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ABSTRACT 

The flavonoid and phenolic compounds are among the main pharmaceutical components 

of medicinal plants. These compounds are considered as effective anti-oxidant sources. Five 

cyanobacterial extracts were used to stimulate the plant growth and increase production of 

specific secondary metabolites in Plantago major as a medicinal plant. These cyanobacteria 

were isolated from the growth bed of the plant in its natural habitats. Nitrate-free BG11 

medium was used for preparing axenic monoalgal cultures. Pot experiments were 

performed by spraying cyanobacterial extracts on the soil of treated plants every 20 days 

from the time of planting. Growth of plants was evaluated by measuring growth parameters 

such as plant height, root length, dry and fresh weight of plant, leaf number, leaf area, as 

well as inflorescence characteristics 60 days after planting. In addition to growth factors, the 

total amount of phenol and flavonoid of plants was also assessed. Statistical analysis showed 

that there was a significant difference in the vegetative and reproductive characteristics 

compared to the control plants. Also, the methanolic extraction of treated and control plants 

displayed the highest total phenolic and flavonoid content 77.23±3.21 µg of GA mg-1 and 

389.67±34.43 µg of RU mg-1 in plants treated with Cylindrospermum michailovskoence. 

Based on the obtained results, cyanobacterial fertilizers are suggested as the biological 

elicitors to improve the quantity and quality of medicinal plants products. As a result of this 

study, chemical content of cyanobacterial extracts and the production of plant growth 

stimulating substances such as phytohormones can be proposed as factors affecting plant 

growth parameters and metabolites production. 
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INTRODUCTION 

Plantago major L. is a perennial medicinal 

plant that belongs to the family of 

Plantaginaceae (Zubair et al., 2011). Although 

Eurasia is considered the main original habitat 

of this plant, its range of distribution is not 

confined to any specific place, and it can be 

found as native to many regions (Samuelsen, 

2000). This medicinal plant grows in areas up 

to 3500 meters above sea level, and humid 

areas such as river banks and coastal regions 

are the most suitable habitat for its growth. 

Due to the presence of active metabolites, 

Plantago major L. is used in cosmetic and 

pharmaceutical industries. Treating dermal 

diseases, anti-diarrhea, anti-cancer and anti-

bacterial properties have been reported in 

different sources as some of the health benefits 

of this plant (Samuelsen, 2000; Stanisavljević 

et al., 2008; Mello et al., 2015).  
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The main pharmaceutical components 

identified in the Plantago species include lipid 

compounds, caffeic acid, flavonoid and 

phenolic acid. Phenolic and flavonoid 

compounds, as the main active metabolites of 

this plant, are considered as effective anti-

oxidant sources in curing cancer (Kuhn and 

Winston, 2001; Pourmorad et al., 2006; Beara 

et al., 2009). It is also reported that p-comaric 

acid, from phenolic acid family, impedes 

production of cancer cells and cellular 

apoptosis by disturbing G2-M division phase 

(Chang and Shen, 2014; Janicke et al., 2011). 

Some of the researches also show that, due to 

its strong anti-oxidant properties, Plantago 

major L. reduces the acetaminophen toxicity 

in the lung (Hussan et al., 2015). 

Earlier studies indicate that environmental 

factors, such as biological agents in the soil, 

can increase the growth of plants, the 

biosynthesis of their active metabolites, and 

their resistance to pathogens (Sabbagh et al., 

2017; Kumar et al., 2014). Among them, 

cyanobacteria play an important role in the 

stimulation of plant growth and enhancement 

of bioactive compounds (Saker et al., 2000; 

Shanab, 2001). Production of hormonal and 

non-hormonal growth stimulating compounds 

such as auxins, amino acids, sugars and 

vitamins by these microorganisms is one of the 

most important factors influencing plant 

growth (Shariatmadari et al., 2015). Moreover, 

cyanobacteria improve plant growth by 

improving soil structure through the secretion 

of mucilage compounds and exclusive 

polysaccharides, and control fungal and 

bacterial diseases by means of producing 

active metabolites (Karthikeyan et al., 2007). 

