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INTRODUCTION
Collecting, conservation and utilization of plant genetic resources and their global dis-
tribution are essential components of international crop improvement programmes.

Inevitably, the movement of germplasm involves a risk of accidentally introducing plant
pests 1 along with the host plant. In particular, pathogens that are often symptomless,
such as viruses, pose a special risk. In order to manage this risk, effective testing (indexing)
procedures are required to ensure that distributed material is free of pests that are of
quarantine concern.

The ever-increasing volume of germplasm exchanged internationally for research pur-
poses, coupled with recent advances in biotechnology, has created a pressing need for
crop-specific overviews of the existing knowledge in all disciplines relating to the phy-
tosanitary safety of germplasm transfer. This has prompted FAO and IPGRI to launch
a collaborative programme for the safe and expeditious movement of germplasm, reflect-
ing the complementarity of their mandates with regard to the safe movement of
germplasm. FAO, as the depository of the International Plant Protection Convention of
1951, has a long-standing mandate to assist its member governments to strengthen their
plant quarantine services, while IPGRI’s mandate - inter alia - is to further the collecting,
conservation and use of the genetic diversity of useful plants for the benefit of people
throughout the world.

The purpose of the joint FAO/IPGRI programme is to generate a series of crop-specific
technical guidelines that provide relevant information on disease indexing and other
procedures that will help to ensure phytosanitary safety when germplasm is moved inter-
nationally. The scope of the recommendations in these guidelines is confined to small,
specialized consignments used in technical crop improvement programmes, e.g. for
research and basic plant breeding programmes. When collecting germplasm, the local
plant quarantine procedures, e.g. pest risk assessment, should be considered.

These technical guidelines are produced by meetings of panels of experts on the crop
concerned, who have been selected in consultation with the relevant specialized institu-
tions and research centres. The experts contribute to the elaboration of the guidelines in
their private capacities and do not represent the organizations for whom they work. The
guidelines are intended to be the best possible advice to institutions involved in
germplasm exchange for research, conservation and basic plant breeding. FAO, IPGRI
and the contributing experts cannot be held responsible for any failures resulting from
the application of the present guidelines. By their nature, they reflect the consensus of

1 The word ‘pest’
It encompasses 

is used in this document as it is defined in the Internation
all harmful biotic agents ranging from viroids to weeds.

al Plant Protection Conventi on.
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the crop specialists who attended the meeting, based on the best scientific knowledge
available at the time of the meeting. The experts who have contributed to this document
are listed after this introduction.

The guidelines are written in a short, concise style, in order to keep the volume of the
document to a minimum and to facilitate updating. Suggestions for further reading are
given at the end, along with the references cited in the text (mostly for geographical dis-
tribution, media and other specific information). The guidelines are divided into two
parts. The first part makes general recommendations on how best to move stone fruit
germplasm. The second part covers the important pests and diseases of quarantine con-
cern. The information given on a particular pest or disease is not exhaustive but con-
centrates on those aspects that are most relevant to quarantine.

In the present guidelines stone fruits, i.e. almond (Prunus amygdalus Batsch, syn. P. dulcis
(Miller) D.A. Webb), apricot (Prunus armeniaca L.), cherry (Prunus avium (L.) L., P. cerasus
L.), peach (Prunus persica (L.) Batsch), plum and prune (Prunus domestica L., Prunus salicina
Lindley) are covered. In the text reference is made to common names only. Only pests
known to be transmissible with planting material are included. Those attacking fruits
only are not included, as are those which are no threat in germplasm movement, such
as frosty mildew, cherry scab and rust caused by Pucciniastrum species.

The present guidelines were developed at a meeting held in Rome, Italy from 22 to 24
June, 1994. The meeting was hosted by the Istituto Sperimentale per la Patologia Vegetale
in Rome.

Input from the following colleagues who could not attend the meeting is gratefully
acknowledged: Dr M. Cambra, Instituto Valenciano de Investigaciones Agrarias
Moncada (Valencia), Spain; Dr J.C. Desvignes, Centre Technique Interprofesionnel des
Fruits et Légumes, Lanxade, France; Dr R. Flores, Instituto de Biología Molecular y Celular
de Plantas, Valencia, Spain; Dr W. Jelkmann, Institut für Pflanzenschutz im Obstbau der
Biologischen Bundesanstalt, Dossenheim, Germany; Dr E. Pfeilstetter, Braunschweig,
Germany; Dr E. Seemüller, Institut für Pflanzenschutz im Obstbau der Biologischen
Bundesanstalt, Dossenheim, Germany.

Guideline Update

In order to be useful, the guidelines need to be updated when necessary. We ask our
readers to kindly bring to our attention any developments that possibly require a review
of the guidelines, such as new records, new detection methods, new control methods,
etc. For your convenience, please use the form provided on the last page of this publi-
cation.
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GENERAL RECOMMENDATIONS
Under no circumstances should germplasm be moved as rooted plant material.

Germplasm should preferably be moved as in vitro cultures.

Pest Risk Assessment methods should be applied when selecting accessions and cul-
tivars for introduction.

All germplasm should undergo therapy and indexing procedures.

Germplasm should be accurately labeled to indicate the source and treatments
applied.

TECHNICAL RECOMMENDATIONS
Stone fruit germplasm can be moved as seed, dormant or green budwood/budsticks, in
vitro cultures, or pollen.

A. Collecting and movement of seeds

Germplasm should be collected from plants free from pests and disease symptoms.

Seeds should be extracted from the pulp soon after harvest.

Seeds should be surface-sterilized with a freshly prepared 0.5% sodium hypochlorite
solution with 0.1% wetting agent for 10 minutes and then thoroughly rinsed with
water

Seeds should be surface-dried under shaded conditions and dusted with a fungicide.

Seeds should be vernalized and germinated in sterilized soil mix in an insect-free con-
tainment facility.

Material should be indexed for seed-transmitted pathogens such as Prunus necrotic
ringspot virus or prune dwarf virus.
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B. Collecting and movement of budwood/budsticks

Collecting tools (clippers, knives, etc.) should be sterilized by dipping them in a fresh-
ly prepared 0.5-1% sodium hypochlorite solution.

Budwood/budsticks should be collected from plants which have been evaluated for
freedom of symptoms on fruit, foliage, branches and trunk. Bark patches and the
exposed wood surface should be observed.

Budwood/budsticks should be collected from 1-year-old branches only, preferably
as dormant cuttings, and fumigated before shipment with hydrogen cyanide for 1
hour. They should then be dipped in a solution of organophosphorous insecticide
and/or acaricide.

If budsticks are taken, leaves should be removed.

In preparation for distribution, collected cuttings should be thoroughly washed. They
should then be dipped in a 0.5% sodium hypochlorite solution with 0.1% wetting
agent, rinsed thoroughly and towel-dried. The ends of dormant budwood may be
dipped in melted low-temperature paraffin wax.

Material should then be submitted to the indexing procedures described below.

C. Establishment and movement of in vitro cultures

Apical or axillary buds for in vitro culture should be collected from plants which have
been evaluated for freedom of symptoms on fruit, foliage, branches and trunk. Bark
patches and the exposed wood surface should be observed.

For the movement of in vitro cultures, neither antibiotics nor charcoal should be added
to the medium.

Clear plastic culture vessels should be used and the agar concentration should be
increased to avoid damage to the plantlets while in transit.

Special care should be taken to protect the material from extreme temperatures.

Upon receipt, the material should undergo the indexing procedures described below.
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D. Movement of pollen

Pollen should be collected from pathogen-tested plants.

Pollinated mother plants and progeny seedlings derived from other pollen sources
should be tested for pollen-transmitted viruses.

Imported pollen found to carry arthropod pests and fungal pathogens of bees should
be destroyed.

DISEASE INDEXING AND THERAPY STRATEGY
Many of the pathogens found in stone fruit may be latent and cannot be detected by
visual assessment. It is therefore essential that all material, including plants derived
from tissue culture, be extensively tested.

The therapy and indexing procedures required to safely introduce stone fruit germplasm
vary with the type of material to be introduced. The risk of introducing pests is reduced
by moving seeds rather than budwood/budsticks and by moving in vitro cultures rather
than seeds.

To optimize the sensitivity of the biological tests, donor source plants and indicator plants
should be actively growing and be free from pests. These conditions are best provided
in insect-proof glasshouse facilities with good temperature control to maintain 20-25°C
and supplementary high light intensity during 14 to 18 hours per day.

