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Abstract 

The existence of microbiomes in soils is essential in determining the growth processes of 

plants due to complex biological and biochemical interactions in the rhizosphere. This paper 

will discuss how different soil microbiome populations affect plant growth in terms of 

nutrient cycling, production of phytohormones, and stress resistance. Bacteria and fungi 

boost the growth of plants through nitrogen fixation, solubilization of phosphorus and 

decomposing of organic matter, thus elevating the soil fertility and its nutrient content. 

Moreover, useful microbes help in developing the health of plants through inhibiting 

pathogens as well as creating a systemic resistance. In the study, microbial analysis 

methodology and plant performance measurements are combined in a bid to determine how 

microbial diversity correlates with plant performance. The results indicate the importance of 

soil microbiomes in the development of sustainable agriculture, and the possibility of these 

microorganisms to enhance the crop productivity and their resilience to the dynamic 

environment. 

Keywords: Soil microbiomes, plant growth dynamics, rhizosphere interactions, nutrient 
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Introduction 

Microbiomes associated with soils, which include a wide range of bacteria, fungi, archaea, 

and protozoa, are essential in controlling the dynamics of plant growth and the general 

productivity of the whole ecosystem. These microorganisms colonize the rhizosphere or the 

thin layer of soil affected by plant roots in which intricate biochemical interactions take 

place between plant and microorganism. Plant growth dynamics is an idea that involves the 

physiological and development processes that define the performance of plants in terms of 

germination, nutrient uptake, biomass accumulation, and yield. To address these processes, 

the soil microbiomes would facilitate the availability of nutrients through fixation of 

nitrogen, solubilization of phosphorus, and decomposition of organic material thus 

increasing soil popularity and plant nutrition. Moreover, some categories of 

microorganisms especially the plant growth-promoting rhizobacteria (PGPR) and 

mycorrhizal fungi have been known to produce phytohormones such as auxins, cytokinins 

and gibberellin which directly trigger root growth and shoot development. In addition to 

nutrient facilitation, soil microbes are important in safeguarding plants against pathogenic 

agents by competing with them, synthesis of antimicrobial products, and development of 

systemic resistance. Various environmental factors such as soil type, pH, moisture, 

temperature, and agricultural activities such as fertilizers use and tillage have effects on the 

structure and functionality of soil microbiomes which subsequently influence the outcome of 

growth in plants. Recent developments in molecular methods (especially metagenomics and 
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high-throughput sequencing) have greatly enhanced our knowledge of microbial diversity 

and functional capacity in soils, and have made them important in sustainable agriculture 

and climate-resilient crop production systems. Nevertheless, the relationship between soil 

microbial communities and plant growth processes in different environment conditions in 

their complex interactions and feedback feedbacks has a gap in the comprehensive 

understanding of the processes despite increased awareness of their importance. Thus, the 

study of the impact of soil microbiomes on the dynamics of plant growth is crucial to coming 

up with new tactics of improving crop yields, keeping the soil healthy, and ensuring the 

sustainability of agriculture in the future due to the global issues of soil degradation and 

climate changes. 

Scope of the Study 

The paper at hand aims at examining how soil microbiomes impact the process of plant 

growth both in controlled and natural environmental conditions. It also involves studying of 

the microbial diversity, such as bacteria and fungi found in the rhizosphere and how they 

help in nutrient cycling, e.g. fixation of nitrogen and solubilization of phosphorus. The paper 

also examines how these interactions between the microbes affect the important parameters 

of plant growth such as germination rate, root growth, biomass gain, and overall yield. It 

puts an emphasis on the knowledge on the influence of environmental parameters, i.e., type 

of soil, pH, moisture, and farming practices on microbial activity and, in turn, on plant 

performance. The study is not generalised to cover the ecological diversity but restricted to 

the chosen crop systems and soil conditions. Also, there are sophisticated microbial analysis 

methods that are used to evaluate community structure and community function. The results 

will help in sustaining agricultural activities as they seek to indicate how the positive soil 

microorganisms can be used in a practical way. 

Background of Soil Microbiomes 

The soil microbiomes are described as the complex and dynamic communities of 

microorganisms, in form of bacteria, fungi, archaea, and protozoa, which live in soil 

environment and are essential to the ecosystem functioning. These microbial communities 

are the backbone to soil health as they promote the necessary biochemical functions that 

include organic matter breakdown, nutrient mineralization and biogeochemical cycling. 

