EPPO Datasheet: Xanthomonas arboricola pv. pruni
Last updated: 2023-07-13
IDENTITY
	Preferred name: Xanthomonas arboricola pv. pruni
Authority: (Smith) Vauterin, Hoste, Kersters & Swings
Taxonomic position: Bacteria: Proteobacteria: Gammaproteobacteria: Lysobacterales: Lysobacteraceae
Other scientific names: Pseudomonas pruni Smith, Xanthomonas campestris pv. pruni (Smith) Dye, Xanthomonas pruni (Smith) Dowson
Common names in English: bacterial canker of stone fruits, bacterial leaf spot of stone fruits, bacterial shot-hole of stone fruits, black spot of plum
view more common names online...
EPPO Categorization: A2 list
EU Categorization: PZ Quarantine pest (Annex III), RNQP (Annex IV)
view more categorizations online...
EPPO Code: XANTPR
	[image: ]
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Notes on taxonomy and nomenclature
Xanthomonas arboricola pv. pruni forms a monophyletic group with only limited genetic variation within X. arboricola. Some X. arboricola isolates that do not belong to this group have also been isolated from Prunus spp. (Bergsma-Vlami et al., 2012; Garita-Cambronero et al., 2017; Kawaguchi, 2014; Lopez-Soriano et al., 2016; Zarei et al., 2022).
HOSTS
X. arboricola pv. pruni is found exclusively on Prunus spp. and thus only infects this genus of hosts. The following crops are particularly affected: almond (P. dulcis), peach (P. persica) including nectarine (P. persica var. nucipersica), sour cherry (P. cerasus), sweet cherry (P. avium), European plum (P. domestica), apricot (P. armeniaca) and Japanese plum (P. salicina). Other exotic or ornamental species of Prunus attacked include P. davidiana and cherry laurel (P. laurocerasus). Cultivars of the Sino-Japanese group (P. japonica and P. salicina) are generally more susceptible than European plums (Bazzi & Mazzucchi, 1984; Topp et al., 1989; Garita-Cambronero et al., 2018).
Host list: Prunus apetala, Prunus armeniaca, Prunus avium, Prunus buergeriana, Prunus cerasus, Prunus davidiana, Prunus domestica, Prunus dulcis, Prunus japonica, Prunus laurocerasus, Prunus mume, Prunus persica var. nucipersica, Prunus persica, Prunus salicina, Prunus x lannesiana
GEOGRAPHICAL DISTRIBUTION
X. arboricola pv. pruni has a worldwide distribution and is present in most areas where Prunus spp. are being cultivated although it is not always widespread within these regions. It has been present in the EPPO region (e.g. in Italy) for decades but it was first described in North America (EFSA, 2014). However, it is not clear (from the literature) whether it has initially spread only from North America.
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EPPO Region: Belgium, France (mainland), Germany, Greece (mainland), Hungary, Italy (mainland, Sardegna, Sicilia), Jordan, Moldova, Republic of, Montenegro, Netherlands, Norway, Romania, Russian Federation (the) (Far East, Southern Russia), Serbia, Slovenia, Spain (mainland, Islas Baleares), Switzerland, Ukraine
Africa: South Africa, Zimbabwe
Asia: China (Anhui, Gansu, Guangdong, Guangxi, Guizhou, Hebei, Henan, Hubei, Hunan, Jiangsu, Jiangxi, Jilin, Liaoning, Shaanxi, Shandong, Shanxi, Sichuan, Xianggang (Hong Kong), Xinjiang, Yunnan, Zhejiang), India (Himachal Pradesh, Maharashtra), Japan (Honshu), Jordan, Korea, Democratic People's Republic of, Korea, Republic of, Lebanon, Pakistan, Saudi Arabia, Taiwan, Tajikistan
North America: Canada (Manitoba, Nova Scotia, Ontario, Québec, Saskatchewan), Mexico, United States of America (Alabama, Arkansas, California, Colorado, Connecticut, Delaware, Florida, Georgia, Idaho, Illinois, Kentucky, Louisiana, Maine, Maryland, Michigan, Mississippi, Missouri, Montana, Nebraska, New Hampshire, New Jersey, New York, North Carolina, North Dakota, Ohio, Oklahoma, Oregon, Pennsylvania, South Carolina, South Dakota, Texas, Virginia)
Central America and Caribbean: Bermuda
South America: Argentina, Brazil (Parana, Rio Grande do Sul, Santa Catarina, Sao Paulo), Uruguay
Oceania: Australia (New South Wales, Queensland, Victoria, Western Australia), New Zealand

BIOLOGY
X. arboricola pv. pruni overwinters in infected parts of the plant such as dormant buds, leaf scars and cankers. On plum and apricot, summer cankers formed in the previous season continue developing the following spring, so providing a source of inoculum at this time. Mummified almond fruit and fallen leaves have also been reported as overwintering sites (Haack et al., 2020; Zaccardelli et al., 1998).
