentiously pumped 
for culture circulation all over the propagation course. The culture was then filtered through a sterile cotton cloth to 
remove debris. Cell biomass of the product was 2.5 g dried Spirulina cells/L.  
 
Chemical analysis of the produced Spirulina platensis 
Chemical analysis of the cells produced using the previous cultivation method and conditions were performed. Total 
proteins were measured by the Kjeldahl method . Amino acids were measured using the high-performance amino acid 
analyzer (Biochrom 30) and contents of P, K, Mn and Fe were measured by ICP (optima 2000 DV – Perkin Elmer). 
Both were obtained using the methods described in (AOAC, 2012). 
 
Table 1. Protein, amino acids and mineral contents of dried cells of Spirulina platensis 

Amino acids (ppm) 
  Aspartic (ASP) 34000 Tyrosine (TYR) 11400 

Threonine (THR) 17600 Phenylalanine (PHE) 17700 
Serine (SER) 12200 Hisitidine (HIS) 4500 
Glutamic (GLU) 35200 Lysine (LYS) 15500 
Glycine (GLY) 18200 Arginine (ARG) 19600 
Alanine (ALA) 26200 Proline (PRO) 11700 
Valine (VAL) 20900 Cysteine (CYS) 17100 
Isoleucine (ILE) 15900 Methionine (MET) 10500 
Lucien (LEU) 25500 Total protein        36.4% 

Elements (ppm) 
Potassium  189.7 Phosphorus  52.3 
Manganese  7.7 Iron  20.5 

    
Preparation of Spirulina for field use 
Spirulina platensis culture containing 6 g of dried cells/L was blended until be free of culturable cells. For field 
application, a volume containing 6 g of destructed cells/L was suspended in 500 L water and refrigerated at 4 ºC until 
field use.  
 
Field characteristics 
The field soils in the two experimentation seasons were clayey originated over thousands of years from annual the 
Nile flood sediments. Mechanical, chemical and physicochemical analysis (Jackson 1973) of field soils used in the 
seasons 2016 and 2017 were clayey soil textures had 50.7 and 50.7 clay, 38.3 and 38.1 silt, and 11.0 and 11.2% sand, 
respectively. Electrical conductivities (EC) were 2.6 and 2.7 ds/m-1 and pH of 8.15 and 8.15. Soluble Ca2+ was 7.8 
and 8.8, Mg2+ 6.6 and 6.6, K+ 3.5 and 3.7, Na+ 8.1 and 8.3, HCO2 -1 3.0 and 3.1, Cl-1 17.0 and 18.0, and SO42-   
6.0 and 5.9 meq/100 g, available N 36 and 33, P 7.7 and 7.2 and K 235 and 220 ppm,  respectively.  Source of irrigation 
water was Nile attributes. The fields had efficient field drainage systems. Phosphate fertilizer was applied as common 
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treatment with calcium super phosphate (15.5% P2O5) during soil tillage before the third perpendicular plough.  
Potassium sulphate (48% K2O) at the rate of 57.6 kg K2O/ha was applied later at 70 days after sowing. 
 
Experimental layout and treatments distribution 
Cotton seeds were sown during the last week of April. In the two seasons, the experiments were designed in split-plot 
with 3 main-plot treatments for N fertilization by urea (46% N) at 96, 144 or 192 kg N/ha, applied in 2 equal doses, 
the first was after thinning to 2 seedlings/hole (followed by the first irrigation) and the second was at 45 days after 
sowing. Four sub-plot treatments were designed for foliar application with destructed cells of Spirulina platensis in 
the rate of 6, 12 or 18/ha, plus a non-sprayed control sub treatment. Cotton leaf worm insecticide(s) was applied as a 
common treatment for all the field area when necessary.    
 
Foliar application of destructive Spirulina cells 
All the cyanobacteria treated sub-plots received the first dose of 6 g cells/ha at 30 days after sowing. A similar quantity 
of cells were applied to the 12 g treated sub-plots after 25 days later, at the beginning of the squaring growth stage (55 
days from sowing). Third Spirulina dose targeted the third set of subplots designed to receive 18 g cell/ha, applied at 
the beginning of the flowering stage (70 days from sowing). Regarding field application practice, the three levels of 
Spirulina application were 7.5, 15.0 or 22.5 mg dried Spirulina cells/12.5 m2 field plot area.  
 
