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Effect of biofertilizers on leaf yield, 
nitrate amount, mineral content 
and antioxidants of basil (Ocimum 
basilicum L.) in a floating culture
Hayriye Yildiz Dasgan 1*, Abdullah Aldiyab 1, Farah Elgudayem 1,2, Boran Ikiz 1 & 
Nazim S. Gruda 3*

Hydroponics is one of the systems in agriculture which reinforce productivity by controlling 
environmental and growing conditions. In this study, we evaluated the effect of three bio-fertilizers, 
namely bacteria, micro-algae, and mycorrhiza, on basil leaf yield and quality (Ocimum basilicum L.) 
in a floating culture system. Soil has rich amounts of beneficial microorganisms, supporting plant 
nutrition, producing phytohormones, controlling phytopathogens, and improving soil structure. 
However, soilless culture usually contains no beneficial microorganisms if we do not include them in 
the system. This study aims to evaluate the response of three bio-fertilizers where mineral fertilizers 
are reduced by 50%. Considering the total harvest data, bacteria, mycorrhiza, and micro-algae 
treatments increased basil yield compared to 50% control by about 18.94%, 13.94%, and 5.72%, 
respectively. The maximum total yield and leaf area were recorded using bacteria with 2744 g  m−2 
and 1528  cm2  plant−1. Plants with mycorrhiza achieved the highest number of leaves and branches, 
with 94.3 leaves  plant−1 and 24.50 branches  plant−1, respectively. It was observed that this bio-
fertilizer increased the formation of lateral branches in the basil plant without thickening its stems. 
In addition, bacteria and mycorrhiza induced the highest percentage of dry matter and total soluble 
solids. The effect of bio-fertilizers on basil leaf EC and pH was insignificant for all the treatments at 
different harvest periods (p < 0.05). Using bio-fertilizers enhanced the intake of nutrients N (nitrogen), 
P (phosphorus), K (potassium), Ca (calcium), Mg (magnesium), Fe (iron), Mn (manganese), Zn (zinc), 
and Cu (copper). Using bio-fertilizers represents a promising and environmentally friendly approach to 
increasing crop yields and ameliorating quality and antioxidant compounds with fewer resources. An 
application of bio-fertilizers in hydroponic cultivation of basil cv. ‘Dino’ reduced the need for mineral 
fertilizers. At the same time, bio-fertilizers affected an increased plant yield and improved product 
quality. Furthermore, the bacteria had a pronounced enhancing effect on the increase of phenol and 
flavonoids in the leaves of basil plants.

Diminishing arable land, increasing urbanization, water limitation, and climate change enforce pressure on 
agricultural production. The current world population is predicted to increase to 10 billion by 2050. In addition, 
the city’s living rate is expected to increase from 50 to 70% in the  2030s1. Furthermore, the increasing effects of 
climate change, such as drought, salinity, floods, and sudden temperature changes, negatively affect conventional 
agriculture. Soilless culture can reduce the impact of these factors and offer a solution that ensures sustainable 
food security in the future.

Soilless culture systems mainly operate in controlled environmental conditions (greenhouse or plant fac-
tory) and increase water use efficiency, especially in closed systems with a recirculating water/nutrient solution 
that recaptures the drain water for  reuse1. The main advantage of soilless cultures is that plants are grown in a 
controlled environment. Soilless cultivation improves control of the growing medium and avoids problems with 
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irrigation and maintaining proper nutrient concentrations. Hence, good control of the plant growth and better 
quality crops compared to traditional production in soil.

The hydroponic system, one soilless culture system, is defined as the cultivation of plants without the physi-
cal support of a substrate or soil for the roots, usually provided with a nutrient  solution2,3. Floating is a kind of 
hydroponic in which the plant roots are immersed in an aerated nutrient solution. The solution comprises water 
and fertilizers, precisely dosed to obtain the appropriate concentration of macro- and microelements necessary 
for plant  growth4. In large-scale-cultivation, the system operates in a closed circuit: the nutrient solution is 
pumped, recycled, and renewed regularly. The recirculation allows the aeration of the nutrient solution, where 
its pH and electro-conductivity (EC) are continuously  monitored5. In hydroponic systems, the smaller planting 
area is effectively used. As a result, it requires less water consumption.

Furthermore, this culture is also successfully used in some regions with poor soil conditions or regions 
characterized by drought and  famine2,6. The hydroponic growing systems are predominantly used to produce 
leafy vegetables, such as lettuce, basil, spinach, and rocket  salat2. Basil is the second most widely grown leaf 
vegetable after lettuce.

Basil (Ocimum basilicum L.) is an important plant with essential oils, polyphenols, phenolics and flavonoids 
grown for food, pharmaceutical and cosmetic purposes. Among the aromatic plants in which its consummation 
gradually increases is the basil, a plant from the Lamiaceae family, genus Ocimum7. It usually grows in tropical 
and subtropical areas and is widely used in the human diet as a fresh vegetable or  spice8.

Indeed, it stands out with its strong and unique aroma in meat, vegetable dishes, salads, sauce, herbal tea 
and other culinary uses. However, its primary culinary interest in this plant has increased in value, as it is not 
only an aromatic plant but also a medicinal one, widely used in health  treatments9. It must be noted that some 
vegetables, including basil, could contain high nitrate  levels10. Most of the vegetables are fresh products that are 
not processed. Thus, it is imperative to maximize the product quality of vegetables through appropriate growing 
 techniques11. Soilless culture techniques under controlled environments (greenhouse or plant factory) through 
plant nutrition, LED (Light Emitting Diode) lighting, and biofertilisers positively affect the crop nutritional 
quality.

Nowadays, many organic or mineral products spread over the earth increase the yield and improve the 
plant’s  nutrition12. Organic fertilizers differ from mineral ones because they are not directly assimilable by the 
plant. Thus, microorganisms must decompose these compounds before their  use13. However, organic fertilizers 
are usually natural. Hence they are environmentally friendly, characterized by the absence of  chemicals14 and 
contain vital microorganisms. Soil has rich amounts of beneficial microorganisms, supporting plant nutrition, 
producing phytohormones, controlling phytopathogens, and improving soil structure. However, soilless culture 
usually contains no beneficial microorganisms if we do not include them in the system. Therefore, implementing 
biofertilizers in soilless culture can be a great and eco-friendly alternative to enrich plant nutrition and reduce 
the use of chemical fertilizers.

