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Abstract The  global production of food crops is on increase but the perpetual 
accrual of demographic strain has posed a challenge toward the attainment of global 
food security. In spite of covering several milestones in enhancing global food pro-
duction, in a total of 821 million people, one out of nine still sleeps with an empty 
stomach each night, and one in three has to face the evil of malnutrition. 
Comprehensively, the world hunger is appraised to have augmented since 2014, as 
assessed in terms of both percentage and the absolute number of population. 
Unambiguously, Africa had the highest prevalence of undernourishment, represent-
ing 27.4% of its entire population, whereas Asia accounts for 64% of the total mal-
nourished people across the world. Surprisingly, India also serves as a home to 
one-fourth of all malnourished people worldwide, which makes this country a key 
focus for confronting the hunger on an international scale. Therefore, in a quest to 
increase food production, microbes can play tremendous role due to their various 
incredible potentials. The microflora associated with plants have fabulous potential 
to improve plant resilience and produce in farming systems. The judicial employ-
ment of microbes or their metabolites can heighten nutrient uptake and yield, con-
trol pests, and mitigate plant stress responses. The unhidden potential of microbes 
makes them potent biocontrol agents and promotes their application as biofertilizers 
and their role as agents for improving soil health along with their plant growth pro-
motion attributes that warrant their employment in agroecosystems for enhancing 
crop production. Therefore, the present review targets different stratagems which 
advocate the role of microbes for enhancing the quality and quantity of the produce.
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3.1  Introduction

The realm of agriculture has to confront an expansive gamut of challenges of cli-
matic changes, stagnant crop yield, nutrient deficiency and deterioration of soil 
organic matter, availability of water and dwindling of cultivable land, increasing 
resistance toward GMOs, and paucity of labor. Moreover, the distress of lassitude 
instigated by the doings of green revolution is still being suffered by the agricultural 
systems. The reckless fertilizer applications in the last five decades has tremen-
dously augmented from 0.5 tons to 23 million tons in a period of time from 1960 to 
2008. Although the explicit usage of chemical fertilizers has resulted in a tremen-
dous increase of around four times in the output of food grains, the continuous 
decline in the organic content of the soil due to this unchecked fertilization has also 
resulted in a stagnant yield of certain crops (Pandey 2018). In addition to it, the 
degradation of land is also promoted by a number of natural as well as anthropo-
genic activities including the declined fertility of soil, loss of soil organic matter, 
erosion, and the harmful consequence of toxic chemicals. Thus, all these deeds are 
posing a grave threat to the global environmental status (DeFries et  al. 2012). 
Moreover, the food system of the present world is also facing severe challenges 
pertaining to environmental sustainability such as biodiversity loss, climate change, 
food insecurity, and water scarcity (Bilali and Allahyari 2018). The perpetual 
increase in the human population which further leads to a subsequent increase in the 
global consumption of food thus leads to an increase in the demand for affordable 
productive lands. The 2018 Global Hunger Index (GHI) report ranks India 103rd 
out of the 119 countries. The score of India is 31.1 which clearly denotes the serious 
hunger levels in the country. The country has the 17th highest hunger levels indicat-
ing alarming levels which has raised the food safety concerns. Therefore, there is a 
dire need to prevent any further degradation of such lands, and the restoration of the 
earlier degraded lands is also seeming to be extremely important. Moreover, it is 
quite unblemished that the development of orthodox agricultural habits in order to 
meet the future food loads is neither parsimoniously nor ecologically feasible. There 
should be involvement and implementation of the sustainable practices of land use 
along with the restoration as well as protection of the deteriorated or marginal soils 
for safeguarding the food security for this growing population demand (Ahmad 
et al. 2018). The global hunger has enlarged after nearly a decade of sustained wan-
ing. The population of malnourished people has augmented surprisingly from 777 
million to 815 million from 2015 to 2016, respectively, on a worldwide basis. The 
global prevalence of stunt growth among children below five years of age is still 
23% which accounts for 155 million children worldwide. The projection of current 
trends will lead to stunting of around 130 million children in 2025 which is 30 mil-
lion above the World Health Assembly target (FAO 2017). The exertions required to 
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combat the hunger and malnutrition in a sustainable way will be governed by 
restructuring the food systems. Thus, a number of such problems can be fixed by 
food, but such processes require the reshaping of food systems for health, inclusion, 
and nutrition along with the environmental sustainability (IFPRI 2018). In this 
regard, the development in agricultural sector is perceived as an obligation to fight 
food insecurity confronted by numerous agricultural families (Goshu et al. 2013). 
Therefore, the quest of this modern era is a sustainability transition. In agriculture, 
the perception of sustainability transition appertains to a swing from a system that 
is strictly focusing on enhancing productivity called as agri-food system to another 
system which is solely put together around the extensive ideologies of sustainable 
agriculture (Brunori et al. 2013). Thus, in order to upsurge the food security, the 
vital factor is the maintenance of soil fertility and sophisticated food productivity 
with admiration to the ecological challenges (Nkomoki et al. 2018). Thus, the pres-
ent era accentuates the dire role of adoption of eco-friendly and sustainable agricul-
tural practices in order to uphold the soil fertility as well as productivity.

