Review Article

PHYLLOSPHERE MICROBIOME MEDIATED DEFENSE






ABSTRACT:
The Phyllosphere is the aerial habitat on plant surfaces, harbors a diverse and dynamic microbiome consisting of bacteria, fungi, and other microorganisms. Phyllosphere microbiota contributes significantly to the plant's resistance against phytopathogens through various mechanisms, incorporating antibacterial compound manufacture, competitive exclusion, and plant immune response modulation, production of siderophores etc. The Phyllosphere microbiome's diversity and its composition are impacted by elements such as plant genotype, environmental conditions, and agricultural practices, ultimately shaping the plant's defense capabilities. In conclusion, the Phyllosphere microbiome is a important mediator of plant defense against both biotic and abiotic stresses. Understanding the intricate interplay between plants and their leaf-dwelling microbial allies not only sheds light on the complexity of ecological interactions but also offers innovative avenues for enhancing crop resilience and ecosystem management. In this paper, numerous defense mechanisms used by the Phyllosphere microbiome against diverse diseases are discussed.	Comment by admin: P has to be in small letter except at the beginning of a sentence. Correct accordingly throughout the text	Comment by admin: Remove coma and add which	Comment by admin: synthesise	Comment by admin: an

Keywords: Defense, Microbiome, Phyllosphere, Resistance, Community, Beneficial Micro organisms

INTRODUCTION:


The Phyllosphere microbiome refers to the microorganisms that dwell on the surface of leaves. It is a diverse ecosystem that has a tremendous impact on plants health and protection against diseases. The microbiome consists of various types of microorganisms, such as bacteria, fungi, archaea, algae, and viruses. The microbiome's diversity varies depending on factors like the type of plant, climate,	Comment by admin: put a space between two words	Comment by admin: put a space between two words	Comment by admin: microbiome
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and location. However, the microbiome is constantly changing and adapting to environmental conditions.
Microbiota members that live on the top surface of the phyllosphere are known as epiphytes, while those that reside inside the tissues within the phyllosphere are called endophytes. It is feasible for a microbe to be both an epiphyte and an endophyte, occupying both environments. Bacteria represent major colonizers of leaves and are the most thoroughly researched among phyllosphere microbiota members. The concept that microorganisms on plants can affect plant defense may seem unusual, but it is becoming apparent that the microbiota of the phyllosphere is a crucial part of a plant's immune system. The relationships that exist between plants and associated microorganisms on their leaves have important implications for the health of the plants, their ability to fight off diseases, and the overall balance of the ecosystem. Comparative microbiome studies suggest that the complexity of phyllosphere bacterial communities is reduced compared to that of bulk soil, but still there is a high level of species richness observed, suggesting a selective pressure to establish these diverse communities (Delmotte et al., 2009). The type of plant and pathogens present can affect the relationship between plants and their beneficial microorganisms. Fewer studies have been conducted on the microorganisms found on plant leaves as opposed to those discovered in the roots. Additionally, human activities are changing the diversity and structure of the microorganisms found on plant leaves. After, establishment of beneficial microbiome on plant it plays a multifaceted role in protecting plants from pathogen and attacks using different strategies. These includes Acts as biocontrol agents, Induction of resistance, Defense signatures, Metabolic mediated defense, etc.The purpose of this review is to give a thorough understanding of the function of the phyllosphere microbiome in plant defence, emphasizing its importance in both	Comment by admin: delete	Comment by admin: put a space between two words	Comment by admin: plant	Comment by admin: put a space between two words	Comment by admin: such as	Comment by admin: 

scientific research and practical applications for agriculture and environmental conservation.
WHAT IS PHYLLOSPHERE?

