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Summary  
 
Bacteria that live in association with plants greatly influence growth and yield of all 
agricultural crops used to sustain the increasing world population nutritional needs. 
Over 130 years ago a bacterium- Erwinia amylovora- was described for the first time as 
the causal agent of a plant disease, the fire blight disease of pears and apples. We now 
know that all major agricultural crops are affected at least by one pathogenic bacterium, 
and in many cases the bacterium causes a major disease in that crop. Emerging and 
prevalent diseases such as citrus greening, citrus canker, bacterial fruit blotch, and 
Pierce’s Disease do not have a practical cure and methods of disease management and 
control are being investigated. Beneficial bacteria that live in association with plant 
roots or inside plants are investigated for their role in promoting plant growth directly 
and controlling plant pathogens. Some of these bacteria such as Rhizobium, Bacillus and 
Azospirillum strains are used commercially to improve crop yield. The mechanisms of 
pathogenicity, biological control and plant growth promotion have been studied 
intensively, and with the help of molecular biology, and more recently with genomics 
and post-genomics approaches, we can now understand many parts of the puzzle 
composing the interactions between plant and associated bacteria. The accumulated 
knowledge is being exploited to design new methods to improve agriculture in the 21st 
century.      
 
1. Introduction 
 
Microbes associated with plants have a strong influence on plant growth, development 
and yield. Natural microflora present in soil, water, air, insects, nematodes and 
mammals can become associated with plants and trigger beneficial or deleterious 
responses in them. Pathogenic bacteria can enter the plant through natural openings or 
wounds and colonize the host, causing diseases that can destroy entire fields of crops 
and cause great economic losses. Knowledge of the survival, dissemination and 
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infection mechanisms of bacteria are crucial to developing management strategies for 
protection against these widespread pathogens. With advances in molecular biology 
over the last few decades, we have enriched our knowledge about specific and non-
specific interactions between plants and microbes, which is contributing to programs to 
develop disease resistance in crops. Great efforts are also being made into 
understanding the associations between beneficial bacteria and plants in order to 
develop commercial products that can be exploited to improve crop growth and yield. 
Many products are already helping farmers around the world to protect and enhance 
yields of their crops. 
 
In this chapter, we will revise current knowledge on key aspects of the interactions 
between plants and bacteria, both pathogenic and beneficial. Several economically 
important plant diseases will be reviewed and the mechanisms of pathogenicity of 
bacteria will be analyzed in detail, with a focus on the molecular processes associated 
with host responses.  In our review of beneficial microflora, special attention will be 
paid to the current state of knowledge about mechanisms of action and the 
commercialization of products that use bacteria to promote plant growth. We hope this 
chapter will increase the interest in plant-associated bacteria and present an overview of 
the important role they play in agricultural production. 
 
2. Phytopathogenic Bacteria: Worldwide Importance and Economic Impact 
 
In terms of number of species, bacteria are the major causal agents of animal and human 
diseases. In contrast, while it is estimated that more than 10,000 species of fungi and 
fungus-like organisms cause disease in plants, the estimated number for plant 
pathogenic bacteria is about 100 species (Agrios, 2005). Nevertheless, most important 
agricultural crops suffer from at least one bacterial disease, and, for some crops, a 
bacterial disease is the main cause of yield losses. 
  
As an example of a bacterial disease of huge economic importance, black rot disease of 
crucifer plants, caused by Xanthomonas campestris pathovar (pv.) campestris, is 
considered the most serious disease of cultivated brassica and radishes worldwide. 
Another bacterial species belonging to the Xanthomonas genus, X. citri, leads to the 
eradication of millions of citrus trees in Florida, São Paulo and other parts of the world. 
Xanthomonas oryzae pv. oryzae causes bacterial leaf blight (BLB) of rice. This is one of 
the most important diseases of rice in many parts of the world and is very destructive in 
Japan, India and other parts of Asia. As more than 50% of the world population relies 
on rice for basic nutrition, it is clear that damage to rice production caused by BLB 
poses significant economic and social risks. Erwinia amylovora causes the fire blight 
disease in a wide range of plants from the Rosaceae family. This is a very destructive 
disease, which entirely prevents cultivation of apples and pears in some parts of the 
world. Similarly, the European grape, Vitis vinifera, cannot be cultivated in certain 
regions of the United States due to the bacterium Xylella fastidiosa, the causal agent of 
Pierce's Disease of grapevines. 
  
Another bacterial disease of tremendous importance is crown gall disease, caused by 
Agrobacterium tumefaciens. This bacterium affects woody and herbaceous plants 
belonging to more than 100 genera. Agrobacterium tumefaciens induces the production 
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of galls (tumors) on the stem and/or roots of the plant. Infected plants often grow poorly 
and produce reduced yields. However, the importance of this disease is not limited to its 
phytopathological damage. During the infection process, A. tumefaciens introduces a 
fragment of its own DNA into the host plant cell. The transferred DNA fragment 
contains genes that are further expressed in the plant host, an essential step for gall 
formation and pathogenesis. Much research has been done to understand the mechanism 
of DNA transfer by A. tumefaciens and, based on the knowledge acquired from this; 
scientists have developed methods for genetic modification of plants using this 
bacterium. Indeed, A. tumefaciens serves today as the main tool for generation of 
transgenic plants for biotechnological and agricultural purposes, as well as for basic 
research investigations. More details about these and other bacterial diseases of high 
agricultural importance are provided in Section 7 of this chapter. 
 