An outsized fraction of various organisms in the terrestrial bionetworks reside 
underneath the ground in soils and are supposed to play an important part in the 
ecosystem services (Prashar et al. 2014). The engagement of such microorganisms 
seems to be a viable approach for uplifting the status of modern agriculture in terms 
of advocation of environmental sustainability as well as for enhancing the produc-
tion efficacy. The plant-allied microbiota have an incredible capability of improving 
the plant resilience as well as produces in agricultural systems. There is accumula-
tive indication that biological technologies employing microbes or their metabolites 
can augment the nutrient uptake and yield, check the pest dynamics, and also allevi-
ate the plant stress responses along with the promotion of resistance toward disease 
in plants (Trivedi et al. 2017). Plants have evolved into a world of microbes. The 
most primitive plants stretched their roots into primeval soil where they come across 
a territory already crowded with bacterial as well as fungal life (Heckman et  al. 
2001). From the very first day, plants probably started prompting the rhizospheric 
microbiota. In fact, plants engineer their own rhizospheric environs by discharging 
explicit exudates so as to advance nutrient accessibility and to interact with definite 
advantageous microbes (Liu et  al. 2016). Surprisingly, the furthermost primitive 
plant lines also display their sturdy ability to modify the comparative lavishness of 
diverse microbial groups in the soils neighboring the rhizospheric portion (Valverde 
et al. 2016). The microbial group supported by different plant species is found to be 
precise as well as unique (Gertsson and Alsanius 2001). These distinct microbiomes 
have been accredited as a result of variances in the chemistry of root exudates 
(Rasmann and Turlings 2016) and in plant nutrient uptake rates (Bell et al. 2015). 
There are also leading evidences that soil microbiomes have the ability of acclima-
tizing to their particular crops over time which results in improved plant–microbe 
dealings (Berendsen et  al. 2012). This approach of engineering the microbiome 
which is greatly host-facilitated picks out the microbial groups ultimately through 
the host and controls host behaviors that developed to impact microbiomes. The 
approach of increasing the plant fitness coupled with the elevated yields by artifi-
cially selecting upon microbiomes and consequently engineering advanced microbes 
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with specific effects on the plants has been anticipated (Mueller and Sachs 2015). 
Similarly, optimized microbiota that aid the plants to develop early or flower later 
may perhaps be employed as inoculants for conferring drought resistance since 
plants are acknowledged to implement transformed flowering time in reaction to 
numerous abiotic stresses (Kazan and Lyons 2015). The process of engendering the 
host-facilitated artificial selection of microbes seems to be an inexpensive method 
to curb plant ailments instead of the reckless application of different pesticides as 
well as antibiotics, or creating genetically modified organisms. Moreover, different 
discoveries on the overlying “functional core microbiome” in different plant species 
provide strong support for cross-compatibility of microbiome transfer with phylo-
genetically unrelated plant species (Trivedi et  al. 2017). Therefore, the different 
lucrative beneficial attributes of the microbes make them superior agents for improv-
ing the crop yields. They benefit the plants in numerous ways. Microbes are largely 
involved in upsurging the nutrient mobilization, thereby augmenting the nutrient 
consumption efficiency of the plants. They also have several indirect beneficial attri-
butes like they encourage the plant growth in an indirect way by averting the growth 
as well as activity of pathogens. Microbes are also directly involved in the growth 
promotion, for example, by fabrication of phytohormones. There has been a large 
body of literature describing potential uses of plant-associated bacteria as agents 
stimulating plant growth and managing soil and plant fitness (Welbaum et al. 2004). 
Such beneficial microbes can be judiciously employed for increasing the growth of 
crop plants in order to get increased yields for feeding this ever-increasing popula-
tion. Therefore, the chapter largely focuses on the different beneficial attributes of 
microorganisms which make them superior agents for attaining heightened crop 
production.

3.2  Microbes as Agents for Soil Rejuvenation

The three-dimensional natural body on the Earth’s surface is designated as soil 
which is considered to be of utmost significance to several ecosystem occupations 
comprising biomass production and net primary productivity, climate temperance, 
water purification, biodegradation of toxic pollutants, storage of water and plant 
nutrients, and recycling of elements (Lal 2009). Soil is the foundation of agricul-
tural as well as of natural plant populations; thus, it is the core of all the terrestrial 
life forms. The tinny sheet of soil casing the Earth’s surface characterizes the vari-
ance amid survival and annihilation for most land-based life. Nevertheless, records 
of productive aptitude of soil point toward human-induced deprivation on almost 
40% of the global agronomic land as an outcome of soil erosion, atmospheric pol-
lution, widespread soil cultivation, overgrazing, land clearing, salinization, and 
desertification. To be sure, the deprivation coupled with damage of fruitful farming 
land is among the demanding environmental trepidations, outdone only by the man- 
made environmental complications, for instance, global climate change, depletion 
of the protective ozone layer, and grave deteriorations in soil biodiversity (Doran 
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and Zeiss 2000). The theatrical intensification in the usage of chemical fertilizers in 
the quest of attaining optimal harvests has greatly become a fundamental constitu-
ent of the current agronomic practices. Such a recurrent and unnecessary applica-
tion not only is lavish but also deteriorates the environs at a very quick frequency 
and thereby turns the soils incongruous for agriculture. Additionally, the soil dete-
rioration, instabilities in configuration coupled with the practical possessions of soil 
microbial populations, and, subsequently, forfeiture of the soil fertility following 
different soil management performs have further added to the agronomic difficulties 
(Khan et al. 2009). The dreadful conditions of soil also have a very strong effect on 
human nutrition as well as health due to its hostile influences on the quality as well 
as quantity food production. The perpetual reduction in the harvests and agronomic 
fabrication intensify the food timidity that at present distresses around 854 million 
people internationally, and the truncated level of protein as well as of micronutrients 
exacerbates undernourishment and concealed hunger that touches 3.7 billion indi-
viduals, specifically children (Lal 2009). Therefore, in order to mitigate such detri-
mental deeds, mankind is in a dire need of a viable alternate that could have the 
potential to address the prevailing glitches in a more effective way and in a sus-
tained manner too. Thus, the microbiological approaches incorporating the employ-
ment of functionally varied microbial communities as the vivacious constituents of 
soil ecosystems offer an economically viable option (Khan et al. 2009) for improv-
ing soil health as well as soil quality.

Soil health may be defined as the capability of the soil to function as a vigorous 
living organization, within the ecosystem and land-use frontiers, to withstand plant 
as well as animal production, preserve or augment air and water quality, and encour-
age plant and animal health. Soil quality, on the other hand, denotes the aptitude of 
the soil to accomplish numerous of these ecosystem purposes. On the contrary, soil 
deterioration indicates reduction in the quality and capability of the soil as a result 
of natural or anthropogenic perturbations. It can also be stated that soil degradation 
is the reduction of soil’s current or prospective aptitude of performing several eco-
system functions, conspicuously the food, feed, and fiber production as an outcome 
of one or more deprivation progressions. The chief degradation processes comprise 
physical, chemical, and biological changes in the soil (Lal 1993, 1997).

The services that play a key role in shaping the rhizospheric microbial popula-
tions cannot be entirely understood without discussing their impacts on the soil 
surroundings. The diversity of soil ecosystems can be assumed by the fact that a 
gram of soil is a home for around 10,000–50,000 microbial species (Schloss and 
Handelsman 2006). The unique bacterial as well as fungal groups are found to be 
allied with soils of variable texture (Frey et al. 2004) and variable nutrient composi-
tion (Chaparro et al. 2012). The different physical parameters of soil, for instance, 
soil pH, are found to be largely interconnected to the presence as well as composi-
tion of microbial communities (Rousk et  al. 2010) where addition of beneficial 
microbes to those which are already inhabiting the soil can upsurge the nutrient 
uptake by plants, upturn the plant growth, deliberate resistance to several kinds of 
abiotic stresses, and subdue disease (Chaparro et al. 2012). This living portion of 
soil is highly dynamic and potentially self-sustaining, which reduces the 