The phyllosphere is the term for parts of plants above the ground, mostly consisting of leaves. The leaf surface is a large habitat, predicted to have 508,630,100 leaves worldwide km2. The upper and lower leaf surfaces have a combined area of 1,017,260,200 km2, which is approximately twice the size of the land surface. According to estimates, there are between 106 and 107 bacteria per square centimetre of leaf surface. (Lindow et al., 1996).The number of bacteria found in the phyllosphere worldwide could be as high as 10 26 cells. Although the entire size of the phyllosphere's fungi population has not yet been calculated, it is anticipated to be less. (Leveau et al and Miller et al., 2001) .
BASIC UNDERSTANDING OF LEAF STRUCTURE AND MICROBIAL ASSEMBLY ON LEAF:	Comment by admin: put a space between two words
Although there are common characteristics that unite environments, there is also significant variability in the environment at both a large and small scale. Factors such as climate, leaf placement, and chemical composition can impact the macro-scale environment, while micro-scale features like veins, stomata, and surface appendages can affect nutrient availability (Hiran et al., 2000 and Wilson et al., 1999). Microorganisms on leaf surfaces face challenges such as limited nutrients, exposure to ultraviolet radiation, and fluctuating water availability, resulting in their uneven distribution and multiplication (Beattie et al., 1995). Apart from expected and unexpected changes in the environment, the microorganisms living on the surface of plants also come into contact with substances that inhibit the growth of microbes, which are created by microbes or plants.	Comment by admin: at	Comment by admin: put a space between two words

Furthermore, some microorganisms are able to enter plants apoplasts and are referred to as endophytes. When they do, they can trigger plant defense responses. However, phytopathogens, or plant pathogens, can counteract these responses by manipulating the host through the transfer of effectors. The majority of commensal phyllosphere microorganisms lead an epiphytic lifestyle, which is also the first stage of foliar colonisation for many phytopathogens. This stage is for bacterial pathogens, occurs before they enter the leaves through natural openings like stomata or hydathodes, leading to the onset of disease.	Comment by admin: and interestingly	Comment by admin: put a space between two words
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Fig 1. BASIC UNDERSTANDING OF LEAF STRUCTURE AND MICROBIAL ASSEMBLY ON LEAF
Source: (Beattie et al., 1995)

MICROBIAL COMMUNITIES THAT EXIST ON THE PLANT'S SURFACE LEAVES:	Comment by admin: put a space between two words
Recent studies that do not rely on cultivation approaches have made it possible to learn more about the types of microorganisms found in phyllosphere communities. These communities are not randomly formed, but instead undergo selection processes that lead to predictable compositions dominated by a few specific groups of microorganisms. This judgement is based on assessments of the

community structure with regard to plant host species, as well as temporal and spatial variables. The majority of research on the types of organisms in the phyllosphere has primarily examined bacteria, with fungi being a secondary focus. Archaea are not commonly found in the phyllosplane (Finkel et al., 2011).
BACTERIAL AGGREGATES:

The majority on the surfaces of leaves do not exist as individual cells or tiny groups, like fungi do, but instead form large clusters (Morris et al., 1998). All of these aggregates are frequently found in the depressions that form at the junctions of epidermal cells, along the veins, and at the bases of trichomes (Monier et al., 2004). These depressions are typically found within EPS, or extracellular polymeric compounds, aid a moist environment around the bacteria and eventually aid in increasing the concentration of detoxifying enzymes (Leveau et al., 2001). Bacteria tend to congregate into groups of at least 1,000 cells, and the size of these groups is dependent on the availability of water, according to research with a particular bacterial strain and observations made using epifluorescence microscopy (Monier et al., 2004). These aggregation frequently include different bacterial species, and subsequently, fungus as well. On a microscopic scale, further research is still needed to fully understand how these aggregates develop as well as the functions of local replication and translocation.	Comment by admin: aggregations
DETECTED BACTERIAL GENERA IN THE PHYLLOSPHERE:

Over the last 15 years, the most common method for analyzing the composition of microbial phyllosphere communities has been to amplify 16S and 18S rRNA genes using PCR and then sequence them using clone libraries or amplicon pyrosequencing. The bacterial diversity in the phyllosphere is high in temperate regions, especially in subtropical and tropical regions (Lambais et al.,

