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Abstract: Sargassum seaweed has inundated Caribbean coastlines, disrupting ecosystems while 

presenting opportunities for sustainable products like liquid biofertilizers. This study evaluated the 

microbiological and biosecurity profiles of two liquid biofertilizers produced in the Dominican 

Republic: Sargassum-based (SBLB-INTEC) and conventional (LB-BANELINO). Both exhibited 

essential minerals (K, Ca, Mg) and low heavy metal concentrations, meeting agricultural safety 

standards. Metagenomic analysis (16S rRNA) identified diverse bacterial and archaeal communities, 

mainly consisting of beneficial taxa such as Firmicutes, Proteobacteria, and Methanobacteria, with no 

detectable pathogens. Ecotoxicological assays with Lactuca sativa showed phytotoxicity at high 

concentrations, mitigated by dilution (≤6.25%) and pH adjustment (7.0), achieving germination 

indexes above 80%. These results suggest that Sargassum-based biofertilizers could be a viable 

alternative for enhancing soil fertility and promoting sustainable crop production, particularly in 

coastal agricultural systems where conventional fertilizers may be limited or environmentally 

harmful. Moreover, this study highlights the critical role of ecotoxicological testing in ensuring 

biofertilizer safety and underscores Sargassum’s potential as a renewable resource for sustainable 

farming. 

Keywords: Sargassum; biofertilizer; ecotoxicology; microbial diversity; phytotoxicity; sustainable 

agriculture 

 

1. Introduction 

In recent years, the Caribbean has experienced unprecedented accumulations of Sargassum 

seaweed, disrupting coastal economies and ecosystems [1–3]. Beyond its negative impacts such as 

beach fouling, habitat loss, and economic burdens Sargassum represents a potentially valuable 

biomass for circular economy solutions, including the production of liquid biofertilizers [4,5]. Prior 

investigations demonstrate that Sargassum is rich in nitrogen, potassium, and micronutrients, which 

are beneficial for plant growth [6,7]. However, the same macroalgae can accumulate heavy metals in 

the marine environment, raising food safety and ecological concerns [3,8].  
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Recent research on Sargassum-derived biofertilizers has focused primarily on heavy metal and 

nutrient concentrations and agronomic efficacy [9]. However, biosecurity factors such as microbial 

safety and ecotoxicological behavior must also be evaluated to ensure safe adoption in agriculture. 

In this sense, ecotoxicological assays are especially critical for verifying the absence of phytotoxic 

substances and gauging the potential impacts on plant growth [10,11]. Despite these efforts, little 

attention has been given to the microbiological composition of these biofertilizers and how it 

influences their safety and effectiveness. Understanding the microbial communities present in 

biofertilizers is essential, as beneficial microbes can enhance soil health and plant growth, whereas 

potential pathogens could pose risks to agricultural systems. This study builds on previous research 

that characterized the chemical composition of Sargassum and its liquid biofertilizer agronomic 

performance, shifting focus to microbiological quality and ecotoxicological safety in Sargassum-

based liquid biofertilizer produced by the Banelino Association in the Dominican Republic. 

Moreover, genomic analysis of biofertilizer samples is becoming essential for accurately 

characterizing the microbial communities present in these bioproducts [12]. The recent decades' 

widespread use of DNA sequencing has played a pivotal role in accurately understanding microbial 

ecology and detecting specific functional groups within microbial populations [13]. DNA barcoding 

utilizes standardized species-specific genomic regions (DNA barcodes) to generate vast DNA 

libraries, aiding in identifying unknown specimens [14]. This methodology is crucial, particularly for 

bacteria with unusual phenotypic profiles, slow-growing or uncultivable bacteria, and culture-

negative infections [15]. In the case of biofertilizers, metagenomic approaches such as 16S rRNA 

sequencing enable the identification of microbial communities that contribute to nutrient cycling and 

plant growth promotion, while also verifying the absence of potentially harmful microorganisms. An 

excellent example of this in bacteria is the 16S ribosomal RNA [16]. 