Detection of graft-transmitted diseases in stone fruits is largely based on biological index-
ing, complemented by laboratory tests as listed below:

observation of symptoms on seedlings or growing plants
mechanical transmission to herbaceous plants or grafting
ELISA
culturing (for bacteria and fungi)
sPAGE, two-dimensional or return PAGE (for viroids)
fluorescence microscopy
dsRNA analysis
nucleic acid hybridization
PCR
immuno tissue printing.
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A. Seeds

Material derived from seeds should be indexed for seed-transmitted viruses before
being released.

If material is found to be infected it should be destroyed or subjected to thermother-
apy and/or meristem-tip culture, and retested for freedom from viruses.

B. Budwood/budsticks

It is recommended that 5-10 budsticks from a single tree be introduced
sion, to provide material for both propagation and direct indexing.

As soon as possible after receipt, hot-water therapy at 50°C for 45 minutes should be
applied. This treatment should only be applied to cuttings that are fully dormant. If
dormant canes show signs of bud break, the procedure for green cuttings should be
followed.

Budsticks should be grafted on virus-tested rootstocks or on virus-free seedlings.
Careful observations of these plants for normal growth should be made over 2 years.

for each acces-

C. In vitro cultures

In vitro cultures are not necessarily virus-free (Fig. 1).

In vitro cultures should be checked for microbial con-
tamination
carded.

and contaminated tubes should be dis-

Plantlets should be established
and then indexed.

in sterile potting mix

If material is found to be infected, it should be
destroyed or subjected to thermotherapy and/or
meristem-tip culture, and retested for freedom from
viruses.

Fig. 1. Symptoms of plum pox virus on an apricot tissue culture
plantlet after 2 years in vitro (left); a healthy plantlet on the right.

(Dr M. Laimer da Camara Machado, Institute of Applied
Microbiology, University of Agriculture, Vienna)
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DEFINITIONS OF TERMS AS USED IN THIS PUBLICATION
Anamorph
Imperfect state of a fungus, usually producing conidia.

Budstick
A shoot of a plant from which buds are cut for propagation of the plant.

Budwood
Dormant 1-year-old shoots of a plant from which chip buds are cut for propagation of
the plant.

Cosmopolitan
This expression is used to describe the distribution of pathogens which are reported to
occur in all continents, and in many countries of these continents.

Teleomorph
Perfect state of a fungus, usually producing ascospores or basidiospores.
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DESCRIPTIONS OF PESTS

Viruses and viroids

1. American plum line pattern virus (APLPV)

Quasi-isometric ilarvirus; particle size
nents.

26-33 n m diameter, sedimenting as four compo-

Significance
No significance in stone fruit.

Symptoms
In Prunus spp., the symptoms are line pattern as well as chlorotic lines and bands (Fig. 2).
Similar symptoms are induced by apple mosaic virus and certain strains of Prunus necrot-
ic ringspot virus, neither of which is serologically related to APLPV.

Hosts
natural: many cultivars of plum and other Prunus spp.
experimental: wide range of herbaceous hosts infected by sap inoculation.

Geographical distribution
Canada, Mexico, USA (Smith et al. 1992).

Biology and
Transmitted

transmission
by grafting and mechanical inoculation.

Detection
Grafting on peach seedling: fine, wavy,
surfaces, either running parallel to the
main vein or as a line pattern along the
veins. Diagnostic herbaceous hosts are
Vigna cylindrica, Crotalaria juncea,
Nicotiana megalosiphon.
Serology (ELISA).

For further reading, see p. 90.

Fig. 2. Chlorotic lines and bands on plum
leaves caused by American plum

line pattern virus.
(Dr A. Hadidi, USDA-ARS, Beltsville)

light green or yellowish green band on both leaf
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2. Apple chlorotic leafspot virus (ACLSV)

Trichovirus; elongated, flexuous particles of approximately 720 x 12 nm encapsulating
a single-stranded RNA (Martelli et al. 1994). Isolates vary in serological relationship and
symptomatology.

Significance
Some strains induce serious diseases in stone fruits, such as pseudopox disease of plum
and apricot, and plum bark split.

Symptoms
Symptoms appear generally on leaves, fruits and trunk; their severity depends largely
on plant species and virus strain. Some strains cause bark splitting on the stem or
pseudopox symptoms on fruits of apricot (Fig. 3), peach and plum. Alone or in mixed
infection with Prunus necrotic ringspot virus it causes necrotic, sunken spots on fruits
of sweet and sour cherry. Most cultivars are latently infected by the virus. In some cul-
tivars of peach, ACLSV causes dark green, sunken spots or wavy lines and light-coloured
rings like those induced by plum pox virus on leaves (Fig.. 4). Some strains cause graft
incompatibility or severe fruit malformation (apricot pseudopox, apricot fruit blotch) in
apricot (Desvignes and Boye 1990).

Fig. 3. Pseudopox
symptoms caused by

apple chlorotic leafspot
virus on apricot in a

Spanish local variety.
(Dr G. Llácer, Instituto

Valenciano de
Investigaciones Agrarias,

Moncada)
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Fig. 4. Wavy lines
and light-coloured rings

caused by apple
chlorotic leafspot virus

in peach.
(Dr L. Guinchedi, Istituto

di Patologia Vegetale,
Bologna)

Hosts
natural: the most important cultivated Rosaceae; in addition to stone fruits also quince,
apple and pear.
experimental: several herbaceous hosts and many Rosaceae (Németh 1986).

Geographical distribution
Cosmopolitan.

Biology and transmission
The virus is transmitted by

Detection
ACLSV is detectable by sap transmission on herbaceous hosts. It is also detectable by
serological tests (ELISA or immuno tissue printing, Knapp et al. 1995) and molecular tech-
niques. The main woody indicators used for ACLSV detection are ‘GF305’ seedlings,
which react with a dark green sunken mottle on leaves, and Prunus tomentosa.

For further reading, see p. 90.

grafting and sap inoculation.
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3.  Apple mosaic virus (ApMV, European plum line pattern)

Isometric or quasi-isometric ilarvirus, particles 25 to 30 nm in diameter. All pa
serologically and electrophoretically homogeneous, but only the larger ones

rticles are
are infec-

tive. The same virus causes apple mosaic and rose mosaic. It is serologically distantly
related to Prunus necrotic ringspot virus and Danish line pattern virus, but not to Tulare
apple mosaic virus and American plum line pattern virus.

Significance
Extent of the damage depends on the virus strain and cultivar. Infection may result in
considerable growth and yield reduction.

Symptoms
Light green, yellowish or bright yellow patterns (Fig. 5) develop on plum, apricot, peach
and almond leaves; these may form bands, rings or oak-leaf patterns (Fig. 6). Bright yel-
low vein clearing may also appear. Symptoms are visible mainly in spring or early sum-
mer and become masked at higher temperatures. In some cultivars of almond the virus
induces the failure of blossom and leaf buds to grow (almond leaf failure).

Hosts
natural: various Prunus spp., such as apricot, cherry, plum and peach show plum line
pattern-like symptoms when infected. Not all isolates from Prunus induce typical
mosaic symptoms in apple. ApMV also occurs naturally in apple, strawberry, Rubus
spp., Rosa spp., birch (Betula spp.), hop (Humulus lupulus), horse chestnut (Aesculus
hippocastanum) and filbert (Corylus maxima).
experimental: over 65 herbaceous plant species in 19 families are susceptible to
mechanical inoculation. Among these are Chenopodium quinoa, C. amaranticolor,
Cucumis sativus, Cucurbita
maxima, Nicotiana clevelandii
and Petunia hybrida.

Fig. 5. Bright yellow patterns
on a peach leaf caused by

apple mosaic virus.
(Dr L. Guinchedi, Istituto

di Patologia Vegetale,  Bologna)
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Fig. 6.

mosaic

Istituto di Patologia

Oak-leaf pattern
caused by apple

 virus on apricot.
(Dr L. Guinchedi,

Vegetale, Bologna)

Geographical distribution
Cosmopolitan.

Biology and transmission
Transmitted by grafting, and to herbaceous plants by mechanical inoculation. No nat-
ural vectors are known. Seed transmission has been reported in hazelnut (Cameron and
Thompson 1985).

