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ABSTRACT 

During the winter season of 2022-2023, a field experiment was carried out in the Al-Mahawil region of 

Babylon province to determine the effect of biological Fertilization on the development of several flax kinds. 

The experiment incorporated two variables: first, three distinct varieties of flax (Giza 8, Indian, Polony), and 

second, four levels of biological Fertilization. (azotobacter bacteria, mycorrhizal fungi, azotobacter + 

mycorrhizal fungi, without addition). The outcomes were as follows: The field was organized in accordance 

with a wholly randomized block design with three replications. The treatment containing Azotobacter and 

mycorrhizal organisms exhibited notable improvements in the following parameters: plant height (in 

centimeters), number of primary branches (plant branch-1), number of capsules (plant capsule
-1

), and 

number of seeds in the capsule (seed capsule
-1

). The maximum values were obtained for the weight of 1000 

seeds (g), the percentage of oil in the seeds (%), and the number of plant containers (66.30, 88.32 cm, 4.91 

branches, 8.74 Ή³, 10.78 g, 44.51%). The Giza 8 cultivar exhibited a marked advantage over the remaining 

varieties across all the characteristics that were examined. The cultivar known as Giza 8 was shown to have 

a considerable advantage over the other kinds in all of the characteristics that were investigated. The 

interaction treatment (Azotobacter bacteria + mycorrhizal fungi + Giza 8 cultivar) performed significantly 

better in terms of plant height (cm), number of main branches (plant branch
-1

), number of capsules (plant 

capsule
-1

), and number of seeds in the capsule (Seed capsule
-1

). The best results were achieved by calculating 

the weight of 1000 seeds (g) and the percentage of oil in the seeds (%). The values obtained were as follows: 

91.00 cm, 5.19 branches, 68.44 plant capsules -1, 8.92 plant seeds -1, 11.29 g, and 44.85%. 

KEYWORDS: Biofertilization, growth, Flax, Linum usitatissimum L. 

 

INTRODUCTION 

Flax (Linum usitatissimum L.), a member of the Linaceae family, is among the earliest commodities 

that humans have cultivated for the production of fiber, oil, or both )Reddy et al., 2013). Since flax (Linum 

usitatissimum L.) may be farmed for either oil fiber or both, it is a crop with several uses. The dry oil, which 
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is used to make varnish, wood polish, and colors, has a proportion of oil in the seeds that varies from 30 to 

45. According to Singh et al. (2016), it is also used in the soap and printing ink industries. Canada is thought 

to be the world's top producer of linen, followed by China, India, the United States, Ethiopia, and Egypt 

(FAO STATA, 2019). 

Regarding Iraq, there are hardly any cultivated flax areas. This could be for a number of reasons, the 

primary ones being the emphasis on the production and cultivation of strategic winter crops, the need for 

more interest from experts in the crop's productivity, and the absence of specialized factories to extract flax's 

oil and fiber. Its seeds have an oil content that varies from around 30 to 45% (Nadaf, 2017( ).One of the 

latest methods to lessen the reliance on chemical fertilizers is to include microbial inoculants, which are 

additions derived from biological sources, into the soil. These inoculants take the form of bacteria. In soil 

treated with them, they establish colonies in the vicinity of the roots and promote the growth of plants by 

means of Through the provision of essential nutrients, including those transformed from non-absorbable to 

absorbable forms by means of vital processes, the provision of substances that promote and stimulate plant 

growth, including growth regulators and hormones, and the fixation of atmospheric nitrogen via symbiotic 

relationships, thereby aiding in the reduction of chemical fertiliser usage. Azotobacter and basil bacteria may 

fix nitrogen and phosphate and release stimulants that promote root development, including gibberellins, 

cytokinins, and auxins (Al-Rawi, 2010; Saleh, 2015). Considering those above, the objective of the studies is 

to examine how various kinds of flax are affected by biofertilization. 

