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Abstract 
The research was conducted in 2018 growing season at Jeb Ramleh Research Station – Al-Ghab 

Research Center - General Authority of Scientific Agricultural Research. The objective was to investigate 

the variation of some Physiological and Productivity Traits of Cotton Line 124 (Gossypium hirsutum L.) 

depending on three types of organic and biological fertilizers (Bacillus, Humic acid and amino acids). 

Bacillus had three fertilization methods, While each of Humic acid and each type of Humic fertilizers 

had four fertilization methods (Without, Soaking seeds, Plant irrigation and Leaf spraying). Studied traits 

included: Plant Wet Weight (g/plant), Plant Dry Weight (g/plant), Plant Growing Rate (g/m2/week), First 

Pick Percentage (%) and Cotton Yield (g/plant). Split plot design was used. First factor (Bacillus) 

occupied the main plots, while the second factor (Humic acid) occupied the split plots, and the third 

factor (amino acids) occupied the split plots. Results showed no significant differences between single 

fertilizers additions comparing to the control, whereas there was significant superiority of the interaction 

between Bacillus plant irrigation×Humic acid plant irrigation Amino acids leaf spraying comparing to the 

control in terms of all studied traits, and gave maximum values (PWW 201.05g/plant), (PDW 

78.91g/plant), (PGR 64.79 g/m2/week) and (FPP 71.23%).   

 

Keywords: Cotton Gossypium hirsutum L., growth traits, productivity traits, Bacillus, humic acid and 

amino acids 

 

Introduction 

Cotton belongs to Malvaceae Family and Gossypium genus (which includes 42 wild and 

cultivated species) (wild species with low production per ha, short or fluffy fibers, completely 

bare seeds, but it has resistant to diseases, insect infections or environmental stresses), so they 

are important assets for genetic improvement [3], and cultivated species are categorized into 

five genuses in the commercial field (American medium fiber hirsutum, Egyptian long fiber 

barbadense, Asian short fiber aboreum, African short fiber herbaceum and medium fiber 

tricospedatium). It is the most important natural fiber crop in the world, and its uses varies in 

the industrial, food, medical and household sectors [6]. Plant Growth Promoting Bacteria 

(PGPR) are exists in the soil on and around the root surface with directly or indirectly promote 

of plant growth and development through production and release of many chemicals near the 

root surfaces [1], and includes many genuses (Agbacterium, Alcaligenes, Arthrobacter, 

Actinoplanes, Azotobacter, Bacillus, Pseudomonas and Rhizobium) [12]. Azotobacter genus 

plays an important role in the nitrogen cycle in nature and possess many metabolic functions, 

as nitrogen fixation and producing some amino acids (thiamine, riboflavin), and plant 

hormones (IAA, gebrelines and cytokines) [4]. Humic substances are components of organic 

decomposition, which are natural organic compounds that considered to be 50-90% of peat, 

alginate, sapropel and the inorganic matter of soil and water ecosystems [11]. Humic acids play 

an important role in increasing the resistance of the rice plant to water stress. It reduces the 

activity of peroxidase enzymes and maintains high permeability of the cell membrane. It is a 

natural and safe alternative to plant protection from oxidative stress due to drought [7]. Bio 

stimulants include many plant-stimulating microorganisms which increasingly used and 

expanded, and are expected to reach global revenues of 2.241 million$ by 2018 at an annual 

growth rate of 12.5% [5]. Close microorganisms to root surfaces interact with each other, their 

symbiotic relationships varies, and bio-fertilizers contain microorganisms added to the soil or 

fertilized with seeds [8].  
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The effect of inoculation using a combination of Azotobacter 

and Mycorrhiza was significantly higher in wheat (Triticum 

aestivum L.) in terms of yield and production components. 

The protein content in grains increased by 13% compared to 

the control. Using of ammonium nitrate was also significant 

in the yield index The protein content in the grains is 19% 

higher than the control [2]. 

 

Materials and Methods 

Cotton Line 124 was cultivated.  

 

Location: The research was carried out at Jeb Ramleh 

Research Station – Al-Ghab Research Center - General 

Authority of Scientific Agricultural Research, at 36 ° 25'22.6 

"E and 35 ° 12'31.6" N and 188 m above sea level.  