Detection
Graft inoculation on ‘GF305’ peach seedling or peach cv. Elberta; infected leaves show
light green, yellowish green or bright yellow rings, spots, bands or oak-leaf patterns.
Mechanical inoculation on Petunia hybrida results in lines and grey concentric rings,
whereas Chenopodium quinoa reacts with systemic irregular chlorotic to necrotic lesions.
Also detection serologically by gel-diffusion test and by ELISA. ApMV is detected by
ELISA throughout the growing season in individual samples of young leaves or twigs
with newly formed buds, and less readily in mature leaves after June.

Treatment
Virus-free plants can be propagated from tips of actively growing shoots maintained at
37°C for 2 to 4 weeks.

For further reading, see p. 91.
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4. Cherry green ring mottle virus

Thin, flexuous, rod-shaped closterovirus of 1000 to 2000 nm length and 5 to 6 nm diam-
eter (Zagula et al. 1989).

Significance
Affected fruits can not be marketed.

Symptoms
In mature leaves of sour cherry a yellow and green mottle (green island or ringlike bands)
appears about 4 to 6 weeks after petals fall. Some virus strains may also induce irregu-
lar necrotic spots of varying size. Leaves with symptoms soon drop. Mottle symptoms
do not necessarily occur each year.

A constricting chlorosis may appear in areas along the midribs or major lateral veins.
Linear areas of chlorotic and distorted tissue appear along these veins (Fig. 7). Some
strains induce necrotic pits or rings on fruits (Fig. 8). The affected fruits are bitter and
off-flavour.

Infected trees of Prunus serrulata (cv. Shirofugen and cv. Kwanzan) show epinasty of the
foliage. Portions of the midrib or lateral veins become necrotic, resulting in twisting and
curling of affected leaves. Internodes of elongating terminals are shortened. The bark
is often roughened by the development of longitudinal fissures.

Fig. 7. Linear areas of
chlorotic and distorted

tissue on sour cherry
leaves, caused by
cherry green ring

mottle virus.
(Dr T. Hasler, Swiss
Fed. Res. Station for

Fruit Growing,
Wädenswil)
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Fig. 8. Necrotic pits
and rings on cherries

caused by cherry green
ring mottle virus.

(Dr T. Hasler, Swiss Fed.
Res. Station for Fruit

Growing, Wädenswil)

Hosts
Prunus cerasus, P. serrulata, P. cerasus x P. avium. Latent infections are common in apri-
cot, peach and sweet cherry.

Geographical distribution
Australia, Belgium, Canada, former Czechoslovakia, France, Germany, Hungary, New
Zealand, South Africa, Switzerland, USA (Németh 1986).

Biology and transmission
The virus spreads by grafting. In orchards a slow natural spread, mostly to neighbour-
ing trees, has been observed. Transmission experiments to herbaceous plants were unsuc-
cessful. No vector has been reported.

Therapy
Thermotherapy.

Indexing
Prunus serrulata cv. Kwanzan.

For further reading, see p. 91.
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5. Cherry leaf roll virus (CLRV)

Cherry leaf roll virus is a nepovirus with isometric particles of 28 nm in diameter. The
two RNA species are single-stranded. Isolates from different natural host species or from
the same species are serologically distinguishable from each other (Jones 1985).

Significance
Rare in cherry. Economically important in walnut. 

Symptoms
Symptoms appear generally on the leaves and on the trunk; their severity depends large-
ly on plant species and virus strain. In cherry, the virus induces delay of flowering, leaf
rolling and plant death. In other species chlorotic ringspot, line patterns and/or yellow
vein netting may occur.

Hosts
natural: mainly woody hosts, for example: cherry, walnut, olive, elm (Ulmus spp.),
birch (Betula spp.), ash (Fraxinus spp.), elderberry (Sambucus spp.), beech (Fagus spp.),
rhubarb (Rheum spp.), dogwood (Cornus florida), lilac (Syringa vulgaris).
experimental: numerous herbaceous hosts in more than 36 plant families, and also
Prunus persica and P. domestica (Németh 1986).

Geograph ica l  d i s t r ibut ion  
Europe, North America, former USSR (Németh 1986).

Transmission
The virus is transmitted by grafting, pollen and seeds in some hosts. Xiphinema coxi,
X. diversicaudatum and X. vuittenezi have been reported to be able to transmit CLRV
(Fritzsche and Kegler 1964; Flegg 1969). Further evidence for nematode transmission
failed when cherry, golden elderberry and rhubarb strains were used with the same or
other nematodes (Jones 1985). CLRV is seedborne (0.5-35%) in most natural hosts, up to
100% in many herbaceous hosts. Strong evidence indicates that CLRV is transmitted also
by pollen in walnut, birch and elm.

Detection
CLRV is easily detected by sap transmission on herbaceous hosts (mainly Chenopodium
quinoa, Cucumis sativus, Nicotiana spp.). It can also be detected by serological tests (ELISA)
and molecular assays. Woody indicators (‘GF305’), when chip-budded with infected
Prunus spp., show rosetting and slight leaf rolling.

For further reading, see p. 92.
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6. Cherry little cherry

Closterovirus-like particles appear to be associated with the disease (Raine et al. 1975).

Significance
Particularly important on large-sized, dark-fruited cherry cultivars.

Symptoms
Fruits initially normal but fail to fully ripen. Depending on cultivar, season and loca-
tion, the fruits are pointed in shape, poorly coloured, small and insipid in taste (Fig. 9).
Leaf symptoms like reddening (Fig. 10) or bronzing are usually most apparent in Sep-
tember and October, particularly on sensitive cultivars such as ‘Sam’, ‘Van’ and ‘Star’.

Hosts
Sweet cherry, also sour and ornamental cherries as well as other Prunus spp.

Geographical distribution
Australia, Belgium, Canada, France,
Germany, Hungary, Italy, Japan, New
Zealand, Norway, Poland, Romania,
Spain, Sweden, Switzerland, UK, USA, for-
mer USSR (Smith et al. 1992).

Biology and transmission
By grafting and the apple mealybug
Phenacoccus aceris.

Detection
Grafting to the woody indicators ‘Can-
index’ and ‘Sam’; molecular hybridization.

For further reading, see p. 92

Fig. 9. Symptom of cherry little cherry disease in
sweet cherry 'Sam'; small, poorly colored fruits on

the right, healthy plants on the left. (Dr. W.
Jelkmann, Institut fur Pflanzenschutz im Ostbau

der Biologischen Bundesanstalt, Dossenheim)

Fig. 10. Reddening symptoms associated with
cherry little cherry disease on a leaf of sweet cherry
'Sam'. (Dr. W. Jelkmann, Institut fur Pflanzenschutz

im Obstbau der Biologischen Bundesanstalt,
Dossenheim)
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7. Cherry mottle leaf virus

Striated flexuous closterolike virus; closely related to peach mosaic virus. Monoclonal
antibody specific to cherry mottle leaf virus reacts with peach mosaic virus in ELISA
assay and Western blot analysis (James and Mukerji 1993).

Significance
In some regions cherry mottle leaf is one of the most severe diseases of sweet cherry. Of
much less importance in sour cherry.

Symptoms
Irregular chlorotic mottle and distortion of terminal leaves. Diseased trees exhibit
reduced terminal growth and shortened internodes (Fig. 11). Leaf symptoms may be
masked by high temperature. The fruits of severely affected trees are small and taste-
less with delayed ripening.

Hosts
natural: sweet cherry and peach, which is symptomless after infection with most
strains. Other symptomless hosts include sour cherry and hybrids, as well as
P. serrulata and P. yedoensis.
experimental: by grafting to several Prunus spp. and by mechanical inoculation to
Chenopodium quinoa.

Geographical distribution
Belgium, Canada, Czech Republic, Italy, Poland, Romania, South Africa, and USA
(Németh 1986)

Biology and transmission
Transmitted by grafting, mechanical
inoculation and by the leaf mite Eriophyes
inaequalis.

Detection
Graft or bud inoculation on seedlings of
P. avium ‘Bing’ results in irregular chlorot-
ic  mott le  and dis tor t ion of  leaves.
Chenopodium quinoa is a diagnostic herba-
ceous host, showing stunting and chlorot-
ic spots; C. amaranticolor is a local lesion
host of the virus. Suitable detection meth-
ods are also ELISA and Western blotting Fig. 11. Irregular chlorotic mottle, distortion of

using monoclonal antiserum to the virus. terminal leaves and shortened internodes caused by
cherry mottle leaf virus. (Dr A. Ragozzino, Istituto di

For further reading, see p. 92. Patologia Vegetale,  Napoli)
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8. Cherry rasp leaf virus (CRLV)

Cherry rasp leaf virus is a nepovirus with isometric particles of 30 nm in diameter. The
two RNA species are single-stranded.

