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ABSTRACT 
The present study evaluates the effect of Chlorella vulgaris suspension used as a biofertilizer 
in sunflower (Helianthus annuus L.) cultivation under field conditions in the Republic of 
Moldova during the 2025 agricultural year. The experiment included pre-sowing seed 
treatment, soil application, and foliar treatments with algal suspension, compared with a 
control treated with distilled water. 
Morpho-physiological and biochemical parameters were analyzed, including field emergence, 
plant height at different ontogenetic stages, yield, and seed quality indicators. Results showed 
that Chlorella vulgaris positively influenced early plant development, increasing field 
emergence by 4.90% (relative growth of 5.93%). 
Treated plants showed improved growth during early ontogenetic stages, while final yield 
increased by about 10%. Significant improvements were also observed in seed quality, 
particularly oleic acid content (+29.16%), oil content (+4.14%), and protein content 
(+2.11%). 
These findings highlight the potential of Chlorella vulgaris as an effective and sustainable 
biofertilizer that enhances sunflower productivity and quality while supporting 
environmentally friendly agricultural practices. 
Keywords: Chlorella vulgaris, biofertilizers, sunflower, crops. 
 
1. INTRODUCTION 
Sunflower (Helianthus annuus L.) is one of the most important oilseed crops worldwide, 
ranking after soybean, oil palm, and canola [1]. Its seeds are valued for their proteins, fibers, 
minerals, and phenolic compounds, which explains its wide cultivation across diverse 
agroecological regions [5]. 
Efficient fertilization is essential for sunflower production. Conventional agriculture mainly 
relies on mineral fertilizers (N, P, K), applied according to soil type and environmental 
conditions [8, 14]. Although these inputs sustain high yields, long-term use may cause soil 
degradation, reduced biological activity, lower humus content, and environmental pollution.  
Biofertilizers and biostimulants are sustainable alternatives that improve nutrient availability 
and stimulate plant growth through biological processes [2]. Among them, microalgae have 
gained attention for their multifunctional role in soil–plant systems, contributing to better soil 
structure, nutrient cycling, water retention, and growth stimulation through bioactive 
compounds [4, 6, 10, 12, 15, 16]. One of the most studied microalgae is Chlorella vulgaris, 
widely used as a biostimulant due to its rapid growth, metabolic versatility, and rich 
biochemical composition. Its biomass provides organic matter and bioactive compounds that 
may enhance soil fertility and plant development [18]. Therefore, this study aimed to evaluate 
the effect of Chlorella vulgaris suspension on field emergence, growth, and selected quality 
parameters of sunflower seeds. 
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2. MATERIALS AND METHODS 
The experiments were conducted using a Chlorella vulgaris strain maintained in the 
collection of the Scientific Research Laboratory of Algology “V. Șalaru” at Moldova State 
University. An algal suspension in the exponential growth phase was applied, with a 
concentration of 2.98 g/L absolutely dry biomass. Field trials were performed during the 2025 
agricultural year, following classical experimental design methods [17], on farmland near 
Hîrtopul Mic, managed by SRL Schim Agromex. The experimental soils were classified as 
typical moderately humus-rich chernozems. 
Seeds of Helianthus annuus L. were treated before sowing by spraying with an algal 
suspension, while distilled water was used for the control. Seeds were then sown at a depth of 
3 cm according to standard agricultural practices. Each experimental variant covered 100 ha. 
The algal suspension was applied to the soil immediately after sowing at 100 L/ha. Three 
additional foliar treatments were performed at key ontogenetic stages, each at 5 L/ha. 
In both variants, soil fertilization was identical. In autumn 2024, pea green manure was 
incorporated into the soil. In spring 2025, 2000 kg/ha of solid fertilizer and 5 L/ha of liquid 
bioorganomineral fertilizer were applied, with chemical composition described in specialized 
literature [9]. 
Field emergence was determined under field conditions using representative sampling plots. 
In each experimental variant, three randomly selected plots of 1 m² were used to record the 
total number of sown seeds and emerged plants. Field emergence was calculated as the 
percentage of emerged plants relative to the total number of sown seeds. 
Plant morphological changes were evaluated through field measurements at different 
ontogenetic stages until harvest. The main parameters assessed (in 20 replicates) were plant 
height, stem diameter, leaf development, and capitulum size. 
Seed quality was determined using the Spectra Star XT Analyzer. Data processing included 
calculation of the arithmetic mean (M), standard error (m), differences compared with the 
control, relative increase, Student’s t-test, degrees of freedom (df), probability of differences 
(p) and effect size (Cohen’s d). All determinations were performed in 5 replicates under 
comparable conditions for both experimental variants to ensure the reliability and relevance of 
the results. 
 