3 Role of Microbes for Attaining Enhanced Food Crop Production



60

requirement for recurrent applications that thereby can circumvent the problematic 
infestation of pests as well as pathogens developing resistance to the dealings (Lucas 
2011). The advantageous microbiota flourishing in this atmosphere have the capa-
bility of taking up the space as well as nutrients made accessible for probable patho-
genic intruders on a very quick basis as compared to the pathogens (Kaymak 2011). 
This act of microbial “sealing off” of undefended ecological positions is coupled 
with the increase in the soil’s capability of resisting pathogenic conquest, amplified 
produces, nutrient procurement, stress tolerance, and disease resistance to the plant 
host (Lugtenberg and Kamilova 2009). The huge microbial diversity sheltered in 
soil ecosystems also works as strong peacekeepers for recycling, impounding, and 
supplying of different nutrients to plants. The other beneficial attributes of soil 
microbiota encompass mineral chelation, pathogen suppression, improvement of 
soil aggregation, and bioremediation of the soils (Sahu et al. 2018) which constitu-
tively improves soil health. Therefore, in order to attain strong and productive 
plants, the maintenance of soil quality is of utmost prominence. Besides, the soil 
microbiota can also be employed as the indicator of soil quality attributable to its 
compassion to slight changes in the soil environment subsequent to different eco-
logical strains or natural unrests (Sharma et al. 2010). The elevations in the levels of 
species richness as well as diversity yield extraordinary purposeful redundancy 
within the soil microbiome, which further promotes its quicker recovery throughout 
the stress. The extraordinary functional redundancy in the diversity of soil micro-
biota also deliberates shield against numerous soilborne diseases (Yin et al. 2000; 
Nannipieri et al. 2003). The richness of microbial range results in a stable microbi-
ome that does not permit the flourishment of pathogenic microbes. There are numer-
ous key factors convoluted in the soil health. Freshly, the community consistency 
has also been acknowledged as an imperative factor in community functioning, soil 
health, and plant productivity. The evenness of microbial community also warrants 
that no individual microbial taxum is able to take over and flourish, upsetting the 
ecological balance (Elliot and Lynch 1994).

3.3  Microbes for Degradation of Toxic Xenobiotic  
Compounds

The completion of the twentieth century marked a significant and perpetual hike in 
the worldwide grain production with an increase of 700 million tons to 500 million 
tons now (FAO 2018). Out of the major food crops, a greater portion equaling to 
80% of human ingestion is represented by the cereal crops. The production of food 
crops has to encounter a number of challenges, and one among them is the invasion 
of crops by several pests throughout the usual growth or storage of crops. For 
instance, China, although principally being an agriculturally dominating nation, 
loses 8.8% equivalent to 40 million tons of the total grain production as a result of 
insect pests annually (Pimentel et al. 2001). India, being a major producer of cere-
als, produces around 250 million tons of grain annually, but it also has to sacrifice 
11–15% of the total production equaling 27.5–37.5 million per year, due to different 
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pests and other reasons (Walter et al. 2016). The developments in organic chemistry 
have largely contributed to the synthesis and development of plentiful novel organic 
composites, mostly xenobiotics. A greater portion of such xenobiotic compounds is 
represented by pesticides, which largely found application in agricultural zones 
(Duong et al. 1997). Therefore, for the purpose of circumventing such damages, 
pesticides are extensively applied for checking agronomic and domestic pests. The 
explicit usage of pesticides prevented the significant loss of food, but it led to the 
widespread distribution of pesticides in the different environments along with the 
agronomic harvests. Therefore, such an application of pesticides is responsible for 
a prodigious possible threat to the environment as well as human health (Chen et al. 
2007). Although these have contributed much toward the improvement of quality of 
the human life, their widespread use which is coupled with the generation of 
unavoidable concomitant waste has largely intensified the complication of releasing 
toxic wastes in the environment. Though much xenobiotic composites can degrade 
swiftly in the soil systems, some persist in the environment for an extended period 
of time and thereby are potentially menacing (Conant 2005). The extent of pesticide 
contamination is not limited up to the soil and harvests, but they also further intrude 
the groundwater systems in addition to the marine environment, thereby unswerv-
ingly intimidating human as well as environmental health. The presence of such 
xenobiotic compounds is supposed to affect the ecosystems in a number of ways, 
such as dwindled soil fertility, soil acidification, nitrate leaching, increased resis-
tance in flora and fauna, groundwater as well as surface contamination, and adul-
teration of agrarian soils (Kumar et al. 2018). A vast array of limitations caused by 
these xenobiotic compounds as well as the increasing environmental concerns cou-
pled with the promotion of sustainability in agroecosystems have led to banning of 
several classes of pesticides in preceding years. Therefore, with the intention of 
solving the ambiguity amid elevated yields and their ill effects, the quest for alter-
nate approaches is largely under consideration. There can be several ways like pes-
ticides having lower harmfulness and extraordinary competence which also yields a 
lower residual pesticide ought to be established and industrialized (Kumar et  al. 
2018) which seems to be a hellacious job. On the flip side, the biological methods 
targeting degradation of residual pesticidal particles seem to be worthy of getting 
consideration. Studies on microbial degradation of pesticide residues originated in 
the 1940s, and as people pay more attention to the environment, the research on the 
degradation process and degradation mechanism of organic pollutants has been 
deeply studied (Rangasamy et al. 2018).

Bacteria in the natural world are capable of degrading the residual pesticidal 
particles, which seems to be an economically viable as well as ecologically respon-
sive alternate which would not cause any kind of secondary pollution. However, the 
competence of microbial systems is found to be moderately slow as the natural 
environment is found to be multifaceted and unpredictable, which largely distress 
the practicability as well as efficacy of microbial degradation of pesticidal particles. 
Subsequently, a vast array of scientific community has devoted much time on the 
studies of bacterial approach of pesticide degradation and had a clear consideration 
of the different detoxification mechanisms of various organic pesticides. A great 
figure of microbes possessing the ability of degradation as well as conversion of 
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pesticides have been isolated (Kumar et al. 2018). Therefore, the existing studies of 
biodegradable pesticides are principally focused on the role of microorganism in the 
soil, such as bacteria, fungi, and actinomycetes (Singh 2008), where the principal 
roles are played by bacteria and fungi. The bacterial ability of inducing mutant 
strains, endowed with a variety of biochemical capability to adaptive environs, and 
therefore allowing enhanced in-depth study makes them superior agents for biore-
mediation of such contaminated environments. Although a vast array of bacterial 
communities possess the ability of degrading pesticides, the research is largely 
focused on only some members of the bacterial community. A great diversity of 
Pseudomonas species encompassing Pseudomonas stutzeri, P. putida, P. nitroredu-
cens, P. aeruginosa, and P. fluorescence, retrieved from different agronomic farms 
and polluted discharges through different sections, has established to be much effec-
tive in the biodegradation of pesticides. Some strains of lactic acid bacteria, for 
instance, Leuconostoc mesenteroides, Lactobacillus brevis, L. plantarum, and 
L. sakei, are also acknowledged for their ability of utilizing pesticides as a solitary 
source of carbon and phosphorus (Cho et al. 2009).