 

MATERIALS AND METHODS 

A field experiment was conducted in the Al-Mahawil region of Babylon province from 2022 to 2023 

in the winter season in order to assess the effects of biofertilization on the growth and development of 

various cultivars of flax plants. The experiment contained two factors: the first, three flax cultivars (Giza 8, 

Indian, and Polony), and the second, bio fertilization at four levels (without addition, azotobacter bacteria, 

mycorrhizal fungus, and azotobacter + mycorrhizae). Biofertilizers were obtained from the Department of 

Agricultural Research, Ministry of Science and Technology. The addition was (10 g) per pit, the strength of 

the spores for the fungus was (40 spores.g-
1
), and the strength of the inoculum for the bacteria was (2.8*10 

per g), where the inoculum was loaded onto the peat moss agricultural medium (35 grams per 1 g of soil), 

taking into account that it was close to the seed, inside the neighborhood. The experimental land was plowed 

in two perpendicular plows using a rotary plow, and then smoothing and leveling operations were conducted 

on it for the purpose of preparing a suitable bed for the seeds. An entirely randomized block design (RCBD) 

was utilized to organize the field, consisting of three replicates, each comprising 12 experimental units. 

Including the following, the experimental unit measured 6 m2 (3 m x 2 m) in area: Every experimental unit 

consisted of ten lines, with a 20 cm separation between each line. The treatments were physically separated 

from one another by shoulders that were 1 m wide. The soil was fertilized by adding half the fertilizer 

recommendation of 90 kg ha-1 nitrogen fertilizer in the form of urea fertilizer (46%) in two batches at 

planting and the second one a month after planting. (Hassan and Shaker, 2013). Before planting, 45 kg ha
-1

 

of phosphate fertilizer (46% P2O5) was sprinkled, and 60 kg ha
-1

 of potassium fertilizer K2SO4 in the form 

of potassium sulfate was applied in a single batch (Grant et al., 2010). Seeds were planted on November 15 

in the first site for the year 2022, and crop maintenance operations were carried out, including irrigation, 

hoeing, and weeding, as needed. After the plants showed symptoms of maturity, such as the complete loss of 

leaves, overall yellowing of the plant, and dried capsules, they were collected. 
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Studied traits: 

Plant height (cm): The mean plant height was determined by measuring the distance from the soil 

surface to the highest point of 10 randomly selected plants located along the central rows of each 

experimental plot. 

The number of the main branches in the plant (plant branch
-1

): The mean number of primary branches 

observed in each experimental unit's ten plants at the time of harvest was computed. Ten plants were 

randomly chosen from the middle lines. 

The number of capsules per plant (plant
-1

 capsule): Utilising the midlines of each experimental unit, 

the average number of capsules on ten plants selected at random was determined. 

The number of seeds in the capsule (seed capsule
-1

): The approach included dividing the number of 

seeds in plant capsules by the number of capsules in the ten randomly chosen plants from each experimental 

unit's middle lines. 

The weight of 1000 seeds (g): Following the mixing of the plant seeds collected from every 

experimental unit, 1000 seeds were selected at random, weighed, and their average was determined. 

Percentage of oil in seeds (%): Estimated using the Soxhlet device (A.O.C.S, 1990) and according to 

the following equation: 

Percentage of oil in seeds (%) = (weight of oil extracted from sample seeds/weight of dry sample) x 

100 

 

RESULTS AND DISCUSSION 

Plant height(cm) 

The findings of Table (1) revealed that biofertilization had a considerable impact on plant height. It 

performed much better on the treatment (Azotobacter bacteria + mycorrhizal fungus). It achieved the 

greatest plant height of (88.32 cm), whereas the treatment without addition resulted in the lowest plant height 

of 69.45 cm. Regarding the cultivars, the findings indicated that the Polony cultivar produced the lowest 

plant height of (75.58 cm). In comparison, the Giza 8 cultivar substantially excelled and produced the 

maximum plant height of (78.71 cm). As for the interaction between the cultivars and biofertilization, the 

interaction treatment (Azotobacter + Mycorrhiza + Giza 8) excelled and recorded the highest height of 

(91.00 cm). In contrast, the control treatment (without addition + Polony cultivar) provided the highest 

height and recorded (62.11 cm). 