In spite of the numerous studies conducted 

on the growth stimulating effect of 

cyanobacteria on crop plants and their role in 

increasing the production of treated plants, 

there are few reports on the study of medicinal 

plants. The main purpose of this study was to 

evaluate the monospecific cyanobacterial 

extract effects on growth of Plantago major L. 

and assess the amount of phenolic acid and 

flavonoid compounds. Analysis of the plant 

growth-stimulating substances, with emphasis 

on phytohormones and mineral compounds 

present in the most effective cyanobacterial 

suspensions, was another purpose of the 

present study. 

MATERIALS AND METHODS 

Study Sites and Soil Sampling 

In order to isolate the cyanobacteria used 

in this study, soil samples were collected 

from the growth bed of seven populations of 

Plantago major L. The plant populations 

were chosen from Iran's Northern Province, 

Mazandaran. The soil samples were 

collected in spring of 2012, based on 

Rangaswamy method (1966). It should be 

noted that the specific climatic condition of 

this province provides a suitable condition 

for the distribution of Plantago major L., in 

a way that Northern provinces, such as 

Mazandaran, are considered as the main 

centers of distribution of this plant in Iran.  

Purification and Identification of 

Cyanobacterial Species 

Cyanobacteria were cultured in nitrate-free 

BG11 medium. The purification of the 

samples was done through repeatedly 

subculturing the colonies on the BG11 solid 

medium. Artificial illumination (74 µmol 

photons m
-2

 s
-1

), with a 12/12 hour light-dark 

cycle, and 25±2ºC temperature was used for 

culturing the samples. Average pH of the 

medium was set at 7 (Rinaudo et al., 1971). 

Finally, the purified cyanobacterial strains 

were identified by binocular optical 

microscope Olympus, Model BH-2. The 

identification of the samples was done based 

on sources such as Desikachary (1959), 

Wehr et al. (2002), and John et al. (2002).  

Preparation of Cyanobacterial Extract 

Cyanobacterial suspensions were prepared 

through homogenizing 1.0 gr of 

cyanobacterial biomass after four weeks of 
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culturing in the mentioned environmental 

condition, in 100 mL of sterilized distilled 

water by means of blender. The 

cyanobacterial suspension with 1% density 

was used in this study.  

Seedling Growth Test 

To select efficient strains, a seedling growth 

test was performed. For this purpose, the seeds 

of Plantago major L. were collected from 

native plant populations in Mazandaran 

Province. After planting Plantago major L. in 

greenhouse condition, the seeds which were 

used for this study were collected from a 

single plant in order to minimize the influence 

of genetic diversity on studied plants and their 

characteristics.  

Air-dried seeds of Plantago major L. were 

soaked in algal extracts (1.0 g fresh algal 

material in 100 mL of distilled water; 

experimental) for 24 h. In case of the controls, 

seeds were soaked in distilled water for 24 

hours. Then, the seeds were placed on filter 

papers wetted with distilled water (control 

samples) or with 5 mL of algal suspension 

(treatment samples). After preparation, the 

plates were placed in a culture chamber at 

25ºC temperature, a 12/12 hour light-dark 

cycle, and light intensity of 74 µmol photons 

m
-2
 s

-1
. Each experiment was repeated three 

times. Efficiency of seedling growth was 

evaluated by calculating the percentage of seed 

germination and measuring the length of the 

seedlings after 10 days of incubation.
 
 

Pot Culture 

Based on the results obtained from the 

seedling growth test, three strains of 

heterocystous cyanobacteria, isolated from 

the growth bed of Plantago major L., and 

two strains of cyanobacteria, taken from the 

Algal herbarium of Shahid Beheshti 

University, were used for the continuation of 

this study and pot experiments. 