Several fungal species such as Aspergillus niger, A. fumigatus, Cladosporium 
cladosporioides, Penicillium raistrickii, and A. sydowii have also been retrieved 
from numerous polluted situates and are also confirmed to possess the aptitude of 
degrading diverse pesticides. Likewise, different genera of algae, for instance, 
Stichococcus, Scenedesmus, and Chlorella, and some cyanobacteria like Nostoc, 
Anabaena, and Oscillatoria have been recognized to have the efficiency of trans-
forming different pesticides (Kumar et  al. 2018). Therefore, the increasing evi-
dences of the microbial capability of transforming pesticides has directed the focus 
of different researchers across the globe toward the exploration of microbial diver-
sity, predominantly at the polluted sites. However, the mere occurrence of microbes 
is not sufficient, but an appropriate environment coupled with diverse degradation 
attitudes, for instance, hydrolysis and adsorption, is also required. Besides, the 
enzymatic solicitations targeting pesticidal degradation are also attracting much 
attention, and the genetically modified microorganisms have also been deliberated 
to upsurge the potentialities of these microbes and augment the proportions of bio-
degradation (Tang et al. 2009). Several academics have emphasized the occurrence 
of oph gene in the microbial systems that vitiate organophosphorus pesticides and 
hydrolase as the principal enzyme behind the process. The approach of using 
enzymes as well as the associated genes governing the degradation processes can 
prominently augment the consideration of the biodegradation process and therefore 
can largely benefit the bioremediation efforts.

3.4  Microbes as Biofertilizers

Plants necessitate nutrients in adequate and secure quantity in order to nurture opti-
mally (Chen et al. 2006). The major constriction which limits crop productivity in 
emerging countries particularly in resource-deprived nations, that too, on a global 
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basis, is the soil infertility. The truncated fertility does not allow the agrarian com-
munities to get more benefit from the amended crop cultivars and more fruitful 
agricultural performs. The green revolution marked the unambiguous usage of fer-
tilizers of chemical origin for augmenting plant development and production effi-
ciency along with the replenishment of soil nutrient eminence (Mohammadi and 
Sohrabi 2012). Although they have contributed a lot toward the development of 
superior agronomic practices for obtaining an elevated level of production, their 
continuous usage has also awarded several, for instance, increased prices, inacces-
sibility of plants toward a major proportion of nutrients, and lethal and nonbiode-
gradable attitude, which further affects the environmental systems and turns the soil 
resources incongruous for farming practices. Thus, the employment of fertilizers of 
biological origin seems to be a competent substitute for enhancing the productivity 
as well as upgrading the nutrient status of agroecosystems. The approach of using 
biofertilizers is primarily centered upon the fertilizer’s biological origin especially 
the microbes, counting bacteria as well as fungi. Since these are resources of bio-
logical origin, therefore, they also behave as eco-friendly elements and thus main-
tain the healthy status of the environment. The principal intention of using 
biofertilizers is to upsurge the organic contents of agricultural systems which fur-
ther upgrades the structure of soil along with a reduction in the forfeiture of essen-
tial nutrients like zinc, phosphorus, iron, nitrogen, iron, and calcium (Lal and 
Greenland 1979). Biofertilizers are also known as “microbial inoculants” and can 
be usually defined as a formulation encompassing living or dormant cells of profi-
cient microbial strains endowed with the capability of nitrogen fixation, phosphate 
solubilization, or cellulolytic microbes as well and are often employed for seed 
application, soil, or composting zones with the prime aim of augmenting the popu-
lation of these microbes, along with the acceleration of definite microbial practices 
for improving the degree of accessibility of nutrients in a definite form which is 
effortlessly obtainable by the plant systems (Giri et al. 2019). Biofertilizers function 
as a basis of all the nutrients owing to their capability of solubilizing multifaceted 
form of nutrients into soluble and easily accessible form (Singh et al. 2018). There 
are numerous factors which should be strictly taken into consideration before the 
formulation of any kind of biofertilizer, such as the growth sketch of microorgan-
ism, optimal conditions required for growth, and preparation of inoculum. 
Furthermore, the survival in carrier method along with its efficacy in the field condi-
tions is inevitable for preparing any kind of biofertilizer.

The marketable biofertilizers are established by coating of numerous bacterial 
members such as Rhizobium, Azotobacter, Bacillus, Azospirillum, and Pseudomonas 
on the seeds, and this process is said to be bacterization. These microbes secrete 
several compounds which assist in making their formulations. For example, azoto-
bacterin is secreted by Azotobacter chroococcum, and phosphobacterin is secreted 
by Bacillus megaterium (Kumar and Bohra 2006). It is not a mandatory process that 
the bacteria will surely make a symbiotic relationship for benefiting the plants, but 
it also boosts the development of lateral root hairs which further aids in an enhanced 
level of mineral and water uptake, also upsurges nitrogen accessibility, and dis-
charges numerous plant growth hormones and other growth motivating factors 
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which collectively direct the plant to increase its photosynthetic capability, thereby 
eventually improving nutrient eminence of the plants.

The microbes that are mainly exploited as components of biofertilizer are nitro-
gen fixers, potassium solubilizer and phosphorus solubilizer. Most of the bacteria 
included in biofertilizer have close relationship with plant roots. Rhizobium has 
symbiotic interaction with legume roots, and rhizobacteria inhabit on root surface or 
in rhizosphere soil. Nitrogen is considered to be a very vital element for all living 
systems, and its unavailability strongly retards the plant growth. The rhizobial bio-
fertilizers have got the unique ability of fixing around 50–150  N/ha/annum. 
Therefore, the process of biological nitrogen fixation (BNF) is deliberated as an 
essential process for the maintenance of nitrogen stability in soil environments. 
Thus, BNF is considered to be a unique way of transforming the elemental and 
unavailable nitrogen into a form that is easily accessible to plant (Gothwal et al. 
2007). This approach is being utilized continuously by employing biofertilizers in 
the legumes and other crops to uplift their yield as well as quality (Kannaiyan 2002). 
The biofertilizers for nitrogen fixation are alive microbial inoculants capable of fix-
ing atmospheric nitrogen either in a symbiotic way, for instance, Rhizobia, Frankia, 
and Azolla, or in an associative or free-living forms like Azospirillum and Azotobacter 
(Gupta 2004). There is a vast array of nitrogen-fixing microbes allied with nonlegu-
minous plants which comprises species of Achromobacter, Rhodopseudomonas, 
Alcaligenes, Rhodospirillum, Methylosinus, Arthrobacter, Xanthobacter, Klebsiella, 
Mycobacterium, Acetobacter, Corynebacterium, Azomonas, Herbaspirillum, 
Beijerinckia, Bacillus, Clostridium, Desulfovibrio, Enterobacter, Lignobacter, 
Erwinia, Derxia, Campylobacter, and Mycobacterium (Wani 1990). Although a 
great number of microbes have been retrieved from the rhizospheric portion of 
cereal crops, the members of Azotobacter and Azospirillum are largely employed 
under field conditions.

