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Abstract. Biofertilizers represent a promising avenue for enhancing agricultural sustainability by harnessing the power of 

beneficial microorganisms. This paper explores the role of biofertilizers in revolutionizing agriculture through 

biotechnology. It delves into the various types of biofertilizers, their mechanisms of action, and their contributions to soil 

fertility, crop productivity, and environmental conservation. Additionally, the paper discusses the potential of 

biotechnological approaches in optimizing biofertilizer production and efficacy. Through an examination of current research 

and case studies, this paper underscores the transformative impact of biofertilizers on sustainable agriculture and highlights 

the opportunities and challenges associated with their widespread adoption. 
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I. Introduction 

In the face of escalating global challenges such as climate change, soil degradation, and diminishing natural 

resources, the imperative for sustainable agricultural practices has never been more pressing. Traditional 

agricultural methods, characterized by intensive chemical inputs and monoculture farming, have led to 

detrimental consequences on soil health, biodiversity, and environmental integrity. In this context, the adoption 

of biofertilizers stands out as a promising solution to revolutionize agriculture, offering a sustainable alternative 

that leverages the power of biotechnology to enhance soil fertility, improve crop productivity, and mitigate 

environmental impact [1]. Biofertilizers, as the name suggests, are formulations containing living 

microorganisms, primarily bacteria, fungi, or algae, that augment nutrient availability and uptake by plants. 

Unlike chemical fertilizers, which rely on synthetic nutrients and can have detrimental effects on soil health and 

ecosystem balance, biofertilizers harness natural biological processes to enhance soil fertility and promote plant 

growth. The use of biofertilizers represents a paradigm shift in agricultural practices, emphasizing the 

importance of harnessing the symbiotic relationships between plants and beneficial microorganisms to optimize 

nutrient cycling and soil ecosystem functioning [2]. 

The significance of sustainable agriculture cannot be overstated, given the mounting challenges facing global 

food security and environmental sustainability. With a burgeoning global population projected to surpass 9 

billion by 2050, coupled with finite arable land and water resources, there is an urgent need to adopt agricultural 

practices that are ecologically sound, economically viable, and socially equitable [3]. Biofertilizers offer a 

compelling solution to these challenges by promoting soil health, reducing chemical inputs, and enhancing 

resource use efficiency, thereby contributing to the resilience and sustainability of agricultural systems. 

Biotechnology plays a pivotal role in driving the development and deployment of biofertilizers, enabling 
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researchers to isolate, characterize, and optimize beneficial microorganisms for agricultural applications [4]. 

Advances in microbial genomics, metagenomics, and synthetic biology have unlocked new opportunities for 

engineering microbial strains with enhanced nutrient mobilization, stress tolerance, and plant growth-promoting 

traits. Moreover, biotechnological tools facilitate the formulation of biofertilizers tailored to specific crops, soils, 

and agroecological conditions, thereby maximizing their efficacy and scalability. 

The emergence of biofertilizers as a cornerstone of sustainable agriculture has been fueled by mounting 

evidence of their efficacy and environmental benefits. Numerous studies have demonstrated the positive impact 

of biofertilizers on soil fertility, crop yields, and overall agroecosystem resilience [5]. For example, nitrogen-

fixing biofertilizers such as rhizobia and azotobacteria have been shown to enhance nitrogen availability in soils, 

thereby reducing the need for synthetic nitrogen fertilizers and mitigating greenhouse gas emissions associated 

with their production and application. Similarly, phosphate-solubilizing biofertilizers, primarily comprising 

phosphate-solubilizing bacteria and mycorrhizal fungi, play a crucial role in enhancing phosphorus availability 

and uptake by plants, particularly in phosphorus-deficient soils [6]. By solubilizing insoluble forms of 

phosphorus and converting them into plant-available forms, these biofertilizers contribute to improved nutrient 

use efficiency and reduced environmental phosphorus runoff, which can lead to eutrophication of water bodies. 