Pot culturing of the plant was conducted 

using sterile soil, which consisted of 60% 

peat, 25% sand, and 15% natural soil. Plants 

were grown in the greenhouse with the 

standard condition for 60 days. In order to 

minimize the effect of environmental 

factors, the pots were arranged in a 

completely randomized design with three 

replications for each experiment. Inoculation 

of plants with cyanobacterial suspensions 

was done every 20 days, through spraying 

suspensions to the bed soil of the treatment 

plants. The control plants were irrigated with 

distilled water during the growth period. The 

growth parameters including leaf number, 

leaf area, wet and dry weight of root and 

leaf, inflorescence length and number were 

evaluated.  

Extraction and Quantification of Total 

Phenol and Total Flavonoid 

Total phenol and total flavonoid of the 

leaves in the treatment and control plants were 

evaluated. The plant extracts were prepared by 

extraction of the dried leaves with methanol 

for 24 hours. Total phenolic and flavonoid 

contents of the extracts were quantified by 

Folin-Ciocalteu assay and Aluminium chloride 

colorimetric method, respectively (Singleton et 

al., 1999; Bag et al., 2015). For the analysis of 

the total phenolic content, a 1.0 mg mL
-1 

methanolic solution of the extract was 

prepared. Then, 25 µL of this solution, 125 µL 

of 10% Folin-Ciocalteu’s reagent dissolved in 

distilled water, and 100 µL of 7.5% NaHCO3 

were mixed in a 96 well plate (four replicates). 

The same procedure was followed for the 

blank and different concentrations of Gallic 

acid solutions for constructing the calibration 

curve. The plate was kept under light 

protection. The absorbance of the solutions 

was measured after 2 hours with ELISA reader 

(Biotek mQuant) at 765 nm. The concentration 

of total phenol was read (mg mL
-1
) from the 

calibration curve and the content of total 

phenol in extracts was expressed in terms of 

Gallic Acid equivalent (mg of GA g
-1 

of 

extract). In order to measure total flavonoid, a 

methanolic solution of the extract, with the 

concentration of 1.0 mg mL
-1
, 4% sodium 
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hydroxide, 5% sodium nitrite, and 10% 

aluminum chloride solutions in water, were 

used. 

For each sample, 25 µL of methanolic 

solution, 100 µL distilled water, and 7.5 µL 

5% sodium nitrite (four replicates) were 

poured into a 96 well plate. After 6 minutes, 

7.5 µL of 10% aluminum chloride, 100 µL of 

4% sodium hydroxide, and 10 µL distilled 

water were added to each well. The plate was 

kept in the dark, the absorbance of the 

solutions was read after 15 minutes with 

ELISA reader at 510 nm, and the mean value 

of the absorbance was recorded. The same 

procedure was carried out for the standard 

solution of rutin to construct the calibration 

curve. The flavonoid content of extracts was 

reported in terms of Rutin equivalent (mg of 

RU g
-1
 of extract (Kamtekar et al., 2014). 

Extraction and HPLC Analysis of 

Auxins 

Extraction, identification and 

quantification of the endogenous auxins in 

the most efficient cyanobacteria, Anabaena 

vaginicola ISB42 and Cylindrospermum 

michailovskoense ISB45, was performed 

according to the procedure described by 

Seyed Hashtroudi et al. (2013).  

Evaluation of Chemical Contents of 

Cyanobacterial Extracts 

Chemical content of the cyanobacterial 

extracts, such as total nitrogen and inorganic 

nitrogen, phosphate, sulfate, carbonate and 

cations were determined by Arian Fan Azma 

Institute, Tehran, Iran. Laboratory methods 

of measurements are summarized in Table 1. 

Statistical Analysis 

One-way ANOVA statistical analysis was 

performed employing SPSS software, 

version 16 (Package for the Social Sciences, 

SPSS Inc., Chicago IL). Means were 

separated using the Tukey HSD test at 

P<0.05.  

RESULTS 

Cyanobacterial Extracts as Inoculants 

for Plantago major 

According to the data obtained from the 

seedling growth test, seedlings treated with 

Anabaeana vaginicola ISB42، Nostoc 

spongiaeforme var. tenue (ISB63, 64 and 

65) and Cylindrospermum michailovskoense 

ISB45 showed a significant difference as 

compared with the controls (Table 2, Figure 

1). Among the cyanobacterial extracts used 

in the test, Anabaeana vaginicola ISB42 had 

the highest growth promoting effect.  