Table (1) The impact of cultivars, biofertilization, and their interactions on plant height (cm) of 

flax plants 

Biofertilization 
cultivars average 

Biofertilization Giza 8 Indian Polony 

Without adding 71.36 74.92 11.66 69.46 

Azotobacter bacteria 67.72 68.01 78.91 71.55 

Mycorrhizal fungi 84.76 73.83 77.09 78.56 

Azotobacter * 

Mycorrhizae 
91.00 89.78 84.19 88.32 

cultivars average 78.71 76.635 75.58  

LSD 0.05 Biofertilization   =6.11  cultivars =5.16  interaction =8.68  
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The number of main branches (plant branch-1) 

According to the findings of Table (2),  biofertilization had a considerable influence on the number of 

major branches. The treatment (Azotobacter bacteria + mycorrhizal fungus) performed much better, resulting 

in the maximum number of major branches (4.91), whereas the treatment without addition produced the 

lowest average number of main branches (3.30). In terms of cultivars, the findings indicated that the Giza 8 

cultivar outperformed and produced the main branches, representing (4.23) branches, while the Polony 

cultivar produced the fewest, totaling (3.93) branches. 

As for the interaction between the cultivars and biofertilization, the interaction treatment (Azotobacter 

+ Mycorrhizal + Giza 8) excelled and recorded the highest number of main branches, reaching (5.19) 

branches. In contrast, the combined interaction treatment (without addition + the Polony cultivar) gave the 

highest number and recorded the lowest number of main branches, amounting to (3.11) branches. 

Table (2) The impact of cultivars, biofertilization, and their interactions on the number of main 

branches (branch plant-1) of the flax plant 

Biofertilization 
cultivars average 

Biofertilization Giza 8 Indian Polony 

Without adding 3.33 3.46 3.11 3.30 

Azotobacter bacteria 3.98 3.37 3.82 3.72 

Mycorrhizal fungi 4.43 4.33 4.03 4.26 

Azotobacter * 

Mycorrhizae 
5.19 4.8 4.75 4.91 

cultivars average 4.23 3.99 3.93  

LSD 0.05 Biofertilization   = 0.50 cultivars=0.36 interaction=0.87 

 

The number of capsules (plant capsule ˉ¹) 

As it is revealed in Table (3), the amount of capsules was mainly influenced by biofertilization. The 

combination of Azotobacter bacteria and mycorrhizal fungi produced the most effective treatment, with 

66.30 plant capsules observed, compared to the control group, which received just 39.14 plant capsules ˉ¹ on 

average. 

The results of Table (3) showed that biofertilization had a considerable impact on the number of 

capsules. The treatment (Azotobacter bacteria + mycorrhizal fungi) significantly excelled and recorded the 

highest number of capsules, amounting to (66.30) plant capsules ˉ¹. In contrast, the treatment without 

addition gave the lowest average number of capsules, (39.14) plant capsules. ˉ¹ As for the cultivars, the 

results showed that the Giza 8 cultivar significantly excelled and gave the highest number of capsules, 

amounting to (53.79) plant capsules ˉ¹. In contrast, the Polony cultivar gave the lowest number of capsules, 

amounting to (49.76) plant capsules ˉ¹. As for the interaction between the cultivars and biofertilization, the 

interaction treatment (Azotobacter + Mycorrhiza + Giza 8) excelled and recorded the highest number of 

capsules, amounting to (68.44) plant capsules ˉ¹. In contrast, the combination interaction treatment (without 

addition + Polony cultivar) gave the highest number of capsules, amounting to (36.72) capsules. Plant ˉ¹ 
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Table (3) The impact of cultivars, biofertilization, and their interactions on the number of 

capsules (plant capsule ˉ¹) of flax plants 

Biofertilization 
cultivars average 

Biofertilization Giza 8 Indian Polony 

Without adding 39.82 40.89 36.72 39.14 

Azotobacter bacteria 51.39 45.72 43.21 46.77 

Mycorrhizal fungi 55.51 60.37 53.2 56.36 

Azotobacter * 

Mycorrhizae 
68.44 64.58 65.89 66.30 

cultivars average 53.79 52.89 49.76  

LSD 0.05 Biofertilization   =1.1  cultivars =8.68  interaction =7.88  

 

