CAPS Datasheets provide pest-specific information to support planning and completing early
detection surveys.

‘Candidatus Phytoplasma prunorum’

‘Candidatus Phytoplasma prunorum’ Seemdller and Schneider, 2004

Synonym(s):

None

Common Names
European stone fruit yellows, plum leptonecrosis, apricot decline, peach decline,
apricot dieback, peach yellows, peach vein clearing, apricot chlorotic leafroll

Type of Pest
Phytoplasma

Taxonomic Position
Class: Mollicutes, Order: Acholeplasmatales, Family: Acholeplasmataceae

Pest Recognition

Pest Description

Phytoplasmas belong to the class Mollicutes and are the putative causal agents of
yellows diseases that affect at least 1,000 plant species worldwide (McCoy et al., 1989;
Seemuller et al., 2002; Trivellone and Dietrich, 2020). These minute, endocellular
prokaryotes colonize the phloem of their infected plant hosts as well as various tissues
and organs of their respective insect vectors. Phytoplasmas are transmitted after a
latency period of several days to months to plants during feeding activity by their
vectors, primarily leafhoppers, planthoppers, and psyllids in the order of Hemiptera
(IRPCM, 2004; Thébaud et al., 2009).

Phytoplasmas are classified in a system of groups and subgroups based on DNA
fingerprints of their 16S rRNA genes (16S rDNA) (Lee et al., 1995; Lee et al., 2000).
‘Candidatus Phytoplasma prunorum’ is classified in the apple proliferation group
(16SrX), subgroup B (16SrX-B). The 16SrX group also includes phytoplasmas
associated with other perennial fruit tree diseases present in Europe, including apple
proliferation (‘Candidatus Phytoplasma mali’) and pear decline (‘Candidatus
Phytoplasma pyri’) (Seemuller and Schneider, 2004).

Symptoms
‘Candidatus Phytoplasma prunorum’ is associated with the European stone fruit yellows

(ESFY) disease, which primarily includes diseases of apricot, Japanese plum, and
peach. Symptoms of ESFY are influenced by Prunus species, cultivar, age of trees,
rootstock, and environmental factors. There are many tolerant hosts that do not show
any symptoms of disease but can harbor infections that are reservoirs for further
transmission of this disease (Németh, 1986).
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Figure 1. Premature leaf emergence in an infected Prunus salicina (Japanese plum) tree
(left), and phloem necrosis (right) in a Prunus spp. affected by ESFY. Photos are courtesy of
Assumpcio Batlle, IRTA, Catalunya, Spain (left), and Dr. B. Schneider, BBA (right).

A common symptom of infection in most Prunus species is the early break of leaf buds
in late winter (Fig. 1) (Jarausch et al., 2008). The early break in dormancy increases the
susceptibility of affected trees to frost, which can damage the phloem (Fig. 1). Infected
shoots are typically shorter and bear smaller, deformed leaves that can drop
prematurely. Infected shoots may die back, and fruit on affected branches develops
poorly and may fall prematurely (Morvan, 1977; Németh, 1986). Infected apricot and
Japanese plum trees display leaf rolling and yellowing (Fig. 2-3) followed by leaf
reddening (Fig. 4), small leaves, or suppression of dormancy leading to the risk of frost
injury, necrosis, tree decline, and eventual death (Carraro and Osler, 2003; Morvan,
1977). Peaches exhibit early leaf reddening, severe upward longitudinal rolling of
leaves, brittle leaves, abnormal thickening of the midribs and primary veins, autumnal
growth of latent buds, which produce tiny chlorotic leaves and sometimes flowers, and
early leaf fall (Poggi Pollini et al., 2001). In Italy, symptoms first appeared in late
summer with latent bud production occurring in September (Poggi Pollini et al., 2001).
ESFY also affects tree flowers and shoots in winter, which leads to lack of fruit
production (Fig. 5) and chlorosis of leaves later in the growing season (Gazel et al.,
2009).

Easily Mistaken Species

Symptoms of phytoplasma infection may resemble symptoms caused by other plant
pathogens or abiotic stress; molecular identification is necessary to confirm the
presence of a phytoplasma. Some phytoplasmas in North America have similar host
ranges as ‘Ca. P. prunorum’ and cause similar symptoms. The peach yellow leaf roll
(PYLR) phytoplasma, which also belongs in the 16SrX group (subgroup C), is presentin
California (Gasparich et al., 2020; Kison et al., 1997). ‘Candidatus Phytoplasma pruni’,
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which infects stone fruit in North America, is
part of the16Srlll group (the Western-X
disease group), and symptoms of X-disease
infection are similar to those of ESFY
infection (Lee et al., 1998; Marcone et al.,
2010; Poggi Pollini et al., 2001).

