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1  Introduction

The symbiotic bacteria present around the roots of plants are called rhizobacteria 
which are free-living unswervingly correlated with root surface or dwell inter alia 
on the roots such as endophytic bacteria without adding any value to the soil 
(Kloepper and Beauchamp 1992). When rhizobacteria help plants to grow, they are 
defined as plant growth-promoting rhizobacteria (PGPRs) (Kloepper et al. 2004). 
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Bacteria must be competent for rhizosphere, i.e., capable of interacting with 
rhizosphere- based nutrients secreted from the root or from sites which can be occu-
pied on the root, to exert their beneficial effects in the root system (Hao et al. 2012; 
Kim et al. 2012). Also, the characteristic inherence of PGPR is that it interacts with 
other microbes, such as arbuscular mycorrhizal fungi (AMF), to promote plant 
growth. In addition to soil-based microbes other than AMF, the plant-AMF relation-
ship is mostly manipulated through indirect mechanisms by the increased availabil-
ity of soil nutrients (Ghignone et al. 2012; Pii et al. 2015), while its impact directly 
is still under debate for plant-based growth (Glick 2012). A very favorable habitat 
for the growth of microorganisms in the rhizosphere, which covers a volume of root 
soil, which is chemically and physically affected by the plant root, can have a poten-
tial effect on plant health and soil fertility (Sorensen 1997). The microorganisms 
colonizing at root may be free, parasitic, and saprophytic, and their diversity remains 
varied because population and species abundance often change amino acid, mono-
saccharide, and organic acids into primary sources of nutrients released from a root 
environment which support the dynamic increase and activities of different micro-
organisms (Kunc and Macura 1988). It has been observed that in various plant spe-
cies with aid of PGPR, plant growth has been improved in terms of an increase in 
seedlings, biomass, vigor, root system proliferation, and production. During the past 
30 decades, various reports have been performed at a very exponential rate to iden-
tify PGPR in different agricultural systems and agroecological regions, as they are 
an important component of the root-colonizing microorganism (Podile 2006) 
(Table 16.1).

The protective effect of PGPR inoculated to seedlings was observed against soil- 
borne pathogens (Manjula and Podile 2001; Guo et al. 2004). Therefore, the role of 
PGPR as defense products for soil pathogens has been increased. However, in recent 
years, PGPR has once again been discovered as biofertilizers, and organic farming 
has become more important with minimum to no input. The requirement for a 
threshold point to sustain plant development for the initial bacterial inoculum indi-
cates the quorum sensing of bacteria in plant-PGPR interactions plays a significant 

Table 16.1 Commercially accessible PGPR strains, which are primarily assisted by mechanisms 
for direct plant production

PGPR strain
Trade 
name Manufacturer Recommended application

Azotobacter spp. Bioplin Kumar Krishi Mitra 
Bioproducts Pvt. Ltd., 
Pune, India

Soil drenching for sunflower, 
tomato, and another vegetable 
crops

Bacillus subtilis Kodiak GB03 Gustafson, LLC, 
Dallas, TX

Seed treatment in fruits and 
vegetables

Bacillus spp. Bioyield Gustafson, LLC, Plano, 
TX

Seed treatment in tomato, 
tobacco, cucumber, and pepper

Bacillus, Pseudomonas 
and Streptomyces spp.

Compete Plant Health Care BV, CA 
Vught

Soil drenching for turfgrass, 
nursery, and greenhouse 
plantations
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role (Teplitski et  al. 2000). With understanding and knowledge of genetics, bio-
chemical and physiological pathways aimed to help as to how PGPR can be used for 
plant growth promotion and disease control, hence with the goal of choosing and 
improving potential strains for crop improvement. PGPR innovation and distribu-
tion systems in various crop systems increase the rapid acceptance of strains and 
satisfy farmers by reducing costs in respect of chemical fertilizer.

2  Mechanism of Action of PGPR

PGPR-mediated growth in plants is promoted as per the reports of Kloepper and 
Schroth (1981), with the alteration in the rhizosphere niche of the entire microbial 
community through the formation of different compounds (Kloepper and Schroth 
1981). In general, PGPR promotes plant growth through promoting either the pro-
duction or regulation of the hormone levels of plants or indirectly interfering with 
the rhizosphere, by fixing nitrogen, solubilized phosphorus, and potassium, or the 
production of siderophore. Other biocontrol mechanisms, such as antibiotics (Chin- 
A- Woeng et  al. 1998) and CNN (competition for nutrients and niches) (Validov 
et al. 2009), have been certainly required to create root colonization over the current 
years. The development of exopolysaccharides may be one of the potential explana-
tions. Thus, produced exopolysaccharides reduce Na uptake by binding them and 
also by forming biofilms (Qurashi and Sabri 2012). Although there are two mecha-
nisms involved for PGPR, mostly studied is the direct one which is also dis-
cussed below.