2006 and von et al., 2007). Phyllosphere primarily of various plant species (Whipps et al., 2008). An additional method that yields taxonomic information based on single-copy protein-coding marker genes is metagenomic shotgun sequencing of whole genomic DNA isolated from environmental materials. Metagenome shotgun sequencing eliminates the biases in PCR amplification brought on by the use of target-specific primers, despite the fact that extraction and sequencing techniques are subject to biases (von et al., 2007).The ML Tree Map analysis showed the results of studying four different phyllosphere samples: soybean, white clover, Arabidopsis thaliana, and rice. The most common phylum found in all samples was Proteobacteria, with Alphaproteobacteria being the most represented class. Methylobacteriaceae was found in all four samples, and Sphingomonadaceae was the most abundant bacterial family on the dicotyledonous plants. Bacteroidetes was also abundant in the soybean, clover, and A. thaliana communities, but not in the rice sample. Actinobacteria accounted for a significant percentage of the rice community but a lower percentage in the other samples. The most frequently detected genera are listed.	Comment by admin: specify table no

Despite the fact that they may contribute differently to the total ecosystem, several bacterial species are continuously present on a variety of plants. the majority of these microorganisms, such as Agrobacterium, Burkholderia,, Clavibacter, Leifsonia, Pantoea, Pseudomonas and Xanthomonas can cause diseases in plants. In-depth studies that do not rely on culturing methods have also allowed scientists to identify specific strains of bacteria from various genera, including Pseudomonas, Xanthomonas, Pantoea, Dickeya, Methylobacterium and Sphingomonas (Beattie et al., 2004). However, when looking at the specific genetic makeup of plants, notable distinctions can be seen. For instance, when comparing plants of different species that are growing next to each other, there are significant variations in their community profiles.

MICROBIAL ASSEMBLY ON LEAF:

The arrangement of leaf epidermal cells describes the leaf physiology and the microenvironment which allow the abundance and distributions of microorganisms on the leaf surface (Shiraishi et al., 2015). In simple terms, epiphytes create a biofilm-like structure, with larger groups of bacteria typically found on the trichomes, veins, and grooves of plant cells. These areas contain nutrient-rich substances released by the leaves (Morris et al., 1997). Being present of aliphatic compounds in the outer layer of leaves affects the way the surface of the leaf behaves and makes it easier for microorganisms to stick to it (Sivakumar et al., 2016). Bacteria typically keep the outer layer of a leaf permeable by producing biosurfactants. For instance, Pseudomonas syringae releases a biosurfactant called syringafactin, which helps make sugar more accessible for continuous growth on the leaf's surface (Van der Wal and Leveau 2011). The picture shows the phyllosphere microbial community, where microorganisms on the surface of plants use this environment to distribute themselves, survive, and grow. These surface microorganisms also alter the chemical make-up of the phyllosphere, resulting in a diverse and nutrient-poor environment for the microorganisms living on the phylloplane.