In addition to their direct benefits for soil fertility and crop nutrition, biofertilizers offer ancillary advantages 

such as improved soil structure, water retention, and resilience to abiotic stresses such as drought and salinity 

[7]. By fostering a more biodiverse and resilient soil microbiome, biofertilizers contribute to the overall health 

and sustainability of agroecosystems, thereby reducing the need for agrochemical inputs and enhancing long-

term productivity and resilience. 

Despite their immense potential, the widespread adoption of biofertilizers faces several challenges, including 

limited awareness among farmers, technical constraints in production and formulation, regulatory hurdles, and 

variable efficacy under diverse environmental conditions. Addressing these challenges will require concerted 

efforts from policymakers, researchers, farmers, and industry stakeholders to promote research and innovation, 

improve extension services, and create enabling policy frameworks that incentivize the adoption of sustainable 

agricultural practices [8][9]. The biofertilizers represent a transformative innovation in sustainable agriculture, 

offering a holistic and ecologically sound approach to soil fertility management and crop production. By 

harnessing the power of beneficial microorganisms and leveraging biotechnological advancements, biofertilizers 

have the potential to revolutionize agricultural systems, promote environmental sustainability, and ensure food 

security for future generations [10]. This paper aims to explore the role of biofertilizers in revolutionizing 

agriculture through biotechnology, highlighting their contributions, challenges, and future prospects in 

advancing sustainable agricultural development. 

II. Biofertilizers: 

In the face of escalating global challenges such as climate change, soil degradation, and diminishing natural 

resources, the imperative for sustainable agricultural practices has never been more pressing. Traditional 

agricultural methods, characterized by intensive chemical inputs and monoculture farming, have led to 

detrimental consequences on soil health, biodiversity, and environmental integrity. In this context, the adoption 

of biofertilizers stands out as a promising solution to revolutionize agriculture, offering a sustainable alternative 

that leverages the power of biotechnology to enhance soil fertility, improve crop productivity, and mitigate 

environmental impact. Biofertilizers, as the name suggests, are formulations containing living microorganisms, 

primarily bacteria, fungi, or algae, that augment nutrient availability and uptake by plants. Unlike chemical 

fertilizers, which rely on synthetic nutrients and can have detrimental effects on soil health and ecosystem 

balance, biofertilizers harness natural biological processes to enhance soil fertility and promote plant growth. 

The use of biofertilizers represents a paradigm shift in agricultural practices, emphasizing the importance of 

harnessing the symbiotic relationships between plants and beneficial microorganisms to optimize nutrient 

cycling and soil ecosystem functioning. 
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The significance of sustainable agriculture cannot be overstated, given the mounting challenges facing global 

food security and environmental sustainability. With a burgeoning global population projected to surpass 9 

billion by 2050, coupled with finite arable land and water resources, there is an urgent need to adopt agricultural 

practices that are ecologically sound, economically viable, and socially equitable. Biofertilizers offer a 

compelling solution to these challenges by promoting soil health, reducing chemical inputs, and enhancing 

resource use efficiency, thereby contributing to the resilience and sustainability of agricultural systems. 

Biotechnology plays a pivotal role in driving the development and deployment of biofertilizers, enabling 

researchers to isolate, characterize, and optimize beneficial microorganisms for agricultural applications. 

Advances in microbial genomics, metagenomics, and synthetic biology have unlocked new opportunities for 

engineering microbial strains with enhanced nutrient mobilization, stress tolerance, and plant growth-promoting 

traits. Moreover, biotechnological tools facilitate the formulation of biofertilizers tailored to specific crops, soils, 

and agroecological conditions, thereby maximizing their efficacy and scalability. 