Bio-fertilizers are preparations containing living cells or latent cells of efficient strains of microorganisms that 
help crop plants uptake  nutrients15. Recently, bio-fertilizers became popular in soilless growing systems due to 
their environmentally approaches, plant nutrition efficiency and decreasing mineral fertilisation cost. Moreover, 
they induce plant resistance to biotic and abiotic stress factors and increase plant growth and  yield15. One of the 
green algae species of Chlorella vulgaris is rich source of proteins, lipids, carbohydrates, pigments, and metabolites 
with antioxidant properties. The use of Chlorella vulgaris in conventional agriculture is well known. However, 
its use as a live algal cell in hydroponics is minimal.

Plant growth-promoting rhizobacteria (PGPR), most of their strains belonging to species of Pseudomonas 
or Bacillus, can enhance plant growth capacity by increasing seed emergency, plant weight, and yield. In addi-
tion, some of the PGPR induce systemic resistance to fungi, bacteria, viruses, and in some cases,  nematodes27.

Arbuscular mycorrhizal (AM) fungi occur in all soil types and commonly colonize the roots of many plant 
species. These fungi can increase plant growth and reproduction by enhancing the uptake of nutrients. AM fungi 
can also benefit plants by stimulating growth-regulating substances, increasing photosynthesis, improving toler-
ance against stresses and increasing pest  resistance23.

This study aims to evaluate the response of the bio-fertilizers where mineral fertilizers are reduced by 50%. 
We investigated growth parameters, nitrate amount, basil leaf nutrients and antioxidant content in a floating 
system. To our knowledge, this is the first study to include vital beneficial microorganisms in basil growing in 
the floating water culture system.

Material and methods
Plant material and growing conditions of basil in a floating system. The present study was con-
ducted in a glasshouse between the spring and the summer of 2019 at the University of Cukurova, Adana, 
Turkiye (36°59′N, 35°18′E, 20 m above sea level). Basil seeds (Ocimum basilicum L. ‘Dino’) were provided by 
Enza Zaden seed company. Seeds were sown with mycorrhiza in mini rockwool cubes. After their transfer to a 
hydroponic system, other bio-fertilisers, such as bacteria and micro-algae, were applied for 60 days.

Basil plants were grown using the ‘floating culture’ method, in which the plant roots were immersed in the 
aerated nutrient solution in plastic tanks with a total volume of 50 L (55 × 105 cm). The water level in the contain-
ers was maintained constant, and the nutrient solution was changed every ten days. The distance between the 
rows of basil plants was 15 × 15 cm, with a plant density of 44.44 plant  m−2. During the trial, the pH and EC of 
the nutrient solution in the hydroponic system were measured daily. The pH was kept between 5.5 and 6.0, and 
the EC was fixed at 1.5 and 2.0 µS  cm−1. These pH and EC trend followed the findings of  Wortman31.
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Two stock solutions were used: stock A (Potassium nitrate, calcium nitrate, ammonium nitrate, and Fe-
EDDHA) and stock B (potassium sulfate, mono-potassium sulfate, magnesium sulfate, microelements, zinc 
sulfate, boric acid, manganese sulfate, and ammonium molybdate).

The nutrient solution consists of nitrogen (N) 160 to 200 ppm, phosphorus (P) 30–40 ppm, potassium (K) 
220–250 ppm, calcium (Ca) 140–160 ppm, magnesium (Mg) 40–50 ppm, Iron (Fe) 2.5–5.0 ppm, manganese 
(Mn) 0.25–0.4, Boron (B) 0.25–0.40 ppm, Zinc (Zn) 0.20–0.50 ppm, copper (Cu) 0.02–0.05 ppm, and molyb-
denum (Mo) 0.04–0.07 ppm. Treatments were performed by substituting the bio-fertilizers for reduced mineral 
fertilizers. In the study, there were five treatments described as follows:

1. Full strength nutrient solution was called 100% mineral fertilization (control-1),
2. 50% mineral fertilization (control-2),
3. 50% mineral fertilization with micro-algae,
4. 50% mineral fertilization with bacteria,
5. 50% mineral fertilization with mycorrhiza.

This study complies with relevant institutional, national, and international guidelines and legislation.

Experimental design. Randomized blocks experimental design, with 15 plants in each replication (60 
plants per treatment) was used. Glasshouses represent controlled environmental systems regarding climatic 
conditions, such as heating, cooling, relative humidity,  CO2 fertilisation and lighting. Therefore we prefered a 
randomised blocks experimental design. Thus for one recurrence was 0.3375  m2. Seeds were sown on March 21, 
and after 40 days, when the seedlings had three true leaves, they were transplanted into the floating system. The 
nutrient solution renewal was stopped entirely ten days before the latest harvest. The mean temperature in the 
greenhouse was 26 °C (min. 16.3 °C and max. 33.5 °C), and the relative humidity was 57%. Basil was harvested 
four times by cutting upper young leaves on May 20, June 2, June 16 and June 30. Fresh leaves per plant were 
weighed in each harvest to provide the total leaf yield.

Bio-fertilizers. ‘Chlorella vulgaris’ strain of micro-algae was used in 2 ×  107  mL−1 concentration. The inoc-
ulation was diluted 40 times before its  use15. For 1 L nutrient solution, 25  mL of algae was added from the 
2 ×  107  mL−1 concentration.

Three bacterial species (Bacillus subtilis, Bacillus megaterium, and Pseudomonas fluorescens) were obtained 
from NGB (Next Generation Biotechnology) Company with a trading name ‘Rhizofill’. A mixture of 50 mL of 
the colony (1 ×  109  mL−1) was added every ten days in a 50 L nutrient solution.