Biology and Ecology

ESFY is considered an epidemic disease
since it can spread rapidly when
environments are favorable to the growth of

host plants and vectors (Carraro and Osler, Figure 2. Leaf rolling symptom of ESFY
2003). Cacopsylla pruni (plum psyllid) is the in apricot. Photo courtesy of G. Morvan.
primary vector of ‘Ca. P. prunorum’ (Carraro EPPO.

et al., 1998b). This psyllid completes one
generation per year and overwinters as an
adult on shelter plants, usually conifers in
highland areas (Conci et al., 1992; Thébaud
et al., 2009). At the end of winter, C. pruni
moves from shelter plants to cultivated or
wild Prunus species for oviposition. From
May until early July, the new generation
feeds on Prunus species. As soon as adult
development is complete, C. pruni
abandons the stone fruit trees (Carraro et
al., 2001; Conci et al., 1992) and migrates
back to shelter plants to overwinter
(Thébaud et al., 2009). During this time, the
phytoplasma colonizes and multiplies in the
insect’s salivary glands (Thébaud et al.,
2009). Cacopsylla pruni remains infective
through overwintering and into the following
spring. After the eight-month overwintering
period, C. pruni has a transmission
efficiency of 60% (Thébaud et al., 2009).

Figure 3. Apricot tree showing symptoms of
When overwintered insects reach the stone  Yellowing, leaf curl, and decline (top), and a

symptomless shoot (bottom). Image from

fruit trees, they are already infected and Davies and Adams (2000).

infective (Carraro et al., 2001). The natural
transmission period lasts as long as the
vector is present on Prunus species (Carraro et al., 2004b). The psyllid transmits ‘Ca. P.
prunorum’ in a persistent-propagative manner (Thébaud et al., 2009). According to one
study, infected stone fruit plants showed typical ESFY symptoms after an incubation
period of 4-5 months (Carraro et al., 1998b). ‘Candidatus Phytoplasma prunorum’ can
persist in the stem of Prunus hosts in the dormant winter season, in sharp contrast to
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the apple proliferation and pear decline
phytoplasmas, which only survive
winter in host roots (Seemdller et al.,
1998).

Studies have demonstrated the
important role of wild Prunus species in
the spread of ESFY. These plants
serve as hosts for the vector and the
phytoplasma in the epidemic cycle of
the disease (Carraro et al., 2002;
Jarausch et al., 2019; Thébaud et al.,

2009). The phytoplasma can, therefore, Figure 4. Reddening of Japanese plum leaves
survive and persist in nature without affected by ESFY (right) compared to an
cultivated hosts. In Europe, C. pruni unaffected leaf (left). Photo courtesy of Dr. B.

prefers Prunus spinosa (blackthorn) for Schneider, BBA.

its development (Lauterer, 1999). This

psyllid may also be found on numerous

other wild and/or cultivated Prunus

species (Carraro et al., 2004a; Gallinger et al., 2020).

Known Hosts

‘Candidatus Phytoplasma prunorum’ is prevalent in areas where susceptible hosts, the
vector, and favored wild hosts of the vector are available (Steffek et al., 2012). On its
susceptible and sensitive hosts — apricot, Japanese plum, and peach - the symptoms of
ESFY infection are visible. However, other stone fruit species may not show symptoms
due to tolerance or resistance (Morvan, 1977). Wild hosts such as P. spinosa and P.
cerasifera are usually symptomless (Carraro et al., 2004a; Carraro et al., 1998a;
Jarausch et al., 1999; Jarausch et al., 2000a).

The host list below includes cultivated and wild plants that 1) are infected or infested by
the pest under natural conditions, 2) are frequently described as major, primary, or
preferred hosts, and 3) have primary evidence for feeding and damage documented in
the literature. Plants are highlighted in bold if they are commercially produced and the
pest causes economically significant damage.

Major Hosts: Prunus armeniaca (apricot) *, Prunus cerasifera (cherry plum)*, ,
Prunus persica (peach)*, Prunus salicina (Japanese plum)*, and Prunus spinosa
(blackthorn)* (Carraro et al., 1992; Jarausch et al., 2008; Morvan, 1977; Poggi Pollini et
al., 2001).

