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Weed and Disease Abolition in Crops
through Inherently Altered Microbes and Soil
Microorganisms
Abstract
Drastic increase in both the quality as well as quantity of global crop production is
urgently needed. The biotic and abiotic influences, which affect or even decide the
final outcome, are two major groups of factors that have a significant impact on crop
development, yield and characteristics. Infestation of plants by pests and diseases
can result in yield losses of up to 82 percent in cotton and over 50 percent in other
major crops; when these losses are added to post-harvest spoilage and quality
degradation, these losses become significant, particularly in resource-poor parts
of the world. Hence, its management is very necessary. Plant pathogenic bacteria
which are found in the soil rhizospheric region can cause a variety of diseases in
plants. Scientists have created a biological method in order to combat invasiveness
by weeds and rodents by using these pathogenic microbes. Microorganisms have
extensive biosynthetic reservoirs for producing biomolecules of interest; farming
communities are, however, accepting new approaches to meet the increase in
demand for sustainable food production, thanks to allied sector research and
evolving genetic tools for improved microbial consortia.
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Introduction

Literature Review

Global crop production must be improved in terms of both
quality and quantity to meet the needs of the rapid increase
in global population [1]. Two major groups of factors which
have a significant impact on growth, crop yield, and quality
characteristics are biotic and abiotic influences, which affect or
even determine the final outcome [2]. Several researchers have
focused on the effect of climate change and current agricultural
practices on plant growth and nutritional value of field and
vegetable crops [3]. Biotic factors (weeds, fungi, insects, bacteria)
as well as abiotic (sunshine, temperature, pH, rain) variables, can
all affect crop growth and its yield in different ways [3,4]. One
of the key priorities of modern agriculture is to provide enough
food to satisfy a society’s need in a sustainable manner, while
also providing high-quality products that can be accomplished by
effectively managing weeds and diseases which negatively affects
crop growth and yield.

According to fossil evidence, disease infected plants were
reported 250 million years ago. Plant disease is a natural state
damage that disrupts a plant's vital functions, and it affects all
plant species, both wild and cultivated. Plant diseases have
been recorded since the beginning of time. Losses due to plant
diseases could have a substantial economic effect, resulting in
lower profits for farmers and manufacturers and higher costs for
consumers [5]. Plant infestations by pest and diseases can result
in up to 82 percent reduction in attainable yield in cotton and
over 50 percent loss in other major crops; when these losses are
combined with post-harvest spoilage and quality degradation
these losses become significant, especially in resource-poor
regions of the world [6]. Furthermore, plant diseases are expected
to reduce yields by about 20 percent in the world's major food and
cash crops [7]. Over the last 40 years, effective pest and disease
management has played a key role in doubling food output, but
pathogens still consume 10-16 percent of global crop production
[8]. Working against this pattern would be impossible without the
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use of emerging technology. Pests and abiotic stressors such as
virus, mosquito, and weed infestations, as well as fertiliser scarcity
and drought stress, can reduce crop quantity and productivity,
reducing the potential yield of agricultural crops worldwide.

Possible solutions
Farmers have many methods for controlling pests and pathogens
which can be mixed in advanced pest management techniques.
Both organic and inorganic fungicides and poisons are used
to maintain chemical regulation. Establishment of optimum
growth conditions for cultivated crops and/or to eliminate
those conditions that benefit pest and disease multiplication
and with the introduction of cultural practices to remove those
conditions that are conducive to pest and disease replication.
Use of biological agents and predators (biological regulation)
to reduce pest and disease incidences. With the aid of genetics
to develop crops that are less vulnerable/resistant to pests and
diseases infestations. In many crops sufficient knowledge on
balanced mineral nutrition will minimize the rate of disease
growth. Crops usually require 18 different nutrient elements in
its successful growth period out of which 15 essential nutrients
are drawn up from the soil and are divided into three categories:
main nutrients, secondary nutrients, and micro-nutrients. Among
all above mentioned methods, genetically control of diseases and
pests from crops may be a suitable option in order for attaining
environment and agricultural sustainability.

