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A B S T R A C T  

Cyanobacteria has a highly diversity group that consists of photosynthetic prokaryotic 

microorganisms. Cyanobacteria that produce lots of metabolites such as amino acids, proteins, 

vitamins etc. have a wide spread. In this study, the effects of different concentrations of 

Spirulina platensis extracts on the germination of wheat and barley seeds and root-stem length, 

lateral root number and fresh-dry weight were investigated. The application of S5 (100% cell 

extract) showed an inhibitory effect on seed germination on both wheat and barley. S2 (25% cell 

extract) and S4 (75% cell extract) applications had a positive effect on germination and seedling 

development in wheat. In barley, S2 (25% cell extract) application activated germination and 

seedling growth and other concentration applications did not create a positive effect. As a result; 

cyanobacterial extract has positive effects on seed germination and plant growth-development 

and it is possible to produce a commercial and ecological biostimulant by developing different 

extract concentrations. 
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Introduction 

The increase in the world population forced the 

agricultural countries to take more products from the unit area 

and made it necessary to carry out studies to increase this. 

However, while carrying out such studies, practices have been 

carried out giving serious harmful to aquatic and terrestrial 

ecosystems. The amount of artificial fertilizers using that the 

most harmful of these applications is increasing day by day, 

when the unconscious using is added to this process, the 

ecosystem has irreversible damage. Scientists who take these 

effects into consideration, have started to work on the 

production of nature-friendly, biofertilizer-bitostimulant and 

its use. For this purpose, bacteria, cyanobacteria and algae 

have been used extensively and effectively. 
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In the countries such as Norway, Ireland, France and the 

United States located in the seaside, have been looked for the 

ways to benefit from the algae and to use them as biofertilizer 

(Özdemir et. al., 2015). In recent years, numerous studies have 

been carried out in which cyanobacteria and microalgae have 

been used as biofertilizer-biostimulants and promising results 

have been obtained from these studies. Mogor et al. (2017) 

investigated the effects of Arthrospira platensis (S. platensis) 

hydrolysate on the growth of lettuce plants and found that 

hydrolysates showed cytokine-like effects in lettuce seedlings. 

Grzesik et al. (2017); researched the foliar applications effects 

of the biofertilizer that consists of Microcystis aeruginosa, 

Anabaena sp., and Chlorella sp. species cultures on willow and 

they detected that increased the plant growth and decreased 

the amount of artificial fertilizers needing. Muñoz-Rojas et al. 

(2018) who did the restoration studies with local plant species 
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of Australia, they covered the seeds of these plants with 

cyanobacteria and then planted them in the soil. They noted a 

significant increase in the germination percentage of seeds 

compared to those not covered with cyanobacteria. 

S. platensis is a member of a filamentous cyanobacteria 

and can be used as a food additive in terms of its high protein 

content and nutritive properties. Spirulina sp. has a natural 

distribution in alkaline environment generally, which prevents 

its easy contamination (Olguín et al., 1997). In this way, it 

becomes a suitable organism for use in ecological studies. In 

addition, Spirulina sp. is a good protein supplement in animal 

nutrition as well as an alternative to chemical fertilizers 

(Habib et al., 2008). The fact that approximately 60% of the S. 

platensis biomass is protein allows this biomass to be used to 

obtain protein hydrolysates containing valuable biomarkers. 

Decarboxylation of these molecules provides polyamine 

synthesis and the presence of polyamine enables 

cyanobacteria to be used effectively in plant growth (Kim et 

al., 2014; Zhang and Zhang, 2013; Lisboa et al., 2016).  

In this study; S. platensis was cultured continuously and 

then biomass was extracted and different concentrations of 

solutions were prepared. The effects of these extracts on the 

germination of wheat (Triticum aestivum L.) and barley 

(Hordeum vulgare L.) seeds which are the most produced 2 

monocotyl species in our country were investigated. 

Germinated seed number, germination percentage, 

germination energy, body shoot length, total root length, 

lateral root number and fresh-dry weight parameters have 

been determined. It has been investigated whether these 

extracts have a stimulatory effect on seed germination and it 

is aimed to produce an alternative organic biostimulant from 

these extracts. 

Materials and Methods 

Cultivation and Harvesting 

S. platensis, obtained from Mehmet Akif Ersoy University, 

Algal Biotechnology Laboratory, was cultivated flasks using 

standard Zarrouk culture medium (Zarrouk, 1966), bubbled 

with air. The biomass was harvested by centrifugation at day 

20 of cultivation. The biomass dried in an oven at 45°C for 24 

hours and then powdered with a grinder and stored at +4°C. 

Cell Extract 

Dried biomass was suspended in distilled water (DIW) at a 

concentration of 150 g L-1. For obtaining the intracellular 

extracts, the suspension was extracted with a sonicator. The 

suspension centrifuged at 22°C, 6000×g for 6 minutes for 

removing biomass residue. To minimize potential degradation, 

the resulting extract supernatant was collected in a flask 

covered with aluminum foil and stored in a cold room at 4 °C. 