Traditionally, soil microbiomes were studied using culture-based approaches, which only 

provided a small portion of the microbial diversity but, recently, molecular methods like 

metagenomics and next-generation sequencing have shown the immense level of complexity 

and functional capacity of such communities. The concentration of soil microbiomes is 

especially in the rhizosphere in which they engage with plant roots in a symbiotic, 

mutualistic, and occasionally antagonistic relationship. These relationships have profound 

effects on the fertility of soils and nutrition of plants, and resistance to environmental 

conditions, and soil microbiomes are the main aspect of sustainable agriculture and 

ecological stability. 

Importance of Soil Microbial Communities in Agriculture 

The soil microbial communities play a critical role in agricultural productivity and 

sustainability as they control important biological processes that have direct impact on soil 

fertility and plant well-being. These microorganisms comprising of bacteria, fungi, archaea, 

and other microorganisms play a major role in nutrient cycling by breaking down organic 
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and inorganic materials to forms easily taken up by plants. As an example, the nitrogen-

fixing bacteria converts the nitrogen in the atmosphere to ammonia, and phosphorus-

solubilizing microorganisms increase the supply of phosphorus in the soil, which are 

essential in the growth of plants. Furthermore, soil microbes are at the forefront of 

decomposition of organic matter thus enhancing the soil structure, aeration, and water 

holding capacity. Positive microbes like plant growth-promoting rhizobacteria (PGPR) and 

mycorrhizal types of fungi initiate symbiotic interactions with plant roots which cause root 

growth, nutrient uptake and synthesize phytohormones which promote plant growth. In 

addition, soil microbial communities also play a role in biological control by inhibiting soil-

borne pathogens by competition, antibiosis, and causing plant-defense mechanisms. This is 

further reinforced by their importance in the contemporary agriculture practice because of 

their ability to increase the tolerance of plants to abiotic stress factors like drought, salinity, 

and heavy metal toxicity. Nonetheless, there are agricultural activities that may destabilize 

microbial diversity and functionality such as overutilization of chemical fertilizer and 

pesticides; microbial diversity and functionality can be compromised causing soil 

degradation. Thus, the knowledge of soil microbial communities and their management is 

important in ensuring the designing of sustainable farming systems, enhancement of crop 

yield, and long-term soil health. 

Concept of Plant Growth Dynamics 

Plant growth dynamics can be described as dynamic and complex processes that regulate the 

development, physiological processes and productivity of plants over time. It also entails a 

large number of growth parameters such as seed germination, root and shoot growth, leaf 

growth, accumulation of biomass and production of reproductive organs, which are 

susceptible to both genetic and environmental influences. These are regulated by 

complicated biochemical processes that incorporate consumption of nutrition, 

photosynthesis, respiration and hormonal regulations. The role of hormones in plants Pivotal 

plant hormones include auxins, gibberellins, cytokinins, ethylene and abscisic acid, which 

control cell division, elongation and differentiation, therefore, determining forms and growth 

patterns of plants. These processes are sensitive to the environment such as intensity of light, 

temperature, water and soil conditions. Additionally, the dialogue with the soil microbiomes 

facilitates important alterations in the plant development by way of growth of nutrients, 

development of growth factors, and stress tolerance. The other concept is growth rate 

changes with time which is generally discussed with the help of growth curves and models 

to learn about the performance of plants at different development periods. The dynamics in 

the growth of plants is vital in realizing the most effective agricultural productivity since it 

allows proper management of agricultural inputs that comprise of fertilizers, irrigation and 

crop protection plans. Plant growth dynamics provides a holistic method to explore the 

interaction between internal physiological mechanism, and external environmental 

conditions which will influence plant growth and yield performance. 

Literature Review  

The initial information that has to be revealed concerning the background knowledge of soil 

microbiomes and their effects on the dynamics of plant development is the fact that the 

population of rhizosphere microorganisms is genotype-dependent of plants, as well as 

properties-dependent of the soil. Berg and Smalla (2009) reiterate the fact that the structure 
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of the microbial communities is conditional to the plant species and the soil type and is 

crucial in the regulation of the nutrient and productivity cycle of the plants. Other researchers 

like van der Heijden et al. (2008) also agree with this by indicating that the soil micro 

organisms could be regarded as an unseen majority that will determine the productivity of 

the ecosystems, biodiversity, and the productivity of the plants. They find out that the 

microbial symbionts (especially fungi and bacteria) do play important role in nutrient 

absorption especially phosphorus and nitrogen required by plants. On the same note, Fierer 

and Jackson (2006) show that such environmental gradients of soil bacteria diversity as pH 

and climatic change do affect soil bacteria diversity and, as a result, the microbial 

biogeography is considered to be a major contributing factor in the result of the plant growth. 