The commercial mycorrhiza was obtained from ERS (Endo Root Soluble) Company (Bioglobal). The mixture 
was composed of Glomus intraradices, Glomus aggregatum, Glomus mosseae, Glomus clarum, Glomus monosporus, 
Glomus deserticola, Glomus brasilianum, Glomus etunicatum, and Gigaspora margarita (1 ×  104 w:w). During seed 
planting, 1000 spores  plant-1 were used.

Yield, yield components and quality of basil leaves. Measurement of basil yield, leaf area, and its 
number at four harvest. The cumulative yield of basil is expressed as g  m−2 for four harvests. At the same time, 
the number of leaves per plant was recorded. Afterwards, the leaf area was determined by leaf area meter (Li-
3100, LICOR, Lincoln, NE, USA) and indicated as  cm2  plant−1.

Evaluation of the number of branches, stem diameter, dry matter and its solubility. The number of branches was 
calculated at the last harvest, and the stem diameter was measured with a digital calliper. Dry weight (DW) was 
obtained in a forced-air oven at 70 °C until constant weight. Dry matter (DM) was measured by weighting fresh 
(FW) and dried basil material and expressed in percentage (DM = 100 × DW/FW). Besides, the total soluble 
solution (soluble dry matter) was measured with a digital refractometer and was expressed in percentages.

Measurement of EC, pH, and nitrate amount of basil leaf. The electrical conductivity (EC) and basil leaf pH 
were determined at the last harvest. The nitrate analysis was performed calorimetrically at 410 nm according 
to Cataldo et al.16 using the salicylic acid method and their concentrations were expressed as µg  NO3

–N per dry 
weight (ppm).

Determination of micro and macro elements in basil leaf. Macro and microelements analyzes were carried out 
to reveal the effects of different treatments on nutrition in basil plants. For nitrogen (N), phosphorus (P), potas-
sium (K), magnesium (Mg), copper (Cu), and zinc (Zn) analysis, the plant material was washed with distilled 
water three times. Then, it was dried in an oven at 65 °C for 48 h. The dried samples were ground in the mill and 
then kept at 550 °C for eight hours, and the ash formed was dissolved in 3.3% HCl. An atomic absorption spec-
trometer read the microelements (Fe, Mn, Zn, and Cu) from the filtrated solution. While for the macro elements 
(K, Ca and Mg), 1 mL of the filtrated solution was added to 19 mL of distilled water. According to Barton and 
Kjeldahl methods, phosphorus and nitrogen analyses were carried out by spectrophotometer,  respectively17,18.

Determination of total phenolic substance, flavonoids and vitamin C leaf. Total phenolics were determined by 
modifying the spectrophotometric method described by Spanos and  Wrolstad19. The readings were calculated 
using the absorbance value read at 765 nm wavelength in the spectrophotometer (UV-1700 PharmoSpec Shi-
madzu, Japan) and the calibration curve prepared with gallic acid. Total flavonoids were analyzed using a spec-
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trophotometer set to 415 nm, following a method developed by Quettier-Deleu et al.20. The total amount of 
flavonoid substances was calculated using the calibration curve created by the rutin. Vitamin C was determined 
by the modified method of Elgailani et al.21. Basil leaves were blended with a high-speed blender, and 5 mL basil 
extract was mixed with 45 ml 0.4% oxalic acid and then filtered. One milliliter filtrate and 9 ml 2,6-dichloro-
phenolindo-phenol sodium salt were mixed, and the transmittance value was measured at 520 nm using UV 
spectrophotometer.

Statistical analysis. Data were exposed to ANOVA test using SAS-JUMP/7. In addition, the Fisher’s LSD 
test was used to compare the averages at a 5% significance level.

Results and discussion
Nowadays, there is a request for food production to operate sustainably and not at the expense of human health, 
the environment and the life of future generations. Therefore, the call of the time is to develop new agricultural 
systems that produce more with fewer resources, e.g., phytosanitary products and fertilisers. Using bio-fertilizers 
represents a promising and environmentally friendly approach to increasing crop yields and ameliorating quality 
and antioxidant compounds with fewer resources. This fits very well with the UN Sustainability Goal 12: “Ensure 
sustainable consumption and production patterns”.

Effect of bio-fertilizers on yield, leaf area, and number at four harvest. Several freah leaf harvests 
can be conducted for basil during one vegetation period. Compared to the 50% control, in the first harvest, there 
was no significant difference in basil leaf yield. Mycorrhiza treatment improved basil yield by 214.48% in the 
second harvest compared to the 50% control. Bacteria raised basil yield only by 17%, compared with the 50% 
control in this harvest. The bacteria and micro-algae treatments increase basil yield in the third harvest. In the 
last harvest, bacteria induced a yield of about 19.20% when we compared it to the 50% control. Considering 
the total harvest data, bacteria, mycorrhiza, and micro-algae treatments increased basil yield compared to 50% 
control by about 18.94%, 13.94%, and 5.72%, respectively (Table 1). The increase in the yield in the second and 
third harvests using mycorrhiza was less than the yield obtained in the last harvest. This can be explained by the 
increase in the temperature at the end of June in the glasshouse. Most likely, the temperature up to 30 °C helped 
to increase the activity of bacteria, exceeding the effect of  mycorrhiza22,23.

In contrast, adding the micro-algae to a 50% nutrient solution was not very effective in yield. The lack of 
mineral fertilizers may have created an unfavourable environment for microalgae to live and  multiply24. The basil 
plant and Chlorella vulgaris would use the mineral nutrients for photosynthese. Perhaps, there may be competi-
tion for mineral fertilizers between basil and microalgae.

The inoculation by PGPRs and mycorrhiza may encourage the production of biologically active substances 
such as phytohormones, amino acids and water-soluble vitamins. Some activating hormones, which play an 
essential role in plant growth and the bio-fertilization, may increase the contents of IAA (Indole Acetic Acid), 
Cytokinins and  GA3 (Giberallic Acid)25. These phytohormones enable plant cell growth and division and the 
extension of roots and effect the hormonal balance of  plants27. It is reported that the application of bio-ferti-
lizers had stimulating effects on plants by hormones, nitrogen fixation, phosphate solubilization, and sidero-
phore production and helped reduce the use of chemical mineral fertilizers and improved plant growth and 
 productivity26,27.