 

Cultivation date: Research was carried out during 2018 

growing season and planting date was in 20/4/2018.  

 

Soil analysis: Soil Mechanical and Chemical soil analysis 

showed that it had an appropriate phosphor and potassium 

amount for cultivation, moderate soil acidity, medium Electric 

conductivity and low organic matter content, as shown in 

table (1): 
 

Table 1: Mechanical and Chemical soil analysis 
 

Depth Mechanical Analysis Chemical Analysis 

0-30 cm Sand% Silt% Clay% N% P PPM K PPM pH EC CaCo3 Effective lime Organic Matter 

 26 14 60 0.16 22.61 487.32 6.84 2.35 12.20 3.95 4.84 

 

Studied treatments: Three types of organic and biological 

fertilizers was used: 

1. Bacillus Fertilizer under one of three fertilization 

methods (Without, Plant irrigation and Leaf spraying). 

2. Humic acid Fertilizer under one of four fertilization 

methods (Without, Soaking seeds in 2000 PPM water 

solution before cultivation, Leaf spraying with 1.6cm3.L-1 

and Plant irrigation with 4L.h-1). 

3. Amino acids Fertilizer under one of four fertilization 

methods (Without, Soaking seeds in 2000 PPM water 

solution before cultivation, Leaf spraying with 1.6cm3.L-1 

and Plant irrigation with 4L.h-1). 

 

Fertilization addition was applicated for 60 and 90 days after 

cultivation date. 

 

Table 2: Description of used fertilizers 
 

Type Form Composition Concentration 

Biofertilizer Powder Bacillus genus (10 × 2) 6 

Organic Fertilizer Solution Humic acid 18% V/V 

Organic fertilizer Solution Amino acids 17% W/V 

 

Experimental Design: Split Plot design was used with three 

replications. First factor (Bacillus fertilizer) occupied the 

main plots, while the second factor (Humic acid fertilizer) 

occupied the split plots, and the third factor (Amino acids 

fertilizer) occupied the split split plots.  

 

Statistical analysis: it was performed at the L.S.D. 5% level 

using SPSS V.25 and Excel programs. 

 

Studied traits 

 Plant Wet Weight (PWW) (g/plant): Weight of 20 plants 

from the internal rows in each plot was measured and the 

averages were estimated. 

 Plant Dry Weight (PDW) (g/plant): 20 plants from the 

internal rows in each plot were dried at shadow for a 

week, then Weight and averages were estimated. 

 Crop Growth Rate (CGR) (gr/ m2 /week): From the 

Equation: Crop Growth Rate = Dry weight of plant / (Soil 

Area occupied by plant × Time). 

 First Pick Percentage (FPP) )%(: From the Equation: 

First Pick Percentage = (production of first pick / total 

production) x 100. 

 Cotton Yield (CY) (g/plant): Production of Cotton of 20 

plants from the internal raws in each plot was measured 

and the averages were estimated. 

 

Results and Discussion 

Effect of Orgaic and Bio Fertilizers on Plant Wet Weight 

(PWW): Results of table (3) showed that there was no 

significant difference for any single type of fertilizers 

compared to the control, whereas each two fertilizers 

interactions was superiority significant compared to the 

control, with increasing values of Bacillus plant irrigation, 

Humic acid plant irrigation (17.05g/plant), and Bacillus plant 

irrigation Amino acids leaf spraying (17.30g/plant), and 

Humic acid plant irrigation Amino acids leaf spraying 

(18.08g/plant), comparing to the control. and Bacillus plant 

irrigation, Humic acid, plant irrigation Amino acids leaf 

spraying was superiority significant compared to the control 

with (22.13g/plant) increasing value. Organic and bio-

fertilizers help plant growth and development and the 

accumulation of nutrients in the tissues, which increases the 

plant wet weight. 
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Table 3: Effect Organic and Bio Fertilizers on Plant Wet Weight (PWW) 
 