Determination of growth characters  
Twenty grams of fresh green fourth upper leaves on the main stem were taken randomly from each experimental plot 
at 75 days after sowing. They were used for spectrophotometric determination of chlorophyll a, b and carotenoids 
contents using the wave lengths 440, 644 and 662, respectively (Wettstein 1957). The results are presented here as mg 
/ L using the following formula: chl. a = (9.784 x E662) - (0.99 x E644), chl. b = (21.426 x E644) - (4.65 x E662), and 
for the carotenoids = (4.695 x E 440) - 0.268 (Chl. a + Chl. b) where E is the optical density at the given wave length. 
Concentration of gibberellins in leaves was determined at 90 days after sowing using the method described by Shindy 
and Smith (1975). Plant height, number of fruiting branches, number of open bolls/plant and mean of leaf area / plant  
at 75, 90 and 105 days after sowing was determined. 
 
Yield components and technological characteristics 
Mean of boll weight was calculated. Earliness percentage was determined using seed yield of the first picking/total 
seed yield of the first and second pickings. Seed cotton yield and seed index (100-seed weight) were determinated 
using yield of the 3 central rows of each replicated subplot.  Technological characteristics of lint cotton comprised lint 
percent (weight of lint / weight of cotton seed x 100), fineness (Micronair) and strength (Pressely). They were 
determined in the laboratories of The Cotton Technology Research Division, Cotton Research Institute - ARC, Giza, 
Egypt (http://www.arc.sci.eg/InstsLabs/Default.aspx?OrgID=2&lang=en) using the high volume instrument model 
statex fiberotex 900. All according to the methods described in ASTM: D 3818-1986.  
 
Statistical analysis 
The collected data were statistically analyzed as split-plot with 3 main plot treatments for N fertilization and 4 subplot 
treatments for the levels of foliar spray with the destructed cells of Spirulina, and 3 replications. The mean differences 
were compared using the Duncan’s multiple range test (Duncan 1955) using the 95% confidence level (Snedecor and 
Cochran 1967). 
 

Results 
 

Effects of interaction between N-fertilizer doses and destructed cells of Spirulina platensis on leaf area, 
photosynthes pigments and gibberellin contents. 
Data in Table (2) indicating that the mean of leaves area /plant  at 75, 90 and 105 days after sowing and also 
gibberellins content at 90 days, expressed their maximum values by application of 192 kg N/ha along with foliar 
application of 18 g destructed Spirulina cells/ha. However, the data of statistical analysis indicated no negative first 
order interaction, but rather a sort of synergism, between application of the N-fertilizer and foliar spray of the 
destructed cells of Spirulina cell. 
 
Data of Table (3) indicating concomitant increases in leaf chlorophyll a, chlorophyll b, total chlorophyll and 
carotenoids contents with application of the N fertilizer and destructed cells of Spirulina. Maximum concentrations of 
the photosynthesis pigments were also obtained by application of 192 kg N/ha along with 18 g of destructed Spirulina 
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cells. No statistically significant first order interaction was found supporting negative effect of one factor in presence 
of the other. 
 
Table 2. Effect of N fertilizer doses and foliar spray of ascending quantities of destructed cells of Spirulina platensis 
on gibberellins content and leaf area at different cotton growth stages in the growing seasons 2016 and 2017. 
 

 

Growing season 

 
N (kg /ha) 

Destructed cells of 
Spirulina platensis 

(g/ha) 

Gibberellins 
(mg / 100g fresh  

leaves 

Mean of  leaves area/plant (cm2) 