The best basil leaf area was recorded in the first harvest when we used 50% mycorrhiza. However, 50% of 
bacteria showed the highest leaf area in the second and the last harvest. In the third harvest, it was observed that 
50% micro-algae treatment exhibited the best leaf area. For the total harvest, 50% bacteria and 50% mycorrhiza 
shows the highest total area, respectively, while micro-algae manifest the less area (Table 2). Based on the previ-
ous data, bacteria, mycorrhiza, and micro-algae show an increased rate of fresh leaf weight, but in terms of area, 
it was not proportional, which can be explained by the increase in the thickness of  leaves28,29.

Compared to 50% control, for all harvest periods, bio-fertilizers harm the number of basil leaves with a 
decrease of 23.67% in bacteria, 19.67 in micro-algae, and 10.6% in mycorrhiza treatment (Table 3). While the 
number of leaves decreased in biofertilizer compared to 50% mineral fertilizer, leaf weight increased. The effect 

Table 1.  Leaf yield (fresh) of basil plants grown with different bio-fertilizers at four harvest times and total 
(g  m−2). LSD the least significant difference between the means (p < 0.05). There is no significant difference 
between means with the same letter in the same column 

Treatments May 20 June 2 June 16 June 30 Total harvest

100% mineral fertilizers 195a 304b 680a 2522a 3702a

50% mineral fertilizers 160ab 145cd 372b 1683c 2307d

50% mineral fertilizers + micro-algae 124bc 99d 494b 1722c 2439cd

50% mineral fertilizers + bacteria 109c 170b 477b 1989b 2744b

50% mineral fertilizers + mycorrhiza 155ab 456a 376b 1630c 2616bc

LSD0.05 39.32 56.50 151.33 110 176.02

p-value 0.4022  < 0.0001 0.5253  < 0.0001  < 0.0001
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of biofertilizers; It can be explained as fewer but thicker and heavier leaves. The decrease can be interpreted by 
the increase in the yield and the thickness of leaves  numbers30.

Effect of bio-fertilizers on pH, EC, and solubility of dry matter of basil leaf. As expected, the 
basil EC of 7.12 dS  m−1 was the highest in 100% mineral fertilizer. In applications where mineral fertilizers were 
reduced by 50%, and bio-fertilizers were applied, EC varied between 5.98 and 6.69. Similarly, the highest pH of 
6.55 basil leaves was observed in 100% mineral fertilizer application. pH values of bio-fertilizer applicated basil 
leaf varied between 6.11 and 6.20. (Table 4). The bioferilizer lowered basil leaf pH. The biofertiliser may have 
stimulated the production of some organic acids that would lower the pH in the basil leaves.

Compared to the 50% control, the water-soluble dry matter of basil (SDM) shows a highly significant differ-
ence where it varies between 1.95 and 1.18%. Micro-algae, bacteria, and mycorrhiza increased the SDM by 37.6%, 
40.6%, and 65.9%, respectively (Table 4). Biofertilizers can benefit plants by enhancing the uptake of nutrients, 
stimulating growth, regulating substances, and increasing photosynthesis. Therefore water-soluble dry matter 
can be significantly increased compared to 50% mineral fertilisers. Maboko et al.32 reported that mycorrhiza 
inoculation in the soilless medium increased SDM.

Effect of bio-fertilizers on stem diameter, dry matter, and number of branches in basil. The 
stem diameter was decreased from the thickest to the thinnest with the treatment of mycorrhiza, bacteria, and 

Table 2.  Leaf area of basil, obtained with different bio-fertilizers at four harvest times and total  (cm2  plant−1). 
LSD least significant difference between the means (p < 0.05); ns: non-significant. There is no significant 
difference between means with the same letter in the same column.

Treatments May 20 June 2 June 16 June 30 Total harvest

100% mineral fertilizers 148 243ab 321a 976a 1688a

50% mineral fertilizers 123 207bc 272b 771c 1372c

50% mineral fertilizers + micro-algae 121 189c 298ab 648d 1256d

50% mineral fertilizers + bacteria 117 280a 193c 938a 1528b

50% mineral fertilizers + mycorrhiza 134 234b 227c 837b 1431c

LSD0.05 ns 42.037 20.394 29.145 41.475

p-value 0.8428 0.5850 0.9186  < 0.0001 0.2807

Table 3.  The total number of leaves obtained at four harvest times and total (pieces  plant−1). LSD the least 
significant difference between the means (p < 0.05), ns non-significant. There is no significant difference 
between means with the same letter in the same column

Treatments May 20 June 2 June 16 June 30 Total harvest

100% mineral fertilizers 9.6a 11.0 10.7a 78.9a 110.1a

50% mineral fertilizers 9.2ab 11.3 10.0ab 74.8ab 105.2ab

50% mineral fertilizers + micro-algae 7.3bc 10.1 9.0bc 58.1c 84.5cd

50% mineral fertilizers + bacteria 6.2c 10.6 7.6d 56.0c 80.3d

50% mineral fertilizers + mycorrhiza 7.7abc 11.4 8.7c 66.5c 94.3bc

LDS0.05 1.021 ns 0.502 5.502 5.653

p-value 0.5573 0.652 0.0110 0.3950 0.2924

Table 4.  Effect of bio-fertilizers on some leaf chemical properties. LSD the least significant difference between 
the means (p < 0.05), ns non-significant, SDM Soluble dry matter. There is no significant difference between 
means with the same letter in the same column

Treatments EC(dS  m−1) pH SDM (%)

100% mineral fertilizers 7.12a 6.55a 1.75b

50% mineral fertilizers 5.98b 6.20b 1.18c

50% mineral fertilizers + micro-algae 6.57ab 6.11b 1.62b

50% mineral fertilizers + bacteria 6.69a 6.19b 1.67b

50% mineral fertilizers + mycorrhiza 6.48ab 6.19b 1.95a

LSD 0.05 0.650 0.008 0.015

p-value 0.4250 0.0001  < 0.0001
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microalgae, respectively. Moncada et al.33 stated that rhizobacteria (Bacillus spp.) increase basil thinnest in a 
hydroponic system (Table 5).