Specifically, we compare (i) a Sargassum-Based Liquid Biofertilizer (SBLB-INTEC) and (ii) a 

conventional biofertilizer (LB-BANELINO) lacking Sargassum. The objectives are to (1) assess 

microbial diversity and potential pathogenic organisms and (2) evaluate phytotoxic effects using 

Lactuca sativa germination assays. By integrating microbiological characterization with 

ecotoxicological testing, this study provides a holistic perspective on the biosecurity of Sargassum-

based biofertilizers, offering valuable insights for farmers, researchers, and policymakers interested 

in sustainable coastal resource utilization. 

2. Materials and Methods 

2.1 Production of the Biofertilizers in the Banelino Association in the Dominican Republic 

Two liquid biofertilizers were produced at the Banelino Association facility in Montecristi, 

Dominican Republic (figure 1), an organization uniting small-scale banana producers focused on 

sustainable organic farming. 
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Figure 1. Locations in the Dominican Republic: the Bioferment plant of the BANELINO Association in the 

Northeast (blue point) and the Sargassum sampling place in Punta Cana (red point).  Source: Google Earth. 

SBLB-INTEC: Sargassum was collected from Punta Cana, Dominican Republic, in May 2024, and 

mixed with molasses, baker’s yeast (Saccharomyces cerevisiae), yogurt, milk, and water from the Yaque 

del Norte River (pre-filtered to remove debris). The mixture was fermented anaerobically in a 1000 L 

static reactor for approximately 30 days. 

LB-BANELINO: This conventional biofertilizer, lacking Sargassum, combined molasses with a 

“mother culture” of forest mulch, rice bran, and grass, fermented anaerobically in a 1000 L plastic 

fermenter for 30 days. 

Note: The details of how the detailed chemical composition of the Sargassum was determined 

and used in the SBLB-INTEC production are presented in a previous publication [17]. Tables 1, 2 and 

3 below show the results of the chemical-physical analyses, metals, heavy metals and biomolecules 

determined for both biofertilizers following the same methodology used in the previous article to 

this research [17]. In this research, we focused on microbiological and biosecurity parameters. 

Table 1. Alkali and alkaline earth metal content (mg/kg) in biofertilizers. 

Metals 
SBLB-

INTEC 

LB-

BANELINO 

Other Liquid 

Biofertilizers * 

Barium (Ba) < 0.12 0.31 - 

Beryllium (Be) < 0.05 < 0.05 - 

Potassium (K) 5996.00 2786.00 3120 

Calcium (Ca) 2042.00 730.00 - 

Magnesium 

(Mg) 
762.00 295.00 628 

Sodium (Na) 599.00 204.00 948 

Note: *[18–24]. 
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Table 2. Heavy metal content (mg/kg) in biofertilizers and permissible limits in agricultural soils. 

Heavy metals SBLB-INTEC 
LB-

BANELINO 

Other liquid 

biofertilizers* 

Agricultural 

soils** 

Silver (Ag) < 0.4 < 0.4 - 20 

Aluminum 

(Al) 
6 16 57 - 

Arsenic (As) <0.500 <0.500 -  15-50 

Cadmium 

(Cd) 
<0.2 <0.2 0.08-0.2 1-37 

Cobalt (Co) <0.7 <0.7 0.1 25-50 

Chrome (Cr) <0.3 <0.3 - 50-280 

Copper (Cu) 4 8 0.1-0.9 60-200 

Iron (Fe) 25.4 104 1.6-55 - 

Mercury (Hg) < 0.500 < 0.500 - 0.08 

Manganese 

(Mn) 
2 2 0.5-35 - 

Lead (Pb) <1.5 <1.5 <0.01 100-1000 

Antimony 

(Sb) 
<3 <3 - - 

Selenium (Se) <8.2 <8.2 - - 

Thallium (Tl) <15.0 <15.0 - - 

Vanadium (V) <0.3 <0.3 - 130 

Zinc (Zn) <3.00 12.8 0.15-7.5  70-600 

Nickel (Ni) <0.6 <0.6 - 100-139 

Note: *[18–23]. ** [25,26,35–39,27–34]. 