75 DAS 90 DAS 105 DAS 

2016 

96 
 

Control 10.05 g 18.2 f 24.8 e 27.1 h 
6 10.08 g 18.6 f 25.1 e 27.6 h 

12 10.08 g 19.8 e 25.5 e 28.1 g 
18 10.20 fg 20.1 d 26.4 d 28.6 fg 

144 
 

Control 10.32 ef 20.5 d 26.7 d 30.2 f 
6 10.41 e 20.8 d 27.2 cd 31.7 e 

12 10.48 de 21.4 cd 27.5 cd 31.9 e 
18 10.62 d 22.1 c 28.1 c 33.6 d 

192 

Control 10.94  c 22.9 b 29.0 b 35.5 c 
6 11.43 b 23.8 ab 29.8 b 36.3 b 

12 11.56 b 24.4 a 30.2 ab 36.4 b 
18 11.74 a 25.8 a 31.2 a 38.4 a 

2017 

96 
 

Control 10.03 h 17.8 i 24.3 h 26.7 i 
6 10.09 h 19.2 h 24.9 h 27.1 h 

12 10.22 h 20.3 g 25.6 g 27.9 h 
18 10.41 g 20.3 g 26.6 f 28.7 g 

144 
 

Control 10.65 f 20.7 g 27.0 f 29.1 f 
6 10.93 e 21.3 f 28.3 e 29.8 e 

12 11.03 de 22.1 e 25.9 d 29.9 g 
18 11.19 cd 23.2 d 29.6 c 33.5 d 

192 

Control 11.32 c 24.8 c 30.2 b 35.3 c 
6 11.54 b 26.1 b 30.7 b 35.6 c 

12 11.69 ab 26.8 b 31.0 ab 37.2 b 

18 11.82 a 27.5 a 31.6 a 41.1 a 
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Table 3. Effect of N fertilizer doses and foliar spray of destructed cells of Spirulina platensis on chlorophyll a, 
chlorophyll b, total chlorophyll and carotenoid contents in the cotton growing season 2016 and 2017. 

 
Effects of interaction between N-fertilizer doses and destructed cells of Spirulina platensis on yield and its 
components 
Plant height in both seasons increased by adding N fertilizer at 192 kg/ N / ha along with 6 g of destructed spirinulina 
cells. On the other hand, Number of fruited branches and percentage of earliness in both seasons increased 
concomitantly and significantly with increasing the amount of fertilizer-N up to 192 kg N/ha along with 18 g of 
destructed Spirulina cells (Table 4). However, statistically significant differences between means of the different 
ascending quantities of the Spirulina were recognized.  
 
  

Growing 
season 

N- doses 
(kg N/ha) 

Destructed cells 
of Spirulina 

platensis (g/ha) 

 
Chl. a 

 
Chl. b 

 

 
Total chl. 

 
Carotenoids 

 

2016 

96 
 

Control 2.95 e 1.66 g 4.56 i 1.13 h 
6 3.00 e 1.70 g 4.66 i 1.24 gh 

12 3.08 e 1.83 g 4.91 h 1.29 gh 
18 3.09 e 2.03 f 5.10 g 1.45 fg 

144 
 

Control 3.59 d 2.06 f 5.65 f 1.47 efg 
6 3.60 d 2.14 f 5.75 f 1.63 def 

12 4.04 c 2.35 e 6.39 e 1.64 def 
18 4.05 c 2.56 d 6.61 d 1.70 cde 

192 

Control 4.15 bc 2.81 c 9.69 c 1.85 cd 
6 4.30 b 3.04 b 7.46 b 1.91 c 

12 4.31 b 3.20 b 7.52 b 2.09 b 
18 4.62 a 3.43 a 8.05 a 2.33 a 

2017 

96 

Control 3.21 c 2.43 d 4.18 g 1.43 g 
6 3.70 b 2.75 c 4.58 g 1.57 fg 

12 3.63 b 2.80 c 4.61 g 1.68 ef 
18 3.60 b 3.02 b 5.32 f 1.75 def 

144 
 

Control 3.65 b 3.10 b 6.22 e 1.83 cde 
6 4.00 b 3.80 a 6.61 de 1.92 bcd 

12 3.32 c 3.33 ab 6.84 cd 2.00 bc 
18 3.98 b 3.54 ab 7.13 bc 2.05 bc 

192 

Control 4.07 b 3.88 a 7.30 bc 2.10 b 
6 4.40 a 3.04 b 7.33 bc 2.13 b 

12 4.43 a 3.18 b 7.68 b 2.31 a 
18 4.89 a 3.98 a 8.30 a 2.47 a 
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Table 4. Effect of different application doses of N fertilizer and amount of destructed cells of Spirulina platensis on 
cotton plant height, number of fruited branches/plant and earliness percentage.  
 