Bacillus Fertilizer 

treatments 

Humic acid 

Fertilizer 

treatments 

Amino acids Fertilizer treatments Average of Humic 

acid Fertilizer 

treatments 

Average of 

Bacillus 

treatments 
Without 

Soaking 

seeds 

Leaf 

spraying 

Plant 

irrigation 

Without 

Without 178.92 180.45 186.68 183.62 182.42 

187.60 
Soaking seeds 181.29 185.82 190.81 188.45 186.59 

leaf spraying 184.37 187.57 193.41 189.88 188.81 

Plant irrigation 187.43 191.84 197.00 194.07 192.59 

leaf spraying 

Without 184.26 189.43 195.66 192.60 190.49 

194.23 
Soaking seeds 189.27 193.80 197.79 195.43 194.07 

leaf spraying 191.35 194.55 199.39 196.86 195.54 

Plant irrigation 193.41 195.82 200.98 197.05 196.82 

Plant irrigation 

Without 186.43 189.99 196.22 192.16 191.20 

195.67 
Soaking seeds 190.83 194.36 199.35 197.99 195.63 

leaf spraying 193.91 196.11 200.95 198.42 197.35 

Plant irrigation 195.97 197.38 201.05 199.61 198.50 

Average of Amino acids Fertilizer treatments 188.12 191.43 196.61 193.85   

 Bacillus H.acid A.acids Ba×H Ba×A H ×A Ba×H×A 

L.S.D.5% NS NS NS 6.28 6.68 5.93 4.01 

 

Effect of Organic and Bio Fertilizers on Plant Dry Weight 

(PDW): Results of table (4) showed that there was no 

significant difference for any single type or two fertilizers 

interactions compared to the control, whereas Bacillus plant 

irrigation Humic acid plant irrigation Amino acids leaf 

spraying was superiority significant compared to the control 

with (5.77g/plant) increasing value. Plant Dry weight is 

associated with several factors affecting it, such as the kind of 

fertilizer, wet weight, drying method, drying period and rate 

of accumulation of dry matter and nutrients in tissues and 

cells. Thus, the interaction of studied fertilizer additives plays 

an important role in increasing it. In Pakistan, [13] found that 

using of Humic acid improved growth and productivity of 

wheat plant. Fertilization was either by spraying on the 

vegetation, or mixing with soil. The results showed that the 

addition of Humic acid had a significant effect on plant height 

(18%), root depth (29%), dry weight (76%), root (100%) and 

chlorophyll content (96%). In the United States, [14] evaluated 

the use of Azotobacter to reduce dependence on mineral 

nitrogen in cotton fertilization. Two strains of Azotobacter 

chroococcum (AC1 and AC10) were fertilized for their 

efficiency in stimulating germination and growth, In the glass 

house, Treatments with the twice strains with 50% of the 

required urea increased plant height by 13%, root depth 12%, 

plant dry weight 13% compared to the control, and enhanced 

the plant content of nitrogen. In Hungary, [15] reported that 

using of bio-fertilizers increased the germination rate of maize 

(zea mays L.) seeds and improved growth, using Bacillus 

megaterium (1× 108 cells/cm3) and Azotobacter chroococcum 

(18%) for 25 minutes, treatments were applied either through 

seed inoculation with a concentration (1, 3.5 ml/L) and 

distilled water. Directly or using blotting paper in Petri dishes. 

The results showed an increase in the rate of germination by 

20%, dry weight of the vegetative branches and roots by 7% 

compared to the control. 

 

Table 4: Effect of Organic and Bio Fertilizers on Plant Dry Weight (PDW) 
 

