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Abstract 
Pathogen- host interactions involve competition, 

synergistic or cooperation and coexistence 

interactions. Host plant can also regulate niche battle 

among pathogens by defense response which target one 

or more pathogens either actively or passively. 

However, in general, virulent pathogens overcome the 

host defense strategies to infect it. Plant-pathogen 

interactions are mainly focused on single host-single 

disease model of infection.  

 

However, microbes occur in complex communities in 

nature and plant infections generally include more 

than one genotypes and show complexities which 

cannot be explained by single host-single disease 

model. Here, we discuss recent understandings about 

the host-multi-pathogen interactions and their effects 

on host resistance as well as susceptibility.  Here we 

highlight the recent insights on co-infection systems 

and identify their future implications in plant disease 

epidemiology and management. 
 

Keywords: Plant-multi pathogen infections, pathogen 

competition, pathogen synergism, pathogen co-existence. 

Introduction 
In natural ecosystems, plants interact with various pathogen 

species and genotypes, resulting in complex co-infections 

that influence disease progression and the plant's immune 

response17,53. Co-infection represents a multifaceted 

relationship that can lead to altered disease severity and 

impact the host's immune system. Tollenaere et al54 

conducted a recent study in plant epidemiology focusing on 

the expression severity of multi-pathogen infections in hosts. 

Co-infected plants exhibit three primary types of 

interactions: host-pathogen, pathogen-pathogen and host-

multiple-pathogen complexes51,52. While host-pathogen 

interactions are well-studied, the investigations on pathogen-

pathogen and host-multiple-pathogen interactions (Figure. 

1) are relatively limited but generally detrimental to the 

plant, resulting in reduced fitness3. 

 

These interactions can lead to various outcomes such as 

antagonism, synergism, cohabitation, mutualism, or 

collaboration, ultimately influencing the extent of disease 

damage in plants. In numerous instances, an individual 

microbial infection might not give rise to significant disease 

symptoms. However, when there is a co-infection involving 

another microbial species, it can lead to the development of 

severe diseases due to synergistic interactions.

 

 
Figure 1: Plant- microbe interaction 
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Moreover, certain substances produced during these 

interactions can be phytotoxic, exacerbating disease-related 

damage29,30. Additionally, some diseases such as Blumeria 
graminis f. sp. tritici and the necrotroph Zymoseptoria tritici 

of wheat, do not directly interact to harm the host37. Instead, 

one pathogen may restrict the growth of another, leading to 

suppression. In some cases, this suppression can be so 

significant that the plant actively promotes the development 

of pathogens that suppress the primary disease45. Thus, 

understanding how hosts respond to co-infection and how 

pathogens interact and coexist is crucial for comprehending 

the overall virulence of diseases beyond infection 

heterogeneity. 

 

Recent advancements in genomic and molecular 

technologies have provided novel insights into host-

pathogen dynamics. Tollenaere et al53 and Petrosino et al41 

have described the potential of metagenomics and microbial 

tag sequencing in investigating the diverse spectrum of 

diseases associated with a single host. These methodologies 

have revealed the frequency of multiple infections in the 

field and recent studies suggest that co-infection can have a 

significant magnitude in specific pathosystems27,50. 

Furthermore, Perefarres et al40 highlighted how the presence 

of one pathogen population can modulate the host 

environment, influencing the outcomes of other infections 

and altering the frequency and persistence of those 

pathogens within the population.  

 

Consequently, understanding the intricate host-

multipathogen relationship is crucial for predicting the long-

term dynamics of various disease outcomes. In this review, 

we are discussing recent studies regarding the diversity and 

dynamics of diseases occurring within a host. Our focus is 

on understanding interactions among bacterial, viral and 

fungal pathogens within plants, providing a current 

overview of this research area. 

 

Bacteria-Bacteria Interaction: Interactions among plant 

bacteria hold a central role in the dynamics of plant health 

and disease (Figure 2). These interactions involve intricate 

relationships between different bacterial species infecting 

the same plant, significantly impacting plant growth and 

disease progression. Recent scientific inquiries have 

significantly advanced our understanding of the mechanisms 

and implications of these interactions. For instance, Liu et 

al23 investigated the interaction between two bacterial 

pathogens, Xanthomonas oryzae pv. oryzae (Xoo) and 

Ralstonia solanacearum, in rice plants. Their findings 

revealed that the presence of R. solanacearum heightened 

the virulence of Xoo, leading to more severe disease 

symptoms. This study underscores the pivotal role of 

comprehending bacteria-bacteria interactions in the context 

of plant diseases. 

 

Moreover, these interactions can profoundly affect the 

fitness and survival of bacterial pathogens. Loper et al24 

explored competitive interactions between Pseudomonas 
fluorescens and Pseudomonas corrugata, two bacterial 

pathogens infecting tomato plants. Their research 

demonstrated that co-infection intensified competition 

between the pathogens, resulting in reduced population sizes 

for both species. Similarly, Li et al22 delved into the interplay 

between Pseudomonas syringae and Xanthomonas 

campestris in soybean plants. Co-infection led to enhanced 

disease severity and facilitated genetic exchange between 

the pathogens, giving rise to novel virulent strains.