Table 3. Total carbohydrates, lipids, and proteins in biofertilizers (g/100g) and their chemical-physical properties 

of biofertilizers. 

Parameters SBLB-INTEC LB-BANELINO 

Total carbohydrate 0.73 <0.20 

Total lipids 1.00 1.00 

Total proteins 0.20 0.27 

Salinity (μS/cm) 15.90 6.60 

pH 4.90 3.70 

Electric conductivity 

(μS/cm) 
3,654 1,404 

2.2. Microbiological Composition Analysis 

2.2.1. DNA Extraction 

Biofertilizer samples were pre-filtered using a vacuum-assisted system with a 1.6 µm cellulose 

membrane to remove coarse particles, followed by a 0.2 µm membrane to retain microbes. 

Membranes were stored in Tris-EDTA (TE) buffer at -20°C until processing. Metagenomic DNA was 

extracted using the DNeasy® PowerWater Kit (Qiagen, Germany) per the manufacturer’s 

instructions after thawing at room temperature. 
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2.2.2. Sequencing and Assembly 

The concentration and quality of the extracted DNA were evaluated spectrophotometrically 

using a NanoDrop® ND-1000 spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA). 

DNA integrity, purity, fragment size, and concentration were further assessed using agarose gel 

electrophoresis. The universal primer set 341F (5′-CCTAYGGGRBGCASCAG-3′) and 806R (5′-

GGACTACNNNGGGGGTATCTAAT-3′) were used to amplify the V3-V4 region of the bacterial 16S 

rRNA gene. Following 16S rRNA library preparation, library quality was assessed on a Qubit® 2.0 

fluorometer (Thermo Scientific) and an Agilent Bioanalyzer 2100 system. The libraries were then 

sequenced on the Illumina NovaSeq 6000 platform, generating 250 bp paired-end reads at Novogene 

(Beijing, China). 

2.2.3. Bioinformatic Analysis 

The microbiome analysis used two groups (BB, and BSI) with the 16S amplicon paired-end 

sequenced data. Each group was sequenced in triplicate samples, and their Quality Control was 

analyzed using FastQC [40] and reads that had a Phred score smaller than 20 were removed using 

Trimmomatic [41] so the resulting files could be used for the next steps. 

From the obtained sequenced amplicon data, the reads were compared with the Ribosomal 

Database Project (RDP) Release 11.5 using the kraken2 software [42] for taxonomic classification. The 

taxonomic reports were converted into “mpa” file format and merged using the Krakentools [43] 

according to each group compared. The file was prepared for microbiome data analysis using the 

microeco package [44] from R language (version R-4.4.2) to perform diversity analysis and plot the 

results [45]. 16S raw data were deposited in NCBI under the link: 

https://dataview.ncbi.nlm.nih.gov/object/PRJNA1237349?reviewer=hfn4upgclrlc7u9b4819oiofog 

2.3. Ecotoxicological Assay 

2.3.1. Germination Tests with Lactuca Sativa 

Lactuca sativa seeds (var. Gentilina, ≥85% germination rate) were placed on Whatman® No. 3 

filter paper (90 mm) in 100 mm Petri dishes and treated with 5 mL of biofertilizer dilutions (100%, 

50%, 25%, 12.5%, 6.25%, 3.12%, 0%) in distilled water. The control used 5 mL distilled water (0%). 

Dishes were sealed with Parafilm® and incubated in darkness at 22 ± 2°C for 5 days. This species was 

chosen for its sensitivity to contaminants and established use in phytotoxicity testing [10,11,46,47]. 

This species provides a reliable indicator of potential phytotoxic effects caused by biofertilizers. Serial 

dilutions followed [48] modified by [46], with each treatment in triplicate (20 seeds/dish). Parallel 

tests adjusted pH to 7.0 to assess acidity effects. The pH can be a critical factor influencing 

germination outcomes. High acidity can cause osmotic stress and impair nutrient availability [49], 

negatively impacting seed germination and root development. 