Role of microbes in plant growth and
development
According to the generally recognized principle of aggregate
dynamics proposed by [9], fresh plant material is colonized
by microorganisms and speckled by primary particles by the
binding action of microbial agents, resulting in balanced macro
aggregates. With the passing of time, this plant material
decomposes within macro aggregates, leaving more chemically
reactive plant materials covered in mineral particles and
microbial metabolites, resulting in dense micro aggregates. The
soil microbial population is massive, and it is responsible for a
wide range of soil functions. A complex network of biochemical,
chemical, and physical processes combine to form soil. In this
regard, soil microbes play a critical role, as they are responsible for
the majority of transformations and drive the creation of stable
and labile carbon and nutrient reservoirs in soil, which help plant
population establishment. Microbes influence the formation
of bed rock and increase pore space and glomalin content in a
number of aggregates [10]. Soil phospholipids and nucleic acids
form a labile P source that is readily accessible to most species.
By solubilizing phosphates, phosphate biofertilizers in the form of
microorganisms can help increase the availability of phosphates
for plant growth [11]. Furthermore, microorganisms involved in
P solubilization and enhanced soluble P scavenging can promote
plant growth by improving the efficiency of biological nitrogen
fixation, growing the availability of other trace elements such as Fe
and zinc (Zn), and producing plant growth-promoting compounds
[12]. Microorganisms are naturally involved in fermentation
processes, and for thousands of years, man has relied on yeasts,
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mould, and bacteria to manufacture a wide range of foods,
including bread, vinegar, beer, wine, cheese, and yoghurt, as well
as fermented seafood, poultry, and vegetables [13]. Microbes
are used to digest a variety of foods, resulting in a wide range of
oriental food items. Numerous biological preparations have been
prepared using vast quantities of microorganisms, which are
extremely important in the fields of medicine and pharmacy [14].

Role of microbes in disease eradication
Plants and microbes require nutrition for progress and expansion,
as well as disease control, much like humans [15]. The ability of
the host to sustain its particular evolution or yield in the face
of infection, on the other hand, determines its immunity. The
genotypes of the two plants, plant stage, and environmental
changes all influence resistance. Despite the fact that disease
resistance and tolerance in plants are genetically regulated.
Crop diversification, plant nutrient recovery, and biological
pest control are only a few examples of environmentally sound
management methods used in sustainable agriculture to ensure
long-term yield stability [16]. In recent years, agriculture's longterm sustainability has faced numerous challenges.

Application of yeast in agriculture
While yeast is widely used in industry, its use in agriculture
is less common. Since 1880 to 2019, it has been seen that
there is a steady increase in the utilization of yeast in the field
of agriculture. Several studies on bacteria, algae and fungi
have been performed to promote plant development [17].
According to some research, yeast has the ability to suppress a
possible pathogen and increase plant stress resistance [18,19].
Rhizoctonia solani, a soil-borne fungal plant pathogen that causes
root diseases, has been confirmed to have substantial bio control
activity by Rhodotorula glutinis, Candida valida, and Trichosporon
asahii [20]. Cryptococcus laurentii was also discovered to inhibit
graymold (Botrytis cinerea) development [21]. Rhodotorula
glutinis promotes plant growth indirectly by acting as an
antagonist against the pathogen Penicillium expansum by
forming siderophores [22]. Another yeast, A. pullulans, is used
to encourage plant growth while inhibiting the growth of fungal
plant pathogens such as G. cingulated [23] (Table 1) [24-31]
gives us an overview of yeast and its use in the prevention of
postharvest disease caused by a variety of pathogens.

Pseudomonas' role in disease management
It has recently been estimated that a large amount of food
commodity/crop is lost each year as a consequence of various
diseases caused by fungi, nematodes, bacteria, and other
organisms. For thousands of years, plant diseases have had a
significant impact on food production and human community
growth. The word "biocontrol" refers to disease management that
occurs during the growth stages of plants as well as during food
storage. The majority of research on Rhizobacterial biocontrol
of pathogens has focused on pathogenic microorganisms such
as weeds and insects [32,33]. Many workers have confirmed
successful disease control using plant growth promoting
rhizobacteria (PGPR) in a variety of cereals and crops [34].
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Table 1 Yeast and its use in the prevention of postharvest disease caused by a variety of pathogens.

Yeast strains
Cryptococcus laurentii LS-28
Candida oleophila
Debaryomyces hansenii
Metschnikowia pulcherrima
Debaryomyces hansenii
Metschnikowia fructicola
Aureobasidium pullulans
Cryptococcus albidus (KKUY0017)
Pseudomonas is one of the most commonly used bacterial classes
as biocontrol agents in various plant organisms.

Microbial pesticides
Biological control agents are another name for microbial
pesticides. The main component in this group is a microorganism
that is either naturally occurring or genetically modified. The
organism itself or a material it creates could be the source of the
pesticidal action. In contrast to traditional chemical pesticides,
they have a higher selectivity and little or no toxicity [35]. The
active ingredient in microbial pesticides is a microbe (bacterium,
fungus, virus, protozoan or alga, rickettsia, Mycoplasma, and
nematodes). They exterminate pests by developing toxic
metabolites that are unique to the genus, causing disease,
preventing the establishment of other microorganisms by
tolerance, and employing a variety of other strategies [36].