All these researches drive to the fact that the microbiomes which inhabit the soil are not only 

the passive inhabitants, but active controllers of the plant dynamics responding to an abiotic 

as well as biotic surrounding to influence the development of the plants and the ecosystems 

functioning. 

It is against this backdrop of ecological environment that the recent researches have been 

directed at the functional roles of individual types of microbes with respect to the 

rhizosphere. Vessey (2003) presents or introduces a concept of plant growth-promoting 

rhizobacteria (PGPR) that enhance plant growth through a number of mechanisms via 

fixation of nitrogen, production of phytohormones and also suppression of pathogens. 

Compant et al. (2010) base on the framework through colonization processes and the 

workings of beneficial bacteria in plant tissues and these are the rhizosphere and endosphere. 

These microbes turn out to be able to control plant physiology by synthesizing growth 

regulators such as auxins and gibberellins and hence exert direct effect on the root 

architecture and competence of nutrient uptake. Mendes et al. (2011) also add to this debate, 

they also recognise disease-repressive rhizosphere microbial communities which indicate 

that specific bacterial-consortia possess the potential to protect plants against pathogenic 

bacteria in the soil. This defense mechanism is required in the provision of the condition of 

the plants being healthy and able to grow in a biotic stressful environment in the consistent 

manner. Overall, these investigations create the problem of the complex functions of soil 

microbiomes as biotic mediators of nutrients and as biohazards to promote the resilience and 

productivity of plants. 

Besides the actions of bacteria, the action of fungal symbionts, and fungal mycorrhizae, in 

particular, has also since been reported to be important in defining plant growth dynamics. 

Bonfante and Anca (2009) believe that the interaction network that exists between plants, 

mycorrhizal fungi and bacteria is complex and this kind of network has synergetic 

associations that increase the level of nutrient exchange and also plant fitness. The 

mycorrhizal association enlarges the zone of the nutrient uptake, especially that of 

phosphorus and housability of a host to the ecological stress, e.g. drought and saltiness. 

Berendsen et al. (2012) add to this body of knowledge, by proposing another microbiome, 

rhizosphere microbiome, as a determinant of plant health, and speculate that plant selection 

of beneficial microbes is in respect to root exudates. Selectivity in the recruitment process 

facilitates formation of protective and growth promoting community of microbes by plants. 

Bulgarelli et al. (2013) also describe the organization and the role of the plant-associated 

microbiota and it means that the microbial communities are supravital and depositional in 
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the degree of the plant development. The dynamic element of interaction between plants and 

microbes are highlighted in their work and the composition of microbes changes concerning 

the requirement of a plant and environment factors. All these investigations prove the 

significance of symbiosis relations in order to enhance plants development and keep the soil 

healthy. 

The current developments in the study of the soil microbiomes have been shifted to the 

realization of the potential of controlling the microbial communities to augment the 

sustainability of agriculture and the productivity of plants. Bender et al. (2016) claim that 

this change can be described as an underground revolution, and ecological engineering 

instrument of soil biodiversity must be employed in the agricultural sector. They hold the 

view that an increased microbial diversity will produce a more robust soil structure and 

nutrient and plant cycling that will lessen the need to utilize chemical nutrients and 

pesticides. Mendes et al. (2011) and Compant et al. (2010) also express similar opinions yet 

they show that the specific manipulation of the microbial communities has the ability to 

suppress or induce the diseases and growth of the plants. Besides, the mechanistic conception 

of plant-microbiome interdependence can result in more sustainable agricultural practices, 

including biofertilizers and microbial inoculants, which is also one of the recommendations 

(Berg and Smalla, 2009 and Berendsen et al., 2012). The elaboration of these results leads 

to the new paradigm where the soil micro-organisms are no longer regarded as discrete 

structures but as parts and components of the plant growth structures.  