Moreover, the results of the pot studies 

showed a significant increase in the 

vegetative characteristics of most of the 

treated plants compared with the controls. 

For example, the plants treated with 

Anabaeana vaginicola ISB42 showed a 

significant difference from the control plants 

in all of the vegetative and reproductive 

characteristics (Table 3, Figure 2). Also, the 

plants treated with Nostoc spongiaeforme 

var. tenue ISB65 showed the highest 

significant increase in leaf area compared 

with the control plants. Moreover, the plants 

treated with this strain showed significant 

increase in most of the measured 

characteristics. It should be noted that in all 

of the treatments, increase in the evaluated 

characteristics was not the same. For 

example, the plants treated with Nostoc 

spongiaeforme var. tenue ISB63 did not 

show an increase in some of the vegetative 

characteristics such as leaf area, fresh and 

wet weight of the leaves as well as fresh 

weight of root.  

Inflorescence characteristics such as the 

number and length of the inflorescence were 

the other traits considered in the present 

study. The results showed that the 

Anabaeana vaginicola ISB42 had the 

greatest positive effect on the measured 

inflorescence properties.  
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Table 2. The effect of cyanobacterial extracts on germination percentage and seedling growth 

parameters of Plantago major L. 10 days after treatment (Mean±SE). 

Germination 

percentage 

Leaves length 

(cm) 

Root length 

(cm)  

Traetments 

85 0.24±0.00 1.30  ± 0.10 Control 

90 0.40±0.00* 2.23±0.14* Anabaena vaginicola ISB42 
87 0.36±0.03* 1.60±0.05* Nostoc spongiaeforme var. tenue  ISB64 
87 0.30±0.03* 1.73±0.08* Cylindrospermum michailovskoense ISB45 

86 0.26±0.03* 1.89±0.06* Nostoc spongiaeforme var. tenue ISB63 
89 0.36±0.03* 1.83±0.08* Nostoc spongiaeforme var. tenue  ISB65 
86 0.24±0.03* 1.06±0.14 Cylindrospermum muscicola ISB88 
85 0.23±0.00 1.00±0.23 Nostoc edaphicum  ISB89 

* Significant at the 0.05 level. 

 

Figure 1. Comparison between the control and treated seedlings in growth parameters. 

Treatment conditions: 1% algal extracts (1.0 g fresh algal material in 100 mL of distilled water), 

(0) Control seedling; (1) Seedling treated by Nostoc edaphicum ISB89; (2) Seedling treated by 

Cylindrospermum muscicola ISB88; (3) Seedling treated by Cylindrospermum michailovskoense 

ISB45; (4) Seedling treated by Nostoc spongiaeforme var. tenue ISB65; (5) Seedling treated by 

Nostoc spongiaeforme var. tenue ISB64; (6) Seedling treated by Nostoc spongiaeforme var. tenue 

ISB63, (7) Seedling treated by Anabaena vaginicola ISB42 (Bar= 1 cm). 

 

Figure 2. Comparison between the control and treated plants in growth parameters. Treatment 

conditions: 1% algal extracts (5.0 g fresh algal material in 500 mL of distilled water) were sprayed 

on soil of treated pots; (0) Plant treated by Nostoc spongiaeforme var.tenue ISB63; (1) Plant 

treated by Nostoc spongiaeforme var. tenue ISB64; (2) Plant treated by Anabaena vaginicola 

ISB42; (3) Plant treated by Nostoc spongiaeforme var.tenue ISB65; (4) Plant treated by 

Cylindrospermum michailovskoense ISB45, and (5) Plant irrigated by distilled water (Control 

plant) (Bar= 10 cm). 
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a 

b 

c 

 
Figure 3. HPLC chromatograms of the ultrasonicated samples for 30 minutes with fluorescence 

detector: (a) HPLC chromatogram of a 500 ng mL
-1

 standard of three auxins with fluorescence 

detector. HPLC conditions: UV detection wavelength at 225 nm, fluorescence excitation and 

emission wavelengths at 280 and 360 nm, respectively, column temperature of 25°C; (b) HPLC 

chromatograms of the ultrasonicated sample of Cylindrospermum michailovskoense ISB45 for 30 

minutes, and (c) HPLC chromatograms of the ultrasonicated sample of Anabaena 

vaginicola ISB42 for 30 minutes.  

