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Cyanobacteria are widely distributed across numerous ecosystems that include aquatic, terrestrial as well as extreme habitats such as the polar regions, hypersaline waters, hot springs, and deserts. They are known to play a key role in bringing oxygen on Earth. The present investigation reports the potential of Desertifilum sp. PSL17, a freshwater blue-green algae, to produce indole 3-acetic acid (IAA) and ammonia and also trigger the efficient germination of rice and promote the growth of green gram (Vigna radiata). Desertifilum sp. PSL17 was found to produce significant amounts of IAA (87.3 µg/mL) under optimal growth conditions. Tryptophan (trp) induction, promoting a 2.3-fold increase in IAA production, signifies trp-mediated IAA production in Desertifilum sp. PSL17. Rice seeds exhibited remarkable germination ability in the presence of the alga in comparison to untreated seeds. When co-cultivated with green gram (Vigna radiata), it exhibited a profound impact on plant growth promotion, resulting in increased root length, shoot length, and biomass production compared to the control. The substantial production of IAA and ammonia by Desertifilum sp. PSL17 plays a pivotal role in plant growth promotion. Our findings suggest that this freshwater Desertifilum sp. PSL17 has enormous prospective as a biofertilizer for promoting sustainable agriculture practices, particularly for green gram cultivation.
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1 Introduction

Cyanobacteria, also called blue-green algae, are the oldest forms of life. They take part in biological processes such as the biogeochemical cycling of oxygen, nitrogen, and carbon and are known as one of the most important primary producers (Sharma et al., 2011). Cyanobacteria have long been recognized for their capacity to produce a wide array of bioactive compounds, including pigments, polysaccharides, and fatty acids. These secondary metabolites are of significant interest due to their antioxidant, antimicrobial, and anti-inflammatory properties, among other health benefits (Bouyahya et al., 2024). Desertifilum, a relatively recent addition to the genus of filamentous cyanobacteria, represents a fascinating subject of study due to its remarkable adaptations to extreme environments such as desert soil crusts and saline–alkaline lakes. This genus, first described in 2012 (Dadheech et al., 2012), is known for its unique ability to survive and thrive under harsh conditions, including high temperatures, intense UV radiation, and desiccation (Cellamare et al., 2018). The growing interest in Desertifilum is driven not only by its ecological significance but also by its potential applications in biotechnology and medicine, given its rich phytochemical composition and diverse biological activities (Shawer et al., 2022). Desertifilum, with its unique habitat and physiological traits, presents a promising source of such valuable compounds. However, comprehensive studies focusing on its phytochemical profile, detailed characterization, and the potential biological activities of its metabolites remain sparse.

Cyanobacteria have been reported to produce important growth regulators such as gibberellins, auxins, ethylene, cytokinin, abscisic acid, and jasmonic acid (Wang and Irving, 2011). One of the most physiologically active members of the auxin family of phytohormones is IAA. Root initiation and elongation and a number of other processes concerned with the differentiation and proliferation of plant tissues are carried out by IAA (Aloni, 2013). Sergeeva et al. (2002) have demonstrated the ability of cyanobacteria to produce IAA. It is a universal fact that trp serves as a precursor for the biosynthesis of auxin in plants and microorganisms, and the addition of trp always has a stimulating effect (Spaepen et al., 2007). Microorganisms utilize trp-dependent pathways in the production of IAA. The growth of rice treated with the culture of Phormidium sp. exhibited varied growth parameters based on the type of fractions used, the culture concentrations, and the form of culture used for the extraction process (Jaiswal et al., 2018). Microorganisms, in addition to balancing mineral nutrition and naturally fertilizing the soils, synthesize growth-promoting substances which improve plant health (Jacob and Paranthaman, 2023; Lelapalli et al., 2021). Cyanobacteria, in addition to nitrogen fixation, carry out oxygenic photosynthesis and release an ample number of substances, both organic and inorganic, in the culture medium, which are considered as significant factors toward plant growth promotion (Singh, 2014; Toribio et al., 2020). Researchers have reported promising results on the utilization of cyanobacteria in a hydroponic system by exhibiting plant growth promotion (Kholssi et al., 2021; Bharti et al., 2019).