 

 
Figure 2: Multiple bacterial species interaction with plants 
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These interactions highlight the potential for accelerated 

evolution and increased pathogenicity through such 

pathogen-pathogen interactions. These findings indicate that 

bacteria-bacteria interactions shape the composition and 

dynamics of bacterial populations within plants, thereby 

influencing disease development and management. A 

comprehensive understanding of these interactions is vital 

for developing effective strategies to manage plant diseases. 

Recent research has also focused on leveraging these 

interactions for disease control. Wei et al61 investigated the 

antagonistic interaction between Bacillus velezensis, a 

beneficial bacterium and the bacterial pathogen Xylella 

fastidiosa in grapevines. Their study revealed that Bacillus 
velezensis suppressed the growth and colonization of X. 

fastidiosa, presenting a potential biocontrol strategy against 

Pierce's disease.  

 

Similarly, the antagonistic interaction between the bacterial 

pathogen Pectobacterium carotovorum and the beneficial 

bacterium Bacillus velezensis in apple trees was studied. 

Bacillus velezensis inhibited the growth and virulence of P. 
carotovorum, suggesting a promising biocontrol strategy 

against soft rot disease. These studies highlight the potential 

for exploiting bacteria-bacteria interactions in the 

development of sustainable and environmentally friendly 

biological control methods, emphasizing their significance 

in disease management. 

 

Fungus-fungus Interactions: Fungi have the ability to 

establish diverse associations with plants including both 

pathogenic and symbiotic relationships (Figure 3). Changes 

in micro- and macro-climates can significantly alter these 

interactions between fungi and plants, leading to positive or 

negative outcomes42,49. Furthermore, fungi can engage in 

synergistic or antagonistic interactions with other fungal 

species within a host, profoundly influencing disease 

outcomes26. For instance, a study conducted by Spoel et al47 

investigated the co-infection of Fusarium oxysporum and 

Pseudomonas fluorescens in tomato plants. Their findings 

revealed a synergistic interaction between these fungal 

pathogens, where the presence of Pseudomonas fluorescens 

intensified the severity of Fusarium oxysporum symptoms. 

Similarly, in Arabidopsis, co-infection of Pseudomonas 
syringae and Alternaria brassicicola resulted in increased 

disease severity due to their synergistic relationship39. 

 

Many instances of coexistence among fungal pathogens on 

crops have also been reported. The black spot disease 

complex in peas was initially attributed to three fungal 

pathogens according to the study by Le et al20. However, 

recent research has identified four additional pathogens 

associated with this disease: Phoma koolunga 7, Phoma 

herbarum21, Boerema exigua var. exigua and Phoma 
glomerata55. These newly discovered pathogens share 

common traits, being necrotrophic, generalist and 

polyphagous species. These characteristics enhance their 

ability to colonize diverse environments. In wheat a disease 

complex affecting wheat leaves, referred to as septoria leaf 

blotches, is caused by the presence of Septoria tritici and 

Stagonospora nodorum.  

 

Additionally, wheat stems can be affected by Oculimacula 

yallundae and O. acuformis, while phoma stem canker on 

oilseed rape is induced by Leptosphaeria biglobosa and L. 
maculans. Another complex disease observed in wheat is 

foot and crown rot, caused by various Fusarium species. 

Specifically, Fusarium graminearum, F. culmorum, F. poae 

and F. sporotrichioides have been identified as the key 

pathogens associated with this condition19.  

 
Figure 3: Fungal beneficial verses pathogenic interaction 
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It is considered that these pathogens employ synergistic 

interactions as a strategy to infect host plants.  There are 

reports of antagonistic interactions such as the co-infection 

of Fusarium oxysporum and Pseudomonas fluorescens in 

wheat, where their interaction demonstrated antagonistic 

effects 35. In tomato, co-infection with different strains of 

Fusarium oxysporum (Fo47 and Fol8) exhibited an 

antagonistic interaction between the pathogens 2. Likewise, 

the co-infection of Pseudomonas putida and Botrytis cinerea 

in beans, Fusarium verticillioides and Ustilago maydis in 

maize, Fusarium graminearum and Phoma sp. in finger 

millet32,36 and Zymoseptoria tritici and Blumeria graminis 

tritici in wheat37 led to antagonistic interactions between the 

fungal pathogens. 

 

Virus-Virus Interactions: Synergistic interactions between 

two or more plant pathogenic viruses, intensifying the 

severity of symptoms, have been observed across various 

crop species (Figure. 4). Notably, mutualistic cooperation 

among pathogens holds significant epidemiological 

implications and certain plant pathogens exhibit destructive 

effects exclusively when they collaborate with other 

independent pathogens11,33,44. For instance, an obligatory 

mutualism between maize dwarf mosaic virus and wheat 
streak mosaic virus results in lethal maize necrosis. Neither 

of these pathogens, when acting alone, is known to cause 

lethal necrosis57. Similarly, the co-infection of tobacco 

mosaic virus and potato virus induces defoliation streak and 

high mortality rates in young tomato leaves.  