Other Known Hosts: Celtis australis (European hackberry)*, Convolvulus arvensis
(field bindweed)*, Corylus avellana (European hazel)*, Cynodon dactylon
(Bermudagrass)*, Fraxinus excelsior (European ash)*, Prunus americana (American

" Host with known U.S. distribution.
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Figure 5: Fruit set of ‘Ca. Phytoplasma prunorum’ infected apricot tree (left) compared with
a healthy control tree (right). Image is from Gazel et al. (2009).

plum)*, Prunus dulcis (=Prunus amygdalus) (sweet almond)*, P. avium (sweet cherry)*,
P. bokhariensis (Bokhara plum), P. brigantina (Briangon apricot), P. cerasus (sour
cherry)*, P. coccomilia (Italian plum), P. consociiflora (Chinese wild peach), P.
dasycarpa (purple, black apricot)Prunus domestica (European plum)*, Prunus serrulata
(flowering cherry)*, P. mahaleb (Mahaleb cherry)*, P. maritima (beach plum)*, P.
mexicana (Mexican plum)*, P. mume (Japanese apricot)*, Prunus orthosepal, P.
salicina x cerasifera (methley, cherry plum), P. serrulata (Japanese flowering cherry)*,
P. simonii (apricot plum), , P. subcordata (Klamath plum)*, P. tomentosa (Nanking
cherry)*, Pyrus spp. (pear)*, Rosa canina (dog rose)*, and Vitis vinifera (grape)*
(Carraro et al., 2002; Carraro et al., 2004a, 2004b; Carraro and Osler, 2003; Carraro et
al., 1992; Fialova et al., 2004; Giunchedi et al., 1982; Hashemi-Tameh et al., 2014;
Jarausch et al., 1999; Jarausch et al., 2000a; Jarausch et al., 2001; Jarausch et al.,
1998; Jarausch et al., 2000b; Kison and Seemdller, 2001; Lorenz et al., 1994; Marcone
et al., 1996a; Morvan, 1977; Pignatta et al., 2008; Poggi Pollini et al., 2001; Poggi Pollini
et al., 1995; Sanchez-Capuchino et al., 1976; Varga et al., 2000).

Note: The level of susceptibility and symptom expression varies significantly among
‘other’ hosts.

‘Candidatus Phytoplasma prunorum’ also causes infection of Prunus rootstocks: Prunus
besseyi x P. hortulana, P. cerasifera, P. domestica, P. domestica x P. cerasifera, P.
mariana, P. persica x P. cerasifera, and P. salicina x P. spinosa (Jarausch et al., 1998;
Jarausch et al., 2000b; Kison and Seemidiller, 2001). The susceptibility and sensitivity of
the rootstocks to ESFY varies according to the different genotypes. Some are highly
sensitive, including apricot seedlings and peach rootstocks Rubira, Montclar and
Rutgers Red Leaf. Other rootstocks, such as P. domestica stocks Ackermann's,
Brompton and P 1275, are tolerant (Kison and Seemdller, 2001).

Pest Importance

‘Candidatus Phytoplasma prunorum’ causes economic damage to apricot (Desvignes
and Cornaggia, 1982), Japanese plum (Marcone et al., 2010), and peach (Marcone et
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al., 1996b; Poggi Pollini et al., 2001). On
Japanese plum, incidence of ESFY was
reported to be as high as 80 percent
(Sabaté et al., 2016). Mortality caused by
ESFY can reach up to 100 percent within
the most sensitive cultivars in apricot and
Japanese plum orchards (Fig. 6), and
total yield loss may occur (Carraro and
Osler, 2003). In Turkey, susceptible young
apricot and plum trees infected with ‘Ca.
Phytoplasma prunorum’ die quickly (within
1 to 2 years after infection), and the
pathogen causes yield and quality losses
on trees older than five years (Gazel et

Figure 6: Host mortality of Prunus salicina

al., 2009). (Japanese plum) trees infected by ‘Ca. P.
prunorum’. Photos courtesy of Assumpcio
Apricot, peach and nectarine, and plum Batlle, IRTA, Catalunya, Spain.

are all important crops in the United

States. In 2020, total production of peaches and nectarine in the United States was at
740,260 tons with a value of $ 642 million and U.S. apricot production was about 33,400
tons with a value of $34 million. In 2020, the United States produced 105,000 tons of
fresh plums harvested from 13,800 acres with a total value of $122 million. The United
States also produced 57,200 tons of prunes (dried plums) from 40,000 acres with a
value of $112 million (NASS, 2021).