The other group of microbes which are most often used are phosphate- solubilizing 
microorganisms. The application of such microbes especially bacteria and fungi 
makes available the insoluble forms of phosphorus to the plant systems (Gupta 
2004). A number of bacteria existing in soil along with the population of some fungi 
solubilize the phosphate by secretion of organic acids (Gupta 2004). The secretion 
of such acids brings down the level of soil pH and thereby leads to the solubilization 
of the complex phosphatic forms. Therefore, these phosphate-solubilizing bacteria 
(PSB) are greatly acknowledged for transforming the inorganic and unavailable 
phosphorus to the soluble forms, i.e., HPO4

2− and H2PO4
−. This solubilization pro-

cess is mediated through a myriad of mechanisms which include organic acid secre-
tion, chelation, and ion exchange reactions as well. Consequently, the employment 
of PSB in agricultural systems can be used to combat the increasing manufacturing 
costs of phosphate fertilizers and would surely contribute in mobilization of the 
insoluble fertilizers to the plant bodies (Chang and Yang 2009; Banerjee et al. 2010). 
The most promising soil bacterial groups are represented by the ecto-rhizospheric 
species of Bacillus as well as Pseudomonas along with some endosymbiotic rhizo-
bia for operative phosphate solubilization (Igual et  al. 2001). Different microbes 
which display effective solubilization of phosphate are represented by Pseudomonas, 
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Rhizobium, Bacillus, and Enterobacter accompanied by some fungal members such 
as Penicillium and Aspergillus (Whitelaw 2000). Bacillus megaterium, B. polymyxa, 
B. subtilis, B. circulans, B. sircalmous, Pseudomonas striata, and Enterobacter are 
among the most potent strains of phosphate solubilizers (Subbarao 1988). Several 
species of Bacillus, for instance, Bacillus mucilaginous, have the capability of 
potassium solubilization also. Therefore, biofertilizers play an indispensable role in 
upsurging the productivity of food crops by the possession of numerous beneficial 
attributes and thus owe the immense capability of either replacing the synthetic 
fertilizers in part or a total replacement that can be carried out by the means of sev-
eral targeted approaches.

3.5  Microbes as Biocontrol Agents

It is a tenacious matter that the global farming community has to experience a great 
economic loss due to the massive quantity of plant pathogens which varies from the 
minutest viroid comprising merely of a single-stranded RNA to further multifarious 
pathogens, for instance, viruses, bacteria, fungi, oomycetes, and nematodes, which 
are responsible for numerous significant plant diseases and thereby are also account-
able for chief harvest damages. Even though there is a greater number of other fac-
tors also which are also held responsible for reduction in crop production, the 
damage caused by pests and pathogens plays an influential role in the harms on a 
global basis (Roberts et al. 2006). The plant ailments are responsible for an appraised 
loss of 40 billion dollars globally on an annual basis, either in a direct manner or in 
an indirect way. The pathogenic infection are liable for around 20–40% of fatalities 
in the crop yields (Savary et al. 2012). The magnitudes of the plant diseases vary 
from foremost destructions to the slight pains. Several plant diseases are found to be 
exceedingly damaging and disastrous on a great scale. For instance, the potato late 
blight caused by the fungi Phytophthora infestans resulted in food scarcities which 
led to a million deaths and relocation of around 1.5 million people from Ireland in 
the year 1840 (Donnelly 2002). The yearly harms of potato, the fourth largest food 
crop, as a result of late blight are conservatively assessed to be around US$6.7 bil-
lion per year. The other major notable example is of the disease brown leaf spot of 
rice which is instigated by Helminthosporium oryzae and is found to be prevailing 
largely in Asia, Africa, South America, and the USA. It was also a major rice fungal 
disease of historic attention (Padmanabhan 1973). It was responsible for causing 
austere destruction by plummeting rice harvests which resulted in the death of 
around two million people in Bengal as an outcome of the catastrophic scarcity in 
the year 1940s (Tatum 1971; Ullstrup 1972). The thing of utmost concern for man-
kind is the unparalleled current tendency of new fungus and fungus-resembling 
pathogenic signals that have amplified by over and above seven times since 2000 
(Evers et al. 2007). The continued agricultural practices of precise monocultures 
improved global trade, and the practice of growing only some restricted culti-
vars is largely responsible for this increase in the population of pathogenic microbes. 
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These acts also endorse the development and progression of pathogenic strains with 
increased virulence, repeatedly with accumulative tolerance toward pesticides 
which not only distress the agricultural productivity but also affect several native 
wild species (Ab Rahman et al. 2018). Therefore, the mounting global population 
necessitates an effectual management as well as resistor for plant diseases in food 
crop production. Crop defense always plays an imperative part in shielding crop 
output contrary to competition from pathogens (Oerke and Dehne 2004). The mod-
ern agronomic practices now necessitate a robust impulse for mounting low-input 
and further sustainable agrarian practices that comprise substitutes to the chemicals 
employed for monitoring pests and diseases, which act as a chief and dynamic ele-
ment responsible for substantial fatalities in agricultural production. The ever- 
increasing adverse effects of chemicals used for pest control on human health, the 
ecosystem, and the living creatures have directed the researchers’ focus on potent 
biological control microorganisms as doable substitutes for managing pests and 
plant pathogens (Ab Rahman et al. 2018). There are ever-increasing confirmations 
that validate the capability of leaf as well as root-allied microbes to intensify the 
plant efficacy as well as yield in the cropping systems. It is much imperative to 
comprehend and appreciate the part of such microbes in stimulating growth and 
monitoring plant diseases as well; however, their presentation as biopesticides in the 
field conditions is still unpredictable (De Silva et al. 2019).