3. Phytopathology and Phytobacteriology: Historical Background 
 
In the middle of the 19th century, a tragedy occurred in Ireland as a result of a disease 
that severely affected potato cultivation in the country. Huge reductions in potato yields 
due to the late blight disease first occurred in 1845 but continued during the following 
years. At this time, the Irish population depended almost exclusively on the potato crop 
for its food source. The consequences for the Irish were terrible: in few years, about 1 
million people died from hunger and disease and about 1.5 million emigrated mainly to 
the US and Canada. A few years later, in 1861, a German scientist, Heinrich Anthon 
deBary, demonstrated that a fungus (today reclassified as an oomycete, a fungus-like 
organism), Phytophthora infestans, is the causal agent of the late blight disease. This 
was the first time a microorganism was demonstrated to be the causal agent of a plant 
disease, an idea that, until this discovery, was largely unaccepted by the scientific 
community. Moreover, deBary's findings preceded the germ theory of disease, which 
was proposed in 1863 by Louis Pasteur in substitution of the theory of spontaneous 
generation (Schumann, 1998). 
  
deBary's studies of the late blight disease as well as other plant diseases caused by fungi 
and fungus-like organisms led to the foundation of Phytopathology, the scientific 
discipline of the study of plant diseases, in the early 1860s. However, it was only in the 
late 1870s and early 1880s that some scientists started to provide evidence about the 
association of bacteria with diseases of plants. In 1878, the American scientist Thomas 
J. Burrill showed that Micrococcus amylovorus (today known as Erwinia amylovora) 
was strongly associated with the fire blight disease of pear and apple trees. Three years 
later, in Holland, Jan Wakker provided strong evidence of the involvement of Bacterium 
hyacinthi (today Xanthomonas hyacinthi) as the causal agent of yellow disease of 
hyacinth. In 1885, in the U.S., Joseph C. Arthur confirmed Burrill's results with the fire 
blight. However, the idea that bacteria are able to cause disease in plants was still not 
accepted by many phytopathologists. This occurred despite the fact that in 1876 Robert 
Koch had already demonstrated that the bacterium Bacillus anthracis is responsible for 
anthrax disease. In fact, most phytopathologists in Europe at that time believed that 
bacteria cannot cause significant damage to plants, mainly because they are not likely to 
tolerate the acidic conditions of the plant’s intercellular spaces. The scientist, who put 
an end to this debate, by 1899, was the American Erwin F. Smith, who demonstrated 
that Erwinia amylovora is indeed the causal agent of fire blight disease. Smith also 
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optimized techniques for the study of bacterial plant diseases and investigated important 
plant pathogenic bacteria from diverse genera including Erwinia, Xanthomonas, 
Pseudomonas and Agrobacterium. In view of his significant contributions, Smith is 
considered the "father" of modern Phytobacteriology (Volcani, 1985; Griffith, 2003; 
Janse, 2005). 
  
Advances in the areas of General Microbiology and Medical Bacteriology have 
contributed to the rapid development of the emerging Phytobacteriology field since the 
beginning of the 20th century. Today, Phytobacteriology is a modern and dynamic 
discipline, interrelated with a great variety of basic and applied research areas, including 
molecular biology, genetics, biochemistry, immunology, ecology, taxonomy, 
epidemiology, disease control and plant breeding. The emergence of the genomic era at 
the end of the 20th century represents a huge contribution to research in 
Phytobacteriology. This issue is briefly discussed in Section 14 of this chapter.  
 
4. Classification of Plant Pathogenic Bacteria 
 
Classification is extremely important, especially when it comes to developing 
treatments to prevent or cure a disease based on the characteristics of the microbial 
pathogen. In the first half of the 20th century, researchers classified plant pathogenic 
bacteria mainly based on the plant host from which it was isolated and caused disease. 
There was a lack of scientific rigor in defining key characteristics separating or relating 
one bacterium to another. Therefore, researchers describing a new plant disease will 
give a new name for the causal bacteria, in what became known as the “new host-new 
species cliché” of the “subjective era” of classification (Starr, 1959). During the second 
half of the 20th century, researchers started using a systematic approach to classify 
phytobacteria, in what is known as the “objective era” of classification. During this 
time, the discipline insularity that dominated the previous “subjective era” was 
discarded, and researchers classified phytobacteria by comparing their characteristics 
with those of other microbes found in hosts from other kingdoms or the environment. 
  
The approach to bacterial classification has been changing over time and has been an 
object of controversy. This probably reflects the lack of consensus when it comes to the 
definition of a bacterial species. The biological species concept (Mayr, 1942), where 
species are delineated by interbreeding populations isolated from other groups, cannot 
be applied to asexually-reproducing prokaryotes. The ability of bacteria to undergo 
homologous recombination (exchange of DNA among bacteria) may be considered an 
equivalent to “sexual” isolation. But this approach is encountering opposition from 
researchers that want to keep using phenotypic characteristics (or gene product activity) 
to delineate species. As we will see below, the availability of huge amounts of DNA 
sequences is having an impact on classification schemes. 
 
Most bacterial plant pathogens described to date are Gram-negative bacteria classified 
in different subclasses of the Proteobacteria. Traditional bacterial classification is based 
on biochemical characteristics, and several commercial kits such as BiologTM and 
Oxi/Ferm tubes are fast and easy methods of identification. In recent years, more 
researchers are relying on DNA for bacterial classification. DNA-DNA hybridization 
(DDH) is used as the standard for delimitation of bacterial species (Stackebrandt et al., 
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2002). This technique was developed in the 1960s, and by the 1970s it was the standard 
method used to classify plant pathogens. The technique is very time-consuming because 
it relies on multiple pair-wise comparisons of highly purified DNA from diverse 
bacterial species. The thermal denaturation midpoint (Tm) of DNA hybrids is measured 
while temperature is increased and complementary DNA strands are separated from 
each other. It is generally accepted that the same bacterial species have >70% DDH and 
ΔTm <5°C (Wayne et al., 1987). Nowadays DDH is the only DNA-based method 
accepted taxonomically to delineate bacterial species. 
 