A unique algal isolate from freshwater of Permabalum Lake, Tamil Nadu, India, caught our attention, sparking curiosity and prompting further investigation into its characteristics, which led to the identification of this isolate as Desertifilum. Significant phytochemicals and compounds were present in this algal extract which exhibited antibacterial properties against various human pathogens (Paheshwari et al., 2024). Understanding the chemical makeup of Desertifilum is essential for the exploration of its biotechnological potential. Considering the demand for sustainable agricultural practices and the need for eco-friendly alternatives, this study is aimed to investigate the potential of a freshwater Desertifilum sp. PSL17 to produce IAA and ammonia and promote the growth of green gram and induce seed germination in rice. By undertaking this study, we hoped to contribute to the development of a novel, sustainable, and environment-friendly approach to agricultural practices and to provide a scientific basis for the potential use of Desertifilum sp. PSL17 as a biofertilizer in rice and green gram cultivation.




2 Materials and methods



2.1 Production and quantification of IAA in Desertifilum sp. PSL17 culture

Screening for IAA production was evaluated by Salkowski’s colorimetric method (Babu et al., 2013). A 10-day-old culture grown in BG11 medium without trp supplement was taken to determine the IAA production. Various concentrations of the culture supernatant were taken, to which distilled water was added to make the volume up to 2 mL, followed by the addition of 2 mL of Salkowski’s reagent. The reaction mixture was kept in the dark for 30 min, followed by reading the absorbance at 535 nm in a UV spectrophotometer. For the standard solution, 1.0 mg of IAA (Hi-media) was dissolved in 1 mL of methanolic water and used as a stock.




2.2 Evaluation of IAA production in tryptophan-supplemented culture

The Desertifilum sp. PSL17 strain was inoculated in 10 test tubes containing 4 mL of BG11 medium with various concentrations of trp ranging from 10 to 100 μg/mL. Two test tubes were maintained as controls, one with BG11 containing a known concentration of IAA and the other contained culture in BG11 without trp. The contents of the test tubes were adjusted to a final volume of 5 mL each. All of the test tubes were incubated at 28°C–30°C for 3 days. The experiment was carried out in triplicates thrice. IAA estimation was conducted after 10, 20, and 30 days of incubation as per the standard protocol (Patten and Glick, 2002).




2.3 Methanol extraction of tryptophan-supplemented culture

To detect for the presence of IAA, methanol extract of Desertifilum sp. PSL17 grown in BG11 supplemented with trp was subjected to TLC (Ahmed et al., 2010). The 15-day-old culture was centrifuged and the supernatant was transferred to a fresh tube. Furthermore, 5 mL of the culture supernatant was taken in a tube and was added with twice the volume of methanol. The resultant mixture was poured in a petri plate and left undisturbed at room temperature until it completely evaporates. The IAA extract dissolved in methanol was spotted and developed on silica gel TLC plates using isopropanol/ammonia/water [10/1/1 (v/v/v)] as the mobile phase. The plates were then sprayed with the reagent (1% H2SO4 in 20 mL of methanol containing 10 mg of FeCl3) and heated in an oven at 80°C until color development.




2.4 Screening for ammonia production

Test tubes with 2 mL of peptone water were taken. To the sample tube, 200 µL of Desertifilum sp. PSL17 culture was added, and the total volume was made up to 3 mL using peptone water. One test tube was maintained as control where 3 mL of peptone water without the culture was taken. All of the tubes were incubated at 28°C for 4 days, followed by the addition of 1 mL of Nessler’s reagent to each tube, and the color change was observed and recorded (Afify and Ashour, 2018). The experiment was performed thrice in triplicates.