 
Data of Table (5) show that in season 2016, the maximum values of open bolls/plant were obtained by using 192 kg 
fertilizer-N/ha along with application of either 6, 12 or 18 g destructed Spirulina cells/ha. However, results of the 
subsequent season 2017 came different. At least 12 g of destructed cells of Spirulina/ha was needed for scoring the 
highest number of open bolls/plant. Concerning the mean of boll weight/plant, 192 kg N/ha along with at least 6 g 
destructed cells of Spirulina were needed to obtain the heights values. Results of seed cotton yield and seed index 
(weight of 100 g seeds after ginning) telling different stories. The highest figures of both in season 2016 were obtained 
by application of 192 kg N/ha along with foliar spray of 6 g destructed Spirulina cells/ha, indicating no statistically 
significant differences that can be attributed to application of the Spirulina. In season 2017, results of seed index did 
not show significant differences that could be attributed to differences between the N application doses nor the amount 
of the applied Spirulina cells. The two year results strongly suggest that weight of seed is likely controlled by a 
genetical factor(s) that proceed independently regardless of the amount of produced ginned seeds from a similar field 
area. However, factors attributed to seasonal variation may be involved.  
 
  

Growing season 

N- doses (kg 
N/ha) 

Destructed cells 
of Spirulina 

platensis (g/ha) 

Plant height 
(cm) 

Fruiting 
branches / 

plant 

Earliness 
(%) 

2016 

96 
 

Control 178.72 c 18.32 ab 63.57 ab 
6 181.91 c 18.06 ab 66.23 ab 

12 182.28 c 17.91 b 65.15 ab 
18 183.65 bc 17.81 b 64.96 ab 

144 
 

Control 185.52 bc 18.82 ab 64.54 ab 
6 185.62 bc 18.69 ab 64.47 ab 

12 185.62 bc 18.66 ab 64.30 ab 
18 187.03 bc 18.61 ab 63.97 ab 

192 

Control 194.72 ab 19.60 ab 63.33 b 
6 198.27 a 19.92 a 66.88 a 

12 195.64 ab 19.48 ab 63.05 b 
18 189.68 abc 18.94 ab 63.05 b 

2017 

96 
 

Control 192.56 e 17.34 b 56.00 d 
6 194.00 c 17.03 c 55.88 e 

12 193.23 d 17.40 b 56.00 d 
18 193.87 d 17.00 c 56.03 d 

144 
 

Control 194.00 c 17.54 b 56.87 cd 
6 194.24 c 17.23 b 57.09 c 

12 196.00 b 17.00 c 57.54 c 
18 195.55 c 17.03 c 58.00 bc 

 
192 

Control 197.54 ab 18.00 ab 58.12 b 
6 200.65 a 18.76 a 60.45 a 

12 195.16 b 18.34 a 59.00 ab 
18 196.09 b 18.02 ab 58.09 b 
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Table 5. Effect of different application doses of N fertilizer and amount of destructed cells of Spirulina platensis on 
open bolls/plant, mean of boll weight, seed index and seed cotton yield 
 

 
Effect of different application doses of N fertilizer and amount of Spirulina cells on technological characters of 
cotton fiber 
Lint percentage and fineness in both seasons (Table 6) positively responded to N application up to 192 kg N/ha with 
adding 12 g of Spirulina cells/ha.  In season 2016, the strength did not show statistically significant differences that 
could be attributed to either increasing quantities of the N fertilizer or application of the tested different amounts 
Spirulina. In contrast, highest figures of strength in season 2017 could not be obtained unless N fertilizer at 192 kg 
N/ha was applied. No significant differences could be obtained due to application or not of the destructed 
cyanobacterial cells.  
  
  

Growing 
season 

N- doses 
(kg N/ha) 

Destructed cells 
of Spirulina 

platensis (g/ha) 

No. of open 
bolls/plant 

 

Mean of 
bolls weight 

(g) 

Seed 
index (g) 

Seed 
cotton 

yield (ton/ha) 

2016 

96 
 

Control 31.74 d 2.47 d 11.44 d 3.68 c 
6 31.81 d 2.50 cd 11.63 cd 3.73 c 

12 32.69 cd 2.52 bcd 11.67 cd 3.83 c 
18 33.11 bcd 2.52 bcd 11.86 bc 3.84 c 

144 
 

Control 33.90abcd 2.63 bcd 11.88 bc 3.91 c 
6 34.22 abc 2.64 bcd 11.92 bc 4.08 bc 