Five different concentration solution were prepared with cell 

extract. S1, Control, 0% extract (10 mL DIW); S2, 25% (2,5 mL 

extract, 7,5mL DIW); S3, 50% (5 mL extract, 5mL DIW); S4, 75% 

(7,5 mL extract, 2,5mL DIW); S5, 100% (10 mL extract). The 

biomass residue was also stored in the cold room for potential 

future use. 

Seed Experiment 

All solutions were replicated three times with ten seeds per 

replicate. The seeds were sterilized with 10 mL of 5 % solution 

of sodium hypochlorite for 10 min, rinsed twice with DIW, 

transferred to sterile Petri plates, and soaked in 10 mL of the 

S1, S2, S3, S4, S5 solutions for 24 h. Following the 24-h soaking 

period, the seeds were placed between two 42.5-mm Whatman 

no. 1 filter papers and allowed to dry for 24 h at room 

temperature (21 °C). Then, the seeds were transferred to a 

sterile 100-mm Petri plate containing a moist 75-mm Whatman 

no. 1 filter, which was soaked with 3 mL of DIW. The plates 

were incubated at 21 °C under a 16-h light/8-h dark cycle. 

Seed germination was checked at 24-h intervals for 10 days and 

counted as germinated if at least 2 mm of the radicle had 

emerged. The filter paper for all treatments was saturated as 

needed with 3 mL of DIW to maintain moisture. Root, shoot, 

and leaf lengths (mm) were measured with a caliper. Total 

root length consists of main and lateral roots and total shoot 

length consists of main and lateral branches. And also number 

of lateral roots measured and germination percentage (GP), 

and germination energy (GE) were calculated. 

Germination percentage (GP) was calculated as  

GP= (number of germinated seeds/total number of seeds) 

×100 

Germination energy (GE) was calculated according to 

Hernández Herrera et al. (2013),  

GE= (number of germinating seeds on X. day/number of 

total seeds) ×100 

In this research GE of 3., 5. and 7. days were calculated.  

Results and Discussion 

When the germination percentage graph of wheat seeds 

examined (Figure 1); It is clear that S2 and S4 applications have 

a positive effect on seed germination. S2 and S4 applications 

have 93% germination percentage, this value is 13% more than 

control group. The application of S5 with 100% extract was able 

to produce a germination percentage of 23% by creating a 

germination inhibitory effect. 

 

Figure 1. Germination percentage of wheat seeds according to 

the applications and days 
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Germination energy is a value indicating the germination 

rate and it is generally evaluated according to the germination 

rate of the seeds on the 3rd, 5th and 7th days. It is seen that 

S4 application in wheat seeds rapidly reaches 90% germination 

rate on day 3, and S2 application has achieved a rate of 83%. 

In S2 and S4 applications, a germination energy ratio of 93% is 

seen on day 5 (Figure 2). In other concentration applications, 

such a high rate could not be achieved. 

 

Figure 2. Germination energies of wheat seeds on the 3th, 5th 

and 7th days according to the applications 

When germination percentage and germination rate data 

are examined, it is seen that S2 and S4 applications have 

activator effect on germination of wheat seeds. 

The graph of wheat total root length (Figure 3) shows that 

S2 application has more extension, approximately 100 cm 

according to control group. The S5 application seems to slow 

down root growth, but S4 seems to be effective even if it is 

not as effective as S2 in root growth. 

 

Figure 3. Total root length of wheat seedlings according to the 

applications and days (cm) 

It is seen that the effects of the applications in the body 

shoot length are similar to the root length effects. The S2 

application provided an extension of about 15 cm more than 

the control group. Again, S4 application almost extended the 

S1 (control) application (Figure 4). However, S5 application 

had an inhibitory effect on shoot extension. 

When the lateral root number graph was examined (Figure 

5), S2 and S4 applications were caused to more lateral root 

formation than the control group. And this result shows that 

this extracts have a stimulating effect on plant growth. 

Dry weight data revealed that S2 and S4 applications had 

positive effects (Figure 6). 

When all these data are examined; it is seen that S2 (25%) 

and S4 (75%) applications have a stimulating effect on 

germination and seedling development of wheat germ. Much 

better germination and development results than the S1 

(control) group shows that S. platensis extract can be used as 

a biostimulant in seed germination. 