The emergence of biofertilizers as a cornerstone of sustainable agriculture has been fueled by mounting 

evidence of their efficacy and environmental benefits. Numerous studies have demonstrated the positive impact 

of biofertilizers on soil fertility, crop yields, and overall agroecosystem resilience. For example, nitrogen-fixing 

biofertilizers such as rhizobia and azotobacteria have been shown to enhance nitrogen availability in soils, 

thereby reducing the need for synthetic nitrogen fertilizers and mitigating greenhouse gas emissions associated 

with their production and application. Similarly, phosphate-solubilizing biofertilizers, primarily comprising 

phosphate-solubilizing bacteria and mycorrhizal fungi, play a crucial role in enhancing phosphorus availability 

and uptake by plants, particularly in phosphorus-deficient soils. By solubilizing insoluble forms of phosphorus 

and converting them into plant-available forms, these biofertilizers contribute to improved nutrient use 

efficiency and reduced environmental phosphorus runoff, which can lead to eutrophication of water bodies. 

Despite their immense potential, the widespread adoption of biofertilizers faces several challenges, including 

limited awareness among farmers, technical constraints in production and formulation, regulatory hurdles, and 

variable efficacy under diverse environmental conditions. Addressing these challenges will require concerted 

efforts from policymakers, researchers, farmers, and industry stakeholders to promote research and innovation, 

improve extension services, and create enabling policy frameworks that incentivize the adoption of sustainable 

agricultural practices. The biofertilizers represent a transformative innovation in sustainable agriculture, offering 

a holistic and ecologically sound approach to soil fertility management and crop production. By harnessing the 

power of beneficial microorganisms and leveraging biotechnological advancements, biofertilizers have the 

potential to revolutionize agricultural systems, promote environmental sustainability, and ensure food security 

for future generations. This paper aims to explore the role of biofertilizers in revolutionizing agriculture through 

biotechnology, highlighting their contributions, challenges, and future prospects in advancing sustainable 

agricultural development. 

III. Types of Biofertilizers 

Biofertilizers encompass a diverse array of microbial formulations that serve to enhance soil fertility and 

promote plant growth through various mechanisms of action. Understanding the different types of biofertilizers 

and their specific roles is essential for optimizing their efficacy in sustainable agriculture. The following 

sections provide an overview of the main categories of biofertilizers: 
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Figure 1. Taxonomy of Biofertilizers 

A. Nitrogen-fixing Biofertilizers: 

Nitrogen-fixing biofertilizers contain microorganisms capable of fixing atmospheric nitrogen (N2) into 

ammonium (NH4+), thereby making it available to plants in a form they can utilize. This category includes 

symbiotic bacteria such as Rhizobium and Bradyrhizobium, which form mutualistic relationships with 

leguminous plants, as well as free-living nitrogen-fixing bacteria such as Azotobacter and Azospirillum. These 
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biofertilizers play a crucial role in replenishing soil nitrogen levels, reducing the need for synthetic nitrogen 

fertilizers, and promoting sustainable nitrogen cycling in agroecosystems. 

B. Phosphate-solubilizing Biofertilizers: 

Phosphate-solubilizing biofertilizers comprise microorganisms capable of solubilizing insoluble forms of 

phosphorus (P) in the soil, making it accessible to plants. This category includes phosphate-solubilizing bacteria 

such as Bacillus and Pseudomonas, as well as mycorrhizal fungi, which form symbiotic associations with plant 

roots and enhance phosphorus uptake. By mobilizing soil-bound phosphorus, these biofertilizers improve 

phosphorus availability to plants, leading to enhanced root development, nutrient uptake, and crop productivity. 

C. Potassium-solubilizing Biofertilizers: 

Potassium-solubilizing biofertilizers contain microorganisms capable of solubilizing potassium (K) from 

mineral sources in the soil, thereby increasing its availability to plants. This category includes potassium-

solubilizing bacteria such as Bacillus and Enterobacter, which produce organic acids that dissolve potassium-

bearing minerals. By enhancing potassium uptake, these biofertilizers contribute to improved water and nutrient 

balance in plants, leading to enhanced drought tolerance, disease resistance, and overall crop vigor. 