In the spring, before host division starts, the bacteria in the intercellular spaces multiply and cause the epidermis to rupture, so initiating a visible lesion referred to as a spring canker. Inoculum from these cankers is disseminated in rain and wind. The bacteria initially multiply epiphytically but can later switch to a parasitic lifestyle and infect new leaf growth via stomata or wounds. Especially during the epiphytic phase biofilm formation is thought to play a crucial role. X. arboricola pv. pruni can also survive and proliferate as an epiphyte on several non-host plants that can occur as weeds or cultivated plants on or near plantations with Prunus species. However, the role of these epiphytic populations in disease outbreaks is unclear. Lesions developing on the leaf exude bacteria which cause secondary infections on fruits, twigs and trunks (Garita-Cambronero et al., 2019; Lamichhane, 2014; Sabuquillo & Cubero, 2021; Zarei et al., 2018). Pruning operations may also transmit the disease (Goodman & Hattingh, 1988). Insects which damage plum bark, such as Cicada spp. in New Zealand, can provide points for entry.
Following foliage infection, summer cankers develop in the green tissue of the shoot, but usually become sealed off by a periderm layer and, as cankers tend to dry out during the course of summer, the viability of bacteria therein is largely reduced; thus, except in certain localities, summer cankers in plum and peach are of no importance as overwintering sites for the bacterium, or in initiating infections the following spring. In general, it is the late infections of shoots, occurring during rains just before and during leaf fall in the autumn, when the host resistance mechanism of producing a periderm barrier is reduced, which constitute the primary inoculum source for the following spring (Lamichhane, 2014; Scortichini, 2010).
A warm season with maximum temperatures of 25-33°C and with light, frequent rains accompanied by fairly heavy winds and heavy dews is most favorable for severe infection. The disease tends to appear and spread in the spring, then makes little progress through the summer, but late infections occur in the autumn. The disease is not usually found in arid regions (Anderson, 1956; Hayward & Waterston, 1965; Morales et al., 2017; Scortichini, 2010).
DETECTION AND IDENTIFICATION
Symptoms
Symptoms can be observed on all above ground parts of the plant except for the flowers. For each host different typical symptoms can be formed but some general characteristics also exist (EPPO, 2021a&b).
Usually the first symptoms are observed on the leaves where small angular spots are formed. These spots are initially translucent or pale green but later turn dark purple, brown, or black. These spots can grow over time and are mostly formed close to main veins or the apical edge of the leaf. On peach and nectarine, the area immediately surrounding the spots may become yellow and eventually leaves may drop. The necrotic spot might drop out, giving a shot-hole appearance to the leaf. Often, a dark ring of diseased tissue is left with the formation of the holes and this shot-hole effect is usually more pronounced on plum, cherry and cherry laurel. On leaves of almond trees the lesions are surrounded by chlorotic tissue, but this chlorosis is limited to only a few millimeters. Defoliation of almond as a result of a X. arboricola pv. pruni infection is rare and only occurs if trees are severely infected (Garita-Cambronero et al., 2018; Palacio-Bielsa et al., 2010).