2.5 Effect of Desertifilum sp. PSL17 on rice germination on agar plates

Cell-free culture supernatant was evaluated for the ability to promote or inhibit seed germination and seedling growth (Jaiswal et al., 2018). Then, 5 mL each of 14- and 21-day-old culture supernatant (14-DOCS and 21-DOCS) were used for the bio-assay on rice seeds. The rice seeds were surface-sterilized with 0.1% HgCl2 for 3 min prior to the bio-assay, and three different variables of germinations in sterilized petri plates were taken in triplicates for the study. The first set of control plates was poured with 20 mL BG11 medium and agar, the second set of control plates was poured with 20 mL sterile water and agar, and the third set was the test plates where 5 mL of culture supernatant and agar were poured. An equal number of surface-sterilized seeds was placed on the agar, and all of the plates were incubated at 28°C in the dark to promote germination. After 15 days, the percentage of germination and the length (cm) of the shoots and roots were measured and recorded.




2.6 Evaluation of the growth promotion effect of Desertifilum sp. PSL17 on Vigna radiata

The plant-growth-promoting effect of Desertifilum sp. PSL17 was evaluated on green grams (Vigna radiata). Among the two variables employed to test the growth promotion effect of the alga, one was by soaking the seeds for 30 min in 15-day-old Desertifilum sp. PSL17 culture (algal seed priming) and the other was by directly mixing the surface-sterilized seeds with 15-day-old culture biomass (algal seed coating) before sowing in the cups. For the control, seeds without any treatment were used. Appropriate conditions were maintained for both the treated and control seeds, and growth parameters such as height of the seedling, shoot length, leaf length, leaf breadth, number of flowers, number of pods, and number of seeds were observed and recorded at 24-h interval for 30 days. After 30 days, the plants from one cup from both the treatment and control were uprooted, and their fresh weight, dry weight, root length, and shoot length were recorded and tabulated.

Data analysis was performed using OriginLab software trial version. The results were considered to be significant at P < 0.05. Correlation coefficient was calculated for the data wherever necessary.





3 Results



3.1 Production of IAA and ammonia by Desertifilum sp. PSL17

Desertifilum sp. PSL17 exhibited the ability to produce IAA and ammonia. The total amount of IAA synthesized was quantified by using the Salkowski colorimetric method, and it was compared with an authentic IAA curve. Using the standard as reference, it was found that the IAA concentration present in the 10-day-old culture extract was 87.3 µg/mL. No significant increase in the IAA concentration was observed with an increase in the days of incubation. Desertifilum sp. PSL17 showed remarkable results for IAA production when grown in the presence of varied concentrations of trp. The IAA estimation carried out after 10, 20, and 30 days showed an increase in the production of IAA as the days of incubation increased. The quantity of IAA produced at the 10th, 20th, and 30th day was 169.7, 209.2, and 247.3 µg/mL, respectively, in 50 µg/mL of trp-supplemented culture, which is a 2.3-fold increase in concentration when compared to the IAA produced in culture without trp supplement (Figure 1a). Ammonia production was evaluated by a color change observed in peptone water. Post-incubation, upon adding Nessler’s reagent, there was no color change in the peptone water without the culture (Figure 1b-A), whereas in the peptone broth with the culture, brown color formation was observed after the addition of Nessler’s reagent, which indicated the production of ammonia by Desertifilum sp. PSL17 (Figure 1b-B).




Figure 1 | Production of IAA and ammonia by Desertifilum sp. PSL17. (a) Effect of tryptophan supplementation on IAA production in Desertifilum sp. PSL17 culture over time. IAA production was significantly higher in the trp-supplemented (50 µg/mL) culture compared to the culture without trp with a 2.3-fold increase observed (p < 0.001). At day 10, IAA produced without trp was only 87.3 µg/mL, whereas in the trp-supplemented culture, IAA was 169.7 µg/mL. An increase in IAA production was observed with an increase in incubation time reaching a maximum of 247.3 µg/mL on day 30 in the trp-supplemented culture. In contrast, no significant increase in IAA production was observed in the culture without trp supplementation beyond day 30. The experiment was conducted in triplicates. OriginLab software was used to perform the graphical and statistical analysis. (b) Ammonia production in Desertifilum sp. PSL17 culture. Ammonia production by Desertifilum sp. PSL17 (A) peptone water without culture and (B) peptone water with culture after the addition of Nessler’s reagent, indicating the presence of ammonia. (c) TLC analysis of IAA in Desertifilum sp. PSL17 methanol extract. Thin-layer chromatography analysis of the methanol extract of Desertifilum sp. PSL17, showing the presence of IAA as indicated by the red color on the TLC plate. *-significant; **-very significant; ***-highly significant.






