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PREFACE

CREATING FOOD FOR THE FUTURE – The agri-food sector

identifies challenges and finds solutions through complex

multidisciplinary research in the fields of biotechnical sciences, food and

technological engineering. The Faculty of Agronomy in Čačak, in

addition to educating students, has a strong scientific production, the

results of which have been disseminated and shared through the

traditional organization of the international scientific meeting –

Symposium on Biotechnology (SYMBIOTECH) for thirty-one years.

At the 4th International Symposium on Biotechnology, a total of 104

papers were presented in the 6 sections: Field, Vegetable and Forage

Crops, Pomology and Viticulture, Livestock Production, Plant

Protection, Food Safety and the Environment, Food Technology and

Nutritionism and Applied Chemistry.

We owe great gratitude to the Ministry of Science, Technological

Development and Innovation of the Republic of Serbia and the City of

Čačak for their traditional financial support and patronage of

SYMBIOTECH26. We thank companies, entrepreneurs, stakeholders and

all long-time friends of the Faculty of Agronomy for their material and

organizational support.

In Čačak, March 2026
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MICROBIOLOGICAL FERTILIZERS AS A PATHWAY TO LINKING

SOIL HEALTH AND HUMAN WELLNESS
 

Natalija Atanasova-Pancevska1, Sofija Kostandinovska1, Daniela Todevska2

Abstract: Soil health is increasingly recognized as a cornerstone of

sustainable agriculture and human wellness. Conventional reliance on chemical

fertilizers often undermines soil biodiversity, reduces long-term fertility, and

raises concerns about food safety. In contrast, microbiological fertilizers—based

on beneficial microorganisms such as nitrogen-fixing bacteria, phosphate-

solubilizing microbes, and mycorrhizal fungi—offer an organic pathway to

restore soil vitality while enhancing vegetable nutrition. This study explores

how microbial inoculants improve nutrient cycling, strengthen plant resilience,

and reduce chemical residues in food systems. By fostering balanced microbial

communities, these biofertilizers not only increase the bioavailability of

essential micronutrients but also contribute to safer and more nutritious

vegetables. Linking soil health with human wellness, the findings highlight

microbiological fertilization as a viable alternative to synthetic inputs,

supporting both ecological sustainability and public health through cleaner,

nutrient—rich food production.
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Introduction

Soil health is increasingly recognized as a critical foundation for sustainable

agriculture, food security, and human wellness. Healthy soils provide essential

ecosystem services, including nutrient cycling, water regulation, and carbon

sequestration, while also supporting biodiversity and resilience against
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environmental stressors. However, the widespread use of chemical fertilizers in

conventional agriculture has disrupted these natural processes. Although

chemical inputs can deliver immediate yield gains, they often degrade soil

structure, reduce microbial diversity, and contribute to long—term fertility

decline. Moreover, excessive application of synthetic fertilizers is linked to

nutrient leaching, groundwater contamination, and accumulation of chemical

residues in food crops, raising concerns about both environmental

sustainability and public health (Wei et al., 2024).

In response to these challenges, microbiological fertilizers—commonly

referred to as biofertilizers—have emerged as a promising alternative. Many

promising species of bacteria, algae, fungi have fertilizer-like activities and are

beneficial in agricultural sector (Bala, 2022). Biofertilizers are formulations

containing beneficial microorganisms such as nitrogen-fixing bacteria,

phosphate-solubilizing microbes, and mycorrhizal fungi. These organisms

enhance nutrient availability by mobilizing insoluble forms of nitrogen,

phosphorus, and other micronutrients, making them accessible to plants

(Sharma et al., 2024). Unlike chemical fertilizers, which provide nutrients in a

direct but often imbalanced manner, biofertilizers stimulate natural soil

processes and restore microbial diversity in the rhizosphere. This biological

activity improves soil structure, increases organic matter content, and fosters

long-term fertility, thereby reducing dependency on synthetic inputs (Wei et al.,

2024; Sharma et al., 2024).