Biological weed control
Organisms have been utilized as organic weed control agents,
and natural weed control approaches have been recognized
for the long-term utilization of biodiversity for the good of
humanity's economy [37]. Rhizobial microbes and their inhibitors
have been used as conventional farming agents in a number of
crop systems. In both regulated and field trials, live colonies of
Pseudomonas syringae strain 3366 were proven to reduce weed
plant growth [38,39]. Over the last five decades, this field has
been largely centered on bacteria and fungi in terms of weed
and invasive plant species control, though viruses have been
considered in some cases [40]. The introduction of a rust fungus,
Puccinia chondrillina, into Australia to suppress rush skeleton
weed (Chondrilla juncea) is one of the most effective examples
of biological weed control [41]. The rust fungus Uromycladium
tepperianum has been used to control Acacia saligna, and foliar
smut fungus is used to control Hamakua pamakani [42]. Bacillus
strain SYB101 was found to suppress the growth of Phalaris minor
weed species more effectively on wheat variety WH711 [43].
Similarly, inoculation with P. fluorescens strain G2-11 suppressed
weed growth while promoting wheat and soybean growth.

Genetic approaches
About the fact that disease resistance and tolerance in plants
are genetically controlled [44], crop diversification, plant
nutrient recovery, and biological pest control are examples of
© Under License of Creative Commons Attribution 3.0 License

antagonistic to plants
bacterium
Botrytis cinerea and Penicillium expansum
Penicillium digitatum and Penicillium italicum
Rhizopus stolonifer
Botrytis cinerea
Penicillium italicum
Penicillium expansum and Botrytis cinerea
Penicillium expansum
Penicillium expansum
environmentally responsible management techniques used in
sustainable agriculture to provide long-term sustained yields [45].
Overall, before creating genetically modified microorganisms, we
must first identify the gene of interest in the vast biodiversity
of microorganisms in the soil. Perhaps the effect on soil pH and
disease suppression is due to a coalition of various microorganisms
rather than a single strain. First, the screening method for desired
microbial activity needs to be developed which allows performing
preliminary detection of activities.

Disease suppression through genetic
engineering
Plant pathogenic bacteria present in the soil rhizosphere can cause
a number of plant diseases. Using pathogenic bacteria, scientists
have developed a biological system for combating invasive weeds
and rodents. Since these microbes have foreign genes, they can
invade and kill weeds [46]. Bio-insecticides use microorganisms to
minimize the use of industrial insecticides. Because of their short
shelf life, they do not live in the atmosphere and are hence ecofriendly. Furthermore, fungi, for example, induce 200 diseases
in insects that have the potential to dominate their population.
Many important pharmaceutical materials obtained by the use of
microbes such as bacteria are mostly proteins in nature, such as
Bacteriorhodopsin, a protein contained in the plasma membrane
of Halobacterium salinarum [47] that is used for a variety of
purposes.

Why microbes selected for genetics
Microorganisms have vast biosynthetic reservoirs for processing
biomolecules of interest; however, thanks to intensive studies in
allied sectors and evolving genetic opportunities for enhanced
microbial consortia, farmers and agriculturists are accepting new
approaches to satisfy the ever-increasing demand for sustainable
food output. Microbes are well-suited to biochemical and genetic
research, and they have made significant contributions to these
areas, such as demonstrating that DNA is the genetic material
[48].

Object of interest
Microbes that can live in an acidic, basic, or neutral environment,
as well as pathogenic microbes that release suitable compounds,
should be selected, and it's likely that by genetically modifying
their genomes, more robust strains of microbes with the potential
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to modify pH up to several folds and disease suppression might be
developed. The primary motivation for this strategy is to discover
a new generation of microbes that are well-suited to changing
the pH of the rhizosphere, where excess nutrients are needed for
plant uptake.

Microbial profiling, screening and identification
procedure/method
Technological advancement is at the heart of microbial ecology
science. The use of SSU rRNA or rDNA sequences in conjunction
with fluorescent oligonucleotide probes provides an important
tool for studying soil microorganisms that are not amenable to
current culturing techniques [49]. Furthermore, the throughput
of DNA sequencing has fallen sharply in the last decade, allowing
most research groups to map microbial population diversity in
of interest settings. These approaches may be used to classify
and analyze soil microbes that cannot currently be cultured. Soil
samples can be used to identify and sequence microbial rRNA
genes. These microorganisms' genomes can then be compared to
those of other known microorganisms. Microbiome population
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