SURVEILLANCE OF BENEFICIAL MICROBES BY THE PLANT IMMUNE SYSTEM :
Plants, being sessile, constantly interact with a diverse group of microbes (beneficial and pathogenic) of different lifestyles, which either supports or limits their growth and development. However, plants have sophisticated immune systems that recognize these invaders and respond quickly to inhibit pathogen entry or disease progression. Plants use both built-in (structural and biochemical) and induced defence systems to combat various biotic stresses. In other words, plants primarily rely on two levels of their innate immune system: disease resistance (R) proteins that react to effector molecules, further known as effector triggered immunity (ETI), and pattern recognition receptors (PRRs) on the cell surface that recognise microbe-associated molecular patterns (MAMPs) or host- derived damage-associated molecular patterns (DAMPs), also known as PAMP- triggered immunity (PTI) (Siegel et al., 2018). There are several different receptor- like kinases (RLKs) and receptor-like proteins (RLPs) that act as PRRs [Zhang et al., 2017]. Interestingly, RLKs and RLPs have emerged as key players in the biology of plant stress as a result of their complex sensing capabilities and capacity to control a range of developmental and adaptive responses. When calcium- dependent protein kinases (CDPKs) and mitogen-activated protein kinase (MAPK) cascades are triggered by PRR complexes in plants, transcriptional reprogramming results [Couto et al., 2016]. Sometimes, pathogens are able to get past the body's natural defense systems in plants, causing harm. They do this by using certain molecules to interfere with the plant's immune response and take control. In recent years, researchers have been studying how plants and pathogens interact at a molecular level, leading to the discovery of important receptors, molecules, and immune responses. However, most of this research has focused on plant interactions with harmful bacteria, and little is known about how beneficial microbes interact with the plant's immune system. In the past, researchers have only considered individual plant-microbe relationships, ignoring the bigger impact of helpful microorganisms on how plant-pathogen interactions turn out. Furthermore, during environmental variation, the plant immune system actively contributes to the formation of the beneficial microbiome and modulates microbial homeostasis. To avoid or reduce PTI, microorganisms employ various tactics such as (I) MAMP divergence, (II) MAMP degradation/sequestration, and (III) MAMP modification, which entail a variety of mechanisms regulated by both microbes and plants. To escape MTI, bacteria may generate MAMP variations by altering their sequence and structure so that they do not bind to or activate the matching plant PRR. Second, microbes can release a variety of enzymes, such as hydrolases and proteases, to breakdown their MAMPs or proteins that sequester MAMPs to keep them concealed from plant receptors during the MAMP degradation or sequestration process (Buscaill et al., 2021). Studying how the immune system affects the beneficial bacteria in plants is an intriguing area of research in plant stress biology. It has the potential to provide valuable information on improving crops' ability to withstand infections.

THE DIFFERENT MECHANISMS INCLUDE: INDUCTION OF RESISTANCE:
The plant microbiome has multiple ways of defending plants from diseases, including activating immune responses, inducing systemic resistance, and depositing callose. They also produce and release various antimicrobial compounds, lipopeptides, and volatile compounds. The interactions between plants and beneficial microbes, ISR (induced systemic resistance) has been identified as an important way in which the microbes help prepare the entire plant system to defend against various harmful pathogens and pests (Pieterse et al., 2014 ). ISR refers to a plant's defence system that protects nonexposed parts of the plant from future attacks by harmful bacteria and pests. This defense mechanism is activated

by both chemical and biological triggers. The control of ISR involves different signalling pathways, including plant hormones such as JA, ET, and SA. However, in most cases, the JA and ET hormonal pathways play a more significant role in regulating ISR during interactions between plants and beneficial microorganisms.	Comment by admin: signaling



QUORUM SENSING:

Bacteria employ quorum sensing systems, which involve altering their behavior when a specific threshold of signaling molecule concentration is reached. Within the phyllosphere, these signaling molecules play a crucial role in regulating various bacterial behaviors essential for their survival on plant surfaces, including the formation of biofilms, adhesion, motility, and the synthesis of enzymes that degrade plant cell walls. One common type of signaling molecule used by gram- negative bacteria is N-acyl-homoserine lactones (AHLs). AHLs are produced by a transcriptional regulator known as LuxR and an AHL synthase called LuxI.

Surprisingly, AHL molecules can also impact the plant in which these bacteria reside (Delalande et al., 2005; Sieper et al., 2014).

In contrast, gram-positive bacteria do not rely on AHL systems for communication. Instead, they utilize small peptides as diffusible signal components or signal molecules, which can serve a variety of purposes.

Gram-negative pathogens utilize AHLs as signaling molecules to control their pathogenicity. As a result, (Morohoshi et al., 2009) conducted an examination of 109 isolates from the potato phyllosphere to determine their ability to break down various short-chain and long-chain AHLs. They employed AHL biosensors, which are bacteria capable of producing a reporter protein in response to the presence of AHLs, for in vitro screening of these isolates.