3  Direct Mechanisms Involved in PGPR

In the absence of pathogens, direct PGPR promotes plant production. According to 
Vessey (2003), plant rhizosphere soil bacterial species growing in, on, or around 
plant tissue enhance plant development and growth through a multitude of pro-
cesses. In addition to supplying mechanical assistance and supporting water and 
nutrient absorption, rhizosphere microbial behavior influences the habits of rooting 
and the availability of nutrients to plants.

3.1  Nutrient Acquisition

A part of these organically grown plants are additionally metabolized by nearby 
microorganisms as carbohydrate and nitrogen sources and replanted for the growth 
and processing by certain microbiological molecules (Kang et al. 2010).

16 Production of Antibiotics from PGPR and Their Role in Biocontrol of Plant Diseases



444

3.2  Nitrogen Fixation

Certain microorganisms are in a position to transform nitrogen to ammonia through 
the process of fixing nearly two-thirds of the global amount of nitrogen by means of 
complex enzyme mechanism known as nitrogenase (Kim and Rees 1994). There are 
two groups of microbes which fix atmospheric nitrogen into a usable form: (a) sym-
biotic nitrogen-fixing bacteria (Ahemad and Khan 2011) and Frankia (nonlegumi-
nous tree) and (b) nonsymbiotic nitrogen-fixing form such as cyanobacteria 
(Bhattacharyya and Jha 2012). Host plant, which is associated with nonsymbiotic 
nitrogen-fixing bacteria, fixes a minimal amount of nitrogen (Glick 2012). 
Diazotrophs are nitrogen-fixing microbes and contain molybdenum nitrogenase 
which is responsible for biological nitrogen fixation and other related activities 
(Bishop and Jorerger 1990). A variety of free-living bacteria, such as Azospirillum 
spp., in addition to Rhizobia spp., can also fix and distribute nitrogen to the plants 
(Wisniewski-Dyé et al. 2015). However, the bacteria which live freely produce only 
a small number of fixed nitrogen required by the bacterial host plant. Nitrogenases 
(nif) are also important for the fixation of nitrogen into structural genes, iron-protein 
activation genes, molybdenum cofactor genes, electron donations, and regulatory 
genes required for the synthesis and action of enzymes (Bruto et al. 2014). As with 
the NIF genes, they usually occur in a group of 7 operons between the dimensions 
of 10 and 20 kb, encoding 20 proteins (Glick 2012).

3.3  Phosphate Solubilization

Phosphorus (P) is the second most important nutrient-restricting plant growth in 
soils, in both organic and inorganic forms, following nitrogen (Khan et al. 2009). 
The phosphorus mass of soil is found as an insoluble form when only the monobasic 
ions (H2PO4) and the diabasic ions are taken into consideration when absorbing 
plants in two soluble forms, although phosphorus is available to plants in minimal 
amounts (Bhattacharyya and Jha 2012). Phosphorus deficits are frequently used in 
soil fields because plants absorb lower phosphatic fertilizers and the remaining 
complexes quickly become insoluble when a reaction to other soil component phos-
phatic fertilizers is carried out (Mckenzie and Roberts 1990). However, routine 
treatments of phosphate fertilizers are both costly and unnecessary (Kaur and Reddy 
2014). This led to the search for environmentally sustainable and affordable alterna 
Pyoluteorin was first isolated in tive to grow crops in low phosphorus soils.

In this respect, a viable substitute for the chemical phosphatic fertilizers is pro-
vided by the phosphorus sources used by the plant (Khan et al. 2007). The microor-
ganisms which can solubilize the phosphate are called phosphate solubilizing 
microorganism (PSM). Although the most potential biofertilizer of different PSMs 
inhabiting the rhizosphere was the use of phosphate-solubilizing bacteria (PSB), 
plants that can easily absorb via biological routes obtain a good amount of 
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phosphorus (Zaidi et al. 2009; Yadav et al. 2014). Kumar et al. (2001) put forward 
that many crops like radish, potato, tomato, and wheat are associated with microbial 
species which solubilizes phosphorus.

Therefore, it is very relevant for agricultural microbiologist that PGPRs can solu-
bilize the mineral phosphate since they can boost phosphorus availability for effec-
tive plant development. PGPRs for the solubilization of precipitated plant phosphates 
were registered as a possible plant growth support mechanism in field conditions 
(Verma et al. 2001; Guo et al. 2015). The reason for the solubilization of inorganic 
phosphorus might be the organic acid synthesis by rhizospheric microbes (Barea 
and Richardson 2015). The commercial use of PGPB phosphate solubilization was 
unfortunately limited due to variable results (Ghosh et al. 2014).