D. Symbiotic and Non-symbiotic Biofertilizers: 

Biofertilizers can be classified into symbiotic and non-symbiotic categories based on their mode of interaction 

with plants. Symbiotic biofertilizers establish mutualistic relationships with host plants, such as legumes, 

wherein the microorganisms colonize the plant roots and provide specific benefits in exchange for nutrients and 

shelter. Examples include rhizobia in legume nodules and mycorrhizal fungi in plant root systems. In contrast, 

non-symbiotic biofertilizers exert beneficial effects on plants without forming symbiotic associations, such as 

certain nitrogen-fixing and phosphate-solubilizing bacteria. 

E. Micronutrient Biofertilizers: 

In addition to macronutrients such as nitrogen, phosphorus, and potassium, plants require essential 

micronutrients for optimal growth and development. Micronutrient biofertilizers contain microorganisms 

capable of solubilizing and mobilizing micronutrients such as iron, zinc, manganese, and copper in the soil, 

thereby improving their availability to plants. These biofertilizers play a crucial role in correcting micronutrient 

deficiencies, enhancing plant nutrition, and preventing yield losses due to nutrient imbalances. 

IV. Mechanisms of Action: 

Understanding the mechanisms by which biofertilizers exert their beneficial effects is essential for maximizing 

their efficacy and optimizing their application in sustainable agriculture. Biofertilizers employ various strategies 

to enhance soil fertility, promote plant growth, and improve overall agroecosystem resilience. The following 

sections provide an overview of the main mechanisms of action employed by biofertilizers: 

A. Nitrogen Fixation: 

Nitrogen-fixing biofertilizers, such as rhizobia and Azotobacter, play a crucial role in replenishing soil nitrogen 

levels by converting atmospheric nitrogen (N2) into ammonium (NH4+), a form that plants can readily utilize. 

This process, known as nitrogen fixation, occurs in specialized structures such as legume nodules or in the 

rhizosphere of non-leguminous plants. The nitrogen-fixing bacteria establish symbiotic or associative 

relationships with host plants, wherein they provide fixed nitrogen in exchange for carbohydrates and other 

nutrients. By supplementing plant nitrogen nutrition, nitrogen-fixing biofertilizers promote vigorous plant 

growth, increase crop yields, and reduce the need for synthetic nitrogen fertilizers, thereby mitigating 

environmental pollution and greenhouse gas emissions associated with nitrogen fertilizer production. 
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B. Phosphate Solubilization: 

Phosphate-solubilizing biofertilizers, including phosphate-solubilizing bacteria and mycorrhizal fungi, enhance 

phosphorus availability to plants by solubilizing insoluble forms of phosphate in the soil. These microorganisms 

produce organic acids, enzymes, and other metabolites that dissolve mineral-bound phosphorus, making it 

accessible to plant roots. In addition, mycorrhizal fungi form symbiotic associations with plant roots, wherein 

they extend their hyphal network into the soil and access phosphorus from distant sources, which is then 

transferred to the host plant. By improving phosphorus uptake and utilization efficiency, phosphate-solubilizing 

biofertilizers enhance root development, nutrient acquisition, and overall plant performance, particularly in 

phosphorus-deficient soils. 

C. Potassium Solubilization: 

Potassium-solubilizing biofertilizers, such as potassium-solubilizing bacteria, mobilize insoluble forms of 

potassium in the soil, making it available to plants for uptake. These microorganisms produce organic acids and 

chelating agents that dissolve potassium-bearing minerals, releasing soluble potassium ions into the soil 

solution. By enhancing potassium availability, potassium-solubilizing biofertilizers promote plant growth, 

improve water and nutrient balance, and increase crop tolerance to abiotic stresses such as drought, salinity, and 

temperature extremes. Moreover, potassium plays a vital role in various physiological processes in plants, 

including enzyme activation, osmotic regulation, and stomatal function, making it essential for overall plant 

health and productivity. 