Among the tested isolates, Microbacterium testaceum strains StLB018 and StLB037 exhibited AHL degradation capabilities and were able to reduce disease symptoms in potato tissue caused by Pectobacterium carotovorum subsp. carovorum. The enzyme AHL-lactonase, encoded by the aiiA gene, was initially discovered in Bacillus species. Notably, the absence of AHL-degrading activity in 
M. testaceum ATCC 15829 prevented it from mitigating disease symptoms, highlighting the importance of quorum quenching in biocontrol mechanisms.

Similar research approaches were employed by (Alymanesh et al., 2016) to assess isolates from the phyllosphere and rhizosphere of saffron, fig, and pomegranate for their ability to degrade the AHL 3-oxo-C6-HSL. Their findings indicated that quorum quenching is a characteristic shared by all the examined isolates and is most commonly observed in Pseudomonas species. These Pseudomonas isolates

with potent quorum quenching activity demonstrated biocontrol potential against
P. carotovorum subsp. carotovorum in both in vitro and potato tuber experiments.




SIDEROPHORES:



Iron is frequently a limiting factor in phyllosphere microbial populations, aside from carbon sources. Microorganisms secrete siderophores to bind and move iron into the cell. P. syringae pv. syringae 22d/93, a strain exhibiting biocontrol action against the pathogen P. syringae pv. glycinea, depends on siderophore production for epiphytic fitness (Wensing et al., 2010). In addition to scavenging iron, siderophores can also transport non-iron metals, sequester hazardous metals, communicate, protect against oxidative stress and have antibacterial activity.
CONCURRENCE FOR NUTRIENTS AND SPACE:
The size of bacterial communities on leaves is constrained by the amount of carbon available. This indicates that there is rivalry for carbon will be important in determining the composition of these communities. Experiments have shown that "invaders," which have a similar metabolism to the existing species, are fierce rivals in circumstances with limited resources, while fast-growing species have an advantage when resources are abundant. Sucrose, fructose, and glucose are the

most abundant carbohydrates on the leaf surface. After epiphytic leaf colonisation by Sphingomonas melonis or the pathogen P. syringae pv. tomato, these sugars are selectively changed, but only to a small degree by Methylobacteria (Ryffel et al., 2016).
PLANT HORMONES:
As previously established, the identification of beneficial or harmful microbial attacks causes the activation of signalling hormones in plants, which work similarly to immune regulating cytokines in human and animal cells. SA, JA, and ethylene are examples of relevant plant hormones, with SA and JA acting antagonistically (Koornneef and Pieterse, 2008; Pieterse et al., 2014). JA and ethylene are typically involved in the defence response to necrotrophic pathogens (infections that feed on dead host cells) or after wounds, whereas SA is a participant in the defence reaction to biotrophic or hemibiotrophic pathogens (pathogens that feed on living tissue) (Glazebrook, 2005). Experiments using bacterial-produced rhamnolipids on Arabidopsis leaves (see section "Direct Interactions") revealed that SA is necessary for disease resistance caused by rhamnolipids (Sanchez et al., 2012).
The enzyme 1-aminocyclopropane-1-carboxylate (ACC) deaminase, which degrades the ethylene precursor ACC, is one example of how phyllosphere microorganisms can directly adjust plant hormone levels. It has been found in

phyllosphere bacteria including numerous Methylobacterium spp. (Kwak et al., 2014) and Rhodococcus fascians, as well as in rhizosphere bacteria that promote plant growth, such as Azospirillum, Rhizobium, and Pseudomonas spp. (Gamalero and Glick, 2015; Nascimento et al., 2019). The activity of 1-aminocyclopropane-1- carboxylate deaminase lowers ethylene levels, which reduces the plant's defence responses and hence facilitates symbiotic bacteria.
Recent times, gene silencing through RNA interference (RNAi) is offering a new opportunity for protecting plants from pathogens and pests. Topical application of dsRNA or spray induced gene silencing (SIGS), for pest control is emerging as an appealing alternative to genetically modified crops.