The employment of beneficial biocontrol microorganisms can be a viable option 
that could display potential of competing with the pathogenic microorganisms or 
can provide benefits by directly antagonizing pathogens by secreting antimicrobial 
composites (Mansfield 2000). The indigenous infection by pathogenic microbes can 
lead to the induction of systemic acquired resistance, but the capability of nonpatho-
genic rhizobacteria to prime plants for induced systemic resistance alongside differ-
ent pathogens is much crucial and therefore is of substantial interest (Choudhary 
et  al. 2007). This priming offers a better preparedness to plants that are able to 
respond faster and stronger to pathogen attack. The method of biologically control-
ling plant disease seems to be the preeminent choice for the manufacture of eco-
nomically viable, environmental-friendly, and sustainability-promoting approach 
for shielding plants and other crops. Therefore, the biocontrol microorganisms are 
now widely being acknowledged as important tools for controlling plant diseases 
for an enhanced crop production in the sustainable agriculture (Azcón-Aguilar and 
Barea 1997). There is a great diversity of microbes which can be utilized as potent 
biocontrol agents. Nevertheless, a sound exploration of the multifaceted interac-
tions amid plants, the environment, and the pathogens is quite indispensable for 
further consideration as the results may vary if the plants are already under an exten-
sive load of disease (Mirzaee et al. 2015). The principal knowledge of piloting sev-
eral research projects on the biocontrol was primarily meant for reduction in the 
dependence on the usage of agrochemicals due to several detrimental effects they 
lay on human health as well as on the environment. It was mainly accelerated around 
three decades due to increasing interest in the employment of useful microbes for 
suppressing of plant diseases, comprising the infections by plant parasitic nema-
todes as well (Cook and Baker 1983). The resultant biocontrol activity is often 
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produced as a result of compound dealings, for instance, clampdown of the pest by 
use of other organisms or the use of antagonistic microbes to combat diseases and 
the introduction of host-specific pathogens. The employment of natural yields and 
chemical extracts of ordinary or modified microbes or gene products is another 
example of biological control. There is a vast array of interactions among the micro-
bial populations such as mutualism, protocooperation, commensalism, neutralism, 
competition, amensalism, parasitism, and predation. All these biological control 
interactions amid plants and microorganisms happen unsurprisingly at a macro-
scopic as well as microscopic level (Gardener and Fravel 2002; Pal and Gardener 
2006). The microbes inhabiting the rhizospheric portion of plants are deliberated to 
be superior biocontrol agents as the rhizospheric soil is considered to be microbio-
logically oppressive to numerous pathogens, attributable to the capability of this 
portion acting as a line of frontline defense against innumerable pathogenic occur-
rences. The occupation of roots by diverse beneficial microorganisms distributes 
their pathogen-alienating metabolic products into the root atmosphere where they 
result in direct or indirect suppression of pathogens (Shoda 2000). There is also the 
involvement of the phenomenon of antibiosis that happens as an outcome of the 
emission of diffusible volatile organic compounds, antibiotics, and toxins, along 
with the formation of extracellular cell wall-humiliating enzymes, for instance, pec-
tin methylesterase, β-1,3-glucanase, chitinase, and β-xylosidase (Shoda 2000; 
Compant et al. 2005). The root systems of plants also deliberate a biological envi-
ronment for progression of soil microbes that flourish on different root exudates as 
well as lysates which are utilized by the microbes as nutrients. The diversity of 
endophytic as well as free-living rhizobacteria harbored by the plants in their rhizo-
spheric area utilize the nutrients secreted by the plant systems via their roots, and 
therefore grow and proliferate to secrete various metabolites in the soil systems 
which are found to control various plant diseases triggered by fungal or bacterial 
activities (Gray and Smith 2005; Kiely et al. 2006). In addition to it, the inhabitation 
of rhizospheric slot by different plant growth-promoting bacteria is further sup-
ported by the secretion of various kinds of allelochemicals, for instance, antibiotics, 
iron-chelating siderophores, biocidal volatiles, lytic enzymes, and detoxification 
enzymes (Glick 1995; Sturz and Christie 2003). Allelochemicals are also examples 
of secondary metabolites that are produced either in a direct way or in an indirect 
manner by plants and released into the root region as an outcome of various chemi-
cal and biochemical reactions (Tang et al. 1989; Shaw et al. 2006); however, they 
can also be released by the allied fungal and bacterial inhabitants. Several bacterial 
agents such as the nonpathogenic Pseudomonas and rhizobacteria are endowed with 
the potential of inducing systemic resistance in plants which honors the plant with 
the ability of protecting itself against a great deal of pathogenic viruses, bacteria, 
and fungi (Pieterse et al. 2014). Therefore, it seems that plants might have evolved 
their own language that makes them capable of interacting with their allied micro-
biota by secreting a greater diversity of chemical compounds via their leaves as well 
as roots. This phenomenon aids the plant systems to attract and select precise micro-
bial population in the rhizospheric as well as phyllospheric environments that can 
offer explicit assistances that are desirable for the plant systems (Vorholt 2012).
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3.6  Biofortification of Crops Using Microbes

The monster of undernourishment is deliberated among the supreme exalted univer-
sal challenges to mankind. It bothers almost a billion or more of the global people 
in both advanced and emerging nations. The disgrace of malnutrition takes account 
of food-associated prolonged diseases in addition to the explicit nutrient paucities 
which further are held responsible for morbidity as well as abridged physical and 
psychological development. The occurrence of micronutrient paucity in human 
beings is largely reported, and the members of emerging nations mainly rely on the 
food from the staple crops which are further described by abridged bio-obtainability 
of vital micronutrients. The pervasiveness of such micronutrient paucities further 
intensifies the menace of widespread encumbrance of illness in different low- as 
well as middle-income nations (Black 2014), and the members of poor families are 
not able to manage expensive foods enriched with nutrients. As per the reports of 
United Nations System Standing Committee on Nutrition, the micronutrient hunger 
is deeply allied with over and above 50% of the total child mortality, and it further 
exhibits the leading risk factors for maternal death cases. Iron (Fe), zinc (Zn), and 
selenium (Se) are deliberated to be the micronutrients of utmost importance, and 
their intake is apposite for sustaining numerous life processes (UNSSCN 2004). 
The scarcity of any of the micronutrients has various deleterious effects on human 
health which are conveyed via numerous diseases. Zinc is an indispensable micro-
nutrient for almost all the living entities comprising human beings, and its structural 
role in different proteins also makes it a significant micronutrient. Its deficiency is 
at utmost prevalence which results in abundant health-associated concerns, for 
instance, growth weakening, increased vulnerability toward different infections, 
diarrhea, retarded growth, delayed recovery of wounds, skeletal aberrations, and 
amplified danger of abortion (Salgueiro et al. 2000). On the other hand, the paucity 
of iron provokes nutritional anemia and also results in damaged working of immune 
system among the children along with the diminished neurocognitive growth 
(Murray-Kolb 2013). Selenium has numerous indispensable roles to play in a vast 
array of metabolic paths. Its deficiency is largely responsible for several heart dis-
eases, reduced male fertility, hypothyroidism, weakened immune system, and high 
risk of infections, cancer, oxidative stress-related conditions, and epilepsy (Hatfield 
et al. 2014). The deficiency of different micronutrients also results in a weakened 
DNA molecule prone to easy damage. Therefore, there are ever-increasing endeav-
ors targeting an enhanced assimilation of different micronutrients in plant systems.