 

 
 Due to the medicinal importance of the 

phenol and flavonoid compounds in this 

medicinal plant, the total phenol and flavonoid 

of the treated and the control plants were 

measured and compared (Table 4). Based on 

the results obtained from the total phenol and 

flavonoid test, plants treated with 

Cylindrospermum michailovskoense ISB45 

and Anabaeana vaginicola ISB42 showed the 

highest content of phenol and flavonoid, 

respectively, while the control plants had the 

lowest amount of these compounds. 

Determination of Plant Growth 

Stimulating Factors in Cyanobacterial 

Extracts 

In the chemical analysis of the total 

content of the cyanobacterial extracts, total 

nitrogen, ammonium, nitrite and nitrate had 

the highest amount in Anabaeana vaginicola 

ISB42 compared with the others (Table 1). 
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Table 4. Total phenol and flavonoid measurements per microgram per mg of dry extract. 

Total flavonoid content 

 (µg of RU mg
-1

 of dry 

extract) 

Total phenolic content 

 (µg of GA mg
-1

 of dry 

extract) 

 

321.67 ± 11.40 63.33 ± 1.33 Nostoc spongiaeforme var. tenue ISB63 

389.67 ± 34.43 77.23 ± 3.21 Cylindrospermum michailovskoense ISB45 

370.67 ± 21.58 70.9 ± 1.75 Anabaena vaginicola ISB42 

285.67 ± 31.13 61.53 ± 2.30 Nostoc spongiaeforme var. tenue ISB64 

299.56 ± 13.40 60.77 ± 1.33 Nostoc spongiaeforme var. tenue ISB65 

254.56 ± 26.56 55.64 ± 1.60 Control 

 

Table 5. Estimated concentrations of three auxins in the most effective cyanobacteria.
a
 

Estimated concentration (ng g
-1

)  in DW  

Cyanobacteria IBA IPA IAA 

Nd 20.54 16751.59 Cylindrospermum michailovskoense 

Nd 503.10 1935.32 Anabaena vaginicola 

a
 DW: Dry Weight; IAA: Indole 3-Acetic Acid; IBA: Indole 3-Butyric Acid; IPA: Indole 3-Propionic 

Acid, 
 
Nd: Not detected. 

 

 

Also, two endogenous auxins, i.e. Indole 3-

Acetic Acid (IAA) and Indole 3-Propionic 

Acid (IPA), were present in the efficient 

cyanobactrial biomasses. The concentration 

of IAA in the Cylindrospermum 

michailovskoense ISB44 was higher than the 

Anabaena, whereas IPA concentration was 

the highest in Anabaena species (Figure 3, 

Table 5). 

DISCUSSION 

In this study, we investigated the potential 

of some cyanobacteria strains as a biological 

elicitor in Plantago major L. or broadleaf 

plantain. It is necessary to mention that 

because of the presence of the high amount 

of phenol and flavonoid contents in 

Plantago major L., it is considered an 

antioxidant herbal medicine (Zubair et al., 

2011; Beara et al., 2009; Gálvez et al., 

2003). The results of the present study 

showed that cyanobacteria can significantly 

increase several growth parameters of the 

treated plants, from the root to the stem, leaf, 

and inflorescence growth parameters. This 

increase was observed both in the seedling 

growth test and in pot studies (Tables 2 and 

3). However, the results show that all of the 

cyanobacteria do not have this ability to the 

same degree. Also, cyanobacterial 

suspensions do not show a similar and 

positive function in all the studied 

characteristics. 