Using bacteria further increased the dry matter (DM) by 8.10%. Also, when mycorrhiza was added to the 50% 
nutrient solution DM increased by 6.40%. Plant growth functions, stomatal conductance, leaf water potential, 
relative water content, PSII efficiency, mineral nutrient availability and  CO2 assimilation are positively affected 
by mycorrhizal  inoculation34,36. Therefore, inoculation of mycorrhiza improves the accumulation of dry matter. 
In contrast, using micro-algae leads to a decrease in DM by 1.81% (Table 5). According  to36, the increase in DM 
ameliorates the basil leaves’ quality and aroma. The number of branches increased using Glomus spp. by 44%, 
compared to 50% control, which is close to 100% control (Table 5). Plant symbiotic relationship with mycorrhiza 
may improve root size and efficiency, hence, leaf area index and  biomass35. The number of branches is crucial for 
the  yield37. The more efficiency of photosynthesis process and increments of carbohydrates supply to basil leaf 
can explain improvements of branche’s number and leaf dry matter.

Effect of bio-fertilizers on nitrate amount in basil leaf. Nitrate accumulation in leafy vegetables is 
affected by nitrogen amount and source, light intensity, temperature and genotypes.The measurement of nitrate 
amount was determined in the first and last harvests. In the two harvests, compared with the 50% control, nitrate 
levels were low for all treatments. In the first harvest, a decrease of 16.3%, 22.9%, and 21.5% for micro-algae, 
bacteria, and mycorrhiza treatments, was shown, respectively. While in the last harvest, the decrease in nitrate 
amount was about 7.8%, 0.2%, and 4.6% for micro-algae, bacteria, and mycorrhiza, respectively (Fig. 1). The 
results are due to effect of bio-fertilizers with their low N property may have in reducing the nitrate content in 
basil leaf compared with mineral fertilizer. As the harvest progresses, nitrate degradation in basil seems to have 
occurred more since the light intensity increased from May to the end of June. Rouphael et al.38 found that the 
nitrate amount decreased from autumn to summer. Moreover, Orsini and de  Pascale39 found that the nitrate 
amount in basil grown in the hydroponic system and 50% shade was more than the basil exposed to light.

Effect of bio-fertilizers on macro elements in basil leaf. Biofertilizers can affect the mineral compo-
sition of leafy vegetebles by increasing the content of nutrients in terms of health benefits for human.The bio-
fertilizers increased the macronutrient concentrations in comparison to 50% control. Mycorrhiza showed the 
highest amount of azote, phosphorous, potassium, and calcium among the bio-fertilizers (Fig. 2). These agree 
with results from Guo et al.40 with Glomus mycorrhiza species that ameliorates phosphorus, nitrogen, and potas-
sium intake. Besides, the colonization of fungi enhances the uptake of P by releasing insoluble phosphorus due 
to its  hyphae41. These hyphae can also take up assimilated nitrate, amino acids, and ammonium and transfer the 

Table 5.  Effect of bio-fertilizers on stem diameter, dry matter, and the number of branches. LSD the least 
significant difference between the means (p < 0.05), ns non-significant, SD Stem diameter, DM Dry matter, NB 
Number of branches. There is no significant difference between means with the same letter in the same column

Treatments SD (mm) DM (%) NB (piece  plant−1)

100% mineral fertilizers 4.000a 8.42c 26.10a

50% mineral fertilizers 3.695b 9.38b 17.00e

50% mineral fertilizers + micro-algae 3.235e 9.21b 20.75c

50% mineral fertilizers + bacteria 3.400d 10.14a 18.40d

50% mineral fertilizers + mycorrhiza 3.553c 9.98a 24.50b

LSD0.05 0.329 0.868 2.123

p-value  < 0.0001  < 0.0001  < 0.0001

Figure 1.  Effect of bio-fertilizers on nitrate amount of basil grown in the hydroponic system (ppm). 100% 
Mineral fertilizers (control, A), 50% mineral fertilizers (control, B), 50% mineral fertilizers + micro-algae (C), 
50% mineral fertilizers + bacteria (D), 50% mineral fertilizers + mycorrhiza (E).
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nitrogen to the plant. Mycorrhiza is contributed to N, P, and K uptake by the symbiotic relationship with the host 
 plant41,42. Inoculation of mycorrhiza can enhance macro-and micronutrients significantly, leading to increased 
photosynthate production and biomass  accumulation35. Begum et al.35 indicated that it could lower the use of 
chemical fertilizers by up to 50% for best agricultural production. However, this estimate depends on the plant 
species and the prevalent agricultural practices. The highest magnesium was recorded by using microalgae.

Effect of bio-fertilizers on microelements in basil leaf. The mycorrhiza treatment shows the high-
est amount of manganese and iron in basil, which are higher than the 100% control (Fig. 2). Several studies 
confirm that the increase in mineral intake is explained by the formation of an extra radical hyphae chain that 
enlarges the absorptive area of plant roots, which strengthens the efficiency of the intake of manganese and iron 
by  mycorrhiza43–45. In contrast, the highest amount of Cu was recorded by using bacteria. The production of 
siderophore from certain bacteria, like Pseudomonas fluorescens, promotes the accumulation of Cu and Fe due 
to their ability to regulate the translocation of metals from roots to  shoots46. Zinc was the abundant element 
for micro-algae, even higher than 50% control. According to Zaheer et al.47, the absorption of zinc by the plant 
enhances the photosynthesis process, ameliorating the yield and the quality of basil.

Effect of bio-fertilizes on vitamin C, total phenols and flavonoids contents in basil leaf. Vita-
min C values in basil leaves were determined between 64.14 and 47.39 mg/100 g, the highest in 100% min-
eral fertilizer and the lowest in the bacterial application (Table 6). The microalgae and the mycorrhiza slightly 
increased by 2.0% and 4.2%, while the bacteria had a 22.3% reducing effect on vitamin C.