Soil Microbiomes and Nutrient Dynamics 

Microbiomes in soil are critical in controlling nutrient flow, which directly affects soil 

fertility and plant growth directly. These mixed microbial communities mediate the 

necessary biogeochemical cycles in which nutrients are converted into forms accessible to 

plants, thus maintain constant nutrient availability in the soil-plant complex.  

1. Role in Nitrogen Fixation 

Biological nitrogen fixation helps plants utilize atmospheric nitrogen (N 2 ) through 

conversion of atmospheric nitrogen (N 2 ) to ammonia by certain soil bacteria, such as 

symbiotic and free-living nitrogen-fixers. The process is particularly significant in soils with 

low levels of nitrogen and it lowers the reliance on artificial fertilizers.  

2. Phosphorus Solubilization 

In the soil, phosphorus is usually in the insoluble form and this makes the phosphorus 

inaccessible to the plants, but phosphate-solubilizing microorganisms produce organic acid 

and enzymes which transform these forms to soluble phosphates, increasing their uptake by 

plants and root formation.  

3. Potassium Mobilization 

Essential macronutrients in the activation of enzymes and osmoregulation in plants such as 

potassium are usually fixed in mineral structures. Some of the microbes present in soils 

facilitate the mobilization of potassium by releasing acid, which weather soil minerals 

freeing potassium to the plants.  

 

 

4. Organic Matter Decomposition 
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The soil microorganisms also play an important role in decomposing complex organic 

matter, including plant debris and animal excreta, into simpler compounds, and cause the 

development of humus. This has the added benefit of recycling nutrients, as well as 

enhancing the soil structure, aeration and retaining moisture.  

5. Microbial Enzymatic Activities 

The microbial communities generate diverse enzymes such as cellulases, proteases, 

phosphatases and dehydrogenases that catalyze important reactions during nutrient cycling. 

These enzymes increase the rate of degradation of organic substances and help to convert 

nutrients into forms of plant assimilation. All of these processes combined ensure a balanced 

nutrient status of soils, increased plant growth, and sustainable agricultural systems due to 

the decreasing input based on chemicals and the promotion of ecological stability. 

Influence of Soil Microbiomes on Plant Growth 

The microbiomes that inhabit soils have an enormous impact on the growth of plants by 

regulating a myriad of physiological, biochemical and ecological events that occur in the 

rhizosphere. These communities of microorganisms are in close contact with plant roots and 

establish positive relationships which promote growth, development and resilience.  

1. Effects on Seed Germination 

Microorganisms in the soil are very important in facilitating germination of a seed by 

releasing growth stimulating substances and enhancing the nutrient availability in the area 

surrounding the seed zone. Some useful microbes inhibit seed-borne pathogens and establish 

a conducive micro-environment, therefore enhancing germination and seedling vigor.  

2. Root Architecture and Development 

The interactions between microbes play an important role in determining the architecture of 

the root system by promoting root elongation, root branching, and root hair development. 

This boosts root growth, which increases the surface area of nutrient and water absorption 

and hence the efficiency of plant growth.  

3. Plant Hormone Production (Auxins, Gibberellins, Cytokinins) 

Phytohormones include auxins, gibberellins, and cytokinins released by many soil microbes, 

especially plant growth-promoting rhizobacteria (PGPR), which are involved in controlling 

the processes of plant growth. These hormones facilitate division, elongation and 

differentiation of cells resulting in enhanced shoot and root growth.  

4. Disease Suppression and Plant Immunity 

Soil microbiomes are known to have positive impacts in plant health by inhibiting 

pathogenic organisms by either competing with other plants, producing antimicrobial 

substances, or inducing systemic resistance in plants. Biological control helps to decrease 

the rate of soil-borne diseases and increase the immunity of plants without using chemical 

pesticides.  

5. Stress Tolerance (Drought, Salinity, Heavy Metals) 

Plant tolerance to the abiotic stresses by soil microorganisms is realized through water 

absorption, maintenance of the osmotic gradient and the detoxification of harmful 

compounds like heavy metals. They also aid plants to adjust to poor environmental 

conditions by regulating the levels of stress related hormones and metabolic routes. In 

general, microbiomes of soils and plants constitute a dynamic and mutually beneficial 
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relationship that contributes to plant growth and productivity and resilience significantly, 

and thus, is one of the essential elements of sustainable agriculture. 