Significance
Yield losses are caused by dieback of branches or entire trees. In older cherry-growing
areas, rasp leaf infection can be as high as 38% (Luepschen et al. 1974).

Symptoms
The most characteristic symptoms are the prominent enations on the underside of cher-
ry leaves (Fig. 12). The leaves are more or less deformed, many of them are narrow, puck-
ered or distorted. Newly infected trees usually show symptoms on the lower leaves. The
virus spreads slowly in the tree. The affected trees become highly frost sensitive. Many
spurs and branches die in the lower part of infected trees, rendering the trees open and
bare. In peach it causes small enations, stunted growth and shortened internodes and a
general decline. Small enations on the underside of cherry leaves, however, may be
induced by other viruses, such as Prunus necrotic ringspot virus, raspberry ringspot virus
and Arabis mosaic virus in association with prune dwarf virus.

Hosts
The virus affects sweet
ease).

cherry and P. mahaleb rootstock, peach and apple (flat apple dis-

Fig. 12. Enations on the
underside of a cherry leaf

caused by cherry rasp
leaf virus.

(Dr A. Hadidi, USDA-
ARS, Beltsville)
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Geographical distribution
Canada, USA west of Rocky Mountains (Németh 1986).

Biology and transmission
Transmitted by grafting and sap inoculation. The virus does not induce symptoms in
naturally infected weedy species of orchards (Balsamorhiza sagittata, Taraxacum officinale,
Plantago major). Vector is the nematode Xiphinema americanum. Secondary spread is gen-
erally slow, due to the slow movement of the nematode vector. Sweet cherry or apple
trees, planted on the site of earlier infected trees, often become infected.

Therapy
Thermotherapy.

Indexing
Indicator plants (Prunus avium cv. Bing, Cucumis sativus, Cyamopsis tetragonoloba,
Chenopodium quinoa, C. amaranticolor) and ELISA.

For further reading, see p. 93.
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9. Cherry twisted leaf

Experiments carried out in Canada about two decades ago showed a relationship between
cherry twisted leaf and apricot ring pox diseases. Zhang et al. (1992) reported that the
causal agents of cherry twisted leaf and apricot ring pox are serologically related to apple
stem pitting virus.

Symptoms
The leaves are small and twisted with a tendency to bilateral asymmetry (Fig. 13). The
distortion is associated with necrosis of midrib or petiole. In some cases the distal por-
tion of the leaf is abruptly bent downwards (Fig. 13, bottom). Fruit distortion is also pre-
sent and accompanied by pedicel necrosis.

Hosts
Sweet cherry and chokecherry (P. virginiana). Susceptibility varies greatly according to
the cultivar; ‘Bing’ is severely affected.

Geographical distribution
Canada and USA.

Biology and transmission
The disease spreads by grafting. Natural spread was observed in British Columbia in
sweet cherry orchards and from chokecherry to sweet cherry.

Detection
Grafting on cv. Bing and
molecular assays using RT-
PCR (Hadidi et al., unpub-
lished).

For further reading, see
p. 93.

Fig. 13. Twisted and distorted
cherry leaves caused by cherry

twisted leaf virus. Note that the
leaf at the bottom is partly bent

downwards.
(Dr A. Hadidi, USDA-ARS,

Beltsville)
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10. Hop stunt viroid (HSVd)

Closely related strains of hop stunt viroid (HSVd) cause dapple fruit of plum and peach.
HSVd-peach or HSVd-plum is an infectious circular low molecular weight RNA con-
sisting of 297 nucleotides which can form rod-like structure with extensive base pairing.

Significance
Certain HSVd strains cause serious diseases in plum and possibly peach, while others
seem to infect grapevine and citrus latently. These plants are believed to play an impor-
tant role in HSVd epidemiology as a potential source of inoculum.

Symptoms
Plums affected with dapple fruit disease show red blotches or yellowish red colouring.
Affected peaches show yellow blotches (Fig. 14).

Hosts
Plum and peach as well as hop, citrus, grapevine and cucumber. HSVd-plum infects,
with symptoms, plants in Cucurbitaceae and Compositae such as Benincasa hispida,
Cucumis sativus, C. melo, C. sativus, Lagenaria siceraria, Luffa cylindrica and Momordica cha-
rantia. Latent infection occurs on Citrullus vulgaris, Cucurbita moschata and C. maxima.

Fig. 14. Yellow blotches on a peach
affected by hop stunt viroid.

(Dr A. Hadidi, USDA-ARS, Beltsville)
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Geographical distribution
Dapple fruit disease of plum and peach has been reported only from Japan. However,
various isolates of HSVd have been detected from various species of plants in many coun-
tries.

Biology and transmission
HSVd-plum or HSVd-peach is transmitted by grafting to stone fruits and by mechani-
cal inoculation to Cucurbitaceae and Compositae.

Detection
Mechanical inoculation to cucumber ‘Suyo’. Symptoms appear 17 to 25 days after inoc-
ulation and consist of streaking, leaf curling, and vein clearing. Two-dimensional or
return gel electrophoresis can be used to separate circular viroid low molecular weight
RNA from host nucleic acids. Suitable methods are also dot blot or Northern blot
hybridization using labeled HSVd cRNA probe and reverse transcription-polymerase
chain reaction using primers for HSVd followed by gel electrophoresis or hybridization
analysis.

For further reading, see p. 94.
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11. Peach latent mosaic viroid (PLMVd)

A viroid (PLMVd) of 336-338 nucleotides. By molecular hybridization experiments
Shamloul et al. (1995) found that PLMVd is not related to the agent of peach mosaic dis-
ease.

Significance
High incidence worldwide. Reduces economic life of the tree rapidly after the fifth year
and affects fruit quality in some cultivars.

Symptoms
Typical mosaic (Fig. 15) is rarely observed on leaves. The opening of buds, blooming
and fruit ripeness are delayed 4 to 6 days. Irregular fruits with bumps, chlorotic spots
(Fig. 16), cracked suture and stones characteristically deformed and swollen. Open
growth habit, bud necrosis and rapid ageing of the tree may also occur. Stem pitting is
observed in some cases. The same viroid is reported to cause peach yellow mosaic in
Japan (Kishi et al. 1973).

Hosts
Peach and peach hybrids (Desvignes 1982 and 1986).

Geographical distribution
Algeria, China, France, Greece, Italy, Japan, Morocco, Spain (Smith et al. 1992), Austria,
Brazil, Nepal, Pakistan, Romania, South Africa, USA, former Yugoslavia (Shamloul et al.
1995).

Fig. 15. Mosaic on peach
leaves caused by peach

latent mosaic viroid.
(Dr L. Guinchedi, Istituto

di Patologia Vegetale,
Bologna)
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Biology and transmission
Transmitted by grafting and mechanically with purified viroid (Desvignes 1980; Flores
et al. 1990), or by contaminated tools (Shamloul et al. 1995). Disease spread is observed
in the field. PLMVd can be transmitted experimentally by aphids. Not transmitted exper-
imentally by pollen, seed or mites (Desvignes 1980, 1986; Flores et al. 1992).

Detection
Latent strains may be detected in the glasshouse as follows: ‘GF305’ peach seedlings are
inoculated by chip-budding and 2 months later re-inoculated by budding with a severe
strain able to produce the foliar mosaic. Absence of the characteristic symptoms of the severe
strain on the indicator plant is demonstrative of the presence of a latent strain (Desvignes
1980). PLMVd can also be detected by polyacrylamide gel electrophoresis (Flores et al. 1990),
by PCR (Shamloul et al. 1995) or by molecular hybridization (Ambrós et al. 1995).

Therapy
In vitro micrografting (shoot-tip grafting) worked with some cultivars, but not all (Barba
et al. 1995).

For further reading, see p. 94.

Fig. 16. Chlorotic spots on peach
‘Redhaven’ caused by peach latent

mosaic viroid.
(Dr L. Guinchedi, Istituto di

Patologia  Vegetale,  Bologna)
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12. Plum pox virus

A single-stranded RNA potyvirus with elongated particles of approximately 764 x 20 nm.
Two main groups of strains (D and M) can be discriminated. These two groups have
quite different epidemiological properties.