12 34.67 abc 2.73 abcd 11.92 bc 4.18 b 
18 34.69 abc 2.74 abcd 11.92 bc 4.47 ab 

192 

Control 35.00 b 2.91 a 12.00 b 4.28 b 
6 36.38 a 2.96 a 12.53 a 4.78 a 

12 35.21 ab 2.79 ab 11.99 bc 4.59 ab 
18 35.23 ab 2.47 d 12.15 b 4.49 ab 

 
 
 
 
 
 

2017 

 
 

96 
 

Control 30.14 g 2.32 c 11.60 a 3.78 d 
6 31.23 f 2.31 c 11.65 a 3.85 c 

12 31.54 f 2.34 c 11.45 a 3.86 c 
18 32.32 ef 2.30 c 11.99 a 3.89  bc 

144 
 

Control 33.50 e 2.32 c 12.00 a 3.93  bc 
6 33.87 e 2.86 b 11.89 a 3.94  bc 

12 34.00 d 2.80 b 11.78 a 3.96  bc 
18 34.02 d 2.43 d 12.00 a 4.06  b 

192 

Control 34.19 c 2.89 b 12.12 a 4.00 b 
6 36.64 a 3.10 a 12.34 a 4.32 a 

12 35.12 b 2.80 b 12.08 a 4.10 b 
18 36.51 a 2.65 c 12.00 a 4.08 b 
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Table 6. Effect of different application doses of N fertilizer and amount of destructed cells of Spirulina platensis on 
lint percent, fineness (Micronair) and strength (Pressely) 
 

  Growing 
season 

 

N- doses 
(kg N/ha) 

Destructed cells of 
Spirulina platensis 

(g/ha) 

Lint 
percent 

Fineness  
(Micronair) 

 

Strength 
(Pressely) 

2016 

96 
 

Control 38.65 d 4.0 b 10.0 a 
6 38.67 d 4.0 b 10.1 a 

12 39.09 d 4.0 b 10.1 a 
18 40.35 cd 4.1 b 10.1 a 

144 
 

Control 40.38 cd 4.2 ab 10.2 a 
6 40.40 cd 4.2 ab 10.2 a 

12 41.02 c 4.2 ab 10.2 a 
18 41.71 bc 4.2 ab 10.2 a 

192 

Control 43.29 b 4.2 ab 10.3 a 
6 42.18 bc 4.2 ab 10.5 a 

12 44.99 a 4.4  a 10.3 a 
18 42.14 bc 4.2 ab 10.5 a 

2017 

 
96 

 