‘Candidatus Phytoplasma prunorum’ is listed as a harmful organism in Colombia, Chile,
Ecuador, Honduras, Japan, Mexico, and Peru (APHIS, 2021). There may be trade
implications with these countries if this pathogen becomes established in the United
States.

Known Vectors (or associated insects)
Cacopsylla pruni (Fig. 7) is the only confirmed

vector of ‘Ca. P. prunorum’ (Carraro et al.,
1998b). There are two non-hybridizing species
with similar morphology, but with distinct genetic
differences (Peccoud et al., 2013); species A and
B, both are vectors of the pathogen (Marie-
Jeanne et al., 2020; Sauvion et al., 2021).
However, the difference of transmission
capacity/efficiency between them has not yet
been determined. Cacopsylla pruni is native to
Europe and widespread in the Western Palearctic

(Ouvrard, 2021; Steffek et al., 2012). Figure 7. Cacopsylla pruni. Photo
courtesy of B. Jarausch. RLP
Asymmetrasca decedens (=Empoasca AgroSciences.

decendens) was tentatively shown to transmit
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ESFY on two apricot trees (Pastore et al., 2004), but in another study, it did not spread
the phytoplasma in an apricot orchard during several years of monitoring (Pastore et al.,
2010). The leafhoppers Anaceratogallia and Euscelis have been infected by the
phytoplasma, but are not confirmed vectors (Poggi Pollini et al., 1996).

Cacopsylla pruni and Asymmetrasca decendens are not currently known to be present
in the United States.

Known Distribution

Africa: Egypt, Tunisia. Asia: Azerbaijan, Iran, Turkey. Europe: Albania, Austria,
Belarus, Belgium, Bosnia-Herzegovina, Bulgaria, Croatia, Czech Republic, France
(including Corsica), Germany, Greece, Hungary, Italy (including Sardinia), Netherlands,
Poland, Romania, Serbia, Slovakia, Slovenia, Spain, Switzerland, and the United
Kingdom (England) (Al Khazindar and Abdel Salam, 2011; Ambrozi¢ Turk et al., 2008;
Balakishiyeva et al., 2010; Bissani et al., 2002; Carraro et al., 1998a; Cieslinska and
Morgas, 2011; Davies and Adams, 2000; Delic et al., 2007; Duduk et al., 2004; EPPO,
2021; Etropolska and Lefort, 2019; Fialova et al., 2007; Gazel et al., 2009; Hashemi-
Tameh et al., 2014; Holevas et al., 2000; Ivic et al., 2017; Jarausch et al., 2008;
Jarausch et al., 1998; Jarausch et al., 2000b; Khalifa et al., 2011; Koncz et al., 2017;
Krizanac et al., 2010; Laimer Da Camara Machado et al., 2001; Marie-Jeanne et al.,
2020; Mehle et al., 2007; Myrta et al., 2003; Navratil et al., 2001; Necas et al., 2018;
Olivier et al., 2004; Polak et al., 2007; Ramel and Gugerli, 2003; Riedle-Bauer et al.,
2019; Sabaté et al., 2016; Sertkaya et al., 2005; Topchiiska et al., 2000; Trandafirescu
et al., 2011; Valasevich and Schneider, 2016; Verbeek, 2008).

The incidence of disease varies in each country. ESFY is a serious problem in countries
bordering the Mediterranean Sea (Spain, France, Italy, Balkans) where the cultivation of
susceptible and sensitive Prunus species is widespread (Steffek et al., 2012). This
phytoplasma is considered to be no longer present in Cyprus; records from South Africa
and Ukraine are considered to be invalid (EPPO, 2021).

Pathway

Long-distance spread occurs when infected plant material, especially symptomless
plant material, is transported to a new area (Carraro et al., 1992; Marcone et al., 2010;
Seemiiller et al., 1998). ‘Candidatus Phytoplasma prunorum’ is easily transmissible by
budding and grafting in summer and winter (Riedle-Bauer et al., 2012). Imported plant
materials were considered as a main means of introduction of ‘Ca. P. prunorum’ into
Turkey (Ulubas Sercge et al., 2006). Local spread of ‘Ca. P. prunorum’ may occur from
the flight of the insect vector. Infectious C. pruni may spread the phytoplasma to Prunus
spp. over long distances (27-50 km) during its adult lifespan (Marie-deanne et al., 2020;
Thébaud et al., 2009).