3.2 IAA detection in methanol extract using TLC

Detection of IAA in the methanolic extract on TLC revealed a red color on the TLC plate after spraying the chromatoplate with a reagent containing H2SO4, methanol, and FeCl3, indicating the production of IAA by Desertifilum sp. PSL17 (Figure 1c).




3.3 Evaluation of the plant growth promotion ability of Desertifilum sp. PSL17



3.3.1 Effect of Desertifilum sp. PSL17 on rice germination

Desertifilum sp. PSL17 cultures showed a positive effect on the seed germination of rice. After 15 days of incubation, the germination frequency was higher in the presence of cell-free supernatant as compared to control 2 (Figure 2a). In control 1, no germination was observed (result not shown). The germination percentage of the control was only 30% (Figures 2a-A, C), whereas the treated seeds were exhibiting a remarkable percentage of germination. The cell-free supernatant of 14-DOCS-treated rice grains resulted in 100% germination (Figure 2a-B), and the 21-DOCS-treated ones exhibited 93% germination (Figure 2a-D). The average root and shoot length of the control seedling was 1.6 ± 0.2 and 4.5 ± 0.5 cm, respectively, and the 14-DOCS-treated plants exhibited an average root and shoot length of 2.8 ± 0.3 and 5.6 ± 0.6 cm, respectively. In a similar manner, the average root and shoot length of the control seedling was 3.2 ± 0.4 and 3.9 ± 0.3 cm, respectively, and the 21-DOCS-treated plants exhibited an average root and shoot length of 5 ± 0.5 and 5.8 ± 0.4, cm respectively (Figure 2b). Increased shoot length and root length, respectively, was observed in the treated seedlings when compared to the control seedlings.




Figure 2 | Effect of Desertifilum sp. PSL17 culture supernatant on rice seed germination. (a) Rice seed germination after 15 days of treatment with Desertifilum sp. PSL17 culture supernatant. (A, C) Control 2 (sterile water + agar) showed 30% germination, while no germination was observed in control 1 (BG11 medium + agar), result not shown. In contrast, seeds treated with (B) 14-DOCS and (D) 21-DOCS of Desertifilum sp. PSL17 exhibited 100% and 93% germination, respectively. The experiment was conducted in triplicates. *DOCS-days old culture supernatant. (b) Effect of Desertifilum sp. PSL17 culture supernatant on rice seed germination and seedling growth. Rice seeds treated with Desertifilum sp. PSL17 culture supernatant showed a significant improvement in germination and growth parameters after 15 days. No germination was observed in control 1 (BG11 + agar medium). In contrast, control 2 (sterile water + agar) showed 30% germination, while the seeds treated with 14-DOCS + agar and 21-DOCS + agar exhibited significantly higher germination rates (100% and 93%, respectively; p < 0.001). Moreover, the treated seedlings showed enhanced shoot and root lengths compared to the control seedlings (p < 0.05). The experiment was conducted in triplicates. OriginLab software was used to perform the graphical and statistical analysis. *-significant; ***-highly significant.