 

Cooperative interactions can enhance pathogen persistence 

by supporting higher reproduction rates, thereby increasing 

the likelihood of the host serving as a source of inoculum in 

subsequent seasons. In the case of Nicotiana benthamiana 

plants, co-infection with two strains of cassava mosaic virus 

resulted in symptoms covering all leaves, while single-strain 

infections led to partial coverage, with some leaves 

remaining asymptomatic10. 

 

Mixed (Fungi-bacteria-virus) Interactions: There are 

reports of plant disease complexes involving the association 

of multiple pathogenic microbial groups. An example is the 

root rot disease complex observed in Panax notoginseng. 

This complex involves a diverse array of plant pathogenic 

fungi including Alternaria panax, Alternaria tenuis, 

Cylindrocarpon destructans, Cylindrocarpon didynum, 
Fusarium solani, Fusarium oxysporum, Phytophthora 

cactorum, Phoma herbarum and Rhizoctonia solani. 

Interactions leading to communication and synergism 

among pathogens have been observed and documented in 

various instances. For example, bacteria such as 

Pseudomonas sp. and Ralstonia sp. have been identified in 

disease complexes, demonstrating mutualistic pathogenic 

effects25,31.  

 

Interactions among plant pathogens play a pivotal role in 

shaping the dynamics of plant diseases, influencing both the 

severity and spread of these diseases. Recent studies have 

yielded valuable insights into these interactions and their 

implications. For instance, Rodríguez-Romero et al43 

explored the co-infection of tomato yellow leaf curl virus 

(TYLCV) and the fungal pathogen Fusarium oxysporum in 

tomato plants. Their findings revealed a synergistic 

interaction between TYLCV and Fusarium oxysporum 

where the presence of TYLCV heightened the severity of 

Fusarium wilt symptoms.

 

 
Figure 4: Multiple Virus infection leading to lethal or sub-lethal effect on plant 
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Additionally, research was conducted on the co-infection of 

the necrotrophic fungus Botrytis cinerea and the bacterial 

pathogen Pseudomonas syringae in Arabidopsis thaliana. 

This study uncovered a complex interaction scenario where 

the presence of P. syringae facilitated enhanced colonization 

of B. cinerea, leading to increased disease severity. These 

studies underscore the intricate nature of pathogen-pathogen 

interactions and their significant impact on plant diseases. 

 

In another case, Didymella bryoniae fungal hyphae was 

found to transport four co-infecting bacterial species in 

Styrian oil pumpkin. Field samples confirmed the 

mutualistic pathogenic effects of these interactions13. A 

complex biochemical association was uncovered in the 

interaction between Rhizopus microsporus and Burkholderia 

sp. Initially, R. microsporus, a zygomycetous fungus causing 

blight in rice seedlings, was believed to produce the 

phytotoxin rhizoxin However, genome analysis did not 

identify standard polyketide synthesis genes in the fungus. 

Further investigation revealed that rhizoxin is secreted by 

endosymbiotic bacteria within R. microsporus, specifically 

belonging to the Burkholderia genus. Consequently, the 

pathogenicity of R. microsporus is attributed to its 

endosymbiotic bacteria 39.  

 

Biochemical symbiosis between fungi and bacteria thrives 

through a recognition system and molecular dialogue 

binding them. For example, fusaric acid, secreted by specific 

F. oxysporum fungus isolates, triggers growth in the 

bacterial pathogen Pseudomonas fluorescens within tomato 

plants9,15. Endophytes, which colonize plant internal tissues 

without causing visible disease, play a crucial role. They 

produce antimicrobial compounds that enhance overall plant 

fitness and directly or indirectly influence pathogen 

interactions38. For instance, F. oxysporum, residing in plant 

roots, produces antimicrobial compounds that enhance plant 

resistance against pathogenic F. oxysporum2. In another 

mixed species infection study, Carrara et al4 studied the 

interconnected responses among plants, fungi and bacteria 

and its pivotal role in shaping enzyme activity responses to 

nitrogen fertilization.  

 
Plant responses during encounters with pathogens: In the 

context of plant-pathogen interactions, extensive research 

has typically focused on single plant-pathogen systems. 

However, plants in natural conditions frequently face 

challenges from multiple pathogens, each employing distinct 

strategies to exploit their hosts. Consequently, plants have 

evolved a robust defense system, featuring resistance (R) 

genes orchestrating responses to various pathogenic assaults. 

Plant genomes house a diverse array of these R-genes, 

enabling the recognition of pathogens and rapid activation of 

defense mechanisms6.  

 

Plant defense resource allocation is a dynamic process, 
where priorities shift based on the invading pathogens' 

modes of action14. This leads to strategic investments in 

defense metabolites tailored to combat specific pathogen 

threats, raising a fundamental question: Can the infection by 

one pathogen influence the host's response to subsequent 

infections?  