3. RESULTS AND DISCUSSION 
The results obtained in this study are aligned with the main objective of evaluating the effect 
of Chlorella vulgaris on the early stages of development of Helianthus annuus L., particularly 
on seed field emergence and initial plant establishment under field conditions. 
As shown in Table 1, the application of Chlorella vulgaris suspension increased the field 
emergence of sunflower seeds compared with the control. The difference was +4.90%, 
corresponding to a relative increase of 5.93%. Statistical analysis showed a Student’s t-test 
value of 8.77, with df = 398 and p < 0.0001, indicating a highly significant difference between 
variants. The effect size, expressed as Cohen’s d, reached 0.88, reflecting a strong biological 
effect. 
These results demonstrate that Chlorella vulgaris suspension positively influenced seed field 
emergence and improved crop establishment at early growth stages. The data confirm the 
biostimulant role of algal biomass in enhancing the initial development of sunflower plants. 
The morphological analysis of sunflower plant height (Table 2) indicates that the application 
of Chlorella vulgaris had a positive effect on plant growth, particularly in the early 
ontogenetic stages.  
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Table 1. Influence of Chlorella vulgaris suspension on sunflower field emergence, % 
Experimental 

variants 
Field 

emergence (%) 
(M±m) 

Difference 
from control 

(%) 

Relative 
growth (%) 

t df p Cohen’s d 

Control 82,60±0,40 - - - - - - 
Algal 

treatment 
87,50±0,39 +4,90 5,93 8,77 398 <0,0001 0,88 

 
Table 2. Influence of Chlorella vulgaris suspension on sunflower plant height, cm 

Growth 
stage 

Control 
(M±m) 

Algal 
treatment 
(M±m) 

Difference 
(cm) 

t df p Cohen's 
d 

Complete 
emergence 

5,01±0,03 5,50±0,02 0,49 13,59 398 0,0000 1,36 

Two pairs 
of leaves 

11,05±0,50 13,08±0,71 2,03 2,34 398 0,0199 0,23 

Bud stage 65,20±2,13 68,45±2,45 3,25 1,00 398 0,3174 0,10 
Flower 152,35±10,21 157,42±11,21 5,07 0,33 398 0,7383 0,03 

Full 
maturity 

165,60±10,14 168,30±10,45 2,70 0,19 398 0,8530 0,02 

 
During complete emergence, plant height in the treated variant (5.50 ± 0.02 cm) was 
significantly higher than in the control (5.01 ± 0.03 cm), with a difference of 0.49 cm (t = 
13.59, p < 0.0001, Cohen’s d = 1.36), indicating a strong effect. At the stage of two pairs of 
true leaves, treated plants also showed significantly greater height, with a difference of 2.03 
cm (p = 0.0199), although the effect size was relatively small (Cohen’s d = 0.23). In the 
subsequent stages (bud formation, flowering, and full maturity), the treated variant maintained 
higher average values, but differences were not statistically significant (p > 0.05), and effect 
sizes were low. This suggests that the stimulatory effect of Chlorella vulgaris suspension was 
more pronounced during early plant development and diminished at later stages, likely under 
the influence of abiotic factors such as reduced soil moisture. 
The application of Chlorella vulgaris had a beneficial effect on yield, which increased by 
approximately 10% (Fig. 1), and modified the biochemical composition of sunflower seeds 
(Table 3). The most representative changes were recorded in palmitic acid (+3.04%), oleic 
acid (+29.16%), linoleic acid (+3.16%), protein (+2.11%), and oil content (+4.14%). 
These results indicate that the application of Chlorella vulgaris suspension improves seed 
biochemical quality, with positive implications for the production of high-quality sunflower 
oil. 
Table 3. Effect of applying Chlorella vulgaris suspension on sunflower seed quality, % 

Indicator Control 
(M±m) 

Algae 
(M±m) 

Absolute 
difference 

Relative 
difference 

(%) 

t df p Cohen's 
d 

Moisture 5,77±0,17 5,68±0,02 -0,09 -1,56 -0,51 4 0,6363 -0,42 
Palmitic acid 7,89±0,30 8,13±0,39 0,24 3,04 0,49 4 0,6512 0,40 
Stearic acid 7,93±0,17 7,90±0,28 -0,03 -0,38 -0,09 4 0,9314 -0,07 
Oleic acid 17,49±0,31 22,59±0,21 5,10 29,16 13,62 4 0,0002 11,12 

Acid linoleic 68,28±2,40 70,44±2,39 2,16 3,16 0,64 4 0,5583 0,52 
Protein 14,66±0,06 14,97±0,12 0,31 2,11 2,31 4 0,0820 1,89 

Oil 42,56±0,19 44,32±0,20 1,76 4,14 6,38 4 0,0031 5,21 
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Figure1. Influence of Chlorella vulgaris suspension application on sunflower yield, t/ha 