At the end of the exposure period, the number of germinated seeds was quantified, and the 

elongation of the radicle was measured. Using the equations described by [47], the relative percentage 

of germination (RG) and the relative percentage of radicle growth (RRG) were determined. From 

these values, the germination indexes (GI) corresponding to each concentration were calculated: 

𝑅𝐺 (%) =
 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑠𝑒𝑒𝑑𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑒𝑥𝑡𝑟𝑎𝑐𝑡

𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑔𝑒𝑟minated 𝑠𝑒𝑒𝑑𝑠 𝑖𝑛 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
⋅ 100 

𝑅𝑅𝐺 (%) =
 𝑟𝑎𝑑𝑖𝑐𝑙𝑒 𝑒𝑙𝑜𝑛𝑔𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑡ℎ𝑒 𝑒𝑥𝑡𝑟𝑎𝑐𝑡

𝑟𝑎𝑑𝑖𝑐𝑙𝑒 𝑒𝑙𝑜𝑛𝑔𝑎𝑡𝑖𝑜𝑛 𝑖𝑛 𝑡ℎ𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙
⋅ 100 

𝐺𝐼 (%) =  
 𝑅𝐺  ⋅  𝑅𝑅𝐺

100
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2.3.2. Lactuca sativa with pH adjustment. 

To evaluate the phytotoxicity of the biofertilizers, the No Observed Effect Concentration (NOEC) 

and the Lowest Observed Effect Concentration (LOEC) values were determined using a germination 

bioassay with Lactuca sativa. Seed germination and root elongation were analyzed to identify the 

lowest biofertilizer concentration at which no significant inhibitory effect was observed (NOEC) and 

the minimum concentration that caused a statistically significant reduction in germination or growth 

compared to the control (LOEC). 

The NOEC and LOEC values were obtained using one-way ANOVA followed by Dunnett’s test, 

comparing treated groups to the control (p < 0.05). The concentrations tested ranged from 3.12% to 

100%, and adjustments to pH were applied in a parallel experiment to evaluate the impact of acidity 

on phytotoxicity. These statistical analyses enabled the identification of a safe biofertilizer application 

threshold, ensuring that seed germination and early plant growth are not adversely affected. 

3. Result and Discussion 

3.1. Microbiological Composition of Biofertilizers 

Metagenomic analysis (16S rRNA) revealed distinct archaeal communities in SBLB-INTEC and 

LB-BANELINO biofertilizers (Table 4). This information reveals key differences between the two 

biofertilizers, particularly in the presence of Thaumarchaeota, which was found exclusively in SBLB-

INTEC, suggesting a stronger potential for ammonia oxidation and nitrogen cycling. In contrast, the 

presence of Methanomicrobia in LB-BANELINO indicates a higher contribution to methanogenesis, 

possibly due to differences in organic matter degradation pathways between both formulations. 

Table 4. Archaeal community composition (Phylum, Class, and Genus) in biofertilizer samples SBLB-INTEC and 

LB-BANELINO based on 16S rRNA analysis. 

Phylum Clase Genus SBLB-INTEC 
LB-

BANELINO 

Thaumarchae

ota 

Thaumarchaei

a 
Nitrososphaera + - 

Euryarchaeot

a              

Methanobacter

ia 

Methanocorpusculu

m 
- + 

Euryarchaeot

a  

Methanobacter

ia 
Methanobrevibacter + + 

Note: Presence (+) or absence (-). 

The Phylum Thaumarchaeota includes organisms known for their role in ammonia oxidation in 

the soil, transforming it into nitrite and nitric oxide. This process, which is the first and limiting step 

of nitrification, highlights its key role in the nitrogen cycle [50]. On the other hand, the Phylum 

Euryarchaeota, contains the alkaline phosphatases PhoD and PhoX, responsible for hydrolyzing 

organic phosphorus in the soil. Previous studies have shown that Euryarchaeota isolated from 

agricultural, forest, and grassland soils express the phoD and phoX genes, which are involved in 

phosphorus hydrolysis near plant roots [51]. 

Classes such as Methanomicrobia and Methanobacteria are commonly associated with 

methanogenesis, indicating potential roles in the anaerobic degradation of organic matter [52]. 