The number of seeds (seed capsule-1) 

The findings of Table (4) demonstrated that biofertilization had a considerable influence on seed 

production. The treatment (Azotobacter bacteria + mycorrhizal fungus) resulted in the maximum number of 

seeds, (8.74) plant seeds ˉ¹, whereas the treatment without addition yielded the lowest average of (5.42) plant 

seeds. Regarding the cultivars, the findings indicated that the Giza 8 cultivar was the most successful and 

produced the greatest number of seeds, (7.32) plant seeds ˉ¹; in contrast, the Polony cultivar produced the 

fewest seeds, (6.87) plant seeds ˉ¹. 

As for the interaction between the cultivars and biofertilization, the interaction treatment (Azotobacter 

+ Mycorrhiza + Giza 8) excelled and recorded the highest number of seeds, amounting to (8.92) plant seeds 

ˉ¹. In contrast, the control treatment (without addition + the cultivar Polony) gave the highest number of 

seeds, amounting to (5.17) seeds. Plant ˉ¹ 

Table (4) The impact of cultivars, biofertilization, and their interactions on the number of seeds 

(seed capsule-1) of flax plants 

Biofertilization 
cultivars average 

Biofertilization Giza 8 Indian Polony 

Without adding 5.24 5.85 5.17 5.42 

Azotobacter bacteria 7.24 6.61 6.08 6.64 

Mycorrhizal fungi 7.87 7.9 7.54 7.77 

Azotobacter * 

Mycorrhizae 
8.92 8.59 8.7 8.74 

cultivars average 7.32 7.24 6.87  

LSD 0.05 Biofertilization   =6.16  cultivars =7.88  interaction =1.75  

 

The weight of 1000 seeds (g) 

As with the findings of Table (5), biofertilization had a substantial influence on the weight of 1,000 

seeds. The treatment consisting of Azotobacter bacteria and mycorrhizal fungus exhibited superior 

performance, resulting in a maximum weight of 1000 seeds (10.78 g). In contrast, the treatment without any 

additional components gave the lowest weight of 1000 seeds (5.75 g). In terms of cultivars, the findings 

revealed that the Giza 8 cultivar outperformed the others, with the maximum weight of 1000 seeds (8.56 g), 
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while the Polony cultivar yielded the lowest weight (7.83 g). In terms of cultivar-biofertilization interaction, 

the interaction treatment (Azotobacter + Mycorrhiza + Giza 8) outperformed and recorded the highest 

weight of 1000 seeds (11.29 g), while the combination interaction treatment (without addition + cultivar 

Polony) produced the best results and recorded the lowest weight of 1000 seeds, (5.29 g). 

Table (5) The impact of cultivars, biofertilization and their interactions on the weight of 1000 

seeds (g) of flax plants 

Biofertilization 
cultivars average 

Biofertilization Giza 8 Indian Polony 

Without adding 5.89 6.07 5.29 5.75 

Azotobacter bacteria 8.06 6.88 6.63 7.19 

Mycorrhizal fungi 8.98 8.83 8.59 8.80 

Azotobacter * 

Mycorrhizae 
11.29 10.26 10.8 10.78 

cultivars average 8.56 8.01 7.83  

LSD 0.05 Biofertilization   =7.87  cultivars =7.67  interaction =6.71  

 

Oil percentage (%) 

The findings of Table (6) revealed that biofertilization has a considerable impact on oil percentage. 

The treatment (Azotobacter + Mycorrhizal fungus) performed much better, with the greatest oil percentage 

of 44.51%, whereas the treatment without addition produced the lowest oil percentage of 36.77%. In terms 

of cultivars, the findings revealed that the Giza 8 cultivar outperformed and produced the highest oil 

percentage (41.74%), while the Polony cultivar produced the lowest oil percentage (40.51%). 