For plant pathogenic bacteria, a specific epithet of classification is the pathovar (pv.) 
designation, which is defined as “an infrasubspecific term referring to a group of 
phytopathogenic bacteria differentiated principally on the basis of their host range” 
(Dye et al., 1980). The pathovar classification is very useful to define host specificity of 
a particular bacterium. When a bacterium affects a particular cultivar or line among a 
host species, it is classified as a specific “race”, with the exception of Ralstonia 
solanacearum where races are defined by species of host affected. To avoid ambiguity, 
the nomenclature of phytobacteria follows the rules of the International Code of 
Nomenclature of Bacteria and the International Standards for Naming Pathovars of 
Phytopathogenic Bacteria (Bull et al., 2008; Young, 2008). A website 
(http://www.isppweb.org/about_tppb.asp) curated by the International Society of Plant 
Pathology keeps an updated list of plant pathogenic bacteria (Bull et al., 2010).  
 
Lower DNA sequencing costs and simplified analysis software are driving the 
popularity of DNA sequence-based approaches for bacterial classification. The use of 
small subunit ribosomal RNA (16S rDNA) gene sequences has become the standard for 
phylogenetic relationship studies, and the number of sequences available is growing 
exponentially. The Ribosomal Database Project (http://rdp.cme.msu.edu/index.jsp) had 
more than 700,000 16S rDNA bacterial sequences deposited by April 2011. Despite the 
great amount of data, 16S rDNA sequences are still not taxonomically accepted for 
species determination. This is due in part to lack of a threshold value that could be set to 
delineate bacteria belonging to the same species. The increase in bacterial full genome 
sequences available may help the use of Average Nucleotide Identity (ANI) 
(Konstantinidis and Tiedje, 2005) in the future. The authors suggested that comparison 
of all shared genes between 2 full genomes can be used to determine species, and a 
value of 94-95% of ANI corresponds to the cut-off of 70% DDH.  
 
The use of Multi Locus Sequence Typing (MLST) or Multi Locus Sequence Analysis 
(MLSA) is becoming very important for species delineation of plant pathogenic bacteria 
(Almeida et al., 2010). For MLST, isolates with identical alleles for a specified set of 
genes are given the same profile designation or “sequence type” for comparative 
purposes. This approach is used for epidemiological studies of strains within a known 
species. MLSA, instead of ‘typing”, uses the concatenated set of gene sequences for 
analyses, which is useful to determine the species of a strain of uncertain identity and to 
define phylogenetic relationships. These techniques, based on partial sequence of at 
least 6 housekeeping genes, were first described in 1998 (Maiden et al., 1998). MLST 
increases the DNA sequence data analyzed compared to 16S rDNA and reduces the risk 
of interference from horizontal gene transfer by looking at several genes dispersed in 
the genome. Homologous recombination can be detected by MLST analysis, which 
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could help in bacterial species classification if this is considered an indication of 
“interbreeding”. Molecular-based classifications changed the way we classify organisms 
and their impact will increase in the future as they become more popular. 
 
5. Bacterial Infection Cycles: Inoculation and Spread 
 
Survival in the environment is an important stage of the pathogen life cycle. Some plant 
pathogenic bacteria are adapted to survive in the soil, where they can live as 
saprophytes or associated with plant debris. Pathogens such as Agrobacterium 
tumefaciens and Ralstonia solanacearum are successful soil inhabitants, where they 
maintain high enough populations to be able to infect the next susceptible host that 
grows in the soil. However, some pathogens are very ineffective at living in the soil and 
can only survive inside plant tissues or associated with insects. This is the case of 
pathogens such as Erwinia amylovora and Xylella fastidiosa, which depend on insects 
for plant-to-plant transmission. Bacteria can also survive in the natural bacterial ooze 
they produce, in seeds or in association with insect vectors. The dissemination of 
bacteria can occur in association with the water cycle, where rain splashes can be an 
effective method of moving bacteria from one plant to the other or to different parts of 
the same plant. Insects, other animals and humans can disperse bacteria among plants. 
Lack of disinfection of pruning tools by field workers is a common mean of bacterial 
dissemination (Agrios, 2005). 
 
Once the bacterium encounters a plant, it can enter only through natural openings, 
wounds or from introduction by insect vectors. Natural openings include stomata, used 
for gas exchange by the plant, and hydathodes, used for water secretion. Bacteria 
usually aggregate in high populations surrounding these structures as well as trichomes 
and depressions and cracks in leaf veins, waiting for an opportunity to enter the host. 
Biofilm formation in these regions is often important to protect bacteria from 
environmental stress and antimicrobial compounds, as well as to obtain nutrients (see 
Section 8.7). High inoculum densities are helpful for the invasion of the plant host by 
the pathogen, a process favored by the environment. Factors such as rainfall, humidity 
and cracks in the plant surface facilitate bacterial entry. Some other factors are produced 
by the pathogen itself to gain access inside the host. For instance, some bacteria produce 
ice nucleation protein that increases freeze damage to plants at higher environmental 
temperatures, and toxins that regulate closure and opening of stomata (e.g. coronatine 
produced by P. syringae; see  Section 8.2). Once the bacterium enters the plant, it 
colonizes the apoplast, which is the space among plant cells or the vascular system, 
including the xylem or phloem. Inside the plant, bacteria find protection from outside 
environmental stresses such as UV radiation and water deficit. Nevertheless, the 
apoplast environment is not a perfect place to thrive, especially due to limited nutrient 
availability and presence of antimicrobial compounds produced by the plant, as well as 
imposing osmotic and pH stresses on the pathogen. However, bacteria have evolved 
methods to successfully colonize this environment. Traditionally the methods can be 
classified as: i) “brute force”: this is the case of bacteria producing cell wall-degrading 
enzymes such as Pectobacterium atrosepticum that degrade host plant tissues for use as 
a nutrient source, behaving as a necrotroph; and ii) ‘stealth’: use of traits such as type III 
secretion systems-secreted effectors (see Section 8.1) and toxins (see Section 8.2) as 
mechanisms to promote disease. In this case, the pathogen modifies the physiology of 
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the plant cell and suppresses plant defense mechanisms to their benefit. Bacteria usually 
multiply to high populations before causing plant death and are considered 
hemibiotrophs (Rico et al., 2009). 
  