The highest amount of phenol was found to be 39.16 mg GA/100 g from the bacteria application. The low-
est phenol, 31.12 mg GA/100 g, was found in the mico-algae. The mycorrhiza showed a total phenol content of 
33.56 mg GA/100 g between the bacteria and the micro-algae applications (Table 6).

Regarding total flavonoids, as in phenol, the bacterial fertilizer gave the highest content with 57.06 
mgRU/100 g, while the micro-algae showed the lowest flavonoid content with 40.74 mgRU/100 g. On the other 
hand, the mycorrhiza was in the middle between the above two applications with 44.62 mgRU/100 g flavonoid 
content (Table 6). The bacteria were the most effective bio-fertilizer in increasing the high-antioxidant flavonoid 
in basil leaves. The bacteria had a pronounced enhancing effect on the increase of phenol and flavonoids in the 
leaves of basil plants. Accordingly, 17.73% phenol and 35.27% flavonoid contents were found to be higher in 
comparison to 50% mineral nutrients. Babu et al.52. indicated that Bacillus subtilis and Bacillus cereus increased 
the accumulation of peroxidase and polyphenol oxidase enzymes, which are included in the metabolism of phe-
nols and flavonoids. Phenolics and flavonoids in basil are favourable compounds due to their high antioxidative 
activities and interest in preserving agents to protect the human body against degenerative diseases caused by 

Figure 2.  Effect of bio-fertilizers on the concentrations of macro and micro elements in the basil leaf. MF 
Mineral fertilizers.
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oxidative  damage48. Jiménez-Gómez et al.49, reported that the inoculation of plants with different bacteria trains 
improves flavonoid content compared to the control treatment. The study reported that hydroponic cultivation 
improved antioxidant activity and increased the contents of vitamin C, total phenols and rosmarinic acid in basil 
compared to soil-grown  ones50. The inoculation of basil with a mixture of Pseudomonas putida 41, Azotobacter 
chroococcum 5, Azospirillum lipoferum strains presented the highest level of antioxidant activity as compared to 
the control  treatment51.

Conclusion
The increase in food production using minimal resources while protecting the environment and human health 
poses a severe challenge for humanity. Using bio-fertilizers represents a promising and environmentally friendly 
approach to increasing crop yields and ameliorating quality and antioxidant compounds with fewer resources. 
This fits very well with the UN Sustainability Goal 12: “Ensure sustainable consumption and production pat-
terns”. An application of bio-fertilizers in hydroponic cultivation of basil cv. ‘Dino’ reduced the need for mineral 
fertilizers. At the same time, bio-fertilizers affected an increased plant yield and improved product quality. 
Mycorrhiza was more effective in winter, late autumn, and the beginning of spring. Bacterial bio-fertilizers can 
be used successfully in warm periods, such as late spring and summer. In Chlorella vulgaris case, the mineral 
fertilisers could be reduced by more than 50% due to possible competition for mineral fertilizers from microalgae.

Data availability
All the relevant data have been provided in the manuscript. The corresponding author may provide additional 
details upon reasonable request.

Received: 22 August 2022; Accepted: 21 November 2022

References
 1. Gruda, N. Increasing sustainability of growing media constituents and stand-alone substrates in soilless culture systems. Agronomy 

9, 298 (2019).
 2. Savvas, D. & Gruda, N. Application of soilless culture technologies in the modern greenhouse industry: A review. Eur. J. Hortic. 

Sci. 83, 280–293 (2018).
 3. Swain, A. & Subhrajyoti, C. Hydroponics in vegetable crops: A review. Pharma Innov. J. 10, 629–634 (2021).
 4. Son, J. E., Kim, H. J. & Ahn, T. I. Hydroponic systems. in Plant Factory, 273–283 (Elsevier, 2020).
 5. Palande, V., Zaheer, A. & George, K. Fully automated hydroponic system for indoor plant growth. Procedia Comput. Sci. 129, 

482–488 (2018).
 6. Shrestha, A. & Dunn, B. Hydroponics Oklahoma Cooperative Extension Service Sheets HLA-6442. http:// osufa cts. oksta te. edu (2013).
 7. Batsatsashvili, K., Kikvidze, Z., & Bussmann, R.W. Ethnobotany of the mountain regions of far eastern Europe: Ural, Northern 

Caucasus, Turkey, and Iran. (Springer, 2020).
 8. Rubab, S. et al. Biomedical description of Ocimum basilicum L. J. Islam. Int. Med. Coll. 12, 59–67 (2017).
 9. Benabdallah, H., Benchikh, F. & Amira, S. Ethnopharmacological study and evaluation of the antioxidant activity of Ocimum 

basilicum L. Extracts. J. Drug Deliv. Ther. 10, 132–137 (2020).
 10. Santamaria, P. Nitrate in vegetables: Toxicity, content, intake and EC regulation. J. Sci. Food Agric. 86, 10–17 (2006).
 11. Gruda, N., Savvas, D., Colla, G. & Rouphael, Y. Impacts of genetic material and current technologies on product quality of selected 

greenhouse vegetables: A review. Eur. J. Hortic. Sci. 83, 319–328 (2018).
 12. Calabi-Floody, M. et al. Smart Fertilizers as a Strategy for Sustainable Agriculture, 119–157 (Springer, 2018).
 13. Zhao, S. et al. Change in straw decomposition rate and soil microbial community composition after straw addition in different 

long-term fertilization soils. Appl. Soil Ecol. 138, 123–133 (2019).
 14. Reganold, J. P. & Wachter, J. M. Organic agriculture in the twenty-first century. Nat. Plants. 2, 15221 (2016).
 15. Ergun, O., Dasgan, H. Y. & Isık, O. Effects of microalgae Chlorella vulgaris on hydroponically grown lettuce. Acta Hortic. 1273, 

169–176 (2018).
 16. Cataldo, D. A., Maroon, M., Schrader, L. E. & Youngs, V. L. Rapid colorimetric determination of nitrate in plant tissue by nitration 

of salicylic acid. Commun. Soil Sci. Plant Anal. 6, 71–80 (1975).
 17. Barton, C. J. Photometric analysis of phosphate rock. Anal. Chem. 20, 1068–1073 (1948).