Significance
In Europe, plum pox (sharka) is considered to be the most damaging virus disease of
Prunus spp., particularly in plum, apricot and peach and their rootstocks.

Symptoms
Symptoms may appear on leaves, flowers or fruits. Severity varies according to species
and cultivar, virus strain, season and locality. Symptoms are conspicuous on leaves in
spring: chlorotic, sometimes necrotic spots; bands or rings (Fig. 17). Fruits show chlorot-
ic spots or rings (Fig. 18), are deformed and often unmarketable. Stones of apricots and
of some plum cultivars show pale rings or spots (Fig. 19).

Hosts
natural: apricot, plum and peach as well
as most Prunus rootstocks; almond can
be infected without showing symptoms
(Németh 1986). The virus also infects
most wild or ornamental Prunus spp.
(Smith et al. 1992). The occurrence of
PPV in sour cherry has been described
by Kalashyan et al. (1994), in sweet cher-
ry by Crescenzi et al. (1995).
experimental: some cultivated or
weedy annual plants can be infected
(EPPO 1974).

Fig. 17. Apricot leaves showing chlorotic rings
caused by plum pox virus.

(Dr L. Guinchedi, Istituto
di Patologia Vegetale, Bologna)

Fig. 18. Plums showing chlorotic rings and
deformation caused by plum pox virus.

(Dr L. Guinchedi, Istituto
di Patologia Vegetale, Bologna)
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Geographical distribution
Europe, Egypt, Syria, Turkey. The first occurrence of PPV in the American continent was
reported in Chile (Roy and Smith 1994).

Biology and transmission
PPV is transmitted from infected to uninfected trees either by grafting or by aphids.
Several aphid species transmit the virus in a non-persistent manner (Labonne et al. 1995).
The virus is also sap-transmissible.

Pollen and seed transmission of PPV has been described (Németh 1986). More recently,
Eynard et al. (1991) and Triolo et al. (1993) have found PPV antigens in immature seeds
of apricot. However, seedling infection was not reported.

Detection
Grafting on ‘GF305’ peach seedlings or Prunus tomentosa. The ELISA test (using poly-
clonal or, more recently, specific monoclonal antibodies) and PCR are now widely used.
Immuno tissue printing was recently reported (Knapp et al. 1995, Fig. 20). Owing to the
erratic distribution of the virus in infected
trees, several samples from one tree have
to be tested.

Treatment
Conventional or in vitro micrografting or
thermotherapy followed by meristem-tip
culture.

For further reading, see p. 95.

Fig. 19. Deformed apricot fruits infected with plum
pox virus; the stones are showing pale rings.

(Dr G. Llácer, Instituto Valenciano de
Investigaciones Agrarias, Moncada)

Fig. 20. Immuno tissue printing in a longitudinal
section of an apricot segment with a lateral bud.

The purple precipitations correspond to PPV
particles. Note that the bud on the heavily infected

stem is almost free from virus particles,
demonstrating the erratic distribution

of the virus in infected trees.
(Dr M. Laimer da Camara  Machado,

Institute of Applied Microbiology,
University of Agriculture, Vienna)



3 2 FAO/IPGRI Technical Guidelines for the Safe Movement of Germplasm

13. Prune dwarf virus (PDV)

Ilarvirus, divided genome and five types of particles varying from quasi-isometric (about
22 nm diameter) to bacilliform shape, with different sedimentation coefficients. Strains
have been identified based on reaction on experimental hosts.

Significance
High incidence and severity in all areas where stone fruits are grown. It is prevalent in
sour cherry and sweet cherry.

eases caused by PDV have been described under a variety of names:

Symptoms
The symptoms vary greatly according to species, virus strain and temperature. The dis-

on prune: ‘prune dwarf’, ‘prune mosaic’, ‘willows’ and ‘shoestring’
on peach: ‘Muir peach dwarf’ and ‘peach stunt’; some cultivars are insensitive
on apricot: ‘gummosis’, ‘rosetting of foliage’
on sour cherry: ‘sour cherry yellows’, ‘yellow leaf’, ‘chlorotic ringspot’ and ‘boarder
tree’. In association with raspberry ringspot virus, severe rasp leaf symptoms appear,
and in association with Prunus necrotic ringspot virus severe stunting and yellows
are observed.
on sweet cherry, ‘chlorotic spots and rings’ of the foliage; sometimes, mottle and vary-
ing degrees of necrosis and shot-holing (Figs. 21, 22) may occur, symptoms identical
with those described as ‘tatterleaf’ and caused by Prunus necrotic ringspot virus.
Generally, cultivars of Prunus salicina and of plum hybrids as well as the cherry root-
stocks ‘Mazzard’ and
‘Mahaleb’ and some sweet
c h e r r y ,  a p r i c o t  a n d
a l m o n d  c u l t i v a r s  a r e
symptomless. Some virus
strains,  however,  may
induce formation of a large
amount of gum on apricot
stems and branches.

Fig. 21. Chlorotic spots and rings
on cherry leaves, caused by prune

dwarf virus.
(Dr L. Guinchedi, Istituto di

Patologia  Vegetale,  Bologna)
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Hosts. natural: almond, apricot, sweet cherry and sour cherry, peach, plum sensu lato.. experimental: more than 100 Prunus spp. and several herbaceous species.

Geographical distribution
Cosmopolitan.

Biology and transmission
PDV is transmitted from infected to uninfected trees either by grafting or by seed or
pollen. Planting of infected symptomless rootstocks accounts for the prevalence of this
virus in sweet and sour cherry.

Detection
By experimental transmission to ‘GF305’ peach seedling, P. tomentosa and Cucumis sativus,
and/or by serological tests or molecular techniques (Parakh et al. 1995).

Treatment
Thermotherapy at 36-37°C for 15 days or longer.

For further reading, see p. 96.

Fig. 22. Chlorotic spots
and rings, as well as

necrosis and shot-holing on
cherry leaves, caused by

prune dwarf virus.
(Dr L. Guinchedi, Istituto

di Patologia Vegetale,
Bologna)
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14. prunus nectoic ringspot virus (PNRSV)

Ilarvirus, member of subgroup III, isometric to bacilliform particles about 23 nm in diam-
eter with four molecules of single-stranded RNA. A number of strains cause different
symptoms in many hosts (Fulton 1983).

Significance
Considerable economic significance depending on virus strain and fruit species and cul-
tivar.

Symptoms
The virus induces pronounced symptoms in the first to second year after infection, dur-
ing ‘shock’ or ‘acute’ stage of the disease. Subsequently infection becomes symptomless,
although some strains are recurrent (Nyland et al. 1976; Wells and Kirkpatrick 1986). In
the acute stage, symptoms appear in spring as chlorotic or necrotic leaf spots (Fig. 23),
rings or irregular lines (Fig. 24); chlorotic and then necrotic areas lead to the shot-hole
effect (Fig. 25). In certain hosts there may be delayed bud break, death of leaf and flower
buds and terminal dieback. The almond calico strain in some Prunus cultivars produces
white or bright yellow spots, blotches, lines or oak leaf pattern. In certain almond culti-
vars, flowers and leaf buds do not grow. After initial symptoms in some peach cultivars,
severe infection induces bark necrosis, cankering and splitting of the trunk. In sweet and
sour cherry the recurrent strain causes necrotic leaf spots; cherry rugose mosaic strain
induces chlorotic blotches with distortion and enations on abaxial leaf surfaces. In some
plum rootstock/scion combinations virus induces tree decline. Sometimes the virus
occurs with other stone fruit viruses; with prune dwarf virus it induces peach stunt, while
in sour cherry it increases the severity of yellow symptoms.

Hosts
natural: Prunus spp. and many
Rosa spp.
experimental: moderately wide
herbaceous host range.

Geographical distribution
Cosmopolitan.