In previous studies, different reactions of 

several parts of plants to bioelicitors have 

been reported. In particular, the significant 

effects of cyanobacterial extract on the root 

system of plants such as Cucurbita maxima 

Duchesne, Cucumis sativus L. and Solanum 

lycopersicum L. have been proven 

(Shariatmadari et al., 2013). In the 

mentioned study, the significant increase of 

root length and weight was observed as a 

result of the plants’ irrigation with 

cyanobacterial extracts. In our study, the 

increase of root growth parameters was quiet 

significant as well (Table 3, Figure 2). 

The increase in vegetative growth 

parameters of treated plants in the present 

study and previous investigations can have 

different reasons. In 2007, Karthikeyan et al. 

studied the effect of three strains of 

heterocystous cyanobacteria on wheat plant 

and observed an increase in the plant growth 

and yield. These researchers pointed out that 

the aggregation of cyanobacteria in the plant 
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rhizosphere and nitrogen fixation by them 

leads to plant growth promotion. Also, a 

number of studies have reported the positive 

effect of these microorganisms on the 

growth of medicinal plants. Shariatmadari et 

al. (2015) studied the effect of heterocystous 

cyanobacteria on Mentha piperita L. as an 

economic medicinal plant. The results of the 

mentioned study showed that cyanobacterial 

extracts increase growth parameters as well 

as the amount of essential oil in treated 

plants. Another study in relation to the effect 

of cyanobacteria on the growth of medicinal 

plants was conducted by Riahi et al. (2013). 

In this study, the function of cyanobacteria 

in relation to medicinal plants, Matricaria 

chamomilla L. (chamomile), Satureja 

hortensis L. (garden savory), and Mentha 

aquatica L. (water mint) were evaluated, 

and increase in the growth of treated plants 

was reported. The increase of elements such 

as total nitrogen, nitrite, nitrate, and 

ammonium in rhizosphere of treated plants, 

presence of phytohormones in 

cyanobacterial extracts, and nitrogen 

fixation ability of cyanobacteria were 

proposed as factors influencing the growth 

and yield of the treated plants.  

As mentioned, the ability of nitrogen 

fixation of heterocystous cyanobacteria is 

considered as one of the most important 

factors affecting plant growth and 

production. In the present study, analysis of 

the data shows a direct relationship between 

the consumption of cyanobacterial 

inoculums and the nitrogen content of the 

soil. For example, among the three algal 

strains that had a positive effect on the 

growth of Plantago major L., Anabaeana 

vaginicola extract had the highest amount of 

total nitrogen and ammonium, as can be 

seen in Table 1. The plants treated with this 

strain also had a lengthier root, with more 

wet weight, in comparison to the other 

treated plants and the controls. This can be 

related to the higher nitrogen level of the 

soil. In a previous study, positive effect of 

cyanobacteria on plant growth and nutrient 

uptake was reported by Obana et al. (2007). 

They showed that these microorganisms 

increased the organic carbon and nitrogen 

content of the surface soil and enhanced 

plant growth and nutrient uptake. 

The information obtained from previous 

studies also shows that there is a significant 

correlation between plant growth parameters 

and the ionic content of the soil (Mondyagu 

et al., 2012; Shariatmadari et al., 2015; 