 Biological disease control is an attractive alternative strategy for the control of 
plant diseases. Meanwhile, it also provides practices compatible with the goal of a 
sustainable agricultural system. Understanding the mechanisms of biological con-
trol of plant diseases through the interactions between antagonists and pathogens 
may allow us to select and construct the more effective biocontrol agents and to 
manipulate the soil environment to create a conducive condition for successful bio-
control. Many factors have to be considered in deciding whether a biological system 
is feasible for the control of a particular pathogen. Of prime importance is the avail-
ability of a suitable antagonist capable of maintaining itself on the host plant. The 
environment under which the crop is grown will play a significant part in determin-
ing whether effective population levels of an antagonist can be established in com-
petition with the existing microflora. Environment may also govern the choice of 
antagonist; for example, yeasts can survive on leaves more readily than non-spore-
forming bacteria under adverse humidity conditions. It is essential that the primary 
mechanism by which antagonism is brought about should be known. A variety of 
biological controls are available for use, but further development and effective 
adoption will require a greater understanding of the complex interactions among 
plants, people and the environment (Nega 2014). Currently, agriculture faces chal-
lenges, such as soil fertility reductions, changes in climate, and increased pathogen 
attacks (Gopalakrishnan et  al. 2015). In this way, our future main priorities are 
environmentally sustainable plant conservation strategies. There are growing ques-
tions about the use of chemical and synthetic fertilizers and pesticides and environ-
mentally sustainable and effective approaches to crop growth and development. The 
sustainability and safety of the horticulture industry depend on eco-adaptation 
methods such as biopesticides, biofertilizers, and crop residues. PGPR is a big part 
of the conservation of crops, the development of growth, and the improvement of 
soil health (Beneduzi et al. 2012; Liu et al. 2017). Some of the exceptional PGPR 
strains that play a large part in inhibiting or destroying pathogens by making unique 
antibiotic mixtures are Pseudomonas, Bacillus, Azospirillum, and Rhizobium. In 
addition to chemical pesticides, the microbial antagonist is another way to suppress 
plant pathogen in crops. A broad variety of pathogens are regulated by PGPR, 
including bacteria, fungi, viruses, and nematic diseases (Liu et al. 2017).

16 Production of Antibiotics from PGPR and Their Role in Biocontrol of Plant Diseases
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4  Major Antibiotics of PGPR

In the management of plant diseases, PGPR plays a vital role in the production of 
antibiotics, and the system is called pathogenic microbes’ inhibition or suppression. 
PGPR such as Bacillus species and fluorescent Pseudomonas help in the destruction 
of pathogens, generating inhibitory, antagonistic metabolites in their defense mech-
anism against harmful strains of microbes. Furthermore, in plant induced systemic 
resistance mechanism (ISR) antibiotics play a critical role in direct antagonistic 
action. Specific microorganisms can produce a range of antibiotic products, for 
example, PGPR produce multiple antibiotics (Table 16.2).

Antibiotic is defined as a heterogeneous community of low-molecular organic 
complexes that harm the production or metabolism of various microorganisms 
(Kumar et al. 2015). In vitro and in situ, the development of the target pathogen was 
smothered more effectively with the help of antibiotics. The formation of one or 
more antibiotics is the most crucial aspect of plant growth that promotes rhizopatho-
logical bacteria and promotes resistance to other pathogens (Glick et  al. 2007). 
Moreover, the antibiotics are classified as volatile and nonvolatile, as aldehydes, 
alcohols, sulfides, ketones, and hydrogen cyanide come under the category of 

Table 16.2 Antibiotics 
produced by PGPR

PGPR Antibiotics

Pseudomonas sp. Antifungal antibiotics
Phenazines
Phenazine-1-carboxylic acid
Phenazine-1-carboxamide
Pyrrolnitrin
Pyoluteorin
Cepaciamide A
Oomycin A
Viscosinamide
Pyocyanin
Antibacterial antibiotics
Pseudomonic acid
Azomycin
Antitumor antibiotics
FR901463
Cepafungins
Antiviral antibiotic
Karalicin

Bacillus sp. Kanosamine
Zwittermicin A
Iturin A (cyclopeptide)
Bacillomycin
Plipastatins A and B

S. Hamid et al.



447

volatile antibiotics, while the nonvolatile antibiotics include heterocyclic nitroge-
nous compound (Gouda et  al. 2017; Fernando et  al. 2018). Antibiotics promote 
plant growth and possess other potentially beneficial properties like antimicrobial, 
antiviral, and antioxidant (Ulloa-Ogaz et al. 2015; Fernando et al. 2018).

The antibiotics that play a critical role when plant pathogens are suppressed are 
classified into two groups: volatile and nonvolatile antibiotic products.