Conversely, numerous approaches to augment the mineral elements uptake as 
well as food fortification haven’t been fruitful every time. The approach of bioforti-
fication is only allied with entrusting the nutrient accumulation in the plant cells 
which makes it different from the “standard fortification” which encompasses prac-
tice of additives with the foods (Khan et al. 2019). The microbes having benefit 
effects on plant growth promotion are acknowledged for fortification of micro- as 
well as macronutrient concentrations in the essential food crops. There is a large 
number of mechanisms responsible for the fortification process, for instance, 
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phosphate solubilization, zinc solubilization, siderophores production, and nitrogen 
fixation. The introduction of potent microbes in consort with the mineral fertilizers 
have the capability of enhancing the mineral uptake in turn growth as well as yield. 
Consequently, the biofortification of different food crops as an outcome of plant 
growth-promoting microbiota has been encouraged as a unique stratagem not only 
for upsurging the level of micronutrients in eatable food crops but also to elevate the 
output on soils having lesser fertility (Khan et al. 2019). Microbes are unseen soil 
engineers that are responsible for maintaining the status of a healthy soil and for the 
construction of a center for diverse biogeochemical cycles (Gadd 2010). A large 
number of microbes inhabiting soil ecosystems, for instance, bacteria, cyanobacte-
ria, actinomycetes, and mycorrhiza, provide an environmental pleasant attitude for 
upgraded nutrient uptake along with the enhancement in plant growth. Microbes, 
more precisely the plant growth-promoting rhizobacteria (PGPR), are settled in the 
portion of rhizosphere and are capable of competently colonizing the plant roots, 
and they award the plants with many unique and beneficial attributes (Prasad et al. 
2015). These microbes adopt diverse mechanisms for playing their central part in 
upsurging the nutrient consumption efficacy of the plants. These microbes are 
uniquely capable of playing an imperative role in the mineralization of organic mat-
ter coupled with the biotransformation of several inorganic nutrients which imparts 
these microbes with the innovative ability of biofortification. There are several other 
characteristics of these microbes, for instance, solubilization, chelation, and oxida-
tion/reduction which have the aptitude of directly influencing nutrient accessibility 
(Khan 2005; Bonfante and Genre 2015). Besides obtaining improved crop yields, 
the present-day agricultural systems are mainly centered for producing nutritious 
safe food crops endowed with enriched micronutrient level especially in the edible 
part of the plant. Since the human population is predominantly reliant on diets 
grounded on staple food crops, therefore, consumption of foods with deprived or 
reduced concentration of micronutrients is greatly responsible for severe health 
concerns in human beings. The paucity of these micronutrients (selenium, zinc, 
iron, manganese, copper, and vitamins) in plant systems as well as in human beings 
is described as “hidden hunger” (Sharma et al. 2016) and imparts the risk of malnu-
trition among the global mankind. Consequently, the execution of the attitude of 
biofortification seems to be an imperative as well as lucrative method for endow-
ment of distinguished and dominant solution for the production of crops having 
higher concentrations of required micronutrients. The plant growth-endorsing 
microbes are reportedly known for the biofortification of micronutrient components 
in different food harvests above and beyond the improvement in the soil productive-
ness as well as in the crop yield (Rana et al. 2012).

Iron, an important micronutrient, is present in the oxidized states owing to the 
prevalence of oxygen-rich environments. Different bacterial as well as fungal inhab-
itants of the soil ecosystems have evolved various unique mechanism for iron 
sequestration, for instance, the production of some lower-molecular-mass com-
pounds called as siderophores which are immensely compassionate concerning Fe3+ 
ions. These siderophores are eventually up taken by the plant systems via roots for 
conveyance of the sequestered iron to the plants. Hence, the siderophores of 
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microbial origin are enormously capable of augmenting plant growth as a result of 
improved uptake of iron accompanied with inhibition of the pathogenic microbes by 
dint of competitive advantages (Srivastava et al. 2013). A diverse array of bacterial 
soil inhabitants have been largely acknowledged for the siderophore fabrication, 
viz., Rhodospirillum, Bacillus, Azospirillum, Burkholderia, Pseudomonas, 
Azotobacter, Serratia, Arthrobacter, Enterobacter, and Rhizobium, along with dif-
ferent fungal partners like Syncephalastrum, Aspergillus, Rhizopus, and Penicillium 
(Khan et  al. 2019). There are numerous kinds of siderophores which are often 
secreted by the plant-allied microbiota, for instance, catecholate, carboxylate, and 
hydroxymate, and their exudation diverges across different species. Additionally, 
the siderophore production of mixed type has also been reported by many microbial 
species (Wandersman and Delepelaire 2004). Thus, the iron biofortification in dif-
ferent food crops is greatly supported by the secretion of these siderophore mole-
cules. The microbes allied with plant systems also implement a number of tools for 
zinc solubilization, for instance, chelation (Whiting et al. 2001), dropping down the 
pH of soil (Subramanian et al. 2009), and by means of enhancing the root progres-
sion as well as the effective absorption area of the root (Bürkert and Robson 1994). 
The chelation of metallic ion zinc by diverse microorganisms coupled with enhance-
ment in its availability for plant systems is a well-acknowledged occurrence. The 
microbial production of zinc-chelating compounds, metallophores, which sequester 
the zinc, is later released at the root surfaces and thus becomes available for the 
plants for its biofortification in the plant parts (Saravanan et  al. 2004). Diverse 
microbial allies of plants, such as Enterobacter, Pseudomonas, Bacillus, 
Microbacterium, and different arbuscular mycorrhizae, are unbelievably proficient 
for zinc solubilization from composite mixtures which subsequently improves qual-
ity as well as nutrient content of the plants and their produces. Therefore, it can be 
said that the microbial approach of increasing nutrient content which further 
improves the quality of food crops is an economically viable and sustainability- 
advocating practice of superior crop production.