 

Certain pathogenic infections can weaken the plant's defense 

systems, making it susceptible to secondary infections. For 

example, when Arabidopsis is infected by the foliar 

bacterium Pseudomonas syringae, it becomes more 

vulnerable to invasion by the necrotrophic ascomycete 

Alternaria brassicicola47. Similarly, infection by the 

biotrophic oomycete Albugo candida suppresses 

Arabidopsis defenses, enabling otherwise avirulent 

pathogens to thrive5.  

 

On the contrary, some pathogenic infections enhance the 

host's defenses, enabling it to resist subsequent attacks. For 

instance, infection by the foliar bacterium P. fluorescens 

initially suppresses specific defenses in Arabidopsis but 

triggers a defense signaling cascade that confers resistance 

to subsequent challenges58. Certain root infections establish 

rhizosphere networks transmitting induced resistance to 

neighboring plants46. Similarly, non-pathogenic F. 

oxysporum primes tomato plants, allowing them to respond 

more effectively to pathogenic F. oxysporum in a vaccine-

like manner2. Recent research has explored hormonal 

aspects of plant defense responses during co-infection 

scenarios. Comparative analyses have focused on gene 

expression responsive to jasmonic acid (JA), ethylene (Et) 

and salicylic acid (SA).  

 

JA and Et pathways typically defend against necrotrophic 

pathogens and SA against biotrophic pathogens. 

Antagonistic crosstalk between these pathways allows 

tailored defenses. Pathogens exploit this antagonism by 

secreting phytotoxins or effectors disrupting hormonal 

signaling, making the host susceptible to further 

infections8,16. The study of plant defense responses to co-

infections reveals a complex interplay shaped by molecular 

signaling, resource allocation and evolving strategies of both 

parties, offering critical insights into plant immunity with 

wide agricultural implications. Plant-microbe interactions' 

complexity underscores the need for further research to 

uncover the mechanisms driving these intricate 

relationships. 

 

Next-generation sequencing techniques for Studying 

Plant disease complex: The initial comprehensive analysis 

which accurately identifies the causal agent(s) of a disease, 

constitutes the fundamental step in plant disease 

management1,28. Following this identification, appropriate 

disease management tools such as antimicrobial compounds, 

can be deployed, tailored to the specific plant type and the 

affected part. While the application of chemical substances 

holds significance, a sustainable approach to disease 

management necessitates the formulation of long-term 
strategies. Consequently, gaining a profound understanding 

of pathogen-pathogen synergies in the context of complex 

plant diseases is crucial. For instance, many existing 
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antimicrobial strategies in agriculture are designed to target 

specific microbial pathogens.  

 

However, these targeted chemical control methods prove 

limited when multiple pathogenic agents contribute to a 

disease. In such cases, the application of a specific substance 

may not guarantee successful disease management. Hence, 

investigating plant disease complexes, understanding 

synergistic interactions among pathogens and unraveling the 

underlying mechanisms are essential. These efforts can help 

to identify critical connections that could be manipulated to 

uphold the health of crops. This endeavor presents 

challenges due to the influence of disease complexes by 

environmental factors, cultural practices and geographical 

variations62. Therefore, it is imperative to meticulously 

devise experimental approaches that facilitate the 

identification of pathogenic consortia in the context of crop 

production systems. 

 

Presently, advancements in scientific knowledge and 

methodologies offer an unprecedented opportunity to 

enhance our comprehension of the diverse microbial species 

implicated in plant diseases, as well as the underlying 

mechanisms governing these interactions. Consequently, 

research on complex diseases necessitates embracing 

culture-independent analyses, exemplified by high-

throughput sequencing techniques. This innovative 

approach stands in stark contrast to the traditional culture-

based methods, effectively circumventing the limitations 

associated with their time-consuming and costly nature34.  

 

In the contemporary landscape of biodiversity surveillance, 

State-of-the-Art methodologies like next-generation 

sequencing (NGS) have revolutionized the analysis of 

intricate microbial populations, as comprehensively 

reviewed by van Dijk and colleagues59. This technological 

advancement has provided crucial insights: microbial 

diversity, when assessed using conventional cultivation-

based techniques, is significantly underestimated, as 

highlighted by Gilbert and Dupont12. Over the past decade, 

the integration of metagenomic projects with NGS 

technologies has ushered in a new era in microbial ecology 

studies, dramatically accelerating the pace of research in this 

field56,60.  

 

In the realm of plant pathology and particularly in the study 

of plant disease complexes, leveraging Next-Generation 

Sequencing (NGS) and metagenomic techniques holds 

significant promise. Current scientific literature underscores 

a multitude of applications for these advanced technologies. 

Several studies have employed these methods to diagnose 

novel pathogens, as evidenced by research conducted by 

Adams and colleagues1. For instance, employing high-

throughput parallel sequencing enabled the identification of 

three previously unknown viruses in sweet potato plants 
infected with well-known pathogenic viruses, albeit at 

remarkably low levels18. These groundbreaking 

technologies thus serve as potent tools for unraveling the 

involvement of multiple microbes and their collective 

contribution to the occurrence of plant diseases. The 

utilization of novel OMICs methods in studying microbial 

consortia and plant diseases comes with certain limitations.  