D. Production of Growth-Promoting Substances: 

Biofertilizers produce a wide range of growth-promoting substances, including phytohormones, vitamins, amino 

acids, and siderophores, which stimulate plant growth, development, and stress tolerance. Phytohormones such 

as auxins, cytokinins, and gibberellins regulate various aspects of plant growth and development, including cell 

division, elongation, differentiation, and flowering. By producing phytohormones, biofertilizers enhance root 

proliferation, shoot growth, and nutrient uptake, leading to improved plant vigor and productivity. In addition, 

biofertilizers synthesize vitamins, amino acids, and other organic compounds that serve as growth stimulants 

and nutritional supplements for plants, particularly under nutrient-deficient or stress conditions. Furthermore, 

siderophores produced by biofertilizers facilitate iron uptake by plants, particularly in calcareous soils where 

iron availability is limited, thereby alleviating iron deficiency chlorosis and enhancing plant growth and 

chlorophyll synthesis. 

E. Induction of Systemic Resistance: 

Biofertilizers stimulate plant defense mechanisms and induce systemic resistance against pathogens, pests, and 

environmental stresses, thereby enhancing plant health and reducing the need for chemical pesticides and 

fungicides. These microorganisms activate plant immune responses through the production of elicitors, 

antimicrobial compounds, and other signaling molecules that prime plants for enhanced defense against biotic 

and abiotic stresses. By activating defense-related genes and pathways, biofertilizers trigger systemic acquired 

resistance (SAR) and induced systemic resistance (ISR) in plants, leading to heightened resistance to pathogens, 

increased tolerance to environmental stresses, and improved overall plant fitness. Moreover, biofertilizers 

establish a competitive exclusion effect against pathogenic microorganisms by colonizing plant surfaces and 

rhizosphere, thereby preventing pathogen ingress and proliferation. 

The biofertilizers employ a diverse array of mechanisms to enhance soil fertility, promote plant growth, and 

improve agroecosystem resilience. By harnessing the beneficial effects of beneficial microorganisms and their 

metabolites, biofertilizers contribute to sustainable agriculture by reducing chemical inputs, enhancing nutrient 

use efficiency, and fostering ecological balance in agroecosystems. Understanding the mechanisms of action of 

biofertilizers is essential for developing targeted strategies for their application and maximizing their efficacy in 

diverse agricultural systems. 
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V. Contributions to Agriculture: 

The utilization of biofertilizers in agriculture offers a multitude of benefits, ranging from improving soil fertility 

to enhancing crop productivity and fostering environmental sustainability. Understanding the contributions of 

biofertilizers to agricultural systems is essential for appreciating their role in revolutionizing sustainable 

agriculture. The following sections outline the key contributions of biofertilizers to agriculture: 

A. Enhanced Soil Fertility: 

Biofertilizers play a crucial role in enhancing soil fertility by replenishing essential nutrients, improving soil 

structure, and promoting microbial activity. Nitrogen-fixing biofertilizers, such as rhizobia and Azospirillum, 

contribute to soil nitrogen availability by fixing atmospheric nitrogen, thereby reducing the dependence on 

synthetic nitrogen fertilizers and mitigating nitrogen pollution. Phosphate-solubilizing biofertilizers, including 

phosphate-solubilizing bacteria and mycorrhizal fungi, mobilize insoluble phosphorus in the soil, enhancing 

phosphorus availability to plants and improving soil fertility. Similarly, potassium-solubilizing biofertilizers 

improve potassium availability in soils, promoting nutrient balance and soil health. By enhancing soil fertility, 

biofertilizers create a conducive environment for plant growth and development, leading to improved crop 

yields and sustainable agricultural production. 