On fruits small circular brown spots appear on the surface. They become sunken, the margins are frequently water-soaked, and there are often light-green halos which impart a mottled appearance to the fruit. As a result of natural enlargement of the fruit, pitting and cracking occur in the vicinity of the spots. These cracks are often very small and difficult to see, but where heavy infection has occurred on young fruit they can be extensive, severely damaging the fruit surface. Gum flow, particularly after rain, may occur from bacterial wounds, this may easily be confused with insect damage. For almond, symptoms on the fruit are very characteristic. In spring sunken, corky lesions with oozing gum are formed. These lesions become raised in summer when the mesocarp is dehydrated. In cherry, early fruit infection results in distorted fruits, and bacteria may be found from the epidermis to the stone (Garita-Cambronero et al., 2018; Palacio-Bielsa et al., 2010).
The formation of symptoms on stem and branches of Prunus spp. is less common but this does occur. Spring cankers appear on the top portion of overwintering twigs and on water sprouts before green shoots are produced. Water-soaked, slightly darkened, superficial blisters occur extending 1-10 cm parallel to the long axis of the twig. Severe infections may cause the tip of a twig to die, while the tissue immediately below the dead area, in which the bacteria are present, is characteristically dark; this is the so-called “black tip” injury. Twig infections later in the season result in summer cankers, which appear as water-soaked, dark-purplish spots surrounding lenticels. These later dry out and become limited, dark, sunken, circular to elliptical lesions with a water-soaked margin. Cankers are more common on plum and are perennial on plum and apricot, where they continue developing in twigs of 2 and 3 years old.
Other bacterial pathogens can cause symptoms on Prunus spp. that can be hard to distinguish from symptoms caused by X. arboricola pv. pruni. Xanthomonas prunicola has been isolated from cankers on nectarine trees and has been shown to be able to cause necrotic lesions on leaves identical to those caused by X. arboricola pv. pruni (Lopez et al., 2018). During a survey in Iran on stone fruit multiple Pantoea species were detected from different Prunus plants that showed X. arboricola pv. pruni like symptoms but X. arboricola pv. pruni was not found (Zarei et al., 2019). Other sources of possible confusion are mentioned in Standard PM 7/64 (EPPO, 2021a).
Morphology
X. arboricola pv. pruni is an aerobic, motile, non-sporulating, Gram-negative rod, 0.2-0.8 x 0.8-1.7 µm, with a single polar flagellum. Colonies are wet shining, convex, of a slimy mucoid consistency, and produce a yellow water-insoluble pigment (Hayward & Waterston, 1965).
Detection and inspection methods
A procedure for inspection of places of production of Prunus spp. trees is provided in Standard PM 3/76 (EPPO, 2021b), including guidance for the testing of symptomless mother trees, when necessary. Inspections should be performed during the growing season and samples for diagnostic analysis can be taken from both symptomatic as well as asymptomatic material.
Symptoms of X. arboricola pv. pruni can be confused with that caused by other biotic and abiotic factors, e.g. symptoms of X. prunicola. Therefore, when the presence of X. arboricola pv. pruni is suspected this needs to be confirmed by a diagnostic analysis.
Two LAMP tests (Bühlmann et al., 2013; Li et al., 2019), several PCR tests (Pagani, 2004; Park et al., 2010; Pothier et al., 2011) and two real-time PCR tests (Garita-Cambronero et al., 2017; Palacio-Bielsa et al., 2011) have been developed. In most cases these tests can specifically detect and identify X. arboricola pv. pruni. Additionally, the tests of Palacio-Bielsa et al. (2011) and Bühlmann et al. (2013) have been evaluated in a test performance study (Palacio-Bielsa et al., 2015). The EPPO diagnostic protocol PM 7/64 provides extensive guidelines on the isolation and molecular detection and identification of X. arboricola pv. pruni using several of the above-mentioned protocols (EPPO, 2021a).