Table 6.  Effects of bio-fertilizers on the vitamin C, total phenols and flavonoids contents in basil leaves grown 
in floating culture. There is no significant difference between means with the same letter in the same column, 
LSD the least significant difference. FW Fresh weight, GA Gallic acid, RU Rutin.

Treatments Vitamin C (mg 100 g  FW−1) Total phenols (mg GA/100 g FW)
Total flavonoids (mg RU/100 g 
FW)

100% mineral fertilizers 64.04a 37.04ab 41.12b

50% mineral fertilizers 61.27ab 33.26c 42.58b

50% mineral fertilizers + micro-
algae 62.50a 31.92c 40.74b

50% mineral fertilizers + bacteria 47.39b 39.16a 57.06a

50% mineral fertilizers + mycor-
rhiza 63.83a 33.56bc 44.62b

LSD0.05 2.436 4.89 9.81

p-value 0.1226 0.0019  < 0.0001

http://osufacts.okstate.edu


9

Vol.:(0123456789)

Scientific Reports |        (2022) 12:20917  | https://doi.org/10.1038/s41598-022-24799-x

www.nature.com/scientificreports/

 18. Sáez-Plaza, P., Navas, M. J., Wybraniec, S., Michałowski, T. & Asuero, A. G. An overview of the Kjeldahl method of nitrogen deter-
mination. Part II sample preparation, working scale, instrumental finish, and quality control. Crit. Rev. Anal. Chem. 43, 224–272 
(2013).

 19. Spanos, G. A. Influence of processing and storage on the phenolic composition of Thompson seedless grape juice. J. Agric. Food 
Chem. 38, 1565–1571 (1990).

 20. Quettier-Deleu, C. et al. Phenolic compounds and antioxidant activities of buckwheat (Fagopyrum esculentum Moench) hulls and 
flour. J. Ethnopharmacol. 72, 35–42 (2000).

 21. Elgailani, I. E. H., Elkareem, M., Noh, E., Adam, O. & Alghamdi, A. Comparison of two methods for the determination of vitamin 
C (ascorbic acid) in some fruits. Am. J. Chem. 2, 1–7 (2017).

 22. Gavito, M. E. et al. Temperature constraints on the growth and functioning of root organ cultures with arbuscular mycorrhizal 
fungi. New Phytol. 168, 179–188 (2005).

 23. Ndeko, A. B., Founoune-Mboup, H., Kane, A. & Cournac, L. Arbuscular mycorrhizal fungi alleviate the negative effect of tem-
perature stress in millet lines with contrasting soil aggregation potential. Gesunde Pflanz. 74, 53–67 (2022).

 24. Ratomski, P. & Hawrot-Paw, M. Influence of nutrient-stress conditions on Chlorella vulgaris biomass production and lipid content. 
Catalysts 11, 573 (2021).

 25. El-Tohamy, W. A., El-Abagy, H. M., El-Greadly, N. H. & Gruda, N. Hormonal changes, growth and yield of tomato plants in 
response to chemical and bio-fertilization application in sandy soils. J. Appl. Bot. Food Qual. 82, 179–182 (2009).

 26. Saleem, M., Arshad, M., Hussain, S. & Bhatti, A. S. Perspective of plant growth promoting rhizobacteria (PGPR) containing ACC 
deaminase in stress agriculture. J. Ind. Microbiol. Biotechnol. 34, 635–648 (2007).

 27. Azizoglu, U. et al. The fate of plant growth-promoting rhizobacteria in soilless agriculture: Future perspectives. 3 Biotech. 11, 382 
(2021).

 28. Bayözen, A. & Yildiz, A. Determination of mycorrhizae interactions and pathogenicity of Rhizoctonia solani Kühn isolated from 
strawberry and Xanthium strumarium. Turk. J. Biol. (2009).

 29. Gómez-Bellot, M. J. et al. Influence of arbuscular mycorrhizal fungi and treated wastewater on water relations and leaf structure 
alterations of Viburnum tinus L. plants during both saline and recovery periods. J. Plant Physiol. 188, 96–105 (2015).

 30. Ricci, E., Schwinghamer, T., Fan, D., Smith, D. L. & Gravel, V. Growth promotion of greenhouse tomatoes with Pseudomonas sp. 
and Bacillus sp. biofilms and planktonic cells. Appl. Soil Ecol. 138, 61–68 (2019).

 31. Wortman, S. E. Crop physiological response to nutrient solution electrical conductivity and pH in an ebb-and-flow hydroponic 
system. Sci. Hortic. 194, 34–42 (2015).

 32. Maboko, M. M. & Du, C. P. High-plant density planting of basil (Ocimum basilicum L.) during summer/fall growth season improves 
yield in a closed hydroponic system. Acta Agric. Scand. 63, 748–752 (2013).

 33. Moncada, A., Miceli, A. & Vetrano, F. Use of plant growth-promoting rhizobacteria (PGPR) and organic fertilization for soilless 
cultivation of basil. Sci. Hortic. 275, 109733 (2021).

 34. Chandrasekaran, M., Chanratana, M., Kim, K., Seshadri, S. & Sa, T. Impact of arbuscular mycorrhizal fungi on photosynthesis, 
water status, and gas exchange of plants under salt stress: A meta-analysis. Front. Plant Sci. 10, 1–10 (2019).

 35. Begum, N. et al. Role of Arbuscular mycorrhizal fungi in plant growth regulation: Implications in abiotic stress tolerance. Front. 
Plant Sci. 10, 1–10 (2019).

 36. Sahu, P. K. et al. Endophytic bacilli from medicinal-aromatic perennial Holy basil (Ocimum tenuiflorum L.) modulate plant growth 
promotion and induced systemic resistance against Rhizoctonia solani in rice (Oryza sativa L.). Biol. Control 150, 104353 (2020).