The benefits of microbiological fertilizers extend beyond soil health to

vegetable nutrition and food safety. By minimizing chemical residues,

biofertilizers contribute to cleaner food systems and reduce human exposure to

potentially harmful compounds. At the same time, they enhance the

concentration of essential micronutrients such as iron, zinc, and vitamins in

vegetables, improving dietary quality and supporting public health (Beleri,

2023). Furthermore, biofertilizers strengthen plant resilience against pathogens

and abiotic stress, reducing the need for chemical pesticides and further

safeguarding food safety.

The integration of microbiological fertilizers into agricultural systems aligns

with global sustainability goals, including the reduction of greenhouse gas

emissions and the promotion of biodiversity. By linking soil health with human

wellness, biofertilizers represent a holistic approach to food production that

addresses ecological, nutritional, and health dimensions simultaneously. This
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paradigm shift from chemical to microbial inputs underscores the importance

of rethinking agricultural practices in order to secure both environmental

sustainability and human well-being. The present study explores these

interconnections, highlighting microbiological fertilization as a viable pathway

toward safe, nutritious, and sustainable vegetable production.

Materials and methods

Experimental design

A field experiment was conducted to evaluate the impact of a single

microbiological fertilizer preparation compared to conventional chemical

fertilization on soil health, microbial activity, and vegetable nutrition. The study

was arranged in a randomized block design (RBD) with three treatments:

1. Control (no fertilizer)

2. Chemical fertilizer (NPK 15:15:15 at recommended dose)

3. Microbiological fertilizer (containing Azotobacter spp., phosphate-

solubilizing bacteria, and cellulolytic strains)

Each treatment was replicated four times, with plot dimensions of 3 × 5 m.

Fertilizers were applied at transplanting and supplemented according to crop

growth stages. Tomato (Solanum lycopersicum) was selected as the test crop.

Soil sampling

Soil samples were collected at 0–20 cm depth before planting and after

harvest. Parameters measured included pH, organic matter, available nitrogen,

phosphorus, and potassium.

Microbiological tests

Microbial activity in the rhizosphere was assessed through culture-based

methods. The following functional groups were quantified:

 Heterotrophic bacteria (general microbial abundance)

 Nitrogen-fixing bacteria
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 Phosphate-mineralizing bacteria

 Cellulolytic bacteria

Serial dilution and plate count techniques were employed using selective

media for each microbial group (Kumar et al., 2023; Singh and Gupta, 2022).

Colony-forming units (CFU g⁻¹ soil) were determined to evaluate the effect of

treatments on microbial abundance.

Results and discussion

Soil fertility parameters

Post-harvest soil analysis revealed clear differences among treatments

(Table 1). The control plots maintained low nutrient availability, with nitrogen

at 45 mg/kg and phosphorus at only 8 mg/kg. Chemical fertilizer application

increased nutrient levels substantially, particularly nitrogen (95 mg/kg) and

potassium (160 mg/kg). However, the microbiological fertilizer treatment

provided a more balanced improvement: organic matter rose to 1.6%,

phosphorus availability reached 22 mg/kg, and potassium was highest at 170

mg/kg. These results suggest that microbial inoculation enhanced nutrient

cycling and organic matter stabilization, while chemical fertilizer primarily

boosted immediate nutrient supply (Wei et al., 2024; Sharma et al., 2024).

Table 1. Soil fertility parameters after harvest (mean ± SD)

Treatment
Organic

matter (%)

Available N

(mg/kg)

Available P

(mg/kg)

Available K

(mg/kg)
pH

Control 1.2 ± 0.1 45 ± 3 8 ± 1 110 ± 5 6.7

Chemical fertilizer 1.3 ± 0.1 95 ± 4 18 ± 2 160 ± 6 6.6

Microbiological

fertilizer
1.6 ± 0.2 85 ± 3 22 ± 2 170 ± 7 6.7

Microbial abundance

Microbiological fertilizer strongly stimulated rhizosphere microbial

activity (Table 2). Heterotrophic bacteria counts nearly doubled compared to

chemical fertilizer plots (28 vs. 15 ×10⁵ CFU g⁻¹ soil). Nitrogen-fixing bacteria

increased more than twofold (5.4 vs. 2.5 ×10⁵ CFU g⁻¹ soil), while phosphate-

mineralizers and cellulolytic bacteria also showed significant enrichment. These

findings confirm that microbial inoculation promotes functional microbial
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groups responsible for nutrient cycling and organic matter decomposition,

consistent with earlier reports (Kumar et al., 2023; Singh and Gupta, 2022).