Control 41.00 a 4.0 c 10.0 c 
6 42.25 a 4.2 b 10.1 b 

12 42.17 a 4.0 c 10.1 b 
18 41.34 a 4.1 b 10.0 c 

144 
 

Control 42.00 a 4.1 b 10.0 c 
6 42.34 a 4.0 c 10.1 b 

12 41.98 a 4.0 c 10.2 a 
18 42.00 a 4.2 b 10.1 b 

192 

Control 41.56 a 4.1 b 10.2 a 
6 41.76 a 4.1 b 10.2 a 

12 42.56 a 4.3 a 10.3 a 
18 41.67 a 4.2 b 10.2 a 
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Discussion 
Cyanobacterial preparations were proved to be a potential biofertilizer when used for field soil inoculation or foliar 
application of their extracts during the vegetative growth stage (Howard et al, 2007). Cyanobacterial extracts contain 
substances that proved to support  plant growth and development of many crops containing, among others, cotton, 
barley, oats, tomato, sugarcane, maize, chili, lettuce (Ordog 1999, Aly et al. 2008 and Grzesik and Romanowska-
Duda, 2015). They reported activation mechanisms of plant growth enhancement involving production of vitamins, 
amino acids, polypeptides, along with antibacterial and antifungal bio-controllers that can, directly and/or indirectly, 
improve plant growth and crop productivity. Foliar application of Spirulina extract, in particular, was found to increase 
carotenoids, chlorophyll a and b (Yassen et al. 2018), plant height, plant biomass and element contents (Godlewska et 
al. 2019). Conclusively, members of the genus Spirulina, specially Spirulina platensis, is rich in  amino acids which 
have  biological roles in detoxification of plant toxins and heavy metals (Rizwan et al. 2017 and Bashir et al. 2018), 
chlorophyll synthesis (Amin et al 2011), optimization of nutrient uptake, translocation and metabolism, vitamin 
biosynthesis, increased plant dry matter (Khalilzadeh et al 2012), maintenance of protein structures required for cell 
division and enlargement,  production of hormones involved in cell division, differentiation, production of growth-
efficient polyamines (Kakkar  et al. 2000), amino acids (Mohamed and Mohamed 2012) which are involved in growth  
bio-stimulation and alleviation of stress conditions (Souri and Hatamian 2019). Fawzy et al (2012) found that foliar 
spray of amino acids increases protein, N, Cu and Mn in the plant tissues; reduce the flow of ammonium and the 
transcription of the root tissue.  They also increase the concentrations of gibberellic acid and indole acetic acid and 
uptake of NPK (Talaat et al. 2005). For instance, Methionine which appeared in the chemical analysis of the Spirulina 
platensis used in this study (Table1) was found to involve in synthesis of growth regulation  substances comprised 
cytokines and auxins in plant tissue, led to increases in NPK  content and dry weight of plant shoots (Chen et al. 2005; 
El-Awadi et al. 2011). Other components in this organism, comprised tryptophan and phenylalanine, were found to 
enhance leaf surface area (Dahab and  El-Aziz  2006; Boopathi et al, 2013), while cysteine has an important role in 
cytosol and mitochondria in plant cells and improve hairy plant roots which found enhancers to nutrients uptake 
mechanisms (Romero et al. 2014). Recently, glycine and glutamine stimulates of plant growth when used for foliar 
application (Noroozlo et al. 2019). However, glycine was found by Mohammadipour and Souri (2019 a, b) to increase 
N, Ca, K, P, Fe, Mg, Zn contents, plant height, shoot and root fresh weights, soluble solids (TSS) and vitamin C 
antioxidant activity in plant.  
 

Summary  
 

From our results, nitrogen application showed significant enhancement effects on cotton plant growth, performance 
and fiber quality.  The collected results  involved statistically significant concomitant increases in the leaf area / plant, 
chlorophyll a, b, carotenoids, gibberellin contents,  plant height (Howard et al. 2007),  number of open bolls  at harvest, 
seed yield and seed index, enhanced technological characteristics involving lint percent, fineness (Micronair) and 
strength (Pressely) with application of ascending quantities of N-fertilizer up to  192 kg N/ha individually, confirming 
results of Zhenan et al 2001, with further increases due to foliar application of the  destructed/homogenized Spirulina 
platensis  cells. The results came supportive and in conformity with most of  the above-mentioned research results 
which related additional enhancement effects (to that which related to N application), to application of the destructed 
cyanobacterial cells,   with potential synergism between each other as no significant first order interaction but rather 
contributive positive effects of each one in presence of the other. In this concern, Howard et al. (2007) and Rodríguez 
et al (2006) found that taller plants induced by N application and further supported by cyanobacterial extract enhanced 
reproductive growth due to enough light penetration that facilitates boll opening, leading to more seed cotton yield. 
Anyway, the positive interactions here found were significant in both the two cultivation seasons. However, in some 
cases, application of 192 kg N / ha along with only 6 g of destructed Spirulina cells/ha surpassed other combinations 
under study as the treatment induced the tallest plants (198.27 and 200.65 cm) , largest number of fruiting branches 
(19.92 and 18.76) and the highest number of open bolls / plant. However, for most of the studied growth, yield and 
fiber quality parameters, they needed the highest Spirulina application dose of 18 g cells/ha to express their maximum 
values. 
 
The results expressed statistically significant increases in mean of leaves area /plant, contents of chlorophyll a and b, 
carotenoids, gibberellins at 18 g/ha along with urea at 192 kg N/ha, plant height at harvest, number of fruiting branches 
and open bolls/plant, seed cotton yield and seed-index; along with improvement of cotton fiber length, fineness 
(Micronair) and strength (Pressely) with application of Spirulina at 6 g/ha along with urea at 192 kg N/ha.  
Conclusively, both the urea and Spirulina cells acted synergic ally for better plant growth and performance. Results 
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of this translational study, if successfully considered by cotton producers in Egypt and worldwide can contribute to 
better cotton growth, fiber qualities and quantities and production economy. 
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