According to Federal Order DA-2013-18, effective May 20, 2013, the import of Prunus
spp. propagative material is currently prohibited from all countries except Canada and
the Netherlands to restrict import of host material of Anoplophora chinensis (Chinese

longhorned beetle) and Anoplophora glabripennsis (Asian longhorned beetle) (USDA,
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2021). Prior to this Federal Order, import of Prunus spp. propagative material was
allowed from the following countries known to have ‘Ca. P. prunorum’: Belgium, France,
Germany, and the United Kingdom (USDA, 2021).

Since 2016, there have been shipments of Prunus spp. propagative material from the
following countries where ‘Ca. P. prunorum’ is present: Albania (14), Belgium (1),
Bulgaria (1), Croatia (1), Czech Republic (7), Egypt (1), France (19), Germany (34),
Greece (5), Hungary (11), Iran (4), ltaly (17), Netherlands (12), Poland (3), Romania (1),
Spain (17), Tunisia (3), Turkey (29), the United Kingdom (17). The largest of these
shipments was from the Netherlands and contained 10,000 plant units (ARM, 2021).
There have also been 34 interceptions of Prunus spp. plant material intended for
propagation from 12 different countries where ‘Ca. P. prunorum’ is present since 2016
(ARM, 2021).

Use the PPQ Commodity Import and Export manuals listed below to determine 1) if host
plants or material are allowed to enter the United States from countries where the
organism is present and 2) what phytosanitary measures (e.q., inspections,
phytosanitary certificates, post entry quarantines, mandatory treatments) are in use.
These manuals are updated regularly.

Fruits and Vegetables Import Requirements (FAVIR) Online Database: The FAVIR
database lists all importation requirements for fruits and vegetables. To search by
commodity, select ‘Approved Name’ at the top left of the page. Select the commaodity
from the drop down menu and then click ‘Search’. Click on the ‘Commodity Summary’
tab for details.

https://epermits.aphis.usda.gov/manual/index.cfm?action=pubHome

Plants for Planting Manual: This manual is a resource for regulating imported plants
or plant parts for propagation including buds, bulbs, corms, cuttings, layers, pollen,
scions, seeds, tissue, tubers, and like structures.
https://www.aphis.usda.gov/import_export/plants/manuals/ports/downloads/plants_for_p

lanting. pdf

Cut Flowers and Greenery Import Manual: This manual is a resource for regulating
imported fresh, cut plants used for decoration and for protecting plants from extinction
due to trade.
https://www.aphis.usda.gov/import_export/plants/manuals/ports/downloads/cut_flower_i

mports.pdf

Miscellaneous and Processed Products Import Manual: This manual is a resource
for regulating imported processed plant and non-plant that may introduce exotic pests.
https://www.aphis.usda.gov/import_export/plants/manuals/ports/downloads/miscellaneous.pdf

Treatment Manual: This manual provides information about treatments applied to
imported and domestic commodities to limit the movement of agricultural pests into or
within the United States.
https://www.aphis.usda.gov/import_export/plants/manuals/ports/downloads/treatment. pdf
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Potential Distribution within the United States

Based on the known distribution of ‘Ca. P. prunorum’, it may establish in plant hardiness
zones 4-11, which encompass most of the continental United States (Takeuchi et al.,
2018). Orchards where apricot, Japanese plum, and peaches are grown are most
vulnerable to damage. California has the greatest risk of economic damage from this
phytoplasma based on host presence. About 90 percent of U.S. apricot production
occurs in California, and the rest occurs in Washington State (NASS, 2021). The top
five states for peach production are California (47.9 %), South Carolina (20.5%),
Georgia (12.0%), New Jersey (5.2%), and Pennsylvania (5.1%) (NASS, 2021).
Production of nectarine (13,600 acres) and plum (13,800 acres) is limited, mostly, to
California (NASS, 2021). Most of the continental United States has a fairly low level of
risk of economic damage from ‘Ca. Phytoplasma prunorum’ establishment based on
host availability. Important wild hosts for the vector and the ESFY phytoplasma, such as
Prunus spinosa and P. cerasifera, are also present in eastern and western United
States (NRCS, 2021).

Survey and Key Diagnostics

Approved Methods for Pest Surveillance*

For currently approved methods and guidance for survey and identification, see
Approved Methods for Pest Surveillance (AMPS) pest page on the CAPS Resource and
Collaboration website, at https://caps.ceris.purdue.edu/approved-methods.
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