3.3.2 Evaluation of growth promotion of Vigna radiata (green gram)

The evaluation of Desertifilum sp. PSL17 for its growth-promoting ability was assessed in green gram (Vigna radiata). Right from sowing until harvesting, the seedlings/plants were maintained in sterile soil in paper cups. The plant-growth-promoting ability of Desertifilum sp. PSL17, when tested on green gram, revealed significant growth promotion that was observed in terms of various parameters such as fresh and dry weight of the seedlings, length of root, shoot and pods, length and breadth of leaf, and number of flowers, fruits, and seeds in each pod. One control and two treatment variables in triplicates were maintained, and the parameter in terms of plant growth was assessed. The overall growth was inferior in the control when compared to the treated plants (Figure 3a). Among the two treatments, treatment 2 (algal seed coating) was found to be superior when compared to the plants in treatment 1 (algal seed priming). The PSL17-treated seeds gave rise to seedlings that were superior in all of the parameters. The root length of treatment 1 and treatment 2 was 14.2 ± 1.5 and 17.1 ± 1.8 cm, respectively, compared to control, which had a root length of 12.0 ± 1.2 cm. Similarly, the shoot length of treatment 1 and treatment 2 was 41.2 ± 2.5 and 58.4 ± 2.2 cm, respectively, whereas the control had a shoot length of 36.1 ± 2.5 cm. Additionally, the treated plants exhibited larger leaf sizes compared to the control plants, which had smaller leaves (Figure 3b). The control plants produced flowers on the 65th day of germination, whereas the treated plants produced flowers on the 42nd day of germination itself. In treatment 2, the total number of flowers produced was six by the end of the 65th day, of which one withered, whereas the control plant produced only two flowers, of which 50% withered. The pod size was 2.5 ± 0.1 and 2.7± 0.1 cm in the treatment 1 and treatment 2 plants, respectively, and the pod size of the control plant was 1.9 ± 0.1 cm only. In contrast, the number of rootlets was greater in the control when compared to the treated plants (Figure 3c). The fresh weight and dry weight of the leaflets of the treated plants were twice as that of the control leaflet. The most interesting part was the number of seeds and the fresh and dry weight of the seeds, which exhibited remarkable differences. The treatment 1 and treatment 2 plants produced three and five seeds per pod, whereas the control plant produced pods with only one seed. The control leaves exhibited significantly lower fresh and dry weights compared to treatment 1 and treatment 2 leaves, which were larger and heavier. The fresh weight of the seeds per pod of the treatment 1 and treatment 2 plants was 2.3 ± 0.2 and 2.8 ± 0.3 g, respectively, whereas the seeds per pod of the control plants weighed only 1.2 ± 0.1 g, which is half the weight of the seeds of the treated plants. The dry weight of the seeds of the treatment 1 and treatment 2 plant pods was 1.4 ± 0.1 and 1.7 ± 0.2 g, respectively, whereas that of the control plant pods was 0.5 ± 0.05 g, which was one-third of the treated ones (Figure 3d). Overall height, appearance, and yield were superior in the case of the treated plants when compared to the control plants.




Figure 3 | Growth promotion ability of Desertifilum sp. PSL17 on Vigna radiata (green gram). (a) Effect of Desertifilum sp. PSL17 on the overall growth of Vigna radiata. Desertifilum sp. PSL17 treatment significantly enhanced the overall growth of Vigna radiata seedlings. (A) Control, (B) treatment 1 (algal seed priming), and (C) treatment 2 (algal seed coating) showed varying degrees of growth promotion. (b) Effect of Desertifilum sp. PSL17 on the growth parameters of Vigna radiata. Treatment with Desertifilum sp. PSL17 significantly improved the growth parameters, including shoot length, root length, leaf length, and leaf breadth, compared to the control (p < 0.05). Both treatment 1 (algal seed priming) and treatment 2 (algal seed coating) exhibited enhanced growth attributes. The experiment was conducted in triplicates. OriginLab software was used to perform the graphical and statistical analysis. (c) Effect of Desertifilum sp. PSL17 on yield-related parameters. Treatment 2 (algal seed coating) significantly increased the number of seeds per pod compared to treatment 1 and control (p < 0.01). However, the control plants had more rootlets than the treated plants (p < 0.05). (d) Effect of Desertifilum sp. PSL17 on biomass and yield. Desertifilum sp. PSL17 treatment significantly increased the fresh and dry weights of leaves and seed weight per pod, resulting in enhanced crop yield (p < 0.001). Both treatment 1 and treatment 2 showed improved biomass and seed weight compared to the control. FW, fresh weight; DW, dry weight. *-significant; **-very significant.