 

Research Methodology 

The research design that would be used in this study would be experimental research design 

to determine the impact of soil microbiomes on the dynamic growth of plants in controlled 

and semi-field settings. The samples of the soils were taken at different sites which indicated 

the difference in the soil types and the samples were studied in terms of the physicochemical 

properties including pH and moisture content, and nutrient composition. The culture-based 

and molecular methods of microbial analysis, such as DNA extraction and metagenomic 

sequencing, were used to estimate microbial diversity and composition. The experiment plot 

was developed and had three treatments namely control (no inoculation with microbes), plant 

growth-promoting rhizobacteria (PGPR) and mycorrhizal inoculation. Crop seeds were 

chosen and planted under homogenous environmental conditions and the parameters of plant 

growth, i.e., germination rate, plant height, root length, and biomass were obtained 

periodically. The level of soil nutrient levels was also observed during the experiment. 

Statistic analysis such as analysis of variance (ANOVA) and correlation test was conducted 

to establish the significance of treatment differences and the relationships between microbial 

activity and plant growth. The technique is reliable and valid as it is replicated, is 

standardized and all variables are controlled to give a holistic evaluation of the effect of the 

soil microbiome. 

Result and Discussion 

Table 1: Soil Microbial Diversity Across Different Soil Types 

Soil Type Bacterial Diversity 

(CFU/g) 

Fungal Diversity 

(CFU/g) 

Microbial Biomass 

(mg/kg) 

Sandy 

Soil 

3.2 × 10⁶ 1.1 × 10⁴ 220 

Loamy 

Soil 

6.8 × 10⁶ 2.5 × 10⁴ 410 

Clay Soil 5.1 × 10⁶ 1.9 × 10⁴ 350 

This table shows the change in microbial diversity and biomass of sandy, loamy and clay 

soil. The highest bacterial and fungal diversity and the highest amount of microbial biomass 

are observed in loamy soil, which means that such a soil has the best ability to sustain 

microbial life as it is well-satisfied in terms of texture, aeration, and nutrient availability. 

The lowest values are realized in Sandy soil which is probably because of the fact that the 

soil does not retain water and the amount of nutrient is also minimal and this inhibits the 

growth of the microbes. Clay soil has intermediate activity with regard to microbial 

processes, whereby its compact structure can reduce aeration even when it has a greater 

nutrient retention.  

 

 

 

Table 2: Effect of Soil Microbiomes on Seed Germination 
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Treatment Type Germination Rate (%) Mean Germination Time (Days) 

Control (No Microbes) 62 7.5 

PGPR Inoculated 85 5.2 

Mycorrhizal Treatment 80 5.8 

This table shows the effect of the treatments with microbes on the rate and speed of 

germination of seeds. The rate of germination and the shortest time of germination are 

observed in seeds inoculated with plant growth-promoting rhizobacteria (PGPR), which 

means that beneficial microbes can promote early plant development. Mycorrhizal treatment 

results in germination as well as control but slightly less effective than PGPR. The control 

group, which is not microbially inoculated, exhibits the lowest rate of germination and slow 

emergence indicating available nutrients and no growth-promoting compounds.  

Table 3: Influence on Plant Growth Parameters 

Treatment Type Plant Height (cm) Root Length (cm) Biomass (g) 

Control 28 12 5.5 

PGPR Treatment 42 20 9.8 

Mycorrhizal Treatment 39 18 8.9 

This is a table that has compared the plant height, root length, and biomass of the plants in 

different microbial treatments. The growth of plants that were treated with PGPR is the 

highest in all the parameters; then it is followed by those that were treated with mycorrhizal 

fungi, and the lowest values were observed in the control group. The higher growth in plants 

treated has been put down to better absorption of nutrients, synthesis of hormones and better 

development of roots made possible by the help of helpful microbes. Longer root systems in 

treated plants mean that the water and nutrients can be more readily absorbed and this 

promotes greater accumulation of biomass.  