3.7  Enhancement of Abiotic Stress Tolerance Ability 
of Plants

The most discouraging phenomenon in the production of food crops is the appear-
ance of several kinds of abiotic stresses which appear as an outcome of the intrinsic 
edaphic aspects as well as due to the anthropogenic activities. These stresses may be 
persuaded by the soil salinity, heavy metal pollution, and the prevalence of different 
organic pollutants. The developing nations has to face the problems of such abiotic 
stresses in a major proportion of their agricultural land which expressively condense 
the production of different crops (Lal 2000). The different abiotic stresses allied 
with the edaphic elements are comprised by soil-associated constrictions, such as 
reduced fertility, elevated salt content, low pH, and the occurrence of toxic heavy 
metals in the plant rhizosphere. In addition to these chemical factors, numerous 
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physical restraints of the soil like poor texture, compaction, rockiness (Lal 1987), 
and slope abruptness (Lal 1998) also strongly affect the crop production. All these 
factors are held responsible for determination of the water-holding capability of 
soil, the cation-exchange capability, and the level of root communication with the 
soil and thus strongly effect the plant nutrient acquirement and crop harvests 
(Marchner 1995). The other abiotic stresses appear as a result of increased anthro-
pogenic activities, such as superfluous irrigation patterns, and using saline water for 
irrigation purposes has backed the salt content in the agricultural soils. The employ-
ment of sewage water for irrigating fields and using sewage sludge as fertilizer have 
led to the accretion of poisonous heavy metals in various areas of the global agricul-
tural sector. Another omnipresent difficulty arises as a result of the haphazard usage 
of organic pollutants and chemicals which persist in the soil environment for a lon-
ger duration of time and potentially interrupt the symmetry of the soft soil 
(Selvakumar et al. 2012). With the continuously deteriorating qualitative as well as 
quantitative aspects of freshwater assets, and underprivileged irrigation ground-
work, the drought management especially in emerging nations seems to be imper-
fect. The insufficiency of moisture contents in agricultural soils is not just having a 
direct effect on the crop yields, but it also decreases the yields by influencing the 
obtainability as well as the nutrient conveyance. The drought stress also affects the 
crop yields by altering the hormonal balance of the plant systems as it is responsible 
for a reduction in the levels of cytokinin as well as a hike in the abscisic acid content 
in the leaves, which further leads to closing of stomatal pores (Figueiredo et  al. 
2008). Since water acts as a medium for carrying the nutrients from the plant roots, 
therefore, the low moisture level is responsible for a decreased diffusion of nutrients 
over small distances and the mass flow of water-soluble nutrients such as nitrate, 
sulfate, Ca, Mg, and Si over longer distances (Barber 1995). The drought is also 
responsible for a reduction in the obtainability of carbon dioxide for photosynthesis 
that further promotes the construction of reactive oxygen species that are highly 
potent for damaging the DNA and may also affect the functioning of the cell mem-
branes (Sgherri et al. 2000). The salinity stress also affects the productivity of agro-
ecosystems as it does not allow the plants to extract water from the soil. Additionally, 
some salts penetrate the plant systems and disturb various physiological processes 
of the plants which may lead to plant death (Tester and Davenport 2003).

Microbes that assist plants in alleviating certain kinds of abiotic stresses are 
awarded with several specified purposeful attributes. The plant systems are known 
for accretion of ethylene hormone under the conditions of stress (Jackson 1997). 
The microbial production of the enzyme 1-aminocyclopropane-1-carboxylate 
(ACC) deaminase is responsible for the cleavage of the ACC which acts as the pre-
cursor particle of ethylene, and the production of this enzyme significantly reduces 
the concentration of this gaseous hormone in the plants under stress (Abeles 1973). 
Some PGPR strains are endowed with the capability of removing stress by the pos-
session of certain attributes. One such is the induced systemic tolerance (IST) which 
is meant to house the physical as well as chemical variations induced in the plant 
systems as a result of microbial activities which further aids plant systems in tolerat-
ing various abiotic stresses (Yang et al. 2009). The inoculation of the plants with the 
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PGPR Paenibacillus polymyxa is reported to have an improved tolerance of the 
drought stress (Timmusk and Wagner 1999). Plant systems suffer a lot due to the 
oxidative damages under abiotic stress conditions. The production of various anti-
oxidant enzymes by numerous rhizobacterial species helps the plants in tolerating 
drought stress (Bowler et al. 1992; Scandalios 1994). The drought stress also leads 
to variations in the soil structures which disturbs the agronomic processes and 
affects the crop yields in a considerable way. In this case, the microbes which are 
known for the secretion of exopolysaccharide (EPS) seem to be of utmost impor-
tance. The EPS fashioned by such microbes defends these microorganisms from the 
hostile environmental conditions and thus permits their existence. The EPS also 
endows these microbes with a unique property of desiccation tolerance (Hartel and 
Alexander 1986; Konnova et al. 2001). The EPS secretion also allows the microbes 
to attach and inhabit the roots in an irreversible manner owing to engrossment of a 
system of fibrillary material which aids in the formation of a permanent connection 
amid bacteria and the root surface (Sandhya et al. 2009). The plant systems receiv-
ing treatments of EPS-constructing microbes exhibit an improved confrontation to 
the water stress (Bensalim et al. 1998). The EPS matrix is supposed to offer a micro-
environment which clutches water and retains it for a longer interval of time as 
compared to the surrounding atmosphere and thus confers the bacteria as well as the 
protection of plant roots against desiccation (Hepper 1975). The EPS fabrication is 
also known to enhance the permeability by augmenting the soil aggregation along 
with the maintenance of developed water potential nearby the roots, thus allowing 
an increased uptake of nutrients by the plant systems, which further results in 
improved plant growth apart from the defense against drought stress (Alami 
et al. 2000).

3.8  Conclusion and Future Prospects

The products of microbial origin have the capability of enhancing crop yields and 
are equally potent to bring out the replacement of agrochemicals as well as chemical 
fertilizers. They can also improve the quality of the soil polluted by the explicit 
usage of chemicals for enhancing productivity of agricultural systems. Microbes are 
auspicious tools and can also augment the qualitative aspects of food crops and thus 
can be of immense importance for upgrading global health status of human beings. 
This potential of microbes is being utilized by several industries in which products 
of microbial origin are being formulated as biocontrol agents and effective biofertil-
izer products. The lab work is often carried out to unveil unique possessions of the 
microbial world, but at various times, the deeds of microbial technologies often fail 
to prove themselves at the field conditions. The belongings of microbial merchan-
dises are often found to be unpredictable and unreliable between diverse studies and 
are found to be inconsistent under variable atmospheric conditions. Several times 
the microbial population fails to compete with the autochthonous microbiota 
which is a major logjam in the large-scale implementation of the technology. 
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Consequently, there is a burning requirement for the improvement of selection 
methods and implementation practices. Apart from this, a better understanding of 
the communications amid inoculated microbial strains and innate microbiota is 
strongly required under field conditions.
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