PATHWAYS FOR MOVEMENT
X. arboricola pv. pruni disperses locally by rain splash, wind and via the use of contaminated tools in orchards. In international trade, it is likely to be carried on latently infected plants for planting (except seeds) of host species, including budwood (Garita-Cambronero et al., 2018). The bacterium may also travel long distances on infected fruits, but this does not appear to contribute to new outbreaks.
PEST SIGNIFICANCE
Economic impact
The greatest damage arises from severe defoliation resulting in weakened trees. Heavily infected trees gradually became uneconomic as leaders die, following invasion by X. arboricola pv. pruni. In addition, fruits of infected plants are small and lower quality often making them unmarketable. In neglected peach orchards, 25-75% of fruits may be attacked. Control measures during epidemic years, mainly consisting of copper treatments, cause higher productions costs and may have deleterious effects on the environment (Dunegan, 1932; EFSA, 2014). Within the EU recurrent epidemics have caused damage on plum in Italy, on peach in France and on peach and almond in Spain. The production losses caused by X. arboricola pv. pruni on almond in Spain have been estimated between 23% and 46% (EFSA, 2014; Palacio-Bielsa et al., 2014).
Control
The control of X. arboricola pv. pruni can be very difficult when climatic conditions are optimal for the pathogen. Tolerant and resistant cultivars are available for growers. However the choice is limited, and most peach, apricot and Japanese plum varieties are susceptible to X. arboricola pv. pruni. Therefore, the use of certified plant material is important to avoid introduction of the pathogen (EPPO, 2001a&b). Copper sprays can be used to reduce the disease load in orchards, but some Prunus spp. are highly susceptible to phytotoxicity and copper treatments may therefore damage the plants. In addition, general concerns regarding the use of copper in agriculture, such as the occurrence of copper-resistant strains and soil accumulation, limit the use of this product (EFSA, 2014; Lamichhane et al., 2018). Alternative approaches to prevent or limit X. arboricola pv. pruni outbreaks, such as the use of plant elicitor peptides or antimicrobial compounds produced by Pseudomonas aeruginosa, are being investigated but are not yet available for the use in a commercial setting (Ruiz et al., 2018; Silva Vasconcellos et al., 2014).
Phytosanitary risk
For cherry and European plum only minimal effects on yield are observed. For peach, nectarine, almond and Japanese plum damage to fruits often does not result in reduced yields but makes the affected fruits unmarketable. When conditions are favorable for the pathogen, X. arboricola pv. pruni is able to cause severe damage mainly to susceptible peach and plum varieties leading to strong yield reduction and even plant death (EFSA, 2014).
PHYTOSANITARY MEASURES
To prevent the introduction and spread of X. arboricola pv. pruni, import requirements for Prunus plants for planting (other than seeds) apply worldwide. These requirements can vary with regards to prevalence in the country of origin, and include production in a pest-free area or a pest-free place/site of production.
As well as preventing introduction, it is essential to start cultivation with non-infected plants for planting. Therefore, absence in mother plants and nuclear stock should be assured before the start of breeding, propagation and/or production of plants for planting (EPPO, 2001a&b). When it was deregulated as a quarantine pest, X. arboricola pv. pruni was recommended for regulation as a regulated non-quarantine pest (RNQP) for Prunus propagation material (other than seeds; either to be used for fruit production or as ornamental) during the EU Quality pest project (Picard et al., 2018). As such Prunus spp. material intended for planting should come from areas that are known to be free from X. arboricola pv. pruni, from pest-free production sites, to have been tested, or inspected for evergreen species before dispatch (See more detailed phytosanitary measures recommended at https://rnqp.eppo.int/recommendations).
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