Once inside the plant, a successful pathogen will colonize and establish highly 
concentrated bacterial populations. This will interfere with normal physiological and 
morphological development of the plant, causing diverse symptoms including chlorotic 
or necrotic spots and vein discoloration, defoliation, scab, cankers, galls, vascular wilts 
and rots. Examples of symptoms of important bacterial plant diseases are described in 
the next section.  
 
- 
- 
- 
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nitrogenase complex, catalyzing biological nitrogen fixation]. 

Collmer, A., Keen, N.T. (1986). The role of pectic enzymes in plant pathogenesis. Annual Review of 
Phytopathology 24, 383-409. [This is an extensive review about the role of pectin degrading enzymes in 
pathogenicity of plant pathogens]. 
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Costacurta, A., Vanderleyden, J. (1995). Synthesis of phytohormones by plant-associated bacteria. 
Critical Reviews in Microbiology 21, 1-18. [This paper reviews the pathways involved in synthesis of 
plant hormones by certain plant pathogenic and plant growth promoting bacteria]. 

Danhorn, T., Fuqua, C. (2007). Biofilm formation by plant-associated bacteria. Annual Review of 
Microbiology 61, 401-422. [This review describes biofilm formation by bacteria in different parts of the 
plant host, such as leaf, roots and vascular system] 

De La Fuente, L., Landa, B.B., Weller, D.M. (2006). Host crop affects rhizosphere colonization and 
competitiveness of 2,4-diacetylphloroglucinol-producing Pseudomonas fluorescens. Phytopathology 96, 
751-762. [This paper describes the influence of host crop in the outcome of competition among similar 
beneficial bacteria colonizing the root system]. 

De La Fuente, L., Burr, T.J., Hoch, H.C. (2007). Mutations in type I and type IV pilus biosynthetic genes 
affect twitching motility rates in Xylella fastidiosa. Journal of Bacteriology 189, 7507-7510. [This paper 
describes the influence of type IV pili PilY1 protein, as well as the type I pili on the speed of twitching 
movement for X. fastidiosa]. 

De La Fuente, L., Burr, T.J., Hoch, H.C. (2008). Autoaggregation of Xylella fastidiosa cells is influenced 
by type I and type IV pili. Applied and Environmental Microbiology 74, 5579-5582. [Using microfluidic 
chambers this paper shows how X. fastidiosa cells autoagreggate into spherical structures, thought to be 
part of the biofilm formation process]  

De La Fuente, L., Mavrodi, O.V., Bajsa, N., Mavrodi, D.V. (2008). Antibiotics produced by fluorescent 
Pseudomonas, in Prospects and Applications for Plant-Associated Microbes. A Laboratory Manual, Part 
A: Bacteria (eds. S. Sorvari, A.M. Pirttilä), pp. 249-255. Piikkiö: BioBien Innovations. [Review chapter 
on the importance on antibiotics produced by fluorescent Pseudomonas studied as biological control 
agents] 

De la Fuente, L., Montanes, E., Meng, Y.Z., Li, Y.X., Burr, T.J., Hoch, H.C., Wu, M.M. (2007). 
Assessing adhesion forces of type I and type IV pili of Xylella fastidiosa bacteria by use of a microfluidic 
flow chamber. Applied and Environmental Microbiology 73, 2690-2696. [This paper describes a 
technique using microfluidic chambers to measure adhesion force of bacterial cells to a substrate]  

Denny, T.P. (1995). Involvement of bacterial polysaccharides in plant pathogenesis. Annual Review of 
Phytopathology 33:173-197. [This paper discusses the involvement of bacterial extracellular 
polysaccharides in survival, colonization and pathogenicity of various plant pathogenic bacteria],  

Dobbelaere, S., Okon, Y. (2007). The plant growth promoting effects and plant responses, in Associative 
and Endophytic Nitrogen-Fixing Bacteria and Cyanobacterial Associations (eds. C. Elmerich, W.E. 
Newton), pp. 145-170. Heidelberg: Springer. [This book chapter reviews the interaction between plant 
growth promoting rhizobacteria and plants]. 

Dobbelaere, S., Croonenborghs, A., Thys, A., Ptacek, D., Vanderleyden, J., Dutto, P., Labandera-
Gonzalez, C., Caballero-Mellado, J., Aguirre, J.F., Kapulnik, Y., Brener, S., Burdman, S., Kadouri, D., 
Sarig, S., Okon, Y. (2001). Responses of agronomically important crops to inoculation with Azospirillum. 
Australian Journal of Plant Physiology 28, 871-879. [This is an extensive review about the response of 
various crop plants to inoculation with Azospirillum, with emphasis on results from field experiments]. 