 37. Olawuyi, O. J. et al. Accession × Treatment interaction, variability and correlation studies of pepper (Capsicum spp.) under the 
Influence of arbuscular mycorrhiza fungus (Glomus clarum) and cow dung. Am. J. Plant Sci. 05, 683–690 (2014).

 38. Rouphael, Y. et al. Nutritional quality of hydroponically grown basil in response to salinity and growing season. Acta Hortic. 1227, 
693–698 (2017).

 39. Orsini, F. & De Pascale, S. Daily variation in leaf nitrate content of two cultivars of hydroponically grown basil. Acta Hortic. 747, 
203–210 (2006).

 40. Guo, W. et al. Effects of arbuscular mycorrhizal fungi on maize (Zea mays L.) and sorghum (Sorghum bicolor L. Moench) grown 
in rare earth elements of mine tailings. Appl. Soil Ecol. 72, 85–92 (2013).

 41. Kowalska, I., Anna, K., Maciej, G. & Włodzimierz, S. Effect of mycorrhiza and phosphorus content in nutrient solution on the 
yield and nutritional status of tomato plants grown on rockwool or coconut coir. Agric. Food Sci. 24, 39–51 (2015).

 42. Kahiluoto, H., Ketoja, E. & Vestberg, M. Plant-available P supply is not the main factor determining the benefit from arbuscular 
mycorrhiza to crop P nutrition and growth in contrasting cropping systems. Plant Soil 350, 85–98 (2012).

 43. Ravnskov, S. & Jakobsen, I. Functional compatibility in arbuscular mycorrhizas measured as hyphal P transport to the plant. New 
Phytol. 129, 611–618 (1995).

 44. Neumann, E. & George, E. Nutrient uptake: The arbuscular mycorrhiza fungal symbiosis as a plant nutrient acquisition strategy. 
in Arbuscular Mycorrhizas: Physiology and Function, 137–167. (Springer, 2010).

 45. Aslani, Z. et al. Effects of arbuscular mycorrhizal (AM) fungi on growth, essential oil production and nutrients uptake in basil. J. 
Med. Plants Res. 4, 2222–2228 (2010).

 46. Carrillo-Castañeda, G., Juárez Muñoz, J., Ramón Peralta-Videa, J., Gomez, E. & Gardea-Torresdey, J. L. Plant growth-promoting 
bacteria promote copper and iron translocation from root to shoot in alfalfa seedlings. J. Plant Nutr. 26, 1801–1814 (2002).

 47. Zaheer, I. E. et al. Interactive role of zinc and iron lysine on Spinacia oleracea L. growth, photosynthesis and antioxidant capacity 
irrigated with tannery wastewater. Physiol. Mol. Biol. Plants. 26, 2435–2452 (2020).

 48. Filip, S. Basil (Ocimum basilicum L.) a source of valuable phytonutrients. Int. J. Clin. Nutr. Diet. 3, 118 (2017).
 49. Jiménez-Gómez, A., Celador-Lera, L., Fradejas-Bayón, M. & Rivas, R. Plant probiotic bacteria enhance the quality of fruit and 

horticultural crops. AIMS Microbiol. 3, 483–501 (2017).
 50. Sgherri, C., Cecconami, S., Pinzino, C., Navari-Izzo, F. & Izzo, R. Levels of antioxidants and nutraceuticals in basil grown in 

hydroponics and soil. Food Chem. 123, 416–422 (2010).
 51. Kourosh, O. Investigation of PGPR on antioxidant activity of essential oil and microelement. Adv. Environ. Biol. 5, 1114–1119 

(2011).
 52. Narendra Babu, A., Jogaiah, S., Ito, S., Kestur Nagaraj, A. & Tran, L. S. P. Improvement of growth, fruit weight and early blight 

disease protection of tomato plants by rhizosphere bacteria is correlated with their beneficial traits and induced biosynthesis of 
antioxidant peroxidase and polyphenol oxidase. Plant Sci. 231, 62–73 (2015).

Author contributions
Conceptualization F.E. and H.Y.D., Data curation F.E., H.Y.D. and A.A., Funding acquisition H.Y.D., Investiga-
tion F.E., H.Y.D. and A.A., Methodology H.Y.D. and B.I., Resources H.Y.D., Software A.A. and B.I., Supervision 
H.Y.D., Visualization F.E., H.Y.D. and A.A., Writing-original draft F.E., H.Y.D. and A.A., review and editing N.S.G.



10

Vol:.(1234567890)

Scientific Reports |        (2022) 12:20917  | https://doi.org/10.1038/s41598-022-24799-x

www.nature.com/scientificreports/

Funding
Open Access funding enabled and organized by Projekt DEAL. This work was supported by the Cukurova Uni-
versity Project No. FYL-2019-11686.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to H.Y.D. or N.S.G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Effect of biofertilizers on leaf yield, nitrate amount, mineral content and antioxidants of basil (Ocimum basilicum L.) in a floating culture
	Material and methods
	Plant material and growing conditions of basil in a floating system. 
	Experimental design. 
	Bio-fertilizers. 
	Yield, yield components and quality of basil leaves. 
	Measurement of basil yield, leaf area, and its number at four harvest. 
	Evaluation of the number of branches, stem diameter, dry matter and its solubility. 
	Measurement of EC, pH, and nitrate amount of basil leaf. 
	Determination of micro and macro elements in basil leaf. 
	Determination of total phenolic substance, flavonoids and vitamin C leaf. 

	Statistical analysis. 

	Results and discussion
	Effect of bio-fertilizers on yield, leaf area, and number at four harvest. 
	Effect of bio-fertilizers on pH, EC, and solubility of dry matter of basil leaf. 
	Effect of bio-fertilizers on stem diameter, dry matter, and number of branches in basil. 
	Effect of bio-fertilizers on nitrate amount in basil leaf. 
	Effect of bio-fertilizers on macro elements in basil leaf. 
	Effect of bio-fertilizers on microelements in basil leaf. 
	Effect of bio-fertilizes on vitamin C, total phenols and flavonoids contents in basil leaf. 

	Conclusion
	References