4 Discussion



4.1 Production of IAA and ammonia by Desertifilum sp. PSL17

An essential biological element of the soil microbiota is cyanobacteria. Since they may produce physiologically active compounds that stimulate root development through nitrogen fixation, nutrient mobilization, and carbon sequestration in higher plants, several of them are regarded as plant-growth-boosting agents (Babu et al., 2015). Studies have indicated that the presence of auxin-like growth-promoting substances by cyanobacteria including Nostoc (Hashtroudi et al., 2013; Sergeeva et al., 2002) and Leptolyngbya sp. from freshwater and Geitlerinema sp. from an estuarine had the ability to produce IAA (Babu et al., 2013). Desertifilum sp. PSL17 exhibited the production of IAA at a concentration of 87.3 µg/mL after 10 days of incubation. The production of IAA by Desertifilum sp. PSL17 indicates that this species might play a role in plant growth promotion. One of our unpublished findings has shown the presence of gibberellic acid both in the aqueous and methanol extracts of Desertifilum sp. PSL17. The release of IAA by several Anabaena strains and IAA production with trp induction by free-living and associated cyanobacteria was well documented (Prasanna et al., 2010). The evaluation of trp-induced IAA production in Desertifilum sp. PSL17 exhibited an increase in IAA production with the increase in trp concentration. When IAA production was compared in the presence and absence of trp, IAA production was more prominent in the culture extract with trp. IAA at concentrations of 169.7, 209.2, and 247.3 µg/mL at the 10th, 20th, and 30th day, respectively, was produced in the presence of 50 µg/mL of trp. The remarkable increase in the IAA concentration was observed as the incubation days increased from 10 to 30 days. The 2.3-fold increase in IAA production in the culture supplemented with trp when compared to the IAA observed in the culture without trp supplement indicates that this alga could possess a trp-dependent pathway for the production of IAA. Studies on the role of IAA production in cyanobacteria are scarce, and so far, there are no reports to prove the trp-independent IAA production via the indole-3- pyruvic acid pathway. Sergeeva et al. (2002) reported that the secretion of IAA from the cyanobacterium Nostoc increased with incubation time, and Arthrospira platensis MMG-9 also accumulated IAA intracellularly along with release into the medium. Researchers have indicated that a number of bacteria produce IAA without trp induction (Lelapalli et al., 2021). Plants continuously interact with microorganisms, and some of them are capable of imparting plant-growth-promoting and biocontrol potential. Cyanobacteria are one among the microbial flora which contribute protection to plants from phytopathogens due to ammonia, hydrogen cyanide, and lytic enzyme production (Bagul et al., 2022; Prasanna et al., 2015; Kremer and Souissi, 2001). Desertifilum sp. PSL17 was positive for ammonia production, indicating the biocontrol activity and plant growth promotion potential of this cyanobacteria. Cyanobacterial exopolysaccharides (EPS) play a crucial role in plant growth promotion by improving the soil structure and water-holding capacity and stimulating plant root growth and development. Anabaena and Synechococcus produce siderophores, which are known to induce plant growth by solubilizing iron present in the soil, making it available to plants and promoting plant growth (Mohan et al., 2020). Studies have shown that exopolysaccharides and siderophore produced by a certain blue-green algae can induce defense mechanisms in plants through the production of enzymes, thereby enhancing resistance against pathogens (Drira et al., 2021; Righini et al., 2022).