As for the interaction between the cultivars and biofertilization, the interaction treatment (Azotobacter 

+ Mycorrhiza + Giza 8) excelled and recorded the highest oil percentage, amounting to (44.85%). In 

contrast, the combination interaction treatment (without addition + Polony cultivar) gave and recorded the 

lowest oil percentage, amounting to (36.27%). 

Table (6) The impact  of cultivars, biofertilization and their interactions on Oil percentage (%)of 

flax plants 

Biofertilization 
cultivars average 

Biofertilization Giza 8 Indian Polony 

Without adding 37.41 36.62 36.27 36.77 

Azotobacter bacteria 41.53 39.43 39.22 40.06 

Mycorrhizal fungi 43.17 42.64 42.37 42.73 

Azotobacter * 

Mycorrhizae 
44.85 44.52 44.17 44.51 

cultivars average 41.74 40.80 40.51  

LSD 0.05 Biofertilization   =8.17  cultivars =1.16  interaction =1.88  

 

Cultivars in traits studied are often due to the genetic ability of the cultivar to express itself in its 

growing environment, such as differences in weather conditions. This is shown in the results of Tables (1-5). 

The moral superiority of the Giza 8 genotype over the other genotypes may be due to this noticeable 
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discrepancy. To the nature of the genetic potential of the cultivar (Jhala & Hall, 2010). These findings agree 

with what was obtained by (Al-Sudani, 2018), (Al-Samarrai, 2019), (Al-Azzawi, 2020), and (Al-Hiti, 2021), 

who indicated in their study the difference in flax genotypes in vegetative growth traits. The findings in 

Tables 1-5 also demonstrated that adding biofertilizers had a substantial influence on vegetative attributes, 

with the mixture treatment (Azotobacter + Mycorrhizae) outperforming all other treatments and yielding the 

highest values for the variables tested. This may be attributed to the efficiency of biofertilization in 

increasing nutrient readiness. 

Moreover, increasing their concentration in the soil, in addition to the role of mycorrhizae in 

improving metabolic processes and absorbing water and nutrients such as nitrogen, phosphorus, potassium, 

calcium, sulfur and iron from the soil and transporting them to the plant through the roots. The bio 

fertilization also can secrete growth-stimulating substances such as auxins, cytokines, and gibberellins, 

which contribute to increasing cell division, expansion, and elongation of plant tissues (Utobo et al., 2011) 

(Abu Al-Saud et al., 2017) .Consequently, the height of the plant increases, Table (5). The increase in the 

number of main branches may be due to the role of azotobacter bacteria, which work to secrete or stimulate 

signals in a process called Rhizocoenosis. These signals cross the plant cell wall and are organized in the 

cellular membranes, which in turn are sensitive to any change, which stimulates Surface absorption of 

nutrients by cortex cells (Klopper et al., 1991); these results are consistent with the findings of (Elayan et al., 

2015), (Gupta et al., 2017), who indicated in their study that biofertilization (bacterial and fungal) had a 

significant effect on the vegetative growth traits of flax. 

 

REFERENCES 

1. Al-Azzawi, Muhammad Rahman Matar. 2020. Evaluation of flax varieties and two types of 

sprinklers under fixed sprinkler irrigation system. Master's thesis, College of Agriculture, 

University of Kirkuk, Iraq. P. p. 134.... 

2. Al-Nadaf, Taj El-Din. 2017. Study of the most important chemical components of flax seeds, 

Linum usitatissimum and Carum carvi, and the composition of the oil extracted from them. 

Damascus Journal of Agricultural Sciences, Second Issue. 

3. Al-Rawi Ali Abd, Al-Hadi (2010). Effect of adding two types of organic matter on the 

effectiveness of azotobacter bacteria and increasing their fixation of atmospheric nitrogen in saline 

soil. Anbar Journal of Agricultural Sciences, Volume: 8, Issue (4), a special conference issue. 

4. Al-Samarrai, Aws Ali Muhammad. 2019. Response of flax varieties to organic Fertilization from 

plant sources and salicylic acid. Doctoral thesis, College of Agricultural Engineering Sciences, 

University of Baghdad, Iraq. 

5. Al-Sudanese, Elaf Khader Falih. (2018). Effect of biofertilization on seed yield and quality of flax 

oil. Master's thesis, College of Agricultural Engineering Sciences, University of Baghdad, Iraq. 

6. Elayan, S. E. D.; A. M. Abdallah; N. A. Naguib and Mahmoud, D. I. 2015. Effect of sowing date 

on yield, fiber and seed quality of eight flax genotypes. American-Eurasian J. Agric. Environ. Sci. 

15(5): 886-895. 

7. FAOSTATA .2019. Food and Agriculture Organization Statistical Databases. 

8. FAO, Lanzhou, China (accessed2 June, 2019). 

http://www.fao.org/faostat/en/#data/QC. 



International Journal of Biological Engineering and Agriculture 
ISSN: 2833-5376   

Volume 03 Number 01 (January) 2024 

Impact Factor: 9.51  

SJIF (2023): 3.916 

 

 

 

 

 
www.inter-publishing.com 

 

2833-5376 /© 2024 The Authors. Published by Academic Journal INC. This is an open access article under 
the CC BY-NC-ND license (http://creativecommons.org/licenses/bync-nd/4.0/) 

78 

9. Grant, C.; D. Flaten; M. Tenuta; X. Gao; S. Malhi and Gowalko, E. 2010. Impact of long- term 

application of phosphate fertilizer on Cadmium accumulation in crops. World Congress of Soil 

Science, Soil solutions for Achanging World. Australia. Pp 132- 134. 

10. Gupta, M.; S. Kour; V. Gupta; R. Bharat and C. Sharma. 2017. Effect of different doses of 

fertilizers on yield and NPK uptake of linseed (Linum usitatissimum L.). Bangladesh J. Bot. 46(2): 

575-581. 

11. Hassan, Ahmed Yassin and Shaker Iyad Talaat. 2013. Effect of nitrogen and iron fertilization at 

two levels of field capacity on the growth characteristics and yield of flax (Linum usitatissimum 

L.). Diyala Journal of Agricultural Sciences. 5 (2) 670 - 681. 

12. Jahala, A. J. and Hall, L. M.  2010. Flax (Linum usitatissimum L.): Current uses and future 

application. Aust J Basic Appl Sci. 4(9): 4304-4312. 

13. Klopper, J.W.; R. M. Zablowicz; E. M. Tipping and Lilshitz, R. 1991. Plant Growth Promotion 

Mediated by Bacterial Rhizosphere Colonizers. Kluwer Academic Publ., Dordrecht, The 

Netherlands. p. 315-326. 

14. O. A. C. 1990. Official Methods of Analysis 15
th

 Edn. Association of Official Analytical Chemists 

International Arlington, VA, D.C., USA. 

15. Reddy, M. P.; B. N. Reddy; B. T. Arsul  and Maheshwari, J. J. 2013. Genetic variability, 

heritability and genetic advance of growth and yield components of linseed (Linum usitatissimum 

L.) Int. J. Curr. Microbiol App. Sci., 2(9): 231-237. 

16. Saleh, Russell Mahdi. ((2015. Effect of different sources of organic fertilizers and mycorrhizal 

fungi on the growth and flowering of cladiolus plants and their flowering lifespan. Master’s thesis. 

College of Agriculture. University of Diyala. Iraq. 

17. Singh, N.; C. Kumar; R. Kumar and Yadav, H. K. 2016. Study on genetic combining ability 

estimates for yield and related   traits in linseed  (Linum usitatissiumu L.). AJCS 10(11):1594-

1600. 

18. Utobo, E. B.; E. N. Ogbodo and Nwogbaga, A. C. 2011. Techniques for extraction and 

quantification of arbuscular mycorrhizal fungi. Libyan Agric. Res. Center J. Int., 2(2): 68-78.  

 