According to numerous studies, Chlorella vulgaris contains various biologically active 
compounds, including proteins, enzymes, antioxidants, and phytohormones, which stimulate 
plant growth, regulate nutrient uptake, enhance plant immunity, and improve tolerance to 
stress factors [3]. Previous studies reported that its application to Lactuca sativa seeds 
stimulated germination and increased plant growth and biomass [7]. Likewise, in tomato 
cultivation, Chlorella vulgaris treatment promoted plant height and improved biochemical 
traits, particularly chlorophyll a, b, and carotenoid contents [11]. The results obtained in the 
present study are consistent with these findings, confirming the positive biostimulant effect of 
Chlorella vulgaris. Similar to previous reports, our research demonstrated enhanced seed 
germination, improved plant growth, increased yield, and better seed quality, highlighting the 
broad applicability of this microalga in sustainable crop production. 

5. CONCLUSIONS 
The results obtained in this study demonstrate that the application of Chlorella vulgaris 
suspension as a biofertilizer has a positive effect on sunflower cultivation under the 
conditions of the Republic of Moldova. The treatment increased field emergence by 4.90%, 
indicating improved seed germination and better crop establishment during the early growth 
stages. 
The influence of the algal suspension on plant growth was more pronounced during the initial 
ontogenetic phases, when significant increases in plant height were observed. In later 
developmental stages, although treated plants maintained slightly higher values, the 
differences were not statistically significant, suggesting that environmental factors may have 
influenced growth dynamics. 
The beneficial impact of Chlorella vulgaris on sunflower yield highlights the practical 
importance of this treatment in agricultural production systems. Furthermore, important 
improvements in seed quality were recorded, particularly in oleic acid, protein, and oil 
contents, which are essential parameters for the nutritional and industrial value of sunflower. 
Overall, the findings confirm that Chlorella vulgaris suspension can be successfully used as a 
sustainable biofertilizer, contributing to enhanced productivity and quality of sunflower crops. 
Its use represents a promising approach for reducing dependence on chemical fertilizers and 
promoting environmentally friendly agricultural practices. 

 
ACKNOWLEDGMENTS  
This work was supported research subprograms 010102, 010801 funded by the Ministry of 
Education and Research, Republic of Moldova.  
 
DECLARATIONS  
The authors declare that they have no conflict of interest.  
Author Contributions: The authors contributed equally to the research presented in the article. 

3,2

3,4

3,6

3,8

4

Control Algae

29 
 

Data Availability Statement: The datasets generated during the current study are available 
from the corresponding author upon reasonable request.  
Ethics Statement: Not applicable, 
Originality Statement: The authors confirm that this manuscript is original, has not been 
published previously, and is not under consideration elsewhere.  
 
REFERENCES 
1. Adeleke, B,S., Babalola, O.O. (2020). Oilseed crop sunflower (Helianthus annuus) as a source of 

food: Nutritional and health benefits. Food Sci, Nutri, 8, 4666–4684. DOI:10.1002/fsn3.1783.  
2. Al-Juheishy, W. (2025). Effect of biofertilizers in increasing sunflower crop productivity: a 

review. Journal For Agricultural Sciences, 16(1), 67-73. DOI:10.58928/ku25.16108.  
3. Ammar, E.E., Aioub, A.A., Elesawy, A.E., Karkour, A.M., Mouhamed, M.S., Amer, A.A., El-

Shershaby, N.A. (2022). Algae as bio-fertilizers: Between current situation and future 
prospective. Saudi Journal of Biological Sciences, 29(5), 3083–3096. 

4. Bowker, M.A., Reed, S.C., Maestre, F.T., Eldridge, D.J. (2018). Biocrusts: the living skin of the 
earth. Plant and Soil, V, 429, 1–7.  

5. De Oliveira, Filho, J.G., Egea, M.B. (2021). Sunflower seed byproduct and its fractions for food 
application: An attempt to improve the sustainability of the oil process. J, Food Sci, 86, 1497–
1510. DOI:10.1111/1750-3841.15719.  

6. Etesami, Ha, (2025). Resilient pioneers: The ecological role of cyanobacteria in desert 
ecosystems. Applied Soil Ecology, Vol, 212, https://doi,org/10,1016/j,apsoil,2025,106173. 

7. Faheed Fayza, A., FATTAH, Z. A.B. (2008). Effect of Chlorella vulgaris as biofertilizer on 
growth parameters and metabolic aspects of Lettuce plant. Journal of agriculture & social 
sciences, Vol. 4, No. 4, 165-169. http://www.fspublishers.org/published_papers/71170_..pdf.  

8. Handayati, W., Sihombing, D. (2019). Study of NPK fertilizer effect on sunflower growth and 
yield, In AIP Conference Proceedings, 13–14 March 2019, Malang Indonesia; AIP Publishing 
LLC: Melville, NY, USA, 030-031. https://doi.org/10.1063/1.5115635.  