Table 4: Nutrient Availability in Soil 

Treatment Type Nitrogen 

(mg/kg) 

Phosphorus 

(mg/kg) 

Potassium 

(mg/kg) 

Control 45 18 110 

PGPR Treatment 72 30 145 

Mycorrhizal 

Treatment 

68 28 138 

This table represents variation in the nitrogen, phosphorus and potassium in the presence of 

different treatments. PGPR and mycorrhizal fungi treated soils have much higher 

concentrations of nutrients in comparison to the control. The treatment that shows the highest 

levels is the treatment of the PRP hence it has a high capacity of fixing nitrogen, solubilizing 

phosphorus and mobilizing potassium. Mycorrhizal fungi also increase nutrient availability 

by increasing the zones of root absorption and the exchange of nutrients between soil and 

plant roots. The non-microbially enhanced control soil has low nutrient content because the 

biological activity is restricted.  
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Table 5: Disease Incidence and Stress Tolerance 

Treatment Type Disease Incidence 

(%) 

Drought Tolerance 

Index 

Salinity Tolerance 

Index 

Control 40 0.45 0.50 

PGPR Treatment 18 0.72 0.70 

Mycorrhizal 

Treatment 

22 0.68 0.66 

The effect of microbial treatments on the incidence of disease and tolerance of plants to 

environmental stresses is illustrated in this table. Control group demonstrates the greatest 

disease rate and minimum tolerance indices, which means that it is susceptible to pathogens 

and unfavorable conditions. PGPR-treated plants, on the other hand, are the least diseased 

and the most tolerant to drought and salinity then mycorrhizal treatment. Positive 

microorganisms also inhibit pathogens by competing and producing antimicrobials besides 

leading to plant defense. They also increase stress tolerance by increasing water intake, 

osmotic regulation, and elimination of toxic substances. These results underline the value of 

soil microbiomes as protective factors in plant health and resilience and can be useful in 

reducing crop losses and enhancing stability in difficult environmental situations. 

Table 6: Correlation Between Microbial Activity and Plant Growth 

Parameter Correlation Coefficient (r) 

Microbial Biomass vs Height 0.82 

Microbial Biomass vs Yield 0.88 

Microbial Diversity vs Root Length 0.79 

The following table shows the relationship between the parameters of microbes and the 

parameters of plant growth. These positive correlation coefficients are high which means 

that the increased microbial biomass and diversity are in close relationship with the increased 

plant height, root length, and yield. As an example, the correlation between microbial 

biomass and yield is highest, implying that active communities of microbes play a significant 

role in the overall yield of the plant. On the same note, the microbial diversity is also closely 

associated with the root development, and it indicates that the presence of various microbial 

populations increases the nutrient uptake. Such correlations verify that soil microbiomes are 

the determinants of plant growth dynamics. The findings confirm the assumption that the 

enhancement of microbial activity in soil has the potential to promote positive crop 

performance and sustainable agricultural performance. 

Conclusion 

The current research shows that the presence of soil microbiomes is an essential part of the 

process of plant growth regulation due to their effect on nutrient supply, physiological 

maturity, and environmental optimalism. The results evidently reveal that the soils with 

enhanced microbial communities including plant growth-promoting rhizobacteria (PGPR) 

and the mycorrhizal fungi have an increased process in the cycling of nutrients including 

nitrogen fixation, phosphorus solubilization, and potassium mobilization, which have a 

direct effect on the improvement of plant growth parameters. It was experimentally 

established that inoculation with microbes enhances the germination rates, growth of roots, 

the plant height as well as biomass accumulation at a significant rate when compared to 
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control where microbial inoculation is absent. Besides, the microbiome in soil constitutes a 

powerful biological defense system as it suppresses different pathogenic species and 

improves plant immunity, thus minimizing the number of diseases. It is also in this study 

that the role of microbes in enhancing plant tolerance to abiotic stress such as drought and 

salinity cannot be overemphasized especially where climatic conditions are changing. A 

strong positive association between the microbial diversity, biomass, and the productivity of 

the plants is confirmed by correlation analysis supporting the concept that the existence of 

healthy microbial ecosystems in the soil is the key to the stable agricultural process. 

Nevertheless, the study also admits that environmental conditions and technological use of 

agriculture can play a crucial role in microbial life and careful soil management techniques 

are required. This paper has highlighted why microbial-based interventions using 

biofertilizers and sustainable soil management practices need to be incorporated in 

contemporary agriculture as a way of improving crop production, ensuring soil sustainability 

and minimizing the use of chemicals. The findings provide valuable information on the 

interactions between the soil microbiomes and the plant systems in complexity, and this has 

become the basis of future studies and practical implications in ensuring that in the long term 

agricultural systems can sustain. 
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