4.2 Plant-growth-promoting ability of Desertifilum sp. PSL17



4.2.1 Desertifilum sp. PSL17 influences rice germination

Cyanobacteria can form a symbiotic relationship with plants and induce growth by improving soil fertility and crop productivity. In the current investigation, Desertifilum sp. PSL17 extracts have shown a significant effect on germination and an increase in the growth of rice seedlings. The effect of Desertifilum sp. PSL17 culture filtrates ranging from log phase and late log phase has been evaluated on rice seed germination and growth. The evaluation of extracellular exudates of Desertifilum sp. PSL17 cultures exhibited 100% positive effect in germination assay as well as growth promotion of the rice seedlings. Varying degrees of effect on the growth of roots and shoot length of seedlings were also observed. In terms of length of shoot and root recorded after 15 days, the seedlings with 21-DOCS treatment showed significantly higher values when compared to 14-DOCS treatment and the control. The average increase in root and shoot lengths was 1.7- and 1.2-fold, respectively, more than the control in the case of 14-DOCS and 1.5- and 1.4-fold more root and shoot length than the control was observed in 21-DOCS. A similar pattern was observed in the stimulation of both root and shoot of rice seedlings by the cell supernatant of Desertifilum sp. PSL17. The potential of cyanobacteria in inducing the germination and growth of rice seedlings by Nostoc sp. is well recorded (Yadav et al., 2022; Abedi Firoozjaei et al., 2021). The biologically active metabolites produced during the growth and proliferation of cyanobacteria in soil have often been interpreted with the potential of the organism to induce the growth promotion of crops. The release of miscellaneous metabolites by the growing cyanobacterial colonies in the soil may also assist in enhancing plant growth and yields in unfertile soils. However, the synthesis and production of phytohormones like auxin, gibberellin, and cytokinin by genera like Anabaenopsis, Anabaena, and Calothrix not only increase the acquisition of nutrients by plants but also actively promote their germination, growth, and development (Singh, 2014; Nawaz et al., 2024). Anabaena variabilis has been reported to enhance the growth and yield of rice and wheat seedlings (Bao et al., 2021). It is necessary to propose their role as PGPR because cyanobacteria naturally colonize the root surface of rice in saline soil. It is hypothesized that they promote plant growth in the soil having stress conditions. It can change the physical and chemical properties of soils together with nitrogen fixation and exopolysaccharide that are secreted from cyanobacteria, which may increase the organic carbon and nitrogen content and improve the water-holding capacity of infertile soils (Malam Issa et al., 2007).




4.2.2 Desertifilum sp. PSL17 augments the growth of Vigna radiata (green gram)

The plant-growth-promoting potential of the extracellular products of cyanobacteria is underexplored. Few investigations on the ability of cyanobacteria to induce the growth promotion of green gram have been recorded (Dineshkumar et al., 2020; Dey et al., 2017). Alallaf et al. (2023) have reported for the first time the ability of Desertifilum to induce the growth promotion of tomato as well as biocontrol of wilt disease caused by Fusarium oxysporum. Enhanced crop productivity was observed when Desertifilum sp. was co-cultivated with Pseudomonas (Khemka and Saraf, 2015). The present investigation is the third study on this alga toward plant growth promotion and the first study to evaluate the ability to induce the growth of green gram. In the current research, remarkable results were obtained in plant growth promotion when the green gram (Vigna radiata) seeds were treated with Desertifilum sp. PSL17 culture at 30°C for 30 min. A continuous observation made until day 90 gave a comprehensive finding on the growth promotion ability of this cyanobacteria on green grams. The treated seeds resulted in plants with increased shoot length and root length and leaves that were also bigger than those in the controls plants. Among the two treatments used in the test, the seeds treated with the biomass (treatment 2) exhibited promising results in terms of growth of root, shoot, leaf color, size, etc., when compared to the seeds soaked in culture supernatant, i.e., treatment 1. The results indicate that both treatments had a positive effect on pod size, with treatment 2 showing the most substantial increase. In contrast, the number of rootlets was greater in the control when compared to the treatment, indicating that growth promotion induced by the alga might be through hormonal or nutrient-related mechanisms accompanied with the reduction in rootlet formation, whereas the control plants are thriving hard to absorb nutrients and water by developing more rootlets. Bioformulations prepared with cyanobacteria are reported to cause growth promotion ability (Chabili et al., 2024; Prasanna et al., 2016). Recent studies have shown that inoculation with cyanobacteria can improve plant growth and soil health and reduce the need for chemical fertilizers (Win et al., 2018; Chittora et al., 2020). The present study demonstrated the plant-growth-promoting ability of Desertifilum sp. PSL17 and indicated that this strain is a promising blue-green alga which could be used in the formulation of biofertilizers for an eco-friendly and sustainable agriculture toward a green technology approach. Consequently, cyanobacteria play a significant role in reducing environmental pollution and promoting soil biodiversity and sustainable agricultural practices by generating high-value biomass and reducing carbon dioxide levels.
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