Genera like Methanocorpusculum (only in the LB-BANELINO) and Methanobrevibacter further 

underscore active methanogenic processes, while Nitrososphaera (only in the SBLB-INTEC) points to 

ammonia-oxidizing capabilities. Collectively, these archaea can influence nutrient cycling and 

fermentation dynamics, providing insights into how biofertilizers may enhance soil fertility and 

microbial activity [53,54]. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 29 April 2025 doi:10.20944/preprints202504.2450.v1

https://doi.org/10.20944/preprints202504.2450.v1


 7 of 16 

 

Overall, the archaeal communities present in both biofertilizers indicate their potential to 

enhance soil fertility by contributing to essential biogeochemical cycles, particularly nitrogen and 

phosphorus transformations [55]. The differences in the microbial composition between the two 

biofertilizers suggest that SBLB-INTEC may be more effective in nitrogen cycling, while LB-

BANELINO could play a more significant role in phosphorus mobilization. Further studies are 

recommended to evaluate the long-term impact of these microbial communities on plant growth and 

soil health under field conditions.    

Table 5 shows the presence or absence of bacterial taxa in SBLB-INTEC and LB-BANELINO 

biofertilizers. The results indicate that both biofertilizers harbor a diverse set of bacterial phyla, with 

Firmicutes, Acidobacteria, Proteobacteria, Tenericutes, and Bacteroidetes detected in both samples. 

Table 5. Bacterial taxa (phylum, class, and genus) in biofertilizer samples SBLB-INTEC and LB-BANELINO 

based on 16S rRNA analysis. 

Category Taxon SBLB-INTEC 

LB-

BANELINO 

Phylum Firmicutes + + 

Phylum Acidobacteria + + 

Phylum Proteobacteria + + 

Phylum Tenericutes + + 

Phylum Bacteroidetes + + 

Phylum Others + + 

Class Bacilli + + 

Class Actinobacteria + + 

Class Betaproteobacteria + + 

Class Gammaproteobacteria + + 

Class Others + + 

Genus Lactobacillus + + 

Genus Staphylococcus + + 

Genus Propionibacterium + + 

Genus Prevotella + + 

Genus Others + + 

Note: Presence (+) or absence (-). 

The bacterial community composition of the biofertilizers SBLB-INTEC and LB-BANELINO 

includes Firmicutes, Acidobacteria, and Proteobacteria, which together account for most of the 

relative abundance observed in both formulations (Figure 2). In this sense, Firmicutes represents the 

most abundant phylum in both biofertilizers. This phylum is widely recognized for its role in organic 

matter decomposition, stress tolerance, and plant growth promotion. Certain species within 

Firmicutes, such as Bacillus spp., are known to produce antimicrobial compounds that suppress soil 

pathogens, as well as exopolysaccharides that help plants withstand drought and salinity stress 

[56,57]. The high relative abundance of Firmicutes in both biofertilizers suggests their potential role 

in enhancing soil health and crop resilience. 
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Figure 2. Relative abundance (%) of bacterial phyla in SBLB-INTEC and LB-BANELINO biofertilizers, based on 

16S rRNA sequencing. 

On the other hand, Acidobacteria is the second most represented phylum, supporting nutrient 

cycling and organic matter mineralization. Members of Acidobacteria are known for their ability to 

break down complex polysaccharides and organic acids, facilitating the release of nutrients that can 

be absorbed by plants [58]. Their presence in both biofertilizers indicates that these microbial 

products may contribute to soil microbial diversity and organic matter decomposition.  

Also, Proteobacteria are key contributors to nitrogen cycling, with many of its members 

participating in biological nitrogen fixation, denitrification, and ammonification. The presence of 

nitrogen-fixing Betaproteobacteria and Gammaproteobacteria within this phylum suggests that these 

biofertilizers may enhance soil fertility and nutrient availability for crops [59]. The role of 

Proteobacteria in phosphate solubilization is also relevant, as it can improve phosphorus uptake 

efficiency in plants [60].  