4.1  Nonvolatile Antibiotics

4.1.1  Polyketides (2,4-Diacetylphloroglucinol (DAPG or Phl))

DAPG or Phl is a phenolic polyketide compound which is obtained from fluorescent 
pseudomonas with antibacterial, antifungal, and antioxidant activities (Gaur 2002). 
Phl is a key determinant of plant growth-enhancing rhizobacteria’s biocontrol activ-
ity. Gaeumannomyces graminis var. tritici is responsible to cause take-all diseases 
in wheat which can be suppressed by 2,4-DAPG antibiotic to act as take-all decline 
(TAD) which is produced from strains of P. fluorescens (Weller et al. 2007). The 
diseases are caused by some soil-borne pathogens and are prevented by some strains 
of P. fluorescens which also have nematicidal activity (McSpadden Gardener 2007; 
Meyer et al. 2009). As per reports of Dwivedi and Johri (2003), Phl’s mode of action 
remains uncertain, although the interaction between root-associated Phl-producing 
microorganisms and pathogens is considered to be a significant cause of disease 
suppression. So, in plants, Phl elicits ISR microorganisms and, therefore, can serve 
as unique elicitors in plant disease management of the development of phytoalexins 
or other related molecules.

4.1.2  Pyoluteorin (Plt)

Pyoluteorin (Plt) is a natural antibiotic that is biosynthesized from a hybrid nonribo-
somal peptide synthetase (NRPS) and polyketide synthase (PKS) pathway 
(Fermando et al. 2005). Pyoluteorin was first isolated in the 1950s from Pseudomonas 
aeruginosa strains T359 and IFO 3455 and was found to be toxic against oomyce-
tes, bacteria, fungi, and against certain plants (Kraus and Loper 1995). Plt inhibited 
most pathogens of oomycete, like Pythium ultimum. The severity of Pythium damp-
ing decreased when seeds are applied with Pseudomonas Plt producing, reported by 
now by Nowak-Thompsan et al. (1999). Hassan et al. (2011) put forward that in 
sugarcane, Glomerella tucumanensis is responsible to cause disease, namely, red 
root rot, but pyoluteorin produced by P. putida has been found to be effective against 
this disease.

16 Production of Antibiotics from PGPR and Their Role in Biocontrol of Plant Diseases
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4.1.3  Heterocyclic Nitrogenous Compounds

Heterocyclic nitrogen pigments called phenazines, which are low-molecular-weight 
compounds, were developed by a small group of bacterial species including 
Pseudomonas, Burkholderia, Brevibacterium, or Streptomyces, since more than 50 
phenazine compounds occurring naturally were examined. Some bacterial strains 
will generate blends of different phenazine derivatives simultaneously (Guttenberger 
et al. 2017; Dasgupta et al. 2015). Like phenazine-1-carboxylic acid (PCA) found in 
P. fluorescens 2–79, however, P. aureofaciens 30–84 has been identified as a mix-
ture of PCA along with a minimum amount of 2-hydroxyphenazine.

Several PGPR pseudomonad strains have antibiotic and antitumor features and 
are active in their ability to suppress pathogenic plant fungi and nematodes 
(Cezairliyan et al. 2013; Zhou et al. 2016). The disease caused by G. graminis var. 
tritici in wheat has been biocontrolled by compound known as phenazine-1- 
carboxylic acid (PCA) which is produced by P. fluorescens 2–79 and P. aureofa-
ciens 30–84 (Thomashow and Weller 1988; Chin-A-Woeng et al. 2000; Shanmugaiah 
et al. 2010; Ju et al. 2018). P. aeruginosa PNA1 (wild-type) phenazine-1-carboxylic 
acid and phenazine-1-carboxamide are important in controlling cocoyam root rot 
caused by P. myriotylum (Tambong and Hofte 2001). P. aeruginosa is known to 
produce pyocyanin and phenazine-1-carboxylic acid which are having antagonistic 
activity against F. oxysporum, Aspergillus niger, and other various pathogens (Rane 
et al. 2007; Abo-Zaid 2014). In P. chlororaphis, 30–84 phenazine derivatives have 
to be developed to prevent plant pathogens (Ju et al. 2018). Several volatile antibiot-
ics, such as hydrogen cyanide, aldehydes, alcohols, ketones, and sulfides, are pres-
ent in this region, but hydrogen cyanide is the most important metabolite (Yu 
et al. 2018).