 

While these techniques contribute to a better understanding 

of complex diseases, they may not definitively pinpoint the 

dominant microorganism responsible for the disease 

process. Identifying nucleic acid sequences derived from 

infection sites does not provide unequivocal evidence that a 

particular microorganism is the causal agent of the disease. 

For instance, Adams and colleagues1 determined the 

complete genome sequence of a pathogenic virus through 

metagenomic analysis.  

 

Although this data strongly suggested a link between the 

presence of the new Cucumovirus full genome and a 

transmissible infection with virus-like symptoms, Koch's 

postulates were not fully satisfied. Notably, viral particles 

were not observed and the disease was not re-established in 

the original host, indicating that metagenomic sequence 

analysis can only confirm the presence of the virus.  

 

Consequently, metagenomics introduces a new challenge in 

understanding the taxonomy and role of phytopathogens in 

diseases48. Additionally, distinguishing pathogens from 

saprotrophic microorganisms becomes a complex task, 

particularly in cases of mixed infections. 

 

Conclusion and future perspectives 
In summary, delving into interactions among plant 

pathogens yields invaluable insights into the dynamics, 

evolution and strategies for disease control. Recent scientific 

inquiries underscore the pivotal role of comprehending 

diverse pathogen interactions for effective disease 

management. These findings emphasize the necessity of a 

holistic understanding of plant diseases, considering the 

intricate web of multiple pathogen interactions. Deciphering 

the mechanisms and repercussions of these interactions 

stands as a linchpin in disease management and control 

strategies. Research on multiple pathogens within plants 

illuminates the potential for accelerated evolution and 

heightened pathogenicity, all orchestrated through complex 

pathogen-pathogen interactions.  

 

The exploration of these interactions for disease 

management promises sustainable and environmentally 

friendly approaches. The study of synergistic interactions 

underscores the intricate nature of pathogen-pathogen 

dynamics and their profound impact on plant diseases. 

Moreover, investigations into antagonistic interactions 

unveil the potential for harnessing these relationships in the 

development of biological control methods. Thus, gaining a 

deep understanding of the biology and molecular intricacies 

of these inter-microbial processes becomes crucial in 

identifying novel targets and strategies for effective disease 

control. 

 



Research Journal of Biotechnology                                                                                                               Vol. 20 (7) July (2025)  
Res. J. Biotech. 

https://doi.org/10.25303/207rjbt2370245      243 

Acknowledgement 
The authors are thankful to Mohanlal Sukhadia University, 

Udaipur, for providing the necessary facilities during the 

course of study. 

 

References 
1. Adams I.P., Glover R.H., Monger W.A., Mumford R., 

Jackeviciene E., Navalinskiene M. and Boonham N., Next‐

generation sequencing and metagenomic analysis: a universal 

diagnostic tool in plant virology, Molecular Plant Pathology, 

10(4), 537-545 (2009)  

 

2. Aime S., Alabouvette C., Steinberg C. and Olivain C., The 

endophytic strain Fusarium oxysporum Fo47: a good candidate for 

priming the defense responses in tomato roots, Mol. Plant Microbe 

Interact., 26, 918–926 (2012)  

 

3. Brown J.K., Durable resistance of crops to disease: a Darwinian 

perspective, Annual Review of Phytopathology, 53(1), 513-539 

(2015) 

 

4. Carrara J.E., Walter C.A., Hawkins J.S., Peterjohn W.T., Averill 

C. and Brzostek E.R., Interactions among plants, bacteria and fungi 

reduce extracellular enzyme activities under long‐term N 

fertilization, Global Change Biology, 24(6), 2721-2734 (2018) 

 

5. Cooper A.J., Latunde-Dada A.O., Woods-Tör A., Lynn J., Lucas 

J.A., Crute I.R. and Holub E.B., Basic compatibility of Albugo 

candida in Arabidopsis thaliana and Brassica juncea causes broad-

spectrum suppression of innate immunity, Molecular Plant-

Microbe Interactions, 21(6), 745-756 (2008)  

 

6. Dangl J.L. and Jones J.D., Plant pathogens and integrated 

defence responses to infection, Nature, 411(6839), 826-833 (2001) 

 

7. Davidson A.D., Hamilton M.J., Boyer A.G., Brown J.H. and 

Ceballos G., Multiple ecological pathways to extinction in 

mammals, Proceedings of the National Academy of Sciences, 

106(26), 10702-10705 (2009) 

 

8. de Torres‐Zabala M., Truman W., Bennett M.H., Lafforgue G., 

Mansfield J.W., Rodriguez Egea P. and Grant M., Pseudomonas 

syringae pv. tomato hijacks the Arabidopsis abscisic acid 

signalling pathway to cause disease, The EMBO Journal, 26(5), 

1434-1443 (2007) 

 

9. de Weert S., Kuiper I., Lagendijk E.L., Lamers G.E. and 

Lugtenberg B.J., Role of chemotaxis toward fusaric acid in 

colonization of hyphae of Fusarium oxysporum f. sp. radicis-

lycopersici by Pseudomonas fluorescens WCS365, Molecular 

Plant-Microbe Interactions, 17(11), 1185-1191 (2004) 

