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Editorial on the Research Topic 


Alternative fertilizer harnessing plant-microbe interactions (AFPMI) for improved soil and plant nutrient management





Introduction

Worldwide, agriculture is the main source of food for people and is essential to maintaining food security (Jamal et al., 2023). However, there are many challenges in this sector, including the depletion of soil fertility and land degradation. These issues have led to a decrease in the amount of food available per person in various regions globally (Bouma, 2020). The sustainability of agroecosystems, preservation of biodiversity, and food security are threatened by land degradation and climate change (AbdelRahman, 2023; Kumawat et al., 2023). Improper agricultural land management has reduced 25% of total land worldwide and caused an annual soil loss of approximately 24 billion tons (Ejaz et al., 2023). This has serious implication for global food supply because degraded soil is less resilient and less productive (Mihoub et al., 2022a). It is estimated that worldwide food supply is expected to fall by 12% over the next 25 years, resulting in a 30% increase in food costs (AbdelRahman, 2023). A healthy soil that can provide balanced nutrients to plants is essential for increased productivity (Boukhalfa-Deraoui et al., 2015a). Soil is composed of mineral components, organic matter, and microorganisms that have evolved over thousands and millions of years. Unfortunately, due to human activities and improper land management, this delicate balance is disrupted, resulting in rapid soil degradation within a few years (AbdelRahman, 2023).

Climate change and depleting water and land resources have built up pressure on food supply and demand, which will be greatly increased by 2050 to feed 9.7 billion people worldwide (Becker and Fanzo, 2023). Unfortunately, this situation is further worsened by a hike in fertilizer prices and mismanagement of fertilizer allocation (Mihoub and Boukhalfa-Deraoui, 2014). Fertilizer prices have risen significantly in many countries, particularly in Africa, Latin America, and Asia, and smallholder farmers do not have access to fertilizers (Hebebrand and Laborde Debucquet, 2023); thus, rising uncertainty and high fertilizer prices are already affecting food production prospects and the livelihood of farmers (Boukhalfa-Deraoui et al., 2015b; Mihoub et al., 2016). Additional fertilizer production is not the only solution to this crisis, further initiatives must be made to encourage alternative fertilizer sources for sustainable soil management (SSM), sustainable crop production (SCP), and food security in changing climates, which significantly help to support crop production and mitigate the negative impacts of biotic and abiotic stresses (Astapati and Nath, 2023; Kumar et al., 2023). These alternative fertilizer sources play a pivotal role in SSM and SCP, as they not only contribute to cost savings but also offer numerous environmental benefits. By the use of organic fertilizers derived from waste materials not only helps manage and recycle urban waste fluxes but also provides added value in economic terms related to nutrient contents (Khan et al., 2022). Furthermore, the use of bio-fertilizers enriched with beneficial microbes enhances soil health and fertility (Mahmud et al., 2021). Harnessing plant-microbe interactions for alternative fertilization methods is a promising approach to enhance farm productivity and reduce the environmental impact of synthetic chemical fertilizers (Macdonald and Singh, 2014).

The Research Topic, titled “Alternative Fertilizer Harnessing Plant-Microbe Interactions (AFPMI) for Improved Soil and Plant Nutrient Management,” explores various strategies to foster alternative fertilizer sources for sustainable soil management, crop production, and food security in changing climates. AFPMI aims to advocate for the use of manures, biochar, bio-fertilizers, nano-fertilizers, and beneficial microbes. The ultimate objective is to maximize crop yields by highlighting the crucial role of alternative fertilizer sources and technologies in soil nutrition. This approach will undoubtedly optimize resource consumption while minimizing detrimental effects on natural resources.