Other bacterial phyla, such as Bacteroidetes, Actinobacteria, Tenericutes, and Chloroflexi were 

detected, though at lower relative abundances. These groups contribute to soil organic matter 

degradation, secondary metabolite production, and microbial interactions that enhance the 

functionality of biofertilizers. The presence of Hydrogenedentes and Verrucomicrobia in minor 

proportions also suggests potential specialized ecological roles in carbon cycling and plant-microbe 

interactions [61]. 

Then, the relative abundance patterns observed in Figure 2 indicate that both biofertilizers 

harbor diverse and functionally relevant bacterial communities. The dominance of Firmicutes, 

Acidobacteria, and Proteobacteria highlights their potential roles in enhancing soil structure, nutrient 

cycling, and plant growth promotion.  

The high representation of the Bacilli class indicates a significant capacity for organic matter 

decomposition and nutrient mineralization, as well as the production of biomolecules such as 

siderophores, which facilitate iron transport, an essential nutrient involved in various physiological 

processes [62] (see Figure 3). 
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Figure 3. Relative abundance (%) of bacterial classes in SBLB-INTEC and LB-BANELINO biofertilizers, based on 

16S rRNA sequencing. 

Genera such as Lactobacillus, Staphylococcus, and Propionibacterium (Figure 4) highlight various 

fermentation pathways [63], while Prevotella is known for degrading complex organic substrates [64]. 

Overall, this diverse bacterial community underlines the potential of these biofertilizers to improve 

soil fertility, stimulate microbial activity, and support healthy plant growth [65,66]. Specific studies 

have revealed positive aspects associated with certain species, such as Staphylococcus equorum, 

Staphylococcus sp., and Staphylococcus succinus, with the latter demonstrating promising plant growth-

promoting abilities, including ammonia production and phosphate solubilization [67]. 

 

Figure 4. Relative abundance (%) of bacterial genera in SBLB-INTEC and LB-BANELINO biofertilizers, based on 

16S rRNA sequencing. 

Furthermore, Lactobacillus provides several benefits for plants, such as controlling soil 

pathogens, including fungi like Fusarium oxysporum. It also promotes plant growth and protects 

against abiotic stress using lactic acid bacteria, yeasts, and phototrophic bacteria. Notably, seed treatments 

with Lactobacillus nutrient solutions have been shown to reduce damping-off diseases caused by 

pathogenic fungi [68]. 

3.2. Ecotoxicological Evaluation 

3.2.1. Lactuca sativa Without pH Adjustment 

According to [69], the pH recommended by lettuce is 5.8. However, when comparing these 

values with the pH observed in the liquid biofertilizers (see Table 3), it is evident that pH adjustment 

is necessary to mitigate phytotoxic effects caused by their high acidity. 

The ecotoxicity results with this biomodel indicated the necessity of adjusting the pH to 7 for 

conducting the ecotoxicological test. This was due to the absence of germination in Lactuca sativa at 
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all evaluated concentrations. The accuracy of the test was supported by the control, which achieved 

a germination index of over 90%. 

3.2.2. Lactuca sativa with pH Adjustment 

The results of the germination index as a function of liquid biofertilizer concentration (see Figure 

5) show a common trend: as the liquid biofertilizer is diluted, the germination index increases. It is 

important to note that, according to [70] doses resulting in a germination index (GI) between 80% and 

100% indicate the absence of phytotoxic substances, while values between 50% and 80% and below 

50% indicate moderate and high presence of these substances, respectively. 

 

Figure 5. Effect of SBLB-INTEC and LB-BANELINO biofertilizers on the germination index of Lactuca sativa at 

different concentrations. Note: *represents statistical differences between biofertilizer and control for α=0.05; 

The sign (+) represents statistical differences between SBLB-INTEC and LB-BANELINO for α=0.05 

For the two liquid biofertilizers tested, the 3.12% concentration was the only one that presented 

a germination index above 80% (Figures 6 and 7). Thus, it can be deduced that at this concentration, 

there are minimal or no phytotoxic substances present. From a concentration of 6.25% onwards, the 

germination indices fell below 80%. From a concentration of 12.50% onwards, the SBLB-INTEC and 

LB-BANELINO showed a high presence of phytotoxic substances, with germination indices below 

50%. Only the LB-BANELINO showed a germination index below 50% at a concentration of 25%. 
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Figure 6. Seed germination assay of Lactuca sativa treated with 3.12% SBLB-INTEC biofertilizer in a Petri dish. 