 

10. Fondong V.N., Thresh J.M. and Fauquet C., Field experiments 

in Cameroon on cassava mosaic virus disease and the reversion 

phenomenon in susceptible and resistant cassava cultivars, 

International Journal of Pest Management, 46(3), 211-217 (2000) 

 

11. Gaur R.K., Prajapat R., Marwal A., Sahu A. and Rathore M.S., 

First report of a begomovirus infecting Mimosa pudica in India, 

Journal of Plant Pathology, 93, S4-80 (2011) 
 

12. Gilbert J.A. and Dupont C.L., Microbial metagenomics: 

beyond the genome, Annual Review of Marine Science, 3(1), 347-

371 (2011) 

13. Grube M., Fürnkranz M., Zitzenbacher S., Huss H. and Berg 

G., Emerging multi-pathogen disease caused by Didymella 

bryoniae and pathogenic bacteria on Styrian oil pumpkin, Eur. J. 

Plant Pathol., 131, 539–548 (2011)  

 

14. Hacquard S., Kracher B., Hiruma K., Münch P.C., Garrido-

Oter R., Thon M.R. and O’connell R.J., Survival trade-offs in plant 

roots during colonization by closely related beneficial and 

pathogenic fungi, Nature Communications, 7(1), 11362 (2016)  

 

15. Kamilova F., Lamers G. and Lugtenberg B., Biocontrol strain 

Pseudomonas fluorescens WCS365 inhibits germination of 

Fusarium oxysporum spores in tomato root exudate as well as 

subsequent formation of new spores, Environmental Microbiology,  

10(9), 2455-2461 (2008) 

 

16. Katsir L., Chung H.S., Koo A.J. and Howe G.A., Jasmonate 

signaling: a conserved mechanism of hormone sensing, Current 

Opinion in Plant Biology, 11(4), 428-435 (2008)  

 

17. Kozanitas M., Osmundson T.W., Linzer R. and Garbelotto M., 

Interspecific interactions between the Sudden Oak Death pathogen 

Phytophthora ramorum and two sympatric Phytophthora species in 

varying ecological conditions, Fungal Ecology, 28, 86-96 (2017) 

 

18. Kreuze J.F., Perez A., Untiveros M., Quispe D., Fuentes S., 

Barker I. and Simon R., Complete viral genome sequence and 

discovery of novel viruses by deep sequencing of small RNAs: a 

generic method for diagnosis, discovery and sequencing of viruses, 

Virology, 388(1), 1-7 (2009)  

 

19. Kuzdraliński A., Szczerba H., Tofil K., Filipiak A., Garbarczyk 

E., Dziadko P., Muszyńska M. and Solarska E., Early PCR-based 

detection of Fusarium culmorum, F. graminearum, F. 

sporotrichioides and F. poae on stem bases of winter wheat 

throughout Poland, European Journal of Plant Pathology, 140, 

491-502 (2014) 

 

20. Le May C., Guibert M., Baranger A. and Tivoli B., A wide 

range of cultivated legume species act as alternative hosts for the 

pea aschochyta blight fungus, Didymella pinodes, Plant 

Pathology, 63(4), 877-887 (2014)  

 

21. Li Y., Zhou W., Hu B., Min M., Chen P. and Ruan R.R., 

Integration of algae cultivation as biodiesel production feedstock 

with municipal wastewater treatment: strains screening and 

significance evaluation of environmental factors, Bioresource 

Technology, 102(23), 10861-10867 (2011) 

 

22. Li Y., Wang X., Zeng Y. and Liu P., Metabolic profiling reveals 

local and systemic responses of kiwifruit to Pseudomonas syringae 

pv. actinidiae, Plant Direct, 4(12), e00297 (2020)  

 

23. Liu Q., Wang S., Long J., Chen Z., Yang B. and Lin F., 

Functional identification of the Xanthomonas oryzae pv. oryzae 

Type IC CRISPR-Cas system and its potential in gene editing 

application, Frontiers in Microbiology, 12, 686715 (2021)  

 

24. Loper J.E. et al, Comparative genomics of plant-associated 

Pseudomonas spp.: insights into diversity and inheritance of traits 

involved in multitrophic interactions, PLoS Genetics, 8(7), 

e1002784 (2012) 
 

25. Ma L., Zhang H.Y., Zhou X.K., Yang C.G., Zheng S.C., Duo 

J.L. and Mo M.H., Biological control tobacco bacterial wilt and 



Research Journal of Biotechnology                                                                                                               Vol. 20 (7) July (2025)  
Res. J. Biotech. 

https://doi.org/10.25303/207rjbt2370245      244 

black shank and root colonization by bio-organic fertilizer 

containing bacterium Pseudomonas aeruginosa NXHG29, Applied 

Soil Ecology, 129, 136-144 (2018)  

 

26. Mahmood S., Lakra N., Marwal A., Sudheep N.Á. and Anwar 

K., Crop genetic engineering: An approach to improve fungal 

resistance in plant system, In Plant-Microbe Interactions in Agro-

Ecological Perspectives: Volume 2, Microbial Interactions and 

Agro-Ecological Impacts, Chapter 23, 581-591 (2017) 

 

27. Marwal A., Sahu A.K. and Gaur R.K., Transmission and host 

interaction of Geminivirus in weeds, In Plant virus–host 

interaction, Academic Press, Chapter 7, 143-161 (2014b) 

 

28. Marwal A., Sahu A., Prajapat R. and Gaur R.K., First report of 

Begomovirus infecting two ornamental plants: Jasminum sambac 

and Millingtonia hortensis, Indian Phytopathol, 66(1), 115-116 

(2013) 

 

29. Marwal A., Sahu A.K. and Gaur R.K., First report of airborne 

begomovirus infection in Melia azedarach (Pride of India), an 

ornamental tree in India, Aerobiologia, 30, 211-215 (2014a) 

 

30. Maurhofer M., Baehler E., Notz R., Martinez V. and Keel C., 

Cross talk between 2, 4-diacetylphloroglucinol-producing 

biocontrol pseudomonads on wheat roots, Applied and 

Environmental Microbiology, 70(4), 1990-1998 (2004) 

 

31. Miao C.P., Mi Q.L., Qiao X.G., Zheng Y.K., Chen Y.W., Xu 

L.H. and Zhao L.X., Rhizospheric fungi of Panax notoginseng: 

diversity and antagonism to host phytopathogens, Journal of 

Ginseng Research, 40(2), 127-134 (2016) 

 

32. Mousa W.K., Shearer C., Limay-Rios V., Ettinger C.L., Eisen 

J.A. and Raizada M.N., Root-hair endophyte stacking in finger 

millet creates a physicochemical barrier to trap the fungal pathogen 

Fusarium graminearum, Nat. Microbiol., 1, 16167 (2016) 

 

33. Nehra C., Marwal A., Verma R.K., Mishra M., Sharma P. and 

Gaur R.K., Papaya yellow leaf curl virus: A newly identified 

begomovirus infecting Carica papaya L. from the Indian 

Subcontinent, The Journal of Horticultural Science and 

Biotechnology, 94(4), 475-480 (2019) 

 

34. Nikolaki S. and Tsiamis G., Microbial diversity in the era of 

omic technologies, BioMed Research International, 2013(1), 

958719 (2013) 

 

35. Notz R., Maurhofer M., Dubach H., Haas D. and Défago G., 

Fusaric acid-producing strains of Fusarium oxysporum alter 2, 4-

diacetylphloroglucinol biosynthetic gene expression in 

Pseudomonas fluorescens CHA0 in vitro and in the rhizosphere of 

wheat, Applied and Environmental Microbiology, 68(5), 2229-

2235 (2002)  

 

36. Ongena M., Jourdan E., Schafer M., Kech C., Budzikiewicz H. 

and Luxen A., Isolation of an N-alkylated benzylamine derivative 

from Pseudomonas putida BTP1 as elicitor of induced systemic 

resistance in bean, Mol. Plant Microbe Interact., 18, 562–569 

(2005) 
 

37. Orton E.S. and Brown J.K., Reduction of growth and 

reproduction of the biotrophic fungus Blumeria graminis in the 

presence of a necrotrophic pathogen, Frontiers in Plant Science, 7, 

742 (2016) 

38. Partida-Martínez L.P. and Heil M., The microbe-free plant: fact 

or artifact?, Front. Plant Sci., 2, 100 (2011)  

 

39. Partida-Martinez L.P. and Hertweck C., Pathogenic fungus 

harbours endosymbiotic bacteria for toxin production, Nature, 

437(7060), 884-888 (2005) 

 

40. Perefarres F., Thebaud G., Lefeuvre P., Chiroleu F., Rimbaud 

L. and Hoareau M., Frequency-dependent assistance as a way out 

of competitive exclusion between two strains of an emerging virus, 

Proc. R. Soc. Lond. B Biol. Sci., 281, 1–9 (2014)  

 

41. Petrosino J.F., Galhardo R.S., Morales L.D. and Rosenberg 

S.M., Stress-induced β-lactam antibiotic resistance mutation and 

sequences of stationary-phase mutations in the Escherichia coli 

chromosome, Journal of Bacteriology, 191(19), 5881-5889 (2009)  

 

42. Priyashantha A.H., Dai D.Q., Bhat D.J., Stephenson S.L., 

Promputtha I., Kaushik P. and Karunarathna S.C., Plant–fungi 

interactions: where it goes?, Biology, 12(6), 809 (2023) 

 

43. Rodríguez-Romero V.M., Villanueva-Arce R., Trejo-Raya 

A.B. and Bautista-Baños S., Chitosan and Pseudomonas 

fluorescens extracts for Alternaria alternata control in tomato 

(Solanum lycopersicum), Revista Mexicana de Fitopatología, 

37(2), 202-219 (2019) 

 

44. Sahu A.K., Marwal A., Shahid M.S., Nehra C. and Gaur R.K., 

First report of a begomovirus and associated betasatellite in Rosa 

indica and in India, Australasian Plant Disease Notes, 9, 1-4 

(2014) 