Bacillus Fertilizer 

treatments 

Humic acid 

Fertilizer 

treatments 

Amino acids Fertilizer treatments Average of Humic 

acid Fertilizer 

treatments 

Average of 

Bacillus 

treatments 
Without 

Soaking 

seeds 

Leaf 

spraying 

Plant 

irrigation 

Without 

Without 70.76 71.58 74.20 72.95 72.37 

73.96 
Soaking seeds 71.59 73.37 76.43 74.80 74.05 

leaf spraying 72.70 74.00 75.78 75.08 74.39 

Plant irrigation 73.29 74.84 76.30 75.66 75.02 

leaf spraying 

Without 71.20 72.55 74.79 73.54 73.02 

74.68 
Soaking seeds 72.57 73.19 75.48 73.85 73.77 

leaf spraying 73.67 74.59 77.52 76.05 75.46 

Plant irrigation 75.03 75.82 78.43 76.63 76.48 

Plant irrigation 

Without 72.47 74.05 77.06 75.42 74.75 

76.34 
Soaking seeds 74.06 75.07 77.75 76.50 75.85 

leaf spraying 75.55 76.85 78.63 77.93 77.24 

Plant irrigation 76.53 76.93 78.91 77.74 77.53 

Average of Amino acids Fertilizer treatments 73.29 74.40 76.77 75.51   

 Bacillus H.acid A.acids Ba×H Ba×A H ×A Ba×H×A 

L.S.D.5% NS NS NS NS NS NS 1.34 

 

Effect of Organic and Bio Fertilizers on Crop Growth 

Rate (CGR): Results of table (5) showed that there was no 

significant difference for any single type or two fertilizers 

interactions compared to the control, whereas Bacillus plant 

irrigation Humic acid plant irrigation Amino acids leaf 

spraying was superiority significant compared to the control 

with (7.40gr/m2 /week) increasing value. Humic substances 

addition enhances the vitality and activity of microorganisms 

in the soil by providing the carbon source needed for the 

growth and development of these organisms and their various 

functions [10], also Crop Growth Rate reflects the agricultural 

service processes and studied fertilizer additions and is 

closely related to the weather conditions in the cultivation 

region. [16] observed a research in Egypt to show the effect of 
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adding the Humic acid on the cotton plant. The results 

showed that the addition of Humic acid at a rate of 15 kg/h 

had a clear positive effect on growth, yield, fiber quality and 

plant water efficiency, so humic acids can be used to modify 

soil pH to overcome the negative effects of salinity. 

 

Table 5: Effect of Organic and Bio Fertilizers on Crop Growth Rate (CGR) 
 

Bacillus 

Fertilizer 

treatments 

Humic acid Fertilizer 

treatments 

Amino acids Fertilizer treatments Average of Humic 

acid Fertilizer 

treatments 

Average 

of Bacillus 

treatments Without 
Soaking 

seeds 

Leaf 

spraying 

Plant 

irrigation 

Without 

 

Without 57.39 59.09 60.94 60.14 59.39 

60.67 
Soaking seeds 58.18 59.54 62.69 61.32 60.43 

leaf spraying 58.99 60.40 62.89 61.70 61.00 

Plant irrigation 59.75 61.45 63.71 62.56 61.87 

leaf spraying 

Without 58.20 59.50 62.40 60.70 60.20 

61.60 
Soaking seeds 59.18 60.50 63.39 62.03 61.28 

leaf spraying 59.54 64.22 64.19 62.56 62.63 

Plant irrigation 60.31 61.41 64.42 63.11 62.31 

Plant irrigation 

Without 58.82 60.02 63.22 61.66 60.93 

62.07 
Soaking seeds 59.40 61.08 63.61 61.95 61.51 

leaf spraying 60.66 61.63 64.41 63.23 62.48 

Plant irrigation 61.43 63.12 64.79 64.08 63.36 

Average of Amino acids Fertilizer treatments 59.32 61.00 63.39 62.09   

 Bacillus H.acid A.acids Ba×H Ba×A H ×A Ba×H×A 

L.S.D.5% NS NS NS NS NS NS 1.00 

 

Effect of Orgaic and Bio Fertilizers on First Pick 

Percentage (FPP): Results of table (6) showed that there was 

no significant difference for any single type of fertilizers 

compared to the control, whereas each of Bacillus plant 

irrigation Amino acids leaf spraying and Bacillus plant 

irrigation Humic acid plant irrigation Amino acids leaf 

spraying was superiority significant compared to the control 

with (6.82, 7.62%) increasing values, respectively. 

The percentage of cotton is increased as a result of fertilizer 

treatment, which improves the various physiological and 

productive characteristics studied. First Pick Percentage of 

cotton is increased as a result of fertilizer treatments and their 

interactions, due to their positive effects on pant cells and 

tissues, which improves the various physiological, growth and 

productivity traits. 