ROLE OF PLANT DEFENSE SIGNATURES IN SHAPING THE PLANT BENEFICIAL MICROBIOME:
As previously discussed, the recognition of either beneficial or harmful microbial interactions triggers the activation of signaling hormones within plants, akin to how immune-regulating cytokines function in human and animal cells. Notably, plants employ hormones such as salicylic acid (SA), jasmonic acid (JA), and ethylene to regulate their responses to these interactions. SA and JA, in particular, play antagonistic roles in plant defense mechanisms (Koornneef and Pieterse, 2008; Pieterse et al., 2014). Typically, JA and ethylene are associated with defense responses against necrotrophic pathogens (which feed on dead host cells) or injury, while SA is involved in defense responses against biotrophic or hemibiotrophic pathogens (those that feed on living tissue) (Glazebrook, 2005). Experiments conducted using bacterial-produced rhamnolipids on Arabidopsis leaves (as discussed in the "Direct Interactions" section) have demonstrated the essential role of SA in disease resistance triggered by rhamnolipids (Sanchez et al., 2012).

Phyllosphere microorganisms have the capacity to directly modulate plant hormone levels, as exemplified by the enzyme 1-aminocyclopropane-1-carboxylate (ACC) deaminase. This enzyme, found in various phyllosphere bacteria, including several Methylobacterium spp. (Kwak et al., 2014), Rhodococcus fascians, and rhizosphere bacteria known for promoting plant growth, such as Azospirillum, Rhizobium, and Pseudomonas spp. (Gamalero and Glick, 2015; Nascimento et al., 2019), degrades the ethylene precursor ACC. By doing so, it reduces the plant's defense responses, thereby fostering a symbiotic relationship with these microorganisms.

MICROBIOME-MEDIATED METABOLIC DEFENSE:
During an outbreak of rice false smut in Zhejiang province, China, Liu and colleagues discovered a rice cultivar that is resistant to U. virens infection. They found that disease-suppressive plants had a different microbial community in their panicles compared to diseased plants. This community included keystone microbial taxa such as Lactobacillus and Aspergillus. The disease-suppressive Plants have greater concentrations of branched-chain amino acids (BCAAs) in their panicles. The presence of these keystone taxa was favourable relationship with higher levels of leucine, a predominant BCAA (Thomazella et al., 2023). The study showed that a specific gene, OsBCAT, regulates the production of BCAAs in panicles, and its expression is repressed by the keystone bacteria and fungi. Mutation of OsBCAT led to increased leucine levels and enhanced disease resistance. The study also found that BCAAs have a detrimental effect on U. virens cells, triggering cell death and impairing the pathogenicity of the fungus. Field trials showed that combining BCAAs with fungicides reduced the dosage of fungicides needed while maintaining efficacy. This research suggests that using BCAA-eliciting microbial agents or exogenous BCAAs could reduce reliance on

chemical fungicides for crop protection. This passage discusses the participation of the panicle microbiota in protecting plants. Although the microbiota can suppress the expression of certain genes to regulate levels of certain compounds in rice panicles, the exact mechanism is still unknown. Microbial pathogens are known for interfering with host immunity and metabolism, but it is now understood that non- pathogenic members of the microbiota can also influence their plant hosts. Plant microbiome research is shifting from descriptive studies to understanding the mechanisms involvedRecent studies have revealed that the microbiome can provide both direct and indirect disease protection. This study demonstrates how disease-suppressive microorganisms can indirectly confer disease resistance by manipulating the host's metabolism.It would be intriguing to look into the modulation of certain compounds can also offer defence against fungal pathogens in other plant species.
Fig 2. MICROBIOME-MEDIATED METABOLIC DEFENSE
[image: ]
Source:(Thomazella et al., 2023)
THE PROCESS OF PRE-EMPTIVE COMPETITIVE EXCLUSION OF THE PATHOGEN CAUSING FIRE BLIGHT OF PEAR AND APPLE, E.
amylovora, FROM FLOWERS.
Fire blight, a a potentially fatal illness that affects pear and apple trees, is caused by a bacterial pathogen called Erwinia amylovora. Traditionally, antibiotics