Kumar and Nikhil, 2016). The cationic 

composition of the rhizosphere can affect 

plant growth due to their significant role in 

cellular growth, metabolism regulations, and 

the molecular activity of the plant cells 

(Shariatmadari et al., 2015). The result of 

cyanobacterial suspension analysis in the 

present study indicates the ability of algal 

suspensions to increase soil minerals such as 

potassium (K
+
), Magnesium (Mg

++
), and 

Calcium (Ca
++

). Among several minerals, K
+ 

is an essential plant nutrient that is required 

in large amounts for proper growth and 

plants reproduction. The importance of this 

cation in plant growth is so great that some 

researchers believe that potassium after 

nitrogen is the most important plant nutrient 

(Prajapati and Modi, 2012). Mg
++

 is one of 

the most important nutrients involved in 

many enzyme activities and the structural 

stabilization of cells and tissues and 

regulation of cation-anion balance in plant 

cells (Guo et al., 2016). Ca
++

 is another 

crucial cation that can be considered as a 

regulator of plant growth and development 

(Hepler, 2005). In general, it can be said 

that, through enhancing cations that regulate 

molecular and metabolic activities in plants, 

cyanobacteria stimulate the vegetative 

growth of plants as well as the production of 

some metabolites in treated plants. In our 

study, a remarkable increase in growth of 

the plants treated with Nostoc 

spongiaeforme var. tenue ISB65 was also 

observed, which could be the result of high 

amounts of cations, especially K
+
, in 

cyanobacterial extract.  

In our study, the presence of high amounts 

of phytohormones such as Indole-3-acetic 

acid and Indole-3-propionic acid in 

cyanobacterial extracts was reported.

According to the previous reports, it is also 
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expected that the cyanobacterial extract have 

a significant effect on plant growth through 

producing high amounts of phytohormones 

such as axins (Shariatmadari et al., 2015). 

Polyphenols and flavonoids are among the 

important compounds found in the 

metabolite complex of this plant and have 

anti-oxidant properties (Machu et al., 2015; 

Rice-Evans et al., 1996). In the present 

study, the leaf extract of plants treated with 

cyanobacterial suspensions shows an 

increase in the phenol and flavonoid 

contents in comparison to the control plants 

(Table 4).  

Several studies have shown that phenols 

and flavonoids increase as a result of plant 

interactions with the stimulating agents such 

as plant pathogens (Pusztahelyi et al., 2015). 

These metabolites or their precursors are 

accumulated in high concentrations in 

plants’ leaves and are involved in important 

defense processes such as disease resistance 

(Thakur and Sohal, 2013). The results of our 

study showed that cyanobacteria as a 

bioelicitor can increase phenol and flavonoid 

contents in studied plant leaves. In similar 

studies, the impact of several forms of 

biofertilizers designed with the help of 

mycorrhiza, green algae, bacteria, or 

cyanobacteria on the growth and quality of 

different medicinal plants’ secondary 

metabolites has been evaluated. Evaluation 

of the general function of the medicinal 

plant Ocimum basilicum L., treated with 

mycorrhizal- and algae-based fertilizers as 

well as a mixture of these fertilizers, is one 

of the mentioned studies. In this study, a 

quantitative evaluation of phenolic and 

flavonoid compounds was also performed 

(Hristozkova et al., 2017; Hristozkova et al., 

2018). The result of this study showed a 

significant increase for phenol and flavonoid 

compounds of the treated plants, as well as 

in the antioxidant property under the 

treatment condition. This increase was 

especially obvious in plants treated with 

mycorrhiza-algae compound fertilizers. 

Hristozkova et al. (2017) believe that this 

increase can be the result of the activation of 

exclusive antioxidant enzymes under 

treatment condition.  

In another study, the effect of plant growth 

stimulating bacteria Entrobacter cloacae on 

the phenol compounds of Calendula 

officinalis L. was investigated and a 

meaningful increase of phenol in plants 

treated with this bacterium was reported 

(Hormozinejad et al., 2018). The study 

focused on the impact of environmental 

factors, such as the chemical compound of 

the soil, on the amount of the secondary 

metabolites of plants, such as phenol and 

flavonoid compounds. Based on the report 

issued by Hormozinejad et al. (2018), the 

increase of the phenol compounds in plants 

treated with biological fertilizers can be the 

result of the improvement of the plant’s 

natural functioning under treatment with 

biological elicitors. Also, Khalil et al. (2007) 

considered the improvement of the 

nutritional condition of the plants treated 

with growth stimulating bacteria as the main 

reason for the increase of phenol and 

flavonoid compounds in these plants. 

Dewick (2009) believes that the primary and 

secondary metabolic pathways interact with 

each other, in a way that the carbohydrate 

product of the plant’s primary metabolism 

can function as the pre-material necessary 

for the development of the exclusive 

metabolism pathway of phenol compound 

synthesis. As a result, every factor that can 

increase the general functioning of a plant 

and its photosynthetic efficiency could 

function as the stimulating agent to increase 

the secondary metabolites such as phenol 

compounds.  