 

Figure 4. Shoot length of wheat seedlings according to the 

applications and days (cm) 

 

Figure 5. Number of lateral roots of wheat seedlings according 

to the applications and days (piece) 
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Figure 6. Fresh and dry weights of wheat seedlings according 

to applications (g) 

Similar to this result; Michalak et al. (2016); investigated 

the effects of some algae and S. platensis extracts on wheat 

development, especially in the S. platensis extract group, the 

number of grains in the wheat ear and the length of the stem 

were significantly higher than the others. In addition; 

Khushwaha and Banerjee (2015); the effect of the addition of 

cyanobacterial culture on chickpea, rice and wheat seed 

germination on the low temperature, in the laboratory 

conditions were investigated and the germination 

percentages, root-stem length, number of leaves, chlorophyll 

amount found more than the control group that without 

cyanobacteria culture. Shariatmadari et al. (2015); have 

applied the extracts of different cyanobacterial members to 

wheat seeds and they noticed that germination percentage 

does not change much, but the seed and root length of the 

seedlings more extended than the control group. In another 

study, Gahlout et al. (2017); researched that the effects of the 

extracts of different cyanobacteria on wheat and mung bean 

seed germination and seedling development in their studies 

and they detected that extracts increased the percentage of 

seed germination (at the end of the 3rd day, more germination 

percentage -70% excess-was observed than the control group) 

and extract has a positive effect on seedling development. We 

found similar results in Kumar and Kaur (2014); Anabaena 

variabilis, Nostoc muscorum, Aulosira fertilissima and 

Tolypothrix tenuis filtrates applied to wheat seeds, and they 

found a positive effect on seedling growth compared to those 

without filtrate. 

 

Figure 7. Germination percentage of barley seeds according to 

the applications and days (%) 

 

Figure 8. Germination energies of barley seeds on the 3th, 5th 

and 7th days according to the applications (%) 

When the germination percentage and energy of barley 

seeds are examined (Figure 7 and 8); It is seen that S2 

application has a positive effect on germination of barley seeds 

and accelerates germination. 

 

Figure 9. Total root length of barley seedlings according to the 

applications and days (cm) 

 

Figure 10. Shoot length of barley seedlings according to the 

applications and days (cm) 

Total root length and shoot length graphs of barley 

seedlings were examined (Figure 9 and Figure 10); S2 
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approximately 70 cm in root length, 17 cm in body length more 

elongation were observed. 

 

Figure 11. Number of lateral roots of barley seedlings 

according to the applications and days (piece) 

Figure 11 shows that S2 application significantly increases 

the number of lateral roots in barley compared to S1 (control) 

application and it affects the seedling development positively. 

The total number of lateral roots in the seedlings at the end of 

the 10-day; was 36 in the S1 (control) application and 48.6 in 

the S2 application. 

 

Figure 12. Fresh and dry weights of barley seedlings according 

to applications (g) 

At the end of 10 days, the fresh and dry weight graph of 

barley seedlings (Figure 12) also showed that S2 application 

had a positive effect on biomass increase. 

When all the data related to barley seeds are evaluated; it 

is observed that S2 (25%) application has positive effects on 

seed germination and seedling development. It can be said 

that S. platensis extract accelerates the seed germination and 

have biostimulant effect in plant growth. S4 and S5 

applications showed a slowing effect as close to each other 

compared to S1 (control) application. The use of intensive 

extracts has an inhibitory effect but the extracts in certain 

doses activate the growth. 

Ismail and Hamad (2017); used Anabaena variabilis extracts 

in their work and stated that this extract increases the 

germination percentage, root-shoot length and fresh-dry 

weight of the seeds of Hordeum vulgare and Trigonella 

foenum-graecum L. Shariatmadari et al. (2013); used the 

extracts of Anabaena and Nostoc genus in the development of 

rice plants and stated that they affected plant growth 

positively. Essa et al. (2015); investigated the effects of some 

cyanobacterial exudates on sorghum and sunflower seed 

germination and seedling development and found that 

Anabaena oryzae has been very effective on seed germination 

and root-shoot development. Grzesik and Romanowska-Duda 

(2014); applied Microcystis aeruginosa, Anabaena sp. 

(Cyanobacteria), and Chlorella sp. cultures to commercial corn 

plants; and detected positive effects on seed germination and 

seedling growth. Win et al. (2018); stated in their review study 

that algal biofertilizers should be used strictly for sustainable 

agriculture. 

Conclusion 

All these data indicate that the bio-fertilizers containing 

cyanobacterium extracts that are natural and dissolve in 

nature spontaneously should be preferred instead of artificial 

fertilizers which cause bioaccumulation in living systems, 

because of their positive effects on plant growth and non-

destructive properties. 

Although there are many benefits of this organic 

biofertilizer, some obstacles in the process of 

commercialization. These obstacles can be overcome by 

explaining the biofertilizer to the farmer very well. In the 

future studies, the chemical compositions of microalgae and 

cyanobacterial extracts should be characterized in detail and 

the most effective concentration and composition should be 

developed and this product should be placed in the fertilizer 

sector by emphasizing the ecological and economic importance 

of this product. Besides; similar trials should be carried out in 

the field and the results should be discussed carefully. 
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