Duan, Y.P., Zhou, L.J., Hall, D.G., Li, W.B., Doddapaneni, H., Lin, H., Liu, L., Vahling, C.M., Gabriel, 
D.W., Williams, K.P., Dickerman, A., Sun, Y.J., Gottwald, T. (2009). Complete genome sequence of 
citrus Huanglongbing bacterium, 'Candidatus Liberibacter asiaticus' obtained through metagenomics. 
Molecular Plant-Microbe Interactions 22, 1011-1020. [This paper describes the first genome sequence of 
the non-culturable bacteria causing Huanglongbing] 

Duffy, B., Schaerer, H.J., Buenter, M., Klay, A., Holliger, E. (2005). Regulatory measures against 
Erwinia amylovora in Switzerland. Bulletin OEPP 35, 239-244. [This paper summarizes the efforts taken 
in Switzerland to limit the impact of fire blight disease on fruit production].  

Dye, D.W., Bradbury, J.F., Goto, M., Hayward, A.C., Lelliott, R.A., Schroth, M.N. (1980). International 
standards for naming pathovars of phytopathogenic bacteria and a list of pathovar names and pathotype 
strains. Review of Plant Pathology 59, 153-168. [This paper sets the guidelines to name pathovars and 
pathotypes] 
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Fravel, D.R. (2005). Commercialization and implementation of biocontrol. Annual Review of 
Phytopathology 43, 337-359. [This review compiles figures regarding the commercial use of biological 
control agents in the US] 

Fuentes-Ramirez, L.E., Caballero-Mellado, J. (2005). Bacterial biofertilizers, in PGPR: Biological 
Control and Biofertilization (eds. Z.A. Sadiqui), pp. 143-172. Dordrecht: Springer. [This book chapter 
summarize the use of plant beneficial bacteria for plant growth promotion and biological control in 
agricultural crops]. 

Gelvin, S.B. (2010). Plant proteins involved in Agrobacterium-mediated genetic transformation. Annual 
Review of Phytopathology 48, 45-68. [This review examines the current knowledge on plant proteins 
involved in A. tumefaciens infection] 

Genin, S. (2010). Molecular traits controlling host range and adaptation to plants in Ralstonia 
solanacearum. New Phytologist 187, 920-928. [This paper reviews the knowledge about molecular 
aspects of pathogenicity of Ralstonia solanacearum causing bacterial wilt in many plant species]. 

Glick, B.R., Cheng, Z., Czarny, J., Duan, J. (2007). Promotion of plant growth by ACC deaminase-
producing soil bacteria. European Journal of Plant Pathology 119, 329-339. [This paper reviews the 
molecular and physiological basis for plant growth promotion by bacteria expressing ACC deaminase, 
and how the expression of this enzyme is regulated in different bacterial strains]. 

Gottwald, T.R. (2010). Current epidemiological understanding of citrus Huanglongbing. Annual Review 
of Phytopathology 48, 119-139. [This review compiles knowledge on Huanglongbing mainly in the US in 
the first 5 years since it was discovered in Florida]. 

Griffith, C.S., Sutton, T.B., Peterson, P.D. (2003). Fire Blight: The Foundation of Phytobacteriology. St. 
Paul: APS Press. [This book tells the story of the first decades of fire blight research, that lead to the 
foundation of Phytobacteriology]. 

Haas, D., Defago, G. (2005). Biological control of soil-borne pathogens by fluorescent pseudomonads. 
Nature Reviews Microbiology 3, 307-319. [This review looked at research on the mode of action of 
biocontrol pseudomonads]. 

Hayward, A.C. (1991). Biology and epidemiology of bacterial wilt caused by Pseudomonas 
solanacearum. Annual Review of Phytopathology 29, 65-87. [This paper reviews fundamental aspects of 
the biology and taxonomy of Ralstonia solanacearum, formerly Pseudomonas solanacearum]. 

Heil, M., Ton, J. (2008). Long-distance signalling in plant defence. Trends in Plant Science 13, 264-272. 
[This review examines the role of vascular and volatile signals involved in plant defense].  

Hogenhout, S.A., Loria, R. (2008). Virulence mechanisms of Gram-positive plant pathogenic bacteria. 
Current Opinion in Plant Biology 11, 449-456. [This paper reviews the different strategies used by 
Actinobacteria and Firmicutes to conquer their plant hosts]. 

Hooykaas, P.J.J., Beijersbergen, A.G.M. (1994). The virulence system of Agrobacterium tumefaciens. 
Annual Review of Phytopathology 32, 157-181. [This review looks at fundamental information on the 
molecular bases of A. tumefaciens infection] 

Hopkins, D.L., Purcell, A.H. (2002). Xylella fastidiosa: cause of Pierce's disease of grapevine and other 
emergent diseases. Plant Disease 86, 1056-1066. [This review describes disease caused by X. fastidiosa 
in different hosts, especially in aspects of historical background, epidemiology and disease control]. 

Hungria, M., Campo, R.J., Souza, E.M., Pedrosa, F.O. (2010). Inoculation with selected strains of 
Azospirillum brasilense and A. lipoferum improves yields of maize and wheat in Brazil. Plant and Soil 
331, 413-425. [This study summarizes the selection and evaluation of Azospirillum strains for maize and 
wheat in Brazil, which resulted in the identification of the first Azospirillum strains authorized for the 
production of commercial inoculants in this country]. 

Janse, J.D. (2005). Phytobacteriology: Principles and Practice. Oxfordshire: CABI Publishing. [This 
book is a comprehensive manual of theoretical and practical aspects of Phytobacteriology].  

Jensen, B.D., Vicente, J.G., Manandhar, H.K., Roberts, S.J. (2010) Occurrence and diversity of 
Xanthomonas campestris pv. campestris in vegetable Brassica fields in Nepal. Plant Disease 94, 298-
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305. [This study reports the characterization of the diversity of Xanthomonas campestris pv. campestris 
strains isolated in Nepal during the early 2000s, by repetitive-PCR techniques and pathogenicity assays]. 