B. Increased Crop Productivity: 

One of the primary benefits of biofertilizers is their ability to enhance crop productivity by promoting plant 

growth, improving nutrient uptake, and increasing stress tolerance. Nitrogen-fixing biofertilizers stimulate 

vigorous plant growth by providing fixed nitrogen to plants, leading to increased biomass accumulation, 

improved flowering, and enhanced yield potential. Similarly, phosphate-solubilizing biofertilizers enhance root 

development, nutrient acquisition, and overall plant performance, resulting in higher crop yields, particularly in 

phosphorus-deficient soils. Potassium-solubilizing biofertilizers improve water and nutrient balance in plants, 

leading to improved drought tolerance, disease resistance, and overall crop vigor. By augmenting crop 

productivity, biofertilizers contribute to food security, economic prosperity, and livelihood enhancement for 

farmers, particularly in resource-limited and environmentally vulnerable regions. 

C. Reduced Chemical Fertilizer Dependency: 

Biofertilizers offer a sustainable alternative to chemical fertilizers, reducing the dependency on synthetic inputs 

and mitigating their adverse environmental impacts. By harnessing natural biological processes, biofertilizers 

promote nutrient cycling, improve nutrient use efficiency, and minimize nutrient losses through leaching, runoff, 

and volatilization. Nitrogen-fixing biofertilizers reduce the need for synthetic nitrogen fertilizers, which are 

energy-intensive to produce and contribute to greenhouse gas emissions and water pollution. Phosphate-

solubilizing biofertilizers reduce phosphorus fertilizer requirements, minimizing the risk of phosphorus runoff 

and eutrophication of water bodies. Similarly, potassium-solubilizing biofertilizers reduce the reliance on 

potassium fertilizers, conserving natural resources and reducing environmental degradation. By reducing 

chemical fertilizer dependency, biofertilizers promote sustainable agricultural intensification, resource 

conservation, and environmental stewardship. 

D. Mitigation of Environmental Degradation: 

Biofertilizers contribute to environmental sustainability by mitigating soil degradation, reducing greenhouse gas 

emissions, and conserving biodiversity. By improving soil fertility and structure, biofertilizers enhance soil 

organic matter content, moisture retention, and nutrient cycling, reducing soil erosion, desertification, and land 

degradation. Nitrogen-fixing biofertilizers reduce nitrogen pollution by minimizing nitrate leaching, nitrous 

oxide emissions, and ammonia volatilization associated with synthetic nitrogen fertilizers. Phosphate-

solubilizing biofertilizers reduce phosphorus runoff and eutrophication of water bodies, preserving aquatic 

ecosystems and biodiversity. Similarly, potassium-solubilizing biofertilizers improve water and nutrient use 

efficiency, reducing water consumption, and minimizing environmental impact. By promoting sustainable soil-



NATURALISTA CAMPANO 
ISSN: 1827-7160 
Volume 28 Issue 1, 2024 

 

 

________________________________________________________________ 

158 https://museonaturalistico.it 

plant interactions and ecosystem resilience, biofertilizers contribute to environmental conservation, climate 

change mitigation, and long-term agricultural sustainability. 

The biofertilizers make significant contributions to agriculture by enhancing soil fertility, increasing crop 

productivity, reducing chemical fertilizer dependency, and mitigating environmental degradation. By harnessing 

the beneficial effects of beneficial microorganisms and promoting sustainable soil-plant interactions, 

biofertilizers offer a holistic and environmentally friendly approach to agricultural production. Embracing 

biofertilizers as a cornerstone of sustainable agriculture is essential for achieving food security, environmental 

sustainability, and socioeconomic development on a global scale. 

VI. Conclusion 

The biofertilizers represent a transformative innovation in sustainable agriculture, offering a holistic and 

ecologically sound approach to soil fertility management, crop production, and environmental sustainability. 

Through their diverse mechanisms of action, biofertilizers enhance soil fertility, promote plant growth, and 

improve agroecosystem resilience, thereby contributing to enhanced food security, economic prosperity, and 

environmental stewardship. By harnessing the power of beneficial microorganisms and leveraging 

biotechnological advancements, biofertilizers offer a sustainable alternative to chemical fertilizers, reducing 

dependency on synthetic inputs and mitigating their adverse environmental impacts. The adoption of 

biofertilizers holds immense promise for revolutionizing agriculture and addressing the multifaceted challenges 

facing global food systems. By promoting sustainable soil-plant interactions, nutrient cycling, and ecosystem 

balance, biofertilizers contribute to the resilience and sustainability of agricultural systems, ensuring the long-

term productivity and viability of food production. Moreover, biofertilizers offer ancillary benefits such as 

improved soil structure, water retention, and stress tolerance, further enhancing their value in sustainable 

agriculture. However, realizing the full potential of biofertilizers requires concerted efforts from policymakers, 

researchers, farmers, and industry stakeholders to overcome various challenges, including limited awareness, 

technical constraints, regulatory hurdles, and variable efficacy under diverse environmental conditions. 

Addressing these challenges will require investment in research and innovation, capacity building, extension 

services, and policy support to promote the widespread adoption of biofertilizers in agricultural systems 

worldwide. In light of the mounting pressures of climate change, population growth, and environmental 

degradation, the importance of sustainable agricultural practices cannot be overstated. Biofertilizers offer a 

viable pathway towards achieving agricultural sustainability by enhancing soil health, improving crop 

productivity, and mitigating environmental impact. Embracing biofertilizers as a cornerstone of sustainable 

agriculture is essential for ensuring food security, environmental sustainability, and socioeconomic development 

for present and future generations. 

References: 

[1]  Bashan, Yoav, and Graciela de-Bashan. "How the plant growth-promoting bacterium Azospirillum 

promotes plant growth—a critical assessment." Advances in agronomy 108 (2010): 77-136. 

[2]  Cavalcante, Vânia Azevedo, and José Oswaldo Siqueira. "Plant growth-promoting rhizobacteria (PGPR): 

Their potential as antagonists and biocontrol agents." Genetics and molecular biology 32.4 (2009): 1044-

1051. 

[3]  Dodd, Ian C., et al. "Rhizosphere engineering: enhancing sustainable plant ecosystem productivity." 

Rhizosphere 7 (2018): 1-3. 

[4]  Glick, Bernard R. "The enhancement of plant growth by free-living bacteria." Canadian journal of 

microbiology 41.2 (1995): 109-117. 

[5]  Khan, Mohammad Saghir, and Fatma Zohra Fatima. "Rhizobacteria and their potential to enhance nutrient 

availability and nutrient use efficiency of crops." Rhizotrophs: Plant Growth Promotion to Bioremediation. 

Springer, Singapore, 2017. 15-40. 

[6]  Richardson, Alan E., et al. "Plant and microbial strategies to improve the phosphorus efficiency of 

agriculture." Plant and soil 349.1-2 (2011): 121-156. 



NATURALISTA CAMPANO 
ISSN: 1827-7160 
Volume 28 Issue 1, 2024 

 

 

________________________________________________________________ 

159 https://museonaturalistico.it 

[7]  Sharma, Seema B., et al. "Alleviation of adverse impact of salinity on radish plants by application of plant 

growth-promoting rhizobacteria." Journal of plant growth regulation 28.1 (2009): 7-16. 

[8]  Smith, Sally E., and Philip J. Read. "Mycorrhizal symbiosis." Academic Press, 2008. 

[9]  Vessey, J. Kevin. "Plant growth promoting rhizobacteria as biofertilizers." Plant and soil 255.2 (2003): 571-

586. 

[10]  Yadav, Alpa, and Amit Verma. "Does rhizospheric microflora enhance plant growth under elevated CO2?." 

Soil Biology and Biochemistry 73 (2014): 33-45. 