like streptomycin and oxytetracycline have been used to control the disease. However, recent research has shown that non-pathogenic bacteria like Pseudomonas fluorescens and Pantoea agglomerans can be used as biocontrol agents to inhibit the colonization of the pathogen on flowers, leading to a significant reduction in disease(Johnson et al., 1998). These biocontrol agents can be applied to flowers in the early spring to prevent fire blight. Additionally, these antagonistic bacteria can easily spread from infected to uninfected flowers, enhancing their effectiveness in controlling the disease (Lindow et al., 1996). This non-chemical approach to managing fire blight is regarded as successful example of biological disease control and highlights the potential for developing similar methods for other diseases.


CONCLUSION:
· There is a lot of promise for applications in economic plant production, specifically in agriculture and forestry, ecosystem cleansing, and health, thanks to extensive study on phyllosphere microbiota.
· Phyllosphere Microbiome as biological control agents use a great variety of mechanisms to protect plants from pathogens.
· In recent times, disease resistance has emerged as a highly compelling area of research within the field of plant stress biology.
· The growing focus on the plant's beneficial microbiome stems from its immense promise in offering eco-friendly solutions for safeguarding plants against diseases.
· These investigations undeniably pave the way for fresh insights into the biological management of plant pathogens.
FUTURE PROSPECTS:

Developing new methods to monitor and manage the phyllosphere microbiome. By working on finding better ways to keep an eye on the community of microorganisms that live on plant leaves, known as the phyllosphere microbiome and looking into how one can use the phyllosphere microbiome to create new types of natural fertilizers and pest control solutions for farming.
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34. Wensing, A., Braun, S.D., Bü ttner, P., Expert, D., Vö lksch, B., Ullrich, M.S and Weingart, H., 2010. Impact of siderophore production by Pseudomonas syringae pv. syringae 22d/93 on epiphytic fitness and biocontrol activity against Pseudomonas syringae pv. glycinea 1a/96. Applied and Environmental Microbiology. 76(9): 2704-2711.
35. Whipps, J.M., Hand, P., Pink, D and Bending, G.D., 2008. Phyllosphere microbiology with special reference to diversity and plant genotype. Journal of Applied Microbiology. 105(6): 1744-1755.
36. Wilson, M., Hirano, S.S and Lindow, S.E., 1999. Location and survival of leaf- associated bacteria in relation to pathogenicity and potential for growth within the leaf. Applied And Environmental Microbiology. 65(4): 1435- 1443.
37. Zhang, Y., Xu, J., Riera, N., Jin, T., Li, J and Wang, N., 2017. Huanglongbing impairs the rhizosphere-to-rhizoplane enrichment process of the citrus root- associated microbiome. Microbiome. 5: 1-17.








[bookmark: _GoBack]









image1.jpeg
Trichome

Cuticle

| — Upper epidermis

— Chloroplast

{— Palisade
mesophyll cell

Spongy
mesophyll cell
Xylem
Phloem

Guard cell
Stoma
Lower epidermis
Cuticle





image2.png
Disease-suppressive microorganisms —
% panicle

Aspergillus spp. [~ """""

Lactobacillus spp. Nigrospora spp.
Leifsonia spp. Moesziomyces spp.
1 How?

Suppression of the rice OSBCAT gene

|

Increased levels of BCAAs in the panicle
(leucine, isoleucine and valine)

Ustilaginoidea virens
L-Amino acid + O, + H,0

High quantities of
| uvtac2 —> BCAAs lead to toxic levels of
e e H,O, in the pathogen cells