Jones, J.D.G., Dangl, J.L. (2006). The plant immune system. Nature 444, 323-329. [This is a 
comprehensive review about the two branches of plant immunity, namely PAMP-triggered and effector-
trigered immunities]. 

Kerr, A. (1980). Biological control of crown gall through production of agrocin 84. Plant Disease 64, 25-
30. [This classic work shows how a disease caused by A. tumefacicens can be controlled by an antibiotic 
produced by A. radiobacter]. 

Kloepper, J.W., Ryu, C.M., Zhang, S.A. (2004). Induced systemic resistance and promotion of plant 
growth by Bacillus spp. Phytopathology 94, 1259-1266. [This review paper describes how beneficial 
rhizobacteria can induce resistance in different crops against different pathogens] 

Kloepper, J.W., Leong, J., Teintze, M., Schroth, M.N. (1980). Pseudomonas siderophores: a mechanism 
explaining disease-suppressive soils. Current Microbiology 4, 317-320. [One of the first papers to show 
that competition for iron can be involved in control of pathogens by beneficial bacteria] 

Konstantinidis, K.T., Tiedje, J.M. (2005). Genomic insights that advance the species definition for 
prokaryotes. Proceedings of the National Academy of Sciences of the United States of America 102, 2567-
2572. [This paper propose the use of Average Nucelotide Identity (ANI) to define species in bacteria] 

Lemanceau, P., Expert, D., Gaymard, F., Bakker, P., Briat, J.F. (2009). Role of iron in plant-microbe 
interactions.  Advances in Botanical Research 51, 491-549. [This book chapter examines the current 
knowledge on the role of iron especially in bacteria-plant interactions]  

Leong, J. (1986). Siderophores: their biochemistry and possible role in the biocontrol of plant-pathogens. 
Annual Review of Phytopathology 24, 187-209. [This review take a look at the controversial role of 
siderophores as mechanisms of biological control] 

Li, Y.X., Hao, G.X., Galvani, C.D., Meng, Y.Z., De La Fuente, L., Hoch, H.C., Burr, T.J. (2007). Type I 
and type IV pili of Xylella fastidiosa affect twitching motility, biofilm formation and cell-cell 
aggregation. Microbiology 153, 719-726. [This paper identifies several genes involved in pili biogenesis 
that have a role in virulence traits of X. fastidiosa] 

Loper, J.E., Kobayashi, D.Y., Paulsen, I.T. (2007). The genomic sequence of Pseudomonas fluorescens 
Pf-5: Insights into biological control. Phytopathology 97, 233-238. [This paper describes the first full 
genome sequence of a beneficial pseudomonads strain] 

Lugtenberg, B., Kamilova, F. (2009). Plant-growth-promoting rhizobacteria. Annual Review of 
Microbiology 63, 541-556. [This is a comprehensive review about plant-root associated bacteria that 
promote plant growth through direct or indirect mechanisms]. 

Ma, B., Hibbing, M.E., Kim, H.S., Reedy, R.M., Yedidia, I., Breuer, J., Glasner, J.D., Perna, N.T., 
Kelman, A., Charkowski, A.O. (2007). Host range and molecular phylogenies of the soft rot 
enterobacterial genera Pectobacterium and Dickeya. Phytopathology 97, 1150-1163. [This paper studies 
phylogenetic relationships among these two genera of plant pathogens that previously were classified 
together]. 

Maiden, M.C.J., Bygraves, J.A., Feil, E., Morelli, G., Russell, J.E., Urwin, R., Zhang, Q., Zhou, J.J., 
Zurth, K., Caugant, D.A., Feavers, I.M., Achtman, M., Spratt, B.G. (1998). Multilocus sequence typing: a 
portable approach to the identification of clones within populations of pathogenic microorganisms. 
Proceedings of the National Academy of Sciences of the United States of America 95, 3140-3145. [This 
paper established MLST as a useful tool for identification of microbial pathogens].  

Masson-Boivin, C., Giraud, E., Perret, X., Batut, J. (2009). Establishing nitrogen-fixing symbiosis with 
legumes: how many rhizobium recipes? Trends in Microbiology 17, 458-466. [This article reviews 
evidence from genomic and genetic analyses pointing toward a variety of mechanisms that lead to 
symbiosis of rhizobia with legumes]. 

Mattick, J.S. (2002). Type IV pili and twitching motility. Annual Review of Microbiology 56, 289-314. 
[This is a comprehensive review on type IV pili function and structure].  
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Mayr, E. (1942). Systematics and the Origin of Species. New York: Columbia University Press. [This 
book discusses fundamental definitions of species among organisms]. 

Meng, Y.Z., Li, Y.X., Galvani, C.D., Hao, G.X., Turner, J.N., Burr, T.J., Hoch, H.C. (2005). Upstream 
migration of Xylella fastidiosa via pilus-driven twitching motility. Journal of Bacteriology 187, 5560-
5567. [This paper describes for the first time the ability of X. fastidiosa to move against the flow via 
twitching motility, using a novel approach of microfluidic chambers as artificial xylem vessels]. 

Mew, T.W., Alvarez, A.M., Leach, J.E., Swings, J. (1993). Focus on bacterial blight of rice. Plant 
Disease 77, 5-12. [This article is a review about the agricultural significance and biological aspects of 
bacterial blight of rice caused by Xanthomonas oryzae pv. oryzae]. 

Morris, C.E., Monier, J.M. (2003). The ecological significance of biofilm formation by plant-associated 
bacteria. Annual Review of Phytopathology 41, 429-453. [This review describes biofilm formation by 
pathogenic and beneficial bacteria in plants]. 