Alternative fertilizers harnessing plant-microbe interactions and soil health

Improving soil health is crucial with reference to climate change. One effective approach is to use Alternative Fertilizer Harnessing Plant-Microbe Interactions (AFPMI) which combine types of fertilizers like organic, chemical, nano, and bio fertilizers. This holistic method helps in development and proliferation of soil edaphon (Amin and Mihoub, 2021; Daraz et al., 2021; Tahir et al., 2021; Babar et al., 2022), which have a vital role in enhancing soil structure and fertility (Khan et al., 2022; Jamal et al., 2023). By adopting practices that involve Alternative Fertilizers Harnessing Plant-Microbe Interactions, farmers can establish soils that’re better equipped to endure harsh weather conditions and get high economic yields from crops. This resilience is crucial as agriculture faces the challenges posed by climate change. Research conducted by Krasilnikov et al. (2022) further emphasizes the significance of AFPMI in adapting to these climate variations. Through AFPMI practices, farmers can ensure that their soil remains fertile and productive when faced with changing weather patterns. This comprehensive approach not only helps protect the environment but also supports the long-term viability of agricultural systems. As we work towards reducing the effects of climate change, Alternative Fertilizers Harnessing Plant-Microbe Interactions serves as a tool for promoting soil wellbeing and ensuring food production for generations.





Alternative fertilizer harnessing plant-microbe interactions for improved crop productivity

Alternative Fertilizer Harnessing Plant-Microbe Interactions (AFPMI) for Improved Soil and Plant Nutrient Management plays a vital role in improving plant productivity. This is especially important amid rapid climate change, where ensuring food security is a top priority. AFPMI optimizes crop nutrient utilization, ensuring higher crop yields, and crop resilience through the strategic application of organic and bio-fertilizers (Daraz et al., 2023; Salman et al., 2023; Ullah et al., 2023). By embracing the practices of Alternative Fertilizers Harnessing Plant-Microbe Interactions, we can effectively tackle the challenges presented by climate change and guarantee a sustainable and secure food supply for future generations.





Alternative fertilizer harnessing plant-microbe interactions: a solution to rising fertilizer cost and food security

Among the major benefits of AFPMI that make it crucial is that it minimizes further reliance on expensive chemical fertilizers. Due to the escalation in fertilizer prices and the consequences of climatic change, compliance with methods brought about by AFPMI indeed emerges as an attractive and cost-effective option for the farming community (Mihoub et al., 2022b; Mihoub et al., 2022c). AFPMI improves the efficiency of nutrient usage and hence reduces the cyclic use of costly chemical inputs. In this way, we can reduce the cost of production and promote sustainable agricultural practices (Khan et al., 2022). Food security is closely attached to the utilization of AFPMI and is especially concerned with challenges linked to climate change. Improved crop yield has been embraced through the adoption of AFPMI practices towards increased production levels required for food security cases (Ahmad et al., 2022; Jamal et al., 2023). AFPMI has tremendous benefits concerning the improvement of soil fertility and acidity vis-à-vis the apparent effects of environmental change such as heavy metals, long droughts, and salt stress (Hamid et al., 2021; Tahir et al., 2021; Ahmad et al., 2022; Daraz et al., 2023). AFPMI techniques are used by farmers to protect food crops from nutrient deficiency, promote uniformity, and predictable food production (Daraz et al., 2021; Hussain et al., 2022). Further, AFPMI is a sustainable kind of agriculture that significantly reduces the impact on the environment. This approach helps in protecting ecosystems and ensuring food security (Nadia et al., 2023), thus fostering development towards a more resilient and safe food future.





Alternative fertilizer harnessing plant-microbe interactions and climate change adaptation

As the Earth’s climate continues to undergo significant changes, it is crucial to explore effective strategies for adapting to these shifts, particularly in the field of agriculture. AFPMI practices are designed to help crops withstand the increasingly challenging environmental stressors brought about by climate change, such as rising temperatures and unpredictable precipitation patterns. By enhancing the resilience of crops, AFPMI practices enable them to better cope with heat and water scarcity, ultimately safeguarding agricultural productivity (Krasilnikov et al., 2022). AFPMI not only benefits crop directly but also supports global initiatives to mitigate climate change. It contributes to the development of carbon-free agricultural farming, which could be achieved by reducing greenhouse gases in the atmosphere and increasing the passive pool of carbon in the soil through biochar (Wang et al., 2023). Such farming practices would be eco-friendlier and climate resilient.