  

45. Smith K.P., Handelsman J. and Goodman R.M., Genetic basis 

in plants for interactions with disease-suppressive bacteria, 

Proceedings of the National Academy of Sciences, 96(9), 4786-

4790 (1999)  

 

46. Song Q., Song X., Deng X., Luo J., Wang J., Min K. and Song 

R., Effects of plant growth promoting Rhizobacteria microbial on 

the growth, rhizosphere soil properties and bacterial community of 

Pinus sylvestris var. mongolica seedlings, Scandinavian Journal of 

Forest Research, 36(4), 249-262 (2021) 

 

47. Spoel S.H., Johnson J.S. and Dong X., Regulation of tradeoffs 

between plant defenses against pathogens with different lifestyles, 

Proc. Natl. Acad. Sci. U.S.A., 104, 18842–18847 (2007)  

 

48. Studholme D.J., Glover R.H. and Boonham N., Application of 

high-throughput DNA sequencing in phytopathology, Annual 

Review of Phytopathology, 49(1), 87-105 (2011)  

 

49. Sudheep N.A., Marwal A., Lakra N., Anwar K. and Mahmood 

S., Fascinating fungal endophytes role and possible beneficial 

applications: an overview, In Plant-Microbe Interactions in Agro-

Ecological Perspectives, Volume 1, Fundamental Mechanisms, 

Methods and Functions, Chapter 13, 255-273 (2017) 

 

50. Susi H., Vale P.F. and Laine A.L., Host genotype and 

coinfection modify the relationship of within and between host 

transmission, The American Naturalist, 186(2), 252-263 (2015)  

 

51. Swapnil P. et al, Plant-Microbe Interaction-Recent Advances 

in Molecular and Biochemical Approaches, Overview of 

Biochemical and Physiological Alteration During Plant-Microbe 



Research Journal of Biotechnology                                                                                                               Vol. 20 (7) July (2025)  
Res. J. Biotech. 

https://doi.org/10.25303/207rjbt2370245      245 

Interaction, DOI: https://doi.org/10.1016/C2021-0-00316-3 

(2023a) 

 

52. Swapnil P. et al, Plant-Microbe Interaction-Recent Advances 

in Molecular and Biochemical Approaches, Agricultural Aspects 

of Microbiome Leading to Plant Defence, DOI: https://doi.org/ 

10.1016/C2021-0-00317-5 (2023b) 

 

53. Tollenaere C., Lacombe S., Wonni I., Barro M., Ndougonna C., 

Gnacko F., Sérémé D., Jacobs J.M., Hebrard E., Cunnac S. and 

Brugidou C., Virus-bacteria rice co-infection in Africa: Field 

estimation, reciprocal effects, molecular mechanisms and 

evolutionary implications, Frontiers in Plant Science, 8, 645 

(2017) 

 

54. Tollenaere C., Susi H. and Laine A.L., Evolutionary and 

epidemiological implications of multiple infection in plants, 

Trends in Plant Science, 21(1), 80-90 (2016) 

 

55. Tran H.S., You M.P. and Barbetti M.J., Expression of defence‐

related genes in stems and leaves of resistant and susceptible field 

pea (Pisum sativum) during infection by Phoma koolunga, Plant 

Pathology, 67(1), 156-166 (2018) 

  

56. Tringe S.G. and Hugenholtz P., A renaissance for the 

pioneering 16S rRNA gene, Current Opinion in Microbiology, 

11(5), 442-446 (2008) 

 

57. Uyemoto J.K., Biology and Control, Plant Dis, 67(1), 7 (1983) 

58. Van der Ent S., Van Wees S.C. and Pieterse C.M., Jasmonate 

signaling in plant interactions with resistance-inducing beneficial 

microbes, Phytochemistry, 70(13-14), 1581-1588 (2009) 

 

59. Van Dijk E.L., Auger H., Jaszczyszyn Y. and Thermes C., Ten 

years of next-generation sequencing technology, Trends in 

Genetics, 30(9), 418-426 (2014) 

 

60. Venter J.C., Remington K., Heidelberg J.F., Halpern A.L., 

Rusch D., Eisen J.A. and Smith H.O., Environmental genome 

shotgun sequencing of the Sargasso Sea, Science, 304(5667), 66-

74 (2004) 

 

61. Wei M., Zhang M., Huang G., Yuan Y., Fu C. and Yu L., 

Coculture with two Bacillus velezensis strains enhances the growth 

of Anoectochilus plants via promoting nutrient assimilation and 

regulating rhizosphere microbial community, Industrial Crops and 

Products, 154, 112697 (2020) 

 

63. Willocquet L., Savary S., Fernandez L., Elazegui F.A., Castilla 

N., Zhu D., Tang Q., Huang S., Lin X., Singh H.M. and Srivastava 

R.K., Structure and validation of RICEPEST, a production 

situation-driven, crop growth model simulating rice yield response 

to multiple pest injuries for tropical Asia, Ecological Modelling, 

153(3), 247-268 (2002). 

 

(Received 03rd May 2024, accepted 06th July 2024)

 