Nino-Liu, D.O., Ronald, P.C., Bogdanove, A.J. (2006). Xanthomonas oryzae pathovars: model pathogens 
of a model crop. Molecular Plant Pathology 7, 303-324. [This article reviews basic and applied aspects of 
bacterial leaf and bacterial streak diseases of rice, caused by the Xanthomonas oryzae pathovars oryzae 
and oryzicola, respectively]. 

Norelli, J.L., Jones, A.L., Aldwinckle, H.S. (2003). Fire blight management in the twenty-first century: 
using new technologies that enhance host resistance in apple. Plant Disease 87, 756-765. [This article 
describes progress in the development of new strategies to control fire blight disease in apple, through 
enhancement of host resistance through genetic and chemical means].  

Park, S.W., Kaimoyo, E., Kumar, D., Mosher, S., Klessig, D.F. (2007). Methyl salicylate is a critical 
mobile signal for plant systemic acquired resistance. Science 318, 113-116. [This paper is the first to 
define the volatile compound methyl salicylate as the mobile signal involved in the Systemic Acquired 
Resistance (SAR) response]. 

Perombelon, M.C.M., Kelman, A. (1980). Ecology of the soft rot erwinias. Annual Review of 
Phytopathology 18, 361-387. [A revision of ecology and epidemiology of Erwinias spp. causing soft rot]. 

Purcell, A.H., Hopkins, D.L. (1996). Fastidious xylem-limited bacterial plant pathogens. Annual Review 
of Phytopathology 34, 131-151. [A revision on the biology of three xylem-limited pathogenic bacteria: 
Xylella fastidiosa, Pseudomonas syzygii, and Clavibacter xyli].  

Qian, W., Jia, Y.T., Ren, S.X., He, Y.Q., Feng, J.X., Lu, L.F., Sun, Q.H., Ying, G., Tang, D.J., Tang, H., 
Wu, W., Hao, P., Wang, L.F., Jiang, B.L., Zeng, S.Y., Gu, W.Y., Lu, G., Rong, L., Tian, Y.C., Yao, Z.J., 
Fu, G., Chen, B.S., Fang, R.X., Qiang, B.Q., Chen, Z., Zhao, G.P., Tang, J.L., He, C.Z. (2005). 
Comparative and functional genomic analyses of the pathogenicity of phytopathogen Xanthomonas 
campestris pv. campestris. Genome Research 15, 757-767. [This article reports comparative genomic 
analyses between two sequenced strains of the black rot bacterium Xanthomonas campestris pv. 
campestris, with emphasis on pathogenicity traits]. 

Raaijmakers, J.M., de Bruijn, I., Nybroe, O., Ongena, M. (2010). Natural functions of lipopeptides from 
Bacillus and Pseudomonas: more than surfactants and antibiotics. FEMS Microbiology Reviews 34, 1037-
1062. [This is a review on the functionality of lipopetides in the biology of biocontrol bacteria]. 

Remenant, B., Coupat-Goutaland, B., Guidot, A., Cellier, G., Wicker, E., Allen, C., Fegan, M., Pruvost, 
O., Elbaz, M., Calteau, A., Salvignol, G., Mornico, D., Mangenot, S., Barbe, V., Medigue, C., Prior, P. 
(2010). Genomes of three tomato pathogens within the Ralstonia solanacearum species complex reveal 
significant evolutionary divergence. BMC Genomics 11, 379-394. [This article reports the genome 
sequencing of three strains of the bacterial wilt bacterium Ralstonia solanacearum, and comparative 
analyses among the sequenced strains and three other previously available sequences of the pathogen]. 

Rico, A., Jones, R., Preston, G.M. (2009). Adaptation to the plant apoplast by plant pathogenic bacteria, 
in Plant pathogenic bacteria (ed. R.B. Jackson), pp. 63-90. Norfolk: Caister Academic Press. [This is a 
book chapter that explain molecular strategies of pathogenic bacteria to thrive in the apoplast] 

Roberts, R.G., Hale, C.N., van der Zwet, T., Miller, C.E., Redlin, S.C. (1998). The potential for spread of 
Erwinia amylovora and fire blight via commercial apple fruit; a critical review and risk assessment. Crop 
Protection 17, 19-28. [This article reviews the biology of Erwinia amylovora with reference to the risk 
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associated with the movement of export-quality apple fruit to countries where fire blight disease does not 
occur or is not widely established]. 

Rodriguez, H., Fraga, R. (1999). Phosphate solubilizing bacteria and their role in plant growth promotion. 
Biotechnology Advances 17, 319-339. [This article reviews the mechanism and gene machinery involved 
in mineral phosphate solubilization by bacteria, and the potential of genetic manipulation of phosphate-
solubilizing bacteria to improve their ability to improve plant growth].  

Roine, E., Raineri, D.M., Romantschuk, M., Wilson, M., Nunn, D.N. (1998). Characterization of type IV 
pilus genes in Pseudomonas syringae pv. tomato DC3000. Molecular Plant-Microbe Interactions 11, 
1048-1056. [This paper dissects different functions conferred by type IV pili in this bacterial pathogen]. 

Romantschuk, M. (1992). Attachment of plant pathogenic bacteria to plant-surfaces. Annual Review of 
Phytopathology 30, 225-243. [This review describes different strategies of phytopathogenic bacteria to 
attach to various plant surfaces]. 

Ryals, J.A., Neuenschwander, U.H., Willits, M.G., Molina, A., Steiner, H.Y., Hunt, M.D. (1996). 
Systemic acquired resistance. The Plant Cell 8, 1809-1819. [A comprehensive review of the SAR 
process. For current knowledge on this active field of research look at more recent papers such as Park et 
al., 2007, or the review Vlot et al, 2009]. 

Schaad, N.W., Postnikova, E., Sechler, A., Claflin, L.E., Vidaver, A.K., Jones, J.B., Agarkova, I., 
Ignatov, A., Dickstein, E., Ramundo, B.A. (2008). Reclassification of subspecies of Acidovorax avenae as 
A. avenae (Manns 1905) emend., A. cattleyae (Pavarino, 1911) comb. nov., A. citrulli (Schaad et al., 
1978) comb. nov., and proposal of A. oryzae sp. nov. Systemic and Applied Microbiology 31, 434-446. 
[Based on genetic approaches, this article proposes a reclassification for plant pathogenic Acidovorax 
avenae strains].  

Schumann, G.L. (1998). Plant Diseases: Their Biology and Social Impact. Saint Paul: APS Press. [This 
book teaches basic concepts in Phytopathology through description of plant diseases and the 
corresponding pathogens, which had great impact in economy and society]. 

Simpson, A.J.G., Reinach, F.C., Arruda, P., Abreu, F.A., Acencio, M., Alvarenga, R., Alves, L.M.C., 
Araya, J.E., Baia, G.S., Baptista, C.S., Barros, M.H., Bonaccorsi, E.D., Bordin, S., Bove, J.M., Briones, 
M.R.S., Bueno, M.R.P., Camargo, A.A., Camargo, L.E.A., Carraro, D.M., Carrer, H., Colauto, N.B., 
Colombo, C., Costa, F.F., Costa, M.C.R., Costa-Neto, C.M., Coutinho, L.L., Cristofani, M., Dias-Neto, 
E., Docena, C., El-Dorry, H., Facincani, A.P., Ferreira, A.J.S., Ferreira, V.C.A., Ferro, J.A., Fraga, J.S., 
Franca, S.C., Franco, M.C., Frohme, M., Furlan, L.R., Garnier, M., Goldman, G.H., Goldman, M.H.S., 
Gomes, S.L., Gruber, A., Ho, P.L., Hoheisel, J.D., Junqueira, M.L., Kemper, E.L., Kitajima, J.P., Krieger, 
J.E., Kuramae, E.E., Laigret, F., Lambais, M.R., Leite, L.C.C., Lemos, E.G.M., Lemos, M.V.F., Lopes, 
S.A., Lopes, C.R., Machado, J.A., Machado, M.A., Madeira, A., Madeira, H.M.F., Marino, C.L.,  
Marques, M.V., Martins, E.A.L., Martins, E.M.F., Matsukuma, A.Y., Menck, C.F.M., Miracca, E.C., 
Miyaki, C.Y., Monteiro-Vitorello, C.B., Moon,  D.H., Nagai, M.A., Nascimento, A., Netto, L.E.S., 
Nhani, A., Nobrega, F.G., Nunes, L.R., Oliveira, M.A., de Oliveira, M.C., de Oliveira, R.C., Palmieri, 
D.A., Paris, A., Peixoto, B.R., Pereira, G.A.G., Pereira, H.A., Pesquero, J.B., Quaggio, R.B., Roberto, 
P.G., Rodrigues, V., Rosa, A.J.D., de Rosa, V.E., de Sa,  R.G., Santelli, R.V., Sawasaki, H.E., da Silva, 
A.C.R., da Silva, A.M., da Silva, F.R., Silva,  W.A., da Silveira, J.F., Silvestri, M.L.Z., Siqueira, W.J., de 
Souza, A.A., de Souza, A.P., Terenzi, M.F., Truffi, D., Tsai, S.M., Tsuhako, M.H., Vallada, H.,Van 
Sluys, M.A., Verjovski-Almeida, S., Vettore, A.L., Zago, M.A., Zatz, M., Meidanis, J., Setubal, J.C. 
(2000). The genome sequence of the plant pathogen Xylella fastidiosa. Nature 406, 151-157. [This paper 
was the first to publish the full genome sequence of a plant-associated bacterium, in this case X. fastidiosa 
causing citrus variegated chlorosis]. 

Spaepen, S., Vanderleyden, J., Remans, R. (2007). Indole-3-acetic acid in microbial and microorganism-
plant signaling. FEMS Microbiology Reviews 31, 425-448. [This review discusses recent knowledge as 
well as emerging views on the well-known phytohormone indole-3-acetic acid, as a microbial metabolic 
and signaling molecule]. 

Spaepen, S., Vanderleyden, J., Okon, Y. (2009). Plant growth-promoting actions of rhizobacteria. 
Advances in Botanical Research 51, 283-320. [This article discusses the different mechanisms of plant-
growth promotion by rhizosphere bacteria as well as their impact in agriculture].  
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Stackebrandt, E., Frederiksen, W., Garrity, G.M., Grimont, P.A.D., Kampfer, P., Maiden, M.C.J., Nesme, 
X., Rossello-Mora, R., Swings, J., Truper, H.G., Vauterin, L., Ward, A.C., Whitman, W.B. (2002). Report 
of the ad hoc committee for the re-evaluation of the species definition in bacteriology. International 
Journal of Systematic and Evolutionary Microbiology 52, 1043-1047. [This report discusses the 
controversial and dynamic definition of species in bacteria]. 

Stall, R.E., Civerolo, E.L. (1991). Research relating to the recent outbreak of citrus canker in Florida. 
Annual Review of Phytopathology 29, 399-420. [A review on the knowledge gained by research in Florida 
on citrus canker]. 

Starr, M.P. (1959). Bacteria as plant pathogens. Annual Review of Microbiology 13, 211-238. [Historical 
paper advocating for an end of the 'subjective era' of plant pathogenic bacteria classification].  

Toth, I.K., Bell, K.S., Holeva, M.C., Birch, P.R.J. (2003). Soft rot erwiniae: from genes to genomes. 
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