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In a world with constant population growth, and in the context of climate change, the need to supply the demand of

safe crops has stimulated an interest in ecological products that can increase agricultural productivity. This implies

the use of beneficial organisms and natural products to improve crop performance and control pests and diseases,

replacing chemical compounds that can affect the environment and human health. Microbial biological control

agents (MBCAs) interact with pathogens directly or by inducing a physiological state of resistance in the plant. This

involves several mechanisms, like interference with phytohormone pathways and priming defensive compounds. In

Argentina, one of the world’s main maize exporters, yield is restricted by several limitations, including foliar

diseases such as common rust and northern corn leaf blight (NCLB). 

maize  phyllosphere

1. Introduction

Maize (Zea mays L.) is one of the most important crops in the world and is used for human and animal

consumption, as well as being a source of biofuel. This cereal is composed mainly of starch, but also supplies

proteins and fatty acids and vitamins and minerals of great nutritional value . Furthermore, it provides high levels

of phenolic acids, flavonoids and carotenoids with antioxidant properties . Argentina is one of the world’s largest

exporters of maize. In 2021/2022, this country produced over 52 Mtn of maize .

One of the main factors contributing to reduced crop productivity is the occurrence of diseases, combined with an

improper management . Several maize diseases, particularly foliar ones, have a negative impact on

photoassimilates production, which results in lower grain yield. In most cases, the extent of the disease depends

on the environmental conditions, the pathogens involved, the host’s susceptibility and human intervention. In

particular, the main factors that benefit fungal disease development are changes in sowing dates, reduced tillage,

irrigation, intense and frequent precipitations during the summer months, poor monitoring and the presence of

volunteer maize from previous harvests .

One of the most important foliar fungal diseases in maize is northern corn leaf blight (NCLB), caused by

Exserohilum turcicum, a teleomorph of Setosphaeria turcica (Leonard and Suggs). In years with serious

occurrence of NCLB, yield of the susceptible hybrids has been documented to decrease by about 40–50% . In

the field, mycelia and conidia of E. turcicum overwinter in crop residues and can be transported for long distances

. This pathogen is a hemibiotroph microorganism that spreads biotrophically at early stages of infection before
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shifting to a necrotrophic lifestyle . Symptoms appear as grey elliptical lesions beginning on the lower leaves

of the plant. As the disease progresses, susceptible plants become covered with the necrotic lesions that converge,

giving it the appearance of being “burnt”. NCLB reduces maize yield by destroying the photosynthetically active

area. Yield is also affected indirectly during the harvest because of stem breakage and rot, since the decrease in

photosynthetically active area causes remobilization of carbohydrates from the stems to provide for the cob 

.

Cultural management of NCLB includes the application of fungicides, the selection of hybrids with genetic

resistance, crop rotation and changes in the sowing date. The latter is often avoided in years when drought is

forecasted, as an early date increases the risk of drought matching critical periods of the crop in the central area of

Argentina . The prevalent method for disease management in maize and other crops is the use of chemical

fungicides. The fungicides used to control NCLB are mixtures of strobilurins and triazoles e.g., pyraclostrobin +

epoxiconazole; azoxystrobin + cyproconazole; picoxystrobin + cyproconazole, among others . A proper

application should be performed at the initial stages of the disease in such a way that the critical stages of the crop

are protected . However, these chemicals are moderately hazardous, Class II and, to be effective, must

constantly protect new plant leaves, increasing costs . In addition, a chemical control practice may cause

environmental problems  and health problems . In addition, the economic damage thresholds for NCLB are

only recent, and maize fungicide applications are generally decided on subjective criteria .

There is a need to generate new preventive strategies for the management of foliar diseases in crops of interest,

like NCLB, in order to reduce fungicide application. This implies that we should adhere to an eco-friendly model of

sanitary practices using natural substances typical of the ecosystem to be controlled. In this sense, new preventive

strategies could study the capacity of native phyllosphere microorganisms with biofungicide potential. The

phyllosphere can be considered an ephemeral habitat in which microorganisms are expected to multiply and use

niches as the leaves expand . These microorganisms interact in several ways, with each other and with the

plant, by competition, mutualism, commensalism, antibiosis or plant hormone generation .

For this, biological control is an alternative strategy to the use of chemical compounds and involves the use of

beneficial microorganisms for disease control. The term microbiological control agent (MBCA) applies to the use of

antagonist organisms or natural products extracted from them to suppress disease . There are several examples

of MBCA application against phytopathogenic moulds . In particular, refs.  searched for

microorganisms that are antagonists of E. turcicum and can be obtained from the maize plant phyllosphere for the

control of NCLB. These authors selected two of these antagonist isolates and applied them to maize plants during

a field assay for blight control. Application of Bacillus spp. showed a reduction in the disease caused by E.

turcicum, which was higher than 50% during 40 days with a significant increase in the grain yield compared to the

untreated plants . Therefore, the use of MBCA becomes a powerful management alternative aimed at

minimising the yield losses caused by fungi, including those that cause foliar diseases, improving plant resistance

to diseases. The mechanisms by which MBCA can be useful in disease control can be direct, by antagonism of the

pathogen, by competition for nutrients or space, antibiosis, mycoparasitism or biofilm formation, or indirect, by

inducing a state of resistance on the plant that enhances its defences through biochemical changes against further
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infections . The latter represents a convenient strategy for the protection of new leaves. Unlike chemical

pesticides with known modes of action, there are difficulties in understanding interactions involving MBCA, plants

and pathogens.