 

Figure 7. Seed germination assay of Lactuca sativa treated with 3.12% LB-BANELINO biofertilizer in a Petri 

dish. 

The high salinity levels observed in the liquid biofertilizers (see Table 4) could explain the results 

obtained for the germination indices. According to [71], these effects are due to an elevated salt 

concentration. It is important to highlight that lettuce tolerance to salinity ranges between 1,400 

µS/cm and 2,000 µS/cm [72]. Saline stress, by increasing Na⁺ and Cl⁻ ion concentrations, generates 

ionic toxicity, water stress, and a reduction in the osmotic potential of seeds, which affects water 

absorption during imbibition and cellular turgor. These processes collectively limit germination and 

the development of tissues such as the root and hypocotyl [72,73]. 

3.2.2.1. Determination of NOEC and LOEC for Lactuca sativa Lengths 

Comparison of the mean length of lettuce seeds showed significant differences between the six 

concentrations and the control for SBLB-INTEC, F(4,10)=58.43, P < 0.05, and LB-BANELINO, 

F(4,10)=20.88, P<0.05 (see Table 6).  Regarding the estimation of the minimum observed effect 

concentration (LOEC) and no observed effect concentration (NOEC), for SBLB-INTEC, D(4,10)=13.47, 

P=2.89, and LB-BANELINO, D(4,10)=16.16, P=2.89, NOEC was observed for the 3.12% concentration, 

while LOEC was identified at 6.25%. These results are consistent with those obtained previously for 
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germination rates, where the 3.12% concentration exceeded the 80% threshold for the two 

biofertilizers. This suggests the use of 3.12% as suitable for non-inhibitory use in the crop. 

Table 6. Average lengths (mm) of germinated lettuce seeds according to different concentrations for each liquid 

biofertilizer. 

Concentration 

(%) 

SBLB-INTEC LB-BANELINO 

Control 62.67 ± 8.74 62.67 ± 8.74 

3.12 62.67 ± 2.52+ 56 ± 1.73+ 

6.25 45.33 ± 1.53*,+ 38 ± 11.01*,+ 

12.50 25 ±8.66*,+ 45.3 ± 5.51*,+ 

25.00 04.07 ± 1.53*,+ 16.3 ± 1.53*,+ 

50.00 N.G 5. ± 1* 

Note: Data are reported as the mean value ± standard deviation. N.G. indicates no germination. *Represents 

statistical differences between biofertilizer and control for α=0.05; The sign (+) represents statistical differences 

between SBLB-INTEC and LB-BANELINO for α=0.05. 

4. Conclusions 

This study assessed the microbiological and ecotoxicological profiles of two Dominican 

Republic-produced liquid biofertilizers: Sargassum-based SBLB-INTEC and conventional LB-

BANELINO. Both exhibited diverse microbial communities, including Firmicutes, Proteobacteria, 

and Acidobacteria, which support nutrient cycling and soil health, with no pathogens detected. 

Ecotoxicological tests with Lactuca sativa showed phytotoxicity at high concentrations due to acidity 

and salinity, mitigated at ≤6.25% dilution and pH 7.0, yielding germination indexes >80%. These 

results affirm the biosecurity and agronomic potential of Sargassum-based biofertilizers, highlighting 

the need for combined microbial and toxicity assessments in their development. Future field trials 

are recommended to validate efficacy across diverse crops and soils, advancing sustainable 

agriculture in coastal regions. Also, this research underscores the importance of integrating 

microbiological characterization and ecotoxicological testing in biofertilizer evaluation. The findings 

provide valuable insights for farmers, researchers, and policymakers seeking to develop safe and 

effective bio-based fertilizers for sustainable agriculture. 
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