Fig. 23. Chlorotic and necrotic leaf spots on
peach ‘Stark Red Gold’, caused by Prunus

necrotic ringspot virus.
(Dr L. Guinchedi, Istituto

di Patologia Vegetale,  Bologna)
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Biology and transmission
Transmitted by grafting and mechanical inoculation. Particles are unstable in crude plant
sap. Virus is seedborne and pollenborne in many Prunus spp. (Nyland et al. 1976). Natural
spread is usually slow but it can reach up to 10% per year in peach and cherry (Wells
and Kirkpatrick 1986; Howell and Mink 1988). The virus is carried both inside the pollen
and on the surface. On the surface it is involved in plant-to-plant transmission while
inside it leads to seed infection. In species where pollen is not windborne, such as peach,
honeybees may spread infected pollen (Kelley and Cameron 1986).

Detection
Grafting to ‘GF305’ peach seedling, P. tomentosa, P. serrulata ‘Shirofugen’ or P. avium
‘F12/1’. Mechanical transmission to Cucumis sativus. Serology (ELISA of tissues col-
lected early in the vegetation period, Torrance and Dolby 1984, or immuno tissue print-
ing, Knapp et al. 1995) and nucleic acid probes (Scott et al. 1992).

Treatment
Conventional and in vitro thermotherapy; shoot-tip micrografting in vitro (Juarez et al.
1988).

For further reading, see p. 96.

Fig. 24. Irregular lines on leaves of peach
‘Stark Red Gold’, caused by Prunus

necrotic ringspot virus.
(Dr L. Guinchedi, Istituto

di Patologia Vegetale, Bologna)

Fig. 25. Necrotic spots and ‘shot-holes’ on
sour cherry leaves, caused by Prunus

necrotic ringspot virus.
(Dr L. Guinchedi, Istituto

di Patologia Vegetale, Bologna)
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15. Raspberry ringspot virus (RRSV)

Nepovirus with isometric particles of 28 nm in diameter with two single-stranded RNA
species. Serologically two strains can be differentiated: Scottish strain RRSV-S and
English strain RRSV-E.

Significance
Yield losses are caused by dieback of branches or entire trees.

Symptoms
Leaf symptoms of the raspberry ringspot disease (synonyms: Pfeffinger disease or
European cherry rasp leaf) include characteristic large, yellowish-green flecks or ‘oil
flecks’ which are easily seen in transmitted light. Leaves may be smaller than normal,
slightly wavy, distorted with deep sinuses (Fig. 26). Often half of the leaf blade is small-
er and the leaf becomes characteristically bent and asymmetric.

Secondary symptoms are enations on rasp leaves. The leaves are narrow or deformed,
with deep separation, stiff and brittle. Owing to short internodes, the buds form rosettes
on which several buds may be found.

Fig. 26. Primary 
symptoms of Pfeffinger

disease (raspberry
ringspot virus): 

large, yellowish green 
flecks or ‘oil flecks’,
with leaves slightly

wavy, distorted with
deep sinuses.

(Dr T. Hasler, Swiss Fed.
Res. Station for Fruit

Growing, Wädenswil)
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Hosts
natural: Prunus avium, P. domestica, Ribes grossularia, R. nigrum, R. rubrum, Rubus idaeus
and Fragaria spp.
experimental: the virus is sap transmittable to herbaceous plants (Murant 1978).

Geographical distribution
Austria, Belgium, Canada, former Czechoslovakia, Denmark, France, Germany, Great
Britain, The Netherlands, Norway, Romania, Switzerland, USSR (Németh 1986).

Biology and transmission
Transmitted by grafting, sap inoculation and seeds. Consistent with other nepoviruses,
RRSV has been detected in symptomless weed flora. Vectors are the nematodes
Longidorus elongatus for the Scottish strain and Longidorus macrosoma for the English strain
(Harrison 1964; Taylor and Murant 1969). Secondary spread is generally slow, due to
the slow movement of the nematode vector. Sweet cherry planted on the site of earlier
infected trees often becomes infected.

Detection
Prunus avium ‘Bing’, P. persica ‘GF305’, Cucumis sativus, Chenopodium quinoa, C. amaran-
ticolor and ELISA.

Therapy
Thermotherapy.

For further reading, see p. 97.
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16. Strawberry latent ringspot virus (SLRSV)

A member of the nepovirus group with polyhedral particles, about 30 nm in diameter,
with bipartite single-stranded RNA genome (Francki et al. 1985). There are a number of
isolates, many serologically similar to the type strain (Murrant 1981).

Significance
In stone fruits, of some economic importance only in peach in certain areas of northern
Italy. In other European countries it may be significant in mixed infection with other
viruses.

Symptoms
A virulent strain of the virus in Italy induces a disease described as ‘willow leaf rosette’
(Corte 1968; Belli et al. 1986). Symptoms include delayed leafing and flowering, small
and narrow leaves often folded upward, malformed and with slight chlorotic spots, stunt-
ed shoot internodes with leaves appressed into distinct rosettes (Figs. 27,28). Symptoms
may begin on one or a few branches and gradually extend to the whole tree and disap-
pear during the summer. Infected trees are unproductive.

In mixed infection with prune dwarf virus (PDV) growth reduction, rosetting and dieback
of peach trees are reported (Scotto La Massese et al. 1973).

In apricot, in mixed infection with cucumber green ring mottle virus, bare branches with
no short side branches or fruit spurs have been observed. Branches turn upwards, reach-
ing an almost vertical positioned the leaves roll upward along the main veins during
summer (Blattny and Janeckova 1980).

In cherry, infection seems to
be latent, but in mixed infec-
tion with PDV, enations on
the underside of the leaves
(Fig. 29) and tree decline have
been observed (Ragozzino
and Alioto 1992).

Fig. 27. Symptoms of small and
narrow leaves folded upwards,

caused by strawberry latent
ringspot virus on peach

‘Michelini’.
(Dr L. Guinchedi, Istituto

di Patologia  Vegetale,  Bologna)
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Hosts
natural: wide host range including many cultivated and wild perennial plants.
Infected plants are often symptomless. In stone fruits, recorded in peach, apricot,
sweet cherrv and plum (Németh 1986).
experimental: wide experimental host range
(Murant 1981).

Geographical distribution
Largely confined to Europe (Murant 1981). In
addition reported in New Zealand (Fry and Wood
1973), Canada (Allen et al. 1970) and USA (Hanson
and Campbell 1979). However, the occurrence in
North America was on imported material.

Biology and transmission
Transmitted by grafting, mechanical inoculation
and seed of some cultivated and weedy host
plants. Also transmitted by the nematode
Xiphinema diversicaudatum. Occurs frequently
together with arabis mosaic virus (Murant 1981).

Detection
Graft transmission to Prunus persicae ‘GF305’ and
mechanical inoculation. Useful diagnostic herba-
ceous hosts are Chenopodium quinoa, C. amaranti-
color and Cucumis sativus. Serology (ELISA).

For further reading, see p. 97.

Fig. 28. Leaves appressed into distinct
rosettes on stunted shoot internodes
caused by strawberry latent ringspot

virus on peach ‘Stark Red Gold’.
(Dr L. Guinchedi, Istituto

di Patologia Vegetale, Bologna)

Fig. 29. Enations on the underside of
sweet cherry leaves caused by mixed

infection with strawberry latent
ringspot virus and prune dwarf virus.

(Dr A. Ragozzino, Istituto
di Patologia Vegetale, Napoli)
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17. Tobacco ringspot virus (TRSV)

Nepovirus with three types of isometric particles, 28 nm in diameter and a bipartite RNA
genome (Stace-Smith 1985).

Significance
No economic significance in stone fruits.

Symptoms
In cherry, delay in bud opening and flowering; irregular light-green leaf blotching.

Hosts
natural: wide range of annual and perennial crops. In stone fruits only recorded in
sweet and ornamental cherries (Uyemoto et al. 1977).
experimental: wide host range.

Geographical distribution
In Prunus spp. reported from North America. Virus isolated from various other plant
species in different parts of the world.

Biology and transmission
By grafting and mechanical inoculation. Seedborne in some herbaceous hosts.
Transmitted to several hosts by Xiphinema americanum sensu lato (Stace-Smith 1985);
nematode transmission to cherry trees has not been reported.

Detection
Grafting to P. avium cv. Bing, mechanical transmission to Chenopodium quinoa, and serol-
ogy (ELISA).

For further reading, see p. 98.
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18. Tomato ringspot virus (ToRSV)

Nepovirus, isometric particles, 28 nm in diameter with bipartite genome (Stace-Smith
1984).

Significance
Causes economically important diseases in stone fruits in the eastern and western USA
(Stace-Smith and Ramsdell 1987).