To develop a successful foliar biofungicide, it is necessary to understand the mechanisms by which the biocontrol

is executed in order to achieve effectiveness. In this sense, the leaf microbiome helps the plant against the attack

of pathogens in an indirect manner by activating its defence mechanisms. In plants, there is an innate nonspecific

immune system and an acquired or adaptive one, which are differentiated in specificity and memory of the

response to the attacking agent . The latter responds to changes or disturbances in the cellular structure caused

by pathogens, symbiotic or free-living microorganisms, the application of exogenous chemical substances that act

as elicitors, in fertilisation or against abiotic stress .

In the study of MBCAs controlling diseases, several biochemical indicators can be monitored to determine the

physiological activities triggered in the host by the MBCA and/or pathogen that make disease development

incompatible. For example, ref.  reviewed the modes of action of MBCA against the diseases in general,

emphasising screening techniques, risk assessments and practical use. More recently, ref.  explored the

progress made in the use of the biocontrol agents against fungal plant diseases. Regarding the phyllosphere

habitat, in 2012, the authors of  compiled knowledge about microbial life in the phyllosphere. Other reviews,

such as refs.  revised the investigations carried out into the epiphytic microbial communities. 

2. Plant Immune Response

A plant’s induced defences are stimulated once the pathogen enters the plant, and involve two staggered

mechanisms: PTI (pattern-triggered immunity) and ETI (effector-triggered immunity) . Defensive response

may comprise hypersensitive responses and cell death, reactive oxygen species (ROS) generation, stomatal

closure, cell wall reinforcement, production of secondary metabolites and pathogenesis-related (PR) proteins 

. Natural selection may favour pathogens that avoid plant immunity, thus leading to a compatible interaction .

The different defence mechanisms in plants may be grouped as innate constitutive and basal resistance. In the

event that a pathogen successfully avoids the constitutive defences and colonisation takes place, plants rely on

inducible immune responses to avoid the disease progress . This sort of defence requires pathogen recognition

before deploying active response against the attacker . Following the early signalling events activated by the

pathogen attack, elicitor signals are often amplified through the generation of secondary signal molecules, such as

salicylic acid (SA), ethylene (ET) and jasmonic acid (JA). In addition, the defence response in the plant–fungal

interactions is also closely related to the accumulation of many secondary metabolites, such as flavonoids,

phenolic compounds and phytoalexins . Pathogen identification relies on the detection of conserved pattern-

associated molecular patterns (PAMPs), particular broadly conserved molecules associated with a large range of

pathogens, such as flagellin and chitin, by pattern-recognition receptors (PRR) set on the extracellular face of the

host cell. This leads to PAMP-triggered immunity (PTI), a basal immune response effective against a broad

spectrum of pathogens. PTI limits the pathogen growth by callose accumulation, cell wall strengthening, defence-
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related gene activation, ROS production, rapid calcium influx and phosphorylation cascades . The

activation of PTI also results in a growth inhibition, revealing the balance between growth and defence.

During coevolution, pathogens develop mechanisms to overcome plant defences and allow parasitism. In these

cases, pathogens secrete effector molecules that inhibit or weaken PTI, enabling infection. At the same time plants

have evolved the ability to recognise specific pathogen effectors using resistance (R) proteins that activate effector-

triggered immunity (ETI), and normally result in ROS and calcium accumulation followed by hypersensitive

response and cell death  .

ETI also triggers the biosynthesis of SA and the expression of PR proteins, activating systemic acquired resistance

(SAR) and linking the basal to the inducible resistance . SAR consists of priming events, mainly associated

with large amounts of transcriptional reprogramming once the plant has been exposed to certain pathogens that

lead to a much faster and stronger defence response both locally and systemically . SAR induction involves the

production of mobile signals that translocate to distant non-attacked tissues to prepare against further infections

. Non-pathogenic microbes can also mediate the plant defence response through induced systemic resistance

(ISR) . Both SAR and ISR constitute long-term systemic resistance against a broad spectrum of pathogens, but

normally their actions are antagonistic, and their range of pathogens may differ. Their signalling pathways are often

antagonistic, as SAR depends on the SA pathway, but ISR relies on ET and JA . However, since both

pathogens and MBCA are often detected by similar mechanisms in the host, the difference between SAR and ISR

is not clear .
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