9. Jigău, Gh., Dobrojan, S., Turchin, B., Sprîncean, E., Sprincean, N. (2022). Obţinerea şi utilizarea 
preparatelor bioorganominerale în tehnologiile modernizate de adaptare a solurilor la schimbările 
climatice. Ghid practice. Chisinau, CEP: USM, p. 43.  

10. Prasad, R,C., Prasad, B,N. (2001). Cyanobacteria as a source biofertilizer for sustainable 
agriculture in Nepal. J, Plant Sci, Bot, Orient, 1 127–133.  

11. Riaz, S., Nadeem, K., Noureen, M. (2025). Effect of Chlorella vulgaris as a potential bio-
fertilizer on lycopersicon esculentum. Plant Bulletin, 4(1), 31-41. 
DOI:10.55627/pbulletin.004.01.835 

12. Rodríguez, A.A., Stella, A,M., Storni, M,M., Zulpa, G., Zaccaro, M.C. (2006). Effects of 
cyanobacterial extracellular products and gibberellic acid on salinity tolerance in Oryza sativa L, 
Saline Syst, 2 (1), 7, https://doi.org/10,1186/1756-1448-2-7.  

13. Roger, P.A., Reynaud, P,A. (1982). Free-living blue-green algae in tropical soils. Microbiology 
of Tropical Soils and Plant Productivity, Springer, Dordrecht, 147–168.  

14. Simoes, W,L., Da Silva, J,S., Oliveira, A,R., Regitano Neto, A., Drumond, M,A., Lima, J.A., 
Nascimento, B.R. (2020). Sunflower cultivation under different irrigation systems and planting 
spacings in the sub-middle region of Sao Francisco Valley, Semin, Cienc, Agrar, Londrina 41, 
2899–2910. http://www.alice.cnptia.embrapa.br/alice/handle/doc/1130148. 

15. Subramanian, G., Uma L. (1996). Cyanobacteria in pollution control. J, Sci, Ind, Res, 55, 685–
692. 

16. XueFeng, Ch., ShiRu, J., Yue, W., Ning, W. (2010). Biological crust of Nostoc flagelliforme 
(cyanobacteria) on sand bed materials. Journal of Applied Phycology, vol, 23, 67–71. 

17. Доспехов, Б.А. (1985). Методика полевого опыта. М., 351 с. 
18. Шентерова Е.М., Мазиров М.А., Гафурова, Л.А., Джалилова, Г.Т. (2020). Биология и 

экология почв. Владимир: Изд-во ВлГУ, 217 с. 
 

  



28 
 

 
Figure1. Influence of Chlorella vulgaris suspension application on sunflower yield, t/ha 

According to numerous studies, Chlorella vulgaris contains various biologically active 
compounds, including proteins, enzymes, antioxidants, and phytohormones, which stimulate 
plant growth, regulate nutrient uptake, enhance plant immunity, and improve tolerance to 
stress factors [3]. Previous studies reported that its application to Lactuca sativa seeds 
stimulated germination and increased plant growth and biomass [7]. Likewise, in tomato 
cultivation, Chlorella vulgaris treatment promoted plant height and improved biochemical 
traits, particularly chlorophyll a, b, and carotenoid contents [11]. The results obtained in the 
present study are consistent with these findings, confirming the positive biostimulant effect of 
Chlorella vulgaris. Similar to previous reports, our research demonstrated enhanced seed 
germination, improved plant growth, increased yield, and better seed quality, highlighting the 
broad applicability of this microalga in sustainable crop production. 

5. CONCLUSIONS 
The results obtained in this study demonstrate that the application of Chlorella vulgaris 
suspension as a biofertilizer has a positive effect on sunflower cultivation under the 
conditions of the Republic of Moldova. The treatment increased field emergence by 4.90%, 
indicating improved seed germination and better crop establishment during the early growth 
stages. 
The influence of the algal suspension on plant growth was more pronounced during the initial 
ontogenetic phases, when significant increases in plant height were observed. In later 
developmental stages, although treated plants maintained slightly higher values, the 
differences were not statistically significant, suggesting that environmental factors may have 
influenced growth dynamics. 
The beneficial impact of Chlorella vulgaris on sunflower yield highlights the practical 
importance of this treatment in agricultural production systems. Furthermore, important 
improvements in seed quality were recorded, particularly in oleic acid, protein, and oil 
contents, which are essential parameters for the nutritional and industrial value of sunflower. 
Overall, the findings confirm that Chlorella vulgaris suspension can be successfully used as a 
sustainable biofertilizer, contributing to enhanced productivity and quality of sunflower crops. 
Its use represents a promising approach for reducing dependence on chemical fertilizers and 
promoting environmentally friendly agricultural practices. 
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