Articles and insights

This Research Topic presents a collection of articles that provide insights into the various impacts of alternative fertilizer harnessing plant-microbe interactions (AFPMI) on sustainable agriculture. These research contributions cover important aspects of agricultural sustainability, including interventions in soil microbiota and the management of organic waste. This editorial outline the significant findings of all the manuscript published in this Research Topic with a focus on their significance to soil and plant health, crop yields, fertilizer costs, food security, and climate change. One of the articles discusses the long-term application of sheep manure fertilizer at a depth of 50–70 cm on tea plantations. This practice has been found to alleviate soil acidification by improving soil pH, ammonium nitrogen content, nitrogen fixation ability, and root activity. As a result, tea tree roots are better able to absorb nitrogen from the soil, leading to increased tea yield and quality (Jia et al.). This research not only contributes to sustainable agriculture but also reduces the need for chemical pesticides and promotes soil health.

Biofertilizer or PGPR has a vital role in maintaining soil and plant health thus, five studies deal with either the use of sole biofertilizer or its co-inoculation with organic fertilizers. For instance, Ma et al. isolated the new bacterial strain MQR6T (Pantoea rhizosphaerae) from the rhizosphere of Acer truncatum Bunge. This strain can solubilize inorganic P produce indole acetic acid and siderophores. The inoculation of strain MQR6T with A. truncatum improves plant growth, biomass, and P-accumulation in plants. This strategy has the potential to reduce dependence on inorganic fertilizers, improve benefit to cost ratio, thus contribute to food security. This study advocates the use of blend of biofertilizers, organic fertilizers, and chemical fertilizers to improve wheat yield. The combination of DAP+FYM+BA treatment not only improves wheat growth, biomass, and yield but also improves the quality of wheat grain (Asghar et al.).

This research highlights the positive role of biofertilizers supplements as alternatives to conventional fertilizers to promote soil health, increase productivity, and food security while reducing the ecological footprint. This study reveals that the application of biofertilizers can help the strawberry plant overcome the negative effects of nitrogen deficiency (García-López et al.). PGPR-inoculation improved the economic yield of strawberries by enhancing the efficiency of photosystem-II and N-nutrition for plants in an N-deficient environment. This approach confirms that biofertilizers may be promising complementary tools to improve nitrogen-based chemical fertilization processes, thereby significantly reducing the use of this agrochemical. This study (Ujvári et al.) reveals that microbial communities regulate soil fertility and are mainly dependent on crop species and cropping systems adapted by farmers (Ujvári et al.). The NP fertilization and maize genotypes played a vital role in reshaping the microbial communities in the maize rhizosphere at the plant emergence stage. Application of NP fertilization, maize hybrids, and biostimulants increased plant growth, early flowering, and the economic yield of maize in field conditions (Capo et al.). They also proposed alternative techniques, such as utilizing early-vigor genotypes or applying biostimulants to seeds, which can help reduce the negative impacts of abiotic stresses associated with early planting and result in faster crop development. These innovations may minimize or, in some circumstances, eliminate the need for starting fertilization.

Two studies focus on the application of pristine biochar or its combination with fishpond sediment and iron as an alternative or supplement source of nutrient management under nutrient or heavy metal stress. Mahmood et al. highlighted the significance of using the optimal amounts of biochar and fishpond sediments to improve the nutrient content and availability of soil. It provides valuable information on how biochar and fishpond sediments can be used together to reduce phosphorus fixation and prevent the loss of residual phosphorus. Ultimately, this approach helps to sustain food production. In another study, Algethami et al. found that application of iron-modified biochar (Fe-BC) improved the nutritional quality of soil and mitigated metal toxicity in wheat plants under heavy metal stress. The results showed that Fe-BC is a promising strategy for improving soil fertility and reducing the harmful effects of Cd and Pb contamination. This research has significant implications for enhancing food security in stressful environments.





Concluding remarks and future perspectives

Alternative fertilizer harnessing plant-microbe interactions (AFPMI) play a vital role in improving soil health, plant productivity, and climate resilience. We can achieve maximum economic yields through judicious application of organic fertilizers (sheep manure, biochar), microbial-based fertilizers (biofertilizers), synergistic use of bio-synthetic fertilizers (PGPR + chemical fertilizers), adopting various agronomic practices (seed priming, crop genotypes) and cropping systems. These AFPMI practices not only improve soil fertility status and soil edaphon but also translate it into better crop stand, economic yields, and resistance to climate change. By utilizing agricultural technologies and adopting innovative practices, we have the potential to create a future where sustainable agriculture forms the basis of food security, despite the challenges posed by climate change.
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