Table 2. Microbial abundance in rhizosphere soil (CFU × 10⁵ g⁻¹ soil)

Treatment Heterotrophs
Nitrogen-

fixers

Phosphate-

mineralizers

Cellulolytic

bacteria

Control 12 ± 1 2.1 ± 0.2 1.8 ± 0.2 1.5 ± 0.1

Chemical fertilizer 15 ± 2 2.5 ± 0.3 2.2 ± 0.2 1.7 ± 0.2

Microbiological

fertilizer
28 ± 3 5.4 ± 0.4 4.8 ± 0.3 3.9 ± 0.3

Tomato nutrition and safety

Tomato fruits reflected the differences in soil fertility and microbial

activity (Table 3). Chemical fertilizer produced the highest nitrogen content

(2.8%), but also led to excessive nitrate accumulation (620 mg/kg FW), raising

food safety concerns. In contrast, microbiological fertilizer enhanced

phosphorus (0.27%) and potassium (3.1%) levels, while also increasing

micronutrients such as iron (48 mg/kg) and zinc (31 mg/kg). Importantly,

nitrate levels were lowest under microbial treatment (310 mg/kg FW),

indicating safer produce with improved nutritional quality (Bhattacharyya et

al., 2021; Wei et al., 2024).

Table 3. Tomato fruit nutrient content and nitrate accumulation

Treatment
N

(%)

P

(%)

K

(%)

Fe

(mg/kg)

Zn

(mg/kg)

Nitrate (mg/kg

FW)

Control 2.1 0.18 2.3 35 22 410

Chemical fertilizer 2.8 0.25 2.9 42 26 620

Microbiological

fertilizer
2.6 0.27 3.1 48 31 310

Comparative discussion

The integrated results demonstrate that microbiological fertilizer provides a

balanced improvement in soil fertility, microbial abundance, and vegetable

nutrition. While chemical fertilizer boosted nitrogen levels, it also increased

nitrate accumulation, which poses health risks. Microbiological fertilizer, on the

other hand, enriched functional microbial groups, improved phosphorus and

potassium availability, and produced tomatoes with higher micronutrient

content and lower nitrate levels. The microorganisms play a vital role in the
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solubilization of phosphorus, increasing nitrogen uptake and synthesizing

phytohormones such as auxin (Mahanty et al., 2016). These outcomes align with

previous studies highlighting biofertilizers as sustainable alternatives that

enhance soil health and food safety (Sharma et al., 2024; Kumar et al., 2023).

Overall, the findings support the hypothesis that linking soil health with

human wellness requires a shift from chemical inputs toward biologically based

fertilization strategies. Microbiological fertilizers not only sustain soil fertility

but also contribute to safer, more nutritious food systems, reinforcing their role

in sustainable agriculture (Beleri, 2023).

Conclusion

The results of this study demonstrate that microbiological fertilization offers

a viable and sustainable alternative to conventional chemical inputs in

vegetable production. Application of a microbial inoculant containing

Azotobacter spp., phosphate-solubilizing bacteria, and cellulolytic strains

improved soil fertility by enhancing organic matter and nutrient availability,

while simultaneously stimulating beneficial microbial groups in the

rhizosphere. Compared to chemical fertilizer, the microbiological treatment

enriched heterotrophs, nitrogen-fixers, phosphate-mineralizers, and cellulolytic

bacteria, thereby reinforcing nutrient cycling and soil health.

Tomato plants grown under microbial fertilization exhibited superior

nutritional quality, with higher phosphorus, potassium, iron, and zinc

concentrations, and significantly lower nitrate accumulation. These outcomes

highlight the dual benefits of biofertilizers: improving soil microbial ecology

and producing safer, more nutritious vegetables.

Overall, the findings support the paradigm shift from chemical to

microbiological fertilization as a strategy to link soil health with human

wellness. By fostering microbial diversity and reducing chemical residues,

biofertilizers contribute to ecological sustainability, food safety, and improved

public health. Future research should expand on these results by testing

microbial inoculants across diverse agro-ecological conditions and crop

systems, thereby strengthening their role in sustainable agriculture.
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