Based on the overall studies in this area, it 

could be concluded that different 

microorganisms, such as cyanobacteria, can 

be used as efficient natural factors for 

increasing the quality and quantity of 

medicinal plants’ valuable metabolites, and 

can be used purposefully for increasing the 

efficiency of medicinal plants production. In 

conclusion, the studied cyanobacteria strains 

are able to promote Plantago major L. 

growth and production of phenol and 

flavonoids in this plant. Altogether, our 
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findings suggest that the selected 

cyanobacteria, isolated domestically, can 

serve as potential biofertilizer candidates to 

promote robust production of Plantago 

major L. as a medicinal plant.  
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حت تأثیر ت .Plantago major Lبارهنگ درافسایش محتوای فنل و فالونوئید کل 

 های تحریک کننده رشد گیاه سیانوباکتری

 ری، ز. مسارعی، و م. سید هشترودیح. چوکالیی، ح. ریاحی، ز. شریعتمدا

 چکیده

تسکیبات فىلی ي فاليوًئیدی اش جملٍ مُمتسیه تسکیبات مًثس مًجًد دز گیاَان دازيیی َستىد کٍ 

اود. دز ایه مطالعٍ، اثس عصازٌ پىج ومًوٍ سیاوًباکتسیایی، بٍ عىًان  اکسیداوی اثبات شدٌ دازای قابلیت آوتی

َای ثاوًیٍ گیاٌ، بس گیاٌ بازَىگ بصزگ بسزسی شد.  ىدٌ متابًلیتکىىدٌ زشد ي افصای عًامل تحسیک

َای طبیعی آن جداساشی شدود.  َای مًزد وظس اش بستس زيیشی ایه گیاٌ ياقع دز شیستگاٌ سیاوًباکتسی

َای سیاوًباکتسیایی مًزد استفادٌ قساز گسفت.  ساشی جدا کشت جُت آمادٌ BG11محیط کشت 

زيشٌ ي بٍ  20شش عصازٌ سیاوًباکتسیایی بس بستس زيیشی گیاٌ دز فًاصل مطالعات گلداوی اش طسیق پا

زيش صًزت گسفت. دز اوتُای محديدٌ شماوی مًزد وظس، ازشیابی فاکتًزَای زيیشی ي شایشی  00مدت 

گیاَان تیماز ي شاَد، وظیس طًل زیشٍ ي ساقٍ، يشن تس ي خشک گیاٌ، سطح بسگی ي خصًصیات 

یه محتًای فىل ي فاليوًئید گیاَان پس اش طی ديزٌ تیماز ازشیابی آذیه صًزت گسفت. َمچى گل

َای زشد ي محتًای فىل ي فاليوًئیدی  داز شاخص گسدید. آوالیصَای آمازی وشاودَىدٌ اختالف معىی
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گیاَان تیماز دز مقایسٍ با گیاَان کىتسل بًد. بطًزیکٍ مقایسٍ عصازٌ متاوًلی گیاَان وشاوگس بیشیىٍ 

µg GA.mgفىلی ي فاليوًئیدی با مقادیس حضًز تسکیبات 
µg RU.mg ي 21/3±23/77 1-

-1 

 Cylindrospermum سیاوًباکتسی با شدٌ تیماز گیاَان دز 43/34±07/389

michailovskoence عىًان الیسیتًزَای شیستی  َا بٍ بًد. بس اساس وتایج بٍ دست آمدٌ، سیاوًباکتسی

زسد تسکیبات  شًود. بٍ وظس می اَان دازيیی پیشىُاد میمىاسب جُت بُبًد کیفیت ي کمّیت محصًل گی

 َا اش عًامل مُم تاثیسگراز بس فاکتًزَای زشد گیاَان تیماز است. تحسیک کىىدٌ زشد وظیس فیتًًَزمًن
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