4.2  Volatile Antibiotics

4.2.1  Hydrogen Cyanide (HCN)

Various Gram-negative bacteria, namely, Chromobacterium violaceum, P. aerugi-
nosa, and P. fluorescens, produce cyanide as their secondary metabolite (Hass and 
Defago 2005). It has been reported by many workers that hydrogen cyanide (HCN) 
showed the nematicidal activity against Meloidogyne hapla as produced from the 
bacterial strain, namely, P. chlororaphis O6 (Kang et al. 2018). Sarhan and Shehata 
(2014) reported that in alfalfa, infection caused by F. solani can be stopped by gen-
eration of HCN from F. solani. Hydrogen cyanide (HCN) production is an essential 
determinant of biocontrol (Anderson and Kim 2018). The characterized hcnABC 
gene set was found to be responsible in Q2-87 and CHA0 for biosynthesis of HCN 
(Hass and Defago 2005).

S. Hamid et al.
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4.2.2  Aldehydes, Alcohols, Ketones, and Sulfides

Mycelium formation, ascosporous germination, and survival of sclerotia were 
entirely impeded by these substances. These volatiles come directly into contact 
with sclerotial structures that lead to a reduction in inoculum capacity, preventing 
the occurrence of the disease (Fernando et al. 2004). The pathogen Erwinia caroto-
vora has been inhibited by bacterial volatiles such as 2,3-butadienol (Ryu et al. 2003).

5  Biostimulants of PGPR

Plant growth regulators or phytostimulants which include auxin (indole-3-acetic 
acid (IAA)), gibberellic acid (GA), cytokinins (CK), and ethylene are organic 
chemical compounds that are known to regulate plant growth and development. 
Throughout the years, these chemical molecules became known as the main bio-
chemical, physiological, and morphological hormones required for growth. PGPR 
species of the genera Azospirillum, Pseudomonas, Xanthomonas, Rhizobium, and 
Bradyrhizobium can form phytohormones (Mohamed and Gomaa 2012).

Auxin is a vital hormone, which controls most plant processes directly or indi-
rectly. Being the first phytohormone identified in the Phalaris canariensis seeds by 
Darwin (1887), it has since paved the way for further exploration leading to the 
detection of the most active and prominent plant hormones in the auxin community, 
namely, indole-3-acetic acid (IAA). No matter how the plants can synthesize this 
chemical compound (endogen supply), their success still depends entirely on exter-
nal (exogenous) supply. PGPR is mainly supervised and is correlated with soil bac-
teria in this external gathering (Khalid et al. 2006). The cell function of auxin ranges 
from distinguishing the vascular tissue, initiating lateral and adventitious roots, 
stimulating the division of cells, and elongating the growth of the shoots and roots 
(Glick 1995). PGPR is significant in the development of the stage cum availability 
of nutrients in the rhizosphere for more efficient IAA production, considering the 
type of species and strain it cultivates, the condition, and the development 
(Ashrafuzzaman et  al. 2009). While plants have now recognized other auxins 
including indole-3-butyric acid (IBA) and phenylacetic acid (PAA) (Normanly 
1997), researchers also need to learn their structure mechanism of action and func-
tioning. In comparison, in the soil-plant auxin pool and l-tryptophan (l-TRP) as a 
substitute for the production of the auxin, IAA producers are found to be more 
prevalent. The results indicate a rise in the l-tryptophan level that raises the bio-
chemical and metabolic activities of bacterial BIPs or APBs, with subsequent root 
length reactions and root architecture modifications. Tryptophol, tryptamine, 
indole- 3-pyruvic acid (IPA), and indole-3-acetamide are the primary metabolic 
pathways (Bartel 1997). Emergent evidence demonstrates that species that produce 
low auxins due to the lack of l-tryptophan are likely to grow high auxins when 
increased by l-tryptophan, especially in the presence of a viable strain of Rhizobium 
(Zahir et al. 2010). Importantly, it is important to notice that plant-based indigenous 
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auxin (IAA) might still not be automatically adequate to achieve maximum plant 
performance but should contribute to plant growth (Pilet and Saugy 1987). 
Therefore, it is important to explain the chemical 130 messengers (IAA produced 
by PGPR) with an exogenous need to bring about optimum plant development, 
growth, and adaptation to the stressful setting.

It is not well known yet what exact pathways PGPR stimulate to promote plant 
growth through the synthesis of gibberellic acid (Kang et al. 2009). GA is a group 
of diterpenes which greatly affect the processes of sprouting, leaf growth, elonga-
tion of the root, extension of the lateral root, fruit development, flowering, and ini-
tiation of trichomes (Yamaguchi 2008). Gibberellins and genera are the primary 
targets during environmental stress conditions because of the important role played 
by them in improving effective photosynthetic processes in plants, and they are a 
major plant growth biological regulator, which can enhance stress tolerance in many 
crops. The exogenous application of these growing hormones can be useful in soil 
shift and crop production improvements (Iqbal et al. 2011). Gibberellins are essen-
tially interested in the alteration of plant morphology and promote the production of 
an aerial component, (Van Loon 2007) and has also been given to their effect in 
increasing tolerance of abiotic and biotic stresses. At the cellular level, the growth 
rate is regulated by the combined activity of two processes: cell proliferation and 
expansion. Gibberellins (GA) are plant specific hormones that play a central role in 
the regulation of growth and development with respect to environmental variability. 
It is well established that GA promotes growth through cell expansion by stimulat-
ing the destruction of growth-repressing DELLA proteins (DELLAs) and promotes 
chloroplast biogenesis, shoot proliferation, senescence, apical dominance, develop-
ment of anthocyanin, and photomorphogens (Davies 2004). This also contributes to 
the susceptibility to vascular changes, proliferation of root hair, and suppression of 
the development of lateral root and main elongation (Aloni et al. 2006), and this 
molecule can be obtained by either plants or PGPR in an endogenous and exoge-
nous way.

Plants improve the absorption through biosynthesis of endogenous cytokinin 
(Pospíšilová 2003). Studies have shown that cytokinin perfectly regulates plant 
adaptation, especially in salt-exposed areas, during plant growth (Hadiarto and Tran 
2011). Through a biochemical test, cytokinin is a major antagonist of abscisic acid 
(ABA), resulting in certain phytohormone regulation (Pospíšilová 2003). The cyto-
kinin content of the plant declines significantly during water scarcity, resulting in a 
favorable rise in ABA concentration. The evaluation of the development in broth 
media for plant hormones by various streptomycin strains indicates that cytokinin 
and gibberellin are synthesized by both strains (Mansour et al. 1994). While essen-
tial to phyto-development, it does not yet have a well-defined mechanism of action. 
The cytokinin in the receptor gene is regulated by changes in osmotic conditions 
(Merchan et al. 2007). Various studies have shown that the plants are immune to 
environmental stress by inoculating seedlings with cytokinin strains of Bacillus 
subtilis.

Ethylene which is a special phytohormone has a wide spectrum of chemical 
activity as at low concentrations the useful function of this biomolecule is better 
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reported. This impairs certain significant developmental features, e.g., root elonga-
tion, defoliation, and other cellular processes, which lead to reduced crop produc-
tion at high concentrations (Bhattacharyya and Jha 2012). An enzyme 
1-aminocyclopropane-1-carboxylic acid (ACC) deaminase is required to resolve 
these troubling effects. The biocatalyst’s function is to degenerate the ACC plant 
which is the direct precursor to α-ketobutyrate and ammonium for ethylene synthe-
sis on the plant (Glick et al. 2007). The decay results from the decrease of plant 
production of ethylene by a variety of pathways, while PGPR producing ACC 
deaminase controls the amount of ethylene of plants and stops high levels of ethyl-
ene from inhibiting development (Noumavo et al. 2016). However, this vaporous 
hormone also governs the initiation, maturation, and germination of the seeds and 
abscission of the leaf and wilting (Kaur et al. 2016).

6  Role of PGPR in Biocontrol of Plant Disease

The greatest danger to food security worldwide is the loss of crops from plant dis-
eases. The losses vary from small reductions in plant growth to major damage 
resulting in plant death and reduced yields (Savary et al. 2012). Many methodolo-
gies were studied to avoid or control these pathogens, including the production of 
resistant varieties by plant breeding, the production of GMO plants, as well as the 
chemical enrollments such as fungicides. Furthermore, there could be a detrimental 
effect on the health of humans through the presence of pesticide and fungicide left-
overs. Due to the imperatives on antibiotic development in standard environments, 

Fig. 16.1 Model to 
illustrate the role of PGPR 
in plant protection
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the role of antibiotics in biocontrol and microbial antagonism has been discussed. 
PGPR is a biocontrol agent with the ability to kill a large variety of potential species 
with plant disease. PGPR must use one of the following mechanisms to be an effec-
tive biocontrol agent against pathogenic microbes: antibiotic formation, systemic 
resistance induction, hydrogen cyanide formation, and lytic enzyme formation 
(Fig. 16.1) (Lugtenberg and Kamilova 2009). According to reports by Junaid et al. 
(2013), key organisms which attack the plants typically include, in host plants, bac-
teria, fungus, and nematodes which cause bad diseases. Thereby, rhizobacteria or 
their metabolites are known to function as a sort of protection against disease.

6.1  Antibiotic Production

Antibiotic production by PGPR is one of the essential components for the promo-
tion of plant growth and antimicrobial activity (Table 16.3). These antibiotics have 
been shown to play a part in disease concealment through mutant study and bio-
chemical exams using distilled antibiotics in various biocontrol frameworks. These 
antimicrobial mixes can track pathogenic plant microbes or their growth by inhibit-
ing the germination of spores and fungal mycelia lysis (Adhya et al. 2018; Ulloa- 
Ogaz et al. 2015). PGPR is known as a biocontrol agent due to the generation of 
antibiotics which includes known examples, i.e., DAPG, phenazine, cyclic lipopep-
tides, and amphisin (Loper and Gross 2007), while there is certain list of antibiotics 
which includes zwittermicin A, oligomycin A, xanthobaccin, and kanosamine 
known to be generated by Pseudomonas strains, Bacillus, Streptomyces, and 
Stenotrophomonas sp. (Compant et  al. 2005). However, these biochemicals are 
found to be regulated by abiotic, biotic, and other environmental factors, and dis-
eases caused by pathogens can be suppressed by low-weight-molecular compounds 
known as antibiotics as various good known drugs from PGPR as biocontrol agents 
which have been utilized for the disease control include 2-hexyl-5-propyl resorcinol 
(HPR), 2-hydroxymethyl-chroman-4-one, d-gluconic acid, hydrogen cyanide 
(HCN), and phloroglucinols (Phl) (Cazorla et al. 2006). To maintain other microbes 
in the soil as niche competition in the field will have passed, and the fundamental 
path to decreasing the incidence of disease in plants will be followed by Rhizobacteria 
with a view to nutrient supply and spatial abundance (Kamilova et al. 2005, b). If an 
association of competent microbes flourishes in the rhizosphere and affects the radi-
cally colonized PGPR by releasing noxious metabolites or compounds, it thus 
impedes the root absorption capacity to assimilate growing and developing nutri-
ents. Apart from the ability to survive in the nutrients of PGPR, flagellum, lipopoly-
saccharide, chemotaxis, and root exudate secretion enhance its longevity (Lugtenberg 
and Kamilova 2009). According to Saraf et al. (2011), it is important in heme growth 
the reduction of ribotide precursors of DNA and ATP synthesis that siderophores are 
synthesized in PGPR with iron chelation when not present in pathogenic fungal spe-
cies of plant. Space exposure is thus a significant factor in the thriving and dominant 
role of PGPR over pathogens in niche competition, and the rhizosphere role plays a 
vital role in supplying plant nutrient exposure (Heydari and Pessarakli 2010).
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Table 16.3 Generation of antibiotics for soil-borne diseases via the PGPR microorganism

Antibiotics/functions PGPR Pathogen/disease References

Phenazine, 
2,4-diacetylphloroglucinol 
(DAPG)

Pseudomonas 
fluorescens

Meloidogyne 
incognita
Fusarium 
oxysporum

Meyer et al. (2016)

Surfactin
Iturin
Fengycin

Bacillus velezensis Ralstonia 
solanacearum
Fusarium 
oxysporum

Cao et al. (2018)

Volatile antibiotics Bacillus 
amyloliquefaciens 
subsp. plantarum 
XH-9

Fusarium 
oxysporum

Wang et al. (2018)

Bacilysin B. subtilis Phytophthora 
infestans

Caulier et al. (2017)

Hydrogen cyanide
Phenazine

Fluorescent 
pseudomonads

Pythium 
aphanidermatum

Prabhukarthikeyan 
and Raguchander 
(2016)

Pyrrolnitrin Pseudomonas 
aeruginosa

Rhizopus 
microsporus, 
Fusarium

Uzair et al. (2018)

Bacillus
Peptide
Antibiotics

Bacillus Fusarium 
graminearum

Khan et al. (2017)

Surfactin
Iturin A
Iturin D
Fengycin
Bacillomycin D

Bacillus subtilis Wilt and root rot Smitha et al. (2017)

Bacillomycin D
Fengycin A

B. subtilis Sclerotinia 
sclerotiorum

Abdeljalil et al. 
(2016)

Pyrrolnitrin
Hydrogen cyanide

Pseudomonas 
chlororaphis

Sclerotinia 
sclerotiorum

Nandi et al. (2015)

Triterpenoid soyasapogenol Rhizobium 
leguminosarum bv. 
viciae

Didymella pinodes Ranjbar Sistani et al. 
(2017)

Fengycin Bacillus 
amyloliquefaciens 
subsp. plantarum

Rhizomucor 
variabilis

Zihalirwa Kulimushi 
et al. (2017)

Iturin
Bacilysin
Bacillomycin
Surfactin
Subtilin
Subtilosin

B. 
amyloliquefaciens

Sclerotinia 
sclerotiorum

Vinodkumar et al. 
(2017)

(continued)
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6.2  Induced Systemic Resistance (ISR)

To combat pathogenic bacteria, fungi, and viruses, PGPR activates some form of 
protection mechanism. This will improve and adapt the plant much better (Van 
Loon 2007). The gene and gene products have not been well established for this 
form of biological control phenomenon. Unlike systemic acquired resistance (SAR), 
a protection state is triggered in the entire plant following primary pathogen infec-
tions (Bakker et  al. 2013). To act against plant pathogens, a mechanism called 
induced systemic resistance (ISR) uses plant hormones like jasmonic acid (JA), sali-
cylic acid (SA), and ethylene and other organic acids for the stimulation and signal-
ing in host plant for the defense purpose (Pieterse et al. 2000). This mechanism is 
mediated through JA, ethylene, and SA biosynthesis pathways (Dempsey and 
Klessig 2012). The interaction of these hormones is either antagonistic or synergis-
tic to change the mechanism of defense (Nassem and Dandekar 2012). A large num-
ber of secondary metabolites that have antibiotic activity (phenolic, flavonoids, 
alkaloids, cyanide glycosides, etc.) were identified as an ISR mechanism in nonin-
fected crops following receipt of chemical signals from infected plants, with vola-
tile methyl salicylic acid as a signal (Dempsey and Klessig 2012). Antimicrobial 
active ingredients, such as phenols, can inhibit microbial development, and different 
phenolic metabolic cells that are less harmful to plant cells accumulate in the cells 
than aglycones. After infection, aglycone is released by hydrolysis which is toxic to 
both plant cells and microbes (Kenawy 2016). The defense response in the plant 
system can cause cell wall thickening and lignification, callus deposition, a buildup 
of phytoalexins, and synthesis of many lytic enzymes (Sticher et al. 1997).

According to Labuschagne et al. (2010), to cope up with environmental stress, 
PGPR reaction toward ISR can be achieved through adjustment of physical and 
biochemical reaction to environmental stress and also by increasing physical and 
mechanical vigor of the cell wall, and it has been observed that certain molecules 
such as lipopolysaccharide, N-acyl homoserine lactone (AHL), salicylic acid, etc. 
are antibiotic forms of ISR in PGPR (Van Loon 2007). There are certain bacterial 
species which are found to be involved in the process to biocontrol including 
Pseudomonas sp., Bacillus pumilus, and Enterobacteriaceae (Jourdan et al. 2009). 
Zehnder et al. (2001) found that ISR has wider scope when applied PGPR strain is 
used as a seed coat against Pseudomonas syringae causing angular leaf spot, 
Colletotrichum lagenarium causing anthracnose in cucumber, and Erwinia tra-
cheiphila leading to bacterial wilt.

Table 16.3 (continued)

Antibiotics/functions PGPR Pathogen/disease References

DAPG Pseudomonas sp. 
LBUM300

Clavibacter 
michiganensis 
subsp. 
michiganensis

Lanteigne et al. 
(2012)

2,4-diacetylphloroglucinol 
(2,4-DAPG), pyoluteorin 
(PLT) pyrrolnitrin (PRN)

Pseudomonas 
fluorescens

Botrytis cinerea 
Monilinia 
fructicola

Zhang et al. (2020)
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Besides, P. fluorescens has protected tomatoes from wilt diseases and may serve 
as an ISR signal to cause DAPG pools in tomato root rhizosphere (Haas and 
Keel 2003).

7  Conclusion

Over the last century, the effective application of organic fertilizers, herbicides, and 
pesticides should not be overlooked in an agricultural environment. They help plant 
growth initially while having a long-term negative impact. This practice not only 
affects the land and its inhabitants but also threatens people’s lives through the food 
chain. The soil has become extremely infertile and unproductive due to the rise in 
soil pollution, condition of climate, soil pathogens, and extensive land overuse. 
Food insecurity and the increasing population are evident at the low agro-yield. To 
achieve auto-sufficiency, a wide understanding of the microbial interaction and its 
mechanism of action must be made, particularly in the tropic world, to be essential 
to scientific knowledge. Not only does this lead to bumpers but also keeps the 
ground healthy and safe. Although the PGPR campaign has been in progress for 
decades, in Africa, it has not been adopted due to a lack of understanding and gov-
ernmental policies. Nonetheless, efforts will be based on the replacement of bio-
product agrochemicals such as biofertilizers, bioinsecticides, and bioherbicides by 
a supportive PGPR consortium. To boost crop yield while preserving the soil condi-
tions, farmers must carefully define and recognize the benefits of these bioinocu-
lants in terms of improved plant nutrients and biocontrol through the introduction of 
systemic resistance and nutrients or space rivalry. This approach is to mitigate soil 
degradation, habitat change, and land flora and fauna loss by genetically modified 
processing of PGPR as an essential compound of modern food production. Finally, 
this technology, especially in developed countries, must be used and implemented 
to curb the possible humanitarian (famine) crisis in areas ravaged by war and terror-
ism, thus stimulating the production of food and improving our community’s envi-
ronmental safety..
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