 

Table 6: Effect of Organic and Bio Fertilizers on Crop Growth Rate (CGR) 
 

Bacillus 

Fertilizer 

treatments 

Humic acid Fertilizer 

treatments 

Amino acids Fertilizer treatments Average of Humic 

acid Fertilizer 

treatments 

Average 

of Bacillus 

treatments Without 
Soaking 

seeds 

Leaf 

spraying 

Plant 

irrigation 

Without 

Without 63.61 64.97 66.17 65.30 65.01 

65.76 
Soaking seeds 63.17 65.62 66.89 65.71 65.35 

leaf spraying 64.23 65.90 67.84 66.19 66.04 

Plant irrigation 65.01 66.23 68.04 67.31 66.65 

leaf spraying 

Without 65.17 66.89 68.15 67.85 67.02 

67.48 
Soaking seeds 65.98 66.28 68.52 69.47 67.56 

leaf spraying 66.59 67.19 66.14 68.94 67.22 

Plant irrigation 66.78 67.70 69.15 68.91 68.14 

Plant irrigation 

Without 67.82 68.19 70.43 69.42 68.97 

69.56 
Soaking seeds 68.11 68.63 70.09 69.67 69.13 

leaf spraying 68.50 70.18 70.58 71.16 70.11 

Plant irrigation 69.12 69.74 71.23 70.14 70.06 

Average of Amino acids Fertilizer treatments 66.17 67.29 68.60 68.34   

 Bacillus H.acid A.acids Ba×H Ba×A H ×A Ba×H×A 

L.S.D.5% NS NS NS 1.12 1.93 NS 1.48 

 

Effect of Organic and Bio Fertilizers on Cotton Yield 

(CY): Results of table (7) showed that there was no 

significant difference for any single type of fertilizers 

compared to the control, whereas Humic acid plant irrigation 

Amino acids leaf spraying was superiority significant 

compared to the control with (5.47g/plant) increasing value. 

These results are in agreement with [9] who noticed that both 

cotton (Giza 86) and (Giza 88) cultivars that sprayed on 

vegetative part with amino acids three times, which gave the 

highest values for the number of open bolls per plant and one 

boll weight (g). 
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Table 7: Effect of Organic and Bio Fertilizers on Cotton Yield (CY) 
 

Bacillus Fertilizer 

treatments 

Humic acid 

Fertilizer 

treatments 

Amino acids Fertilizer treatments Average of Humic 

acid Fertilizer 

treatments 

Average of 

Bacillus 

treatments 
Without 

Soaking 

seeds 

Leaf 

spraying 

Plant 

irrigation 

Without 

Without 70.97 71.06 71.53 71.16 71.18 

73.54 
Soaking seeds 71.00 72.43 73.86 72.95 72.56 

leaf spraying 73.45 74.69 76.24 75.43 74.95 

Plant irrigation 74.60 75.52 76.32 75.42 75.47 

leaf spraying 

Without 70.98 72.04 72.30 72.09 71.85 

72.99 
Soaking seeds 71.28 71.23 72.15 71.32 71.50 

leaf spraying 71.50 72.70 74.18 73.41 72.95 

Plant irrigation 74.80 75.74 76.48 75.64 75.67 

Plant irrigation 

Without 71.10 71.87 72.55 72.71 72.06 

73.29 
Soaking seeds 71.84 73.38 73.99 73.47 73.17 

leaf spraying 71.34 72.52 73.99 73.23 72.77 

Plant irrigation 73.14 74.85 76.53 76.11 75.16 

Average of Amino acids Fertilizer treatments 72.17 73.17 74.18 73.58   

 Bacillus H.acid A.acids Ba×H Ba×A H ×A Ba×H×A 

L.S.D.5% NS NS NS NS NS 1.42 NS 

 

Conclusion 

This study exposed illegal addition of benzoic acid into some 

children food products in local market especially cakes and 

juices which considered a violation of Syrian specification, 

and should be of concern to the government.  

 

Acknowledgments 

The authors are indebted to AL-Ghab Research Center, 

Faculty of Agriculture, Tishreen University, Syria for their 

support 

 

References 

1. Ahemad, Munees, Mulugeta Kibret. Mechanisms and 

applications of plant growth promotingrhizobacteria: 

Current perspective. Journal of King Saud University – 

Science. 2014; 26:1-20. 

2. Arjumend, Tuba M, Kaleem Abbasi, Ejaz Rafique. 

Effects of Lignite-Derived Humic Acid on Some Selected 

Soil Properties, Growth and Nutrient Uptake of Wheat 

(Triticum Aestivum L.). Pak. J Bot. 2015; 47(6):2231-

2238. 

3. Bahrani A, Pourreza J, Hagh Joo M. Response of Winter 

Wheat to Co-Inoculation with Azotobacter and 

Arbescular Mycorrhizal Fungi (AMF) under Different 

Sources of N. Fertilizer. American-Eurasian J. Agric. & 

Environ. Sci. 2010; 8(1):95-103. 

4. Bákonyi N, Bott S, Gajdos É, Szabó A, Jakab A, Tóth B. 

Using Biofertilizer to Improve Seed Germination and 

Early Development of Maize. Pol. J Environ. Stud. 2013; 

22(6):1595-1599. 

5. Basra AS, Ed. Cotton Fibers, Developmental Biology, 

Quality Improvement, and Textile Processing, Food 

Products Press, The Haworth Presss, 1999, 43(12). 

6. Bhardwaj, Deepak, Mohammad Wahid Ansari, Ranjan 

Kumar, Narendra Tuteja. Biofertilizers Function as Key 

Player in Sustainable Agriculture by Improving Soil 

Fertility, Plant Tolerance and Crop Productivity. 

Microbial Cell Factories, 2014, 1-10. 

7. Calvo, Pamela, Louise Nelson, Joseph W Kloepper. 

Agricultural uses of plant biostimulants. Plant Soil, 2014; 

383:3-41. DOI 10.1007/s11104-014-2131-8. 

8. Fiber Organon. Fiber Economic Bureau, Inc., Arlington. 

2005; 76(7). 

9. García, Andrés Calderín, Ricardo Luiz Louro Berbara, 

Liane Portuondo Farías, Orlando Lázaro Hernández. 

Humic acids of vermicompost as an ecological pathway 

to increase resistance of rice seedlings to water stress. 

African Journal of Biotechnology. 2012; 11(13):3125-

3134. 

10. Javoreková, Soňa, Jana Maková, Juraj Medo, Silvia 

Kovácsová, Ivana Charousová et al. Effect of bio-

fertilizers application on microbial diversity and 

physiological profiling of microorganisms in arable soil. 

Eurasian Journal of Soil Science. 2015; 4:54-61. 

11. Beheary MGI, Radwan FI, Magda Abo El-Magd, El-

Bagory MI, WMA, Abd El-Aal. Effect of Organic 

Fertilization and Amino Acids on the Yield and Fiber 

Properties of Cotton in the New Reclaimed Lands. J. 

Adv. Agric. Res., Fac. Of Agric. (Saba Basha). 2012; 

14(2):333-347. 

12. Mikkelsen RL. Humic Materials for Agriculture. J Better 

Crops. 2005; 89(3):1-10. 

13. Moosavi, Seyed Sajjad, Yousef Alaei, Ali 

Mohammadpour Khanghah, Mohammad 

Mohammadpour. Study on the Effect of humic acid 

fertilizer on the amount of water loss in the single cross 

maize cultivar. JNAS Journal. 2013; 2(5):144-147. 

14. Pindi, Pavan Kumar, Tasleem Sultana, Praveen Kumar 

Vootla. Plant growth regulation of Bt-cotton through 

Bacillus species. J Biotech. 2014; 4(2):305-315. 

15. Rady MM, Abd El-Mageed TA, Abdurrahman HA, 

Mahdi AH. Humic Acid Application Improves Field 

Performance of Cotton (Gossypium Barbadense L.) 

Under Saline Conditions. Journal of Animal & Plant 

Sciences. 2016; 26(2):487-493. 

16. Romero-Perdomo, Felipe Jorge Abril, Mauricio Camelo, 

Andrés Moreno-Galván, Iván Pastrana, Daniel Rojas-

Tapias, Ruth Bonilla. Azotobacter chroococcum as a 

potentially useful bacterial biofertilizer for cotton 

(Gossypium hirsutum): Effect in reducing N fertilization. 

Rev Argent Microbiol. 2017; 49(4):377-383. 