Symptoms
Stem pitting (Fig. 30) and decline in peach, cherry, apricot, plum and other Prunus spp.
(Mircetich and Fogle 1976). Other symptoms include reduced terminal growth, chlorotic
leaves curling upwards and turning red in autumn, premature defoliation, enlargement
of lower trunk with very thick spongy bark and necrotic areas, longitudinal pitting and
grooving on rootstock or scion woody cylinder, or both. Trees die within 3 to 5 years.
Yellow bud mosaic strain induces serious
disease in peach, nectarine, sweet cherry,
almond and other Prunus spp. (Schlocker
and Taylor 1976). Symptoms include
blotches or spots in leaves of newly
infected shoots; the following year bud
growth severely retarded and leaves small
and yellow. Prune brown-line disease in
plum trees
mosaic.

is characterized by yellow bud

Fig. 30. Stem pitting
in peach caused by tomato ringspot virus.

(Dr L. Guinchedi, Istituto
di Patologia Vegetale, Bologna)
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Hosts
natural: wide range of herbaceous and woody plants, including ornamentals, apples,
small fruits and legumes.
experimental: easily transmitted by sap to wide range of herbaceous hosts.

Geographical distribution
Naturally infected Prunus are widely distributed throughout the northeastern and west-
ern USA, also found in Canada (Stace-Smith 1984) and Chile (Auger 1988). The virus
has been isolated from ornamentals and berries in Japan and Europe but apparently not
associated with the nematode vectors (Stace-Smith 1984).

Biology and transmission
By infected propagation materials and mechanical inoculation. Seedborne in a range of
herbaceous hosts. Transmitted by the dagger nematodes Xiphinema americanum sensu
stricto, X. rivesi and X. californicum (Stace-Smith 1984). The latter is an efficient vector of
strains associated with yellow bud mosaic, stem pitting and prune brown-line (Hoy et
al. 1984).

Detection
Grafting to P. tomentosa and P. persicae ‘GF305’, mechanical transmission to Chenopodium
quinoa, serology (ELISA), and molecular hybridization (Hadidi and Hammond 1988;
Hadidi and Powell 1991). The virus is irregularly distributed in some hosts; often tissue
samples from the lower trunk are the most reliable (Bitterlin and Gonsalves 1986; Powell
et al. 1991).

For further reading, see p. 98.
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19. Viral twig necrosis of cherry (PeAMV, CIRSV)

Previously, tomato bushy stunt virus (TBSV) or a strain of this virus was regarded as the
causal agent of viral twig necrosis. More detailed serological investigations identified
the cherry isolates as petunia asteroid mosaic virus (PeAMV), which is a member of the
tombusvirus group (Hollings and Stone 1975; Koenig and Kunze 1982; Martelli et al. 1989;
Gruntzig et al. 1989). Recently another tombusvirus, carnation Italian ringspot virus
(CIRSV), has been identified in more than 100 sweet cherry trees of northern Bavaria
(Lesemann et al. 1989; Pfeilstetter et al. 1992). CIRSV is clearly distinguishable from
PeAMV by means of serology.

This virus disease is not to be confused with ‘cherry detrimental canker’ as described by
Blattny (1962) in Czechoslovakia. Heavily damaged trees show canker-like deforma-
tions on the shoots. Pseudomonas syringae has been identified as the causal agent of these
canker-like alterations (Novák and Lanzová 1980).

Significance
Generally only sporadic occurrence in old trees. In northern Bavaria, however, widely
distributed. CIRSV has been detected in six orchards of northern Bavaria in younger
trees only. No recent report from Canada.

Symptoms
Shoot symptoms are most conspicuous with bark necrosis at the tips and stunting.
Necrosis of the midrib and of some lateral veins causes a twisting of the leaves. Fruits
are misshapen with sunken, target-like necrotic spots. Flower symptoms usually include
weak necrotic streaks along peduncles (Pfeilstetter 1992). CIRSV causes the same symp-
toms in cherry trees, however, damage to cherry trees appears to be less than for infec-
tions with PeAMV.

Hosts
natural: PeAMV: Distinct symptoms of viral twig necrosis are reported only in sweet
cherry; symptomless infection occurs also in sour cherry, plum, pear and
(Kleinhempel et al. 1971; Richter et al. 1977). Other woody plants and a great number
of herbaceous plants belonging to several families may also be infected (Pfeilstetter
1992. CIRSV: Prunus avium was the first host in a natural habitat (Lesemann et al.
1989). Herbaceous wild plants were also found to be naturally infected (Pfeilstetter
1992).
experimental: for both viruses a large number of host plants has been reported
(Hollings et al. 1970; Schmelzer et al. 1977; Buttner and Nienhaus 1989).
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Geographical distribution
PeAMV: mainly Europe: former Czechoslovakia (Blattny 1962), Switzerland, Germany
(Koenig and Kunze 1982; Grüntzig et al. 1989), Canada. Only in northern Bavaria has
CIRSV been shown to be additionally associated with viral twig necrosis.

Biology and transmission
Transmission by soil (without involvement of a vector) and grafting. Although the virus
is seedborne, seed transmission could not be detected (Pfeilstetter 1992; Pfeilstetter et al.
1996). Pollen transmission not reported. The fact that CIRSV was also found in propa-
gation stock and only younger trees were infected in northern Bavaria suggests that trans-
mission by grafting may be the main way of virus spread (Pfeilstetter 1992).

Detection
PeAMV is extremely unevenly distributed within diseased trees. The virus seems to be
mainly restricted to the symptom-bearing tissue in the different plant parts tested (leaves,
fruits, young twig-tips, bark). Trees showing few or no symptoms of the disease react-
ed rarely positive in the ELISA test. Therefore, reliable indexing for latent infections with
PeAMV by means of serology is not possible at the moment. Due to the uneven virus
distribution indexing with woody indicators is also unreliable. The same is true for
CIRSV.

For further reading, see p. 99.
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20. Other European nepoviruses (tomato black ring, arabis mosaic,
myrobalan latent ringspot)

Besides raspberry ringspot virus, strawberry latent ringspot virus and cherry leaf roll
virus other nepoviruses-namely arabis mosaic virus (ArMV), tomato black ring virus
(TBRV) and myrobalan latent ringspot virus (MLRSV)-have been reported in stone fruit
species in Europe. These viruses have three types of polyhedral particles, approximate-
ly 28 mm in diameter, with a divided genome of two species of single-stranded RNA.

Significance
ArMV is of some economic importance in stone fruits only in restricted European areas
where it occurs in mixed infection with other viruses. TBRV and MLRSV are of no
economic importance.

Host range
ArMV and TBRV have wide natural and experimental host ranges. In stone fruit species,
ArMV has been recorded in sweet cherry and in peach trees. TBRV has been sporadi-
cally recorded in peach, almond and sweet cherry trees (Németh 1986). MLRSV has only
been reported in Prunus cerasifera myrobalan B and in Prunus cultivars on this rootstock
(Dunez and DuPont 1976).

Symptoms
In sweet cherries ArMV has only a slight effect, causing mottled young leaves and small
enations as leaves mature, but in mixed infection with prune dwarf virus or Prunus
necrotic ringspot virus it induces rasp leaf. Infected trees are stunted, with narrow leaves,
often with large enations on their underside. Almond and peach trees infected by TBRV
have very short shoot internodes; in recently infected peach, leaves have irregular chlorot-
ic spots and distorted laminae; almond leaves are narrow with wavy edges and enations
on the lower surface (Németh 1986).

There are no data on symptoms induced by ArMV in peach and by TBRV in sweet cher-
ry. In peach, ArMV in association with Prunus necrotic ringspot virus induces growth
reduction.

MLRSV is latent in myrobalan while it causes short internodes and
and enations on thelower surface of sweet cherry ‘Bing’.

rosetting in peach

Transmission
By grafting and mechanical inoculation. ArMV and TBRV are transmitted to a large pro-
portion of seeds of many host plants including many crops and weeds (Murant 1981).
Both viruses are transmitted to several hosts by nematodes; ArMV by Xiphinema diversi-
caudatum, TBRV by Longidorus attenuatus and L. elungatus. The nematode vectors of
MLRSV have not been established.
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Geographical distribution
ArMV and TBRV occur mainly in Europe. Both viruses have also been reported in other
parts of the world on imported materials (Murant 1987a, 1987b). MLRSV has only been
reported in southwestern France (Dunez and DuPont 1976).

Indexing
Transmission by grafting to Prunus persicae ‘GF305’ and mechanical inoculation.
Diagnostic herbaceous hosts are Chenopodium quinoa and C. amaranticolor. Serology
(ELISA). ArMV and TBRV can also be detected by molecular hybridization (Hadidi and
Hammond 1988; Bretout et al. 1988).

For further reading, see p. 100.
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Diseases of unknown etiology

1.  Cherry necrotic rusty mottle

Cause
Unknown etiology, suspected to be a virus.

Significance
Cherry necrotic rusty mottle is a serious disease of cherry, leading to significant yield
losses and to an early death of trees.

Symptoms
Symptoms vary considerably according to cultivar, virus strain and temperature. The
first leaf symptoms become visible 3 to 6 weeks after full bloom. Angular necrotic spots
are formed on the leaves (Fig. 31). Strongly necrotized leaves fall off. On leaves with
scattered necrotic spots, shot-holes may develop, but the leaves remain on the tree. The
autumnal colouring of the leaves occurs earlier than usual. Green rings and line pattern
are produced on a yellow, brown or red background. As the disease develops, part of
the buds may be killed, resulting in bare branches with terminal tufts of foliage. Bark
symptoms consist of shallow, necrotic areas, discrete shallow gum blisters, or deep gum
pockets (cherry bark blister). Affected trees are frost sensitive.

Hosts
Prunus avium, P. cerasus, P. persica, P. armeniaca, P. mahaleb rootstock; symptoms may not
be evident in some.

Geographical distribution
Canada, Chile, France, Great Britain,
New Zealand, USA (Németh 1986).

Biology and transmission
The agent spreads by grafting. Natural
spread was observed by Cameron and
Moore (1985). No vector has been
reported.

Therapy
Thermotherapy.

Indexing
Prunus avium cv.

For further reading, see p. 100.

Sam.
Fig. 31. Symptoms of cherry necrotic rusty mottle:

angular necrotic spots. (Dr A. Ragozzino, Istituto di
Patologia  Vegetale,  Napoli)
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2. Cherry rusty mottle (American)

Cause
Unknown etiology, suspected to be a virus. Two agents of the disease are described:
mild rusty mottle and severe rusty mottle.

Significance
The infected trees decline and the main branches and limbs die back. Trees affected by
mild rusty mottle decline more slowly and the fruits are less reduced in size than those
affected by severe rusty mottle.

Symptoms
The first leaf symptoms appear 4 to 5 weeks after full bloom. The light green or yellow
mottling appears first on the small basal leaves. The chlorotic areas retain their light
green colour, while the remaining part of the leaf develops bright yellow, brown or red
late-season colouring. The leaves are soon abscised. Thereafter, chlorotic mottling
appears again on most of the foliage (Fig. 32). In trees infected with severe rusty mottle,
autumnal colours develop very early, so that 30 to 70% of the foliage drops before fruit
ripening. Fruits are small, have an insipid flavour and ripen late.

Hosts
natural: cherry.
experimental: apricot, peach, P. mahaleb, P. serrulata, P. virginiana (Zeller and Milbrath
1947; Reeves 1951).

Geographical distribution
USA; severe rusty mottle is more widely distributed in the states of Washington, Idaho
and Montana, while mild rusty mottle is

Biology and transmission
The agent spreads by grafting. In orchards
a slow natural spread, mostly to neigh-
bouring trees, has been observed.

Therapy
Thermotherapy.

Indexing
Prunus avium cv. Bing.

For further reading, see p. 101.

limited to Oregon (Németh 1986).

Fig. 32. Symptoms of American cherry rusty mottle:
chlorotic mottling.

(Dr A. Hadidi, USDA-ARS,  Beltsville)
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3. Cherry rusty mottle (European)

Cause
Unknown etiology, suspected to be a virus.

Significance
Average decrease in growth of Mazzard F12/1 cherry rootstock is 23% and in fruit yield
of some sweet cherry cultivars is 25% (Posnette and Cropley 1956, 1960; Posnette et al.
1968).

Symptoms
First symptoms appear on mature leaves in July. Small groups of tertiary and quater-
nary veins are first clear, then become yellow (Fig. 33). Affected leaves gradually devel-
op a pale green colour, in contrast to the bright green colour of healthy leaves. By the
end of August rusty red mottling appears on the yellowish-green leaf surface, mostly
along the yellow veinlets (Fig. 34). Some sweet cherry cultivars are latent carriers
(Posnette 1951; Németh 1986).

Hosts
Sweet cherry. Transmission experiments to herbaceous plants were unsuccessful.

Geographical distribution
Belgium, Germany, Great Britain, Hungary,
Romania, South Africa, Switzerland (Németh
1986).

Transmission
The agent spreads by grafting.

Therapy
Thermotherapy.

Indexing
Prunus avium cv. Sam.

For further reading, see p. 101.

Fig. 33. Symptoms of European cherry rusty mottle in
July: small groups of tertiary and quaternary veins turn

yellow. (Dr T. Hasler, Swiss Fed. Res. Station for Fruit
Growing, Wädenswil)

Fig. 34. Symptoms of European cherry rusty mottle in
August: rusty red mottling. (Dr T. Hasler, Swiss Fed. Res.

Station for Fruit Growing, Wädenswil)
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Diseases caused by phytoplasms
(formerly mycoplasma-like organisms, MLO)

1. Cherry lethal yellows

Cause
A phytoplasma that is closely related to the phytoplasma causing Jujube witches’ broom
(Lee et al. 1995). The two pathogens form a new subgroup within the elm yellows group
(S. Zhu et al. unpublished).

Significance
Very important on Chinese cherry (Prunus pseudocerasus) in China (Zhu and Shu 1992).
Young trees die within 1 to 3 years after showing symptoms; 20-year-old trees die with-
in 3 to 5 years.

Symptoms
Infected trees develop diffused yellow discolouration of foliage in late spring, defoliate
prematurely, produce small size fruit which do not mature or no fruit at all. Dieback
symptoms (Fig. 35) are followed by death within 3 to 5 years. Witches’ broom grows on
the trunk of the dying tree in spring, serving as a source
for further pathogen spread.

Hosts
Chinese cherry (Prunus pseudocerasus Lindl.), possibly
sweet and sour cherry.

Geographical distribution
The cherry lethal yellows disease has been reported from
China (Zhu and Shu 1992). It may also be present in other
Asian countries.

Biology and transmission
Transmitted by grafting and probably by an insect vec-
tor. Pathogen spread in the field is reported to be rapid
in China.

Detection
Nonspecifically by fluorescence microscopy and electron
microscopy. Specifically by nested PCR utilizing DNA
primers specific for phytoplasma cherry lethal yellows
subgroup.

For further reading, see p. 101.

Fig. 35. Dieback symptoms in a
cherry tree in China, caused by

cherry lethal yellows phytoplasma.
(Dr A. Hadidi, USDA-ARS,

Beltsville)
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2. European stone fruit yellows

Cause
A phytoplasma that is closely related to the phytoplasmas causing apple proliferation
and pear decline (Lorenz et al. 1994).

Significance
Apricot chlorotic leaf roll and Japanese plum leptonecrosis severely affect the respective
crops in most areas where they are grown in Europe. The same pathogen also induces
diseases of peach, called peach yellows, European peach yellows, or peach decline, as
well as diseases of nectarine and almond. The significance of these latter diseases is less
well known.

Symptoms
Symptom intensity is greatly influenced by the susceptibility of the rootstock.

Apricot: interveinal foliar yellowing, leaves smaller than normal with stiff and brittle
texture, conical rolling of the leaves along
the longitudinal axis (Fig. 36). Trees usu-
a l l y  s h o w  p r e m a t u r e  b u d b r e a k  a nd
extended growth in late summer and fall.
Extended phloem necroses (Fig. 37) may
cause quick death (apoplexy) or gradual
decline over a period of 1 to 4 years.

Fig. 36. Rolling of apricot leaves along the
longitudinal axis, associated with European

stone fruit yellows.
(Dr G. Llácer, Instituto Valenciano de

Investigaciones Agrarias, Moncada)

Fig. 37. Phloem necrosis in apricot, associated
with European stone fruit yellows.

(Dr L. Guinchedi, Istituto
di Patologia  Vegetale,  Bologna)
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Japanese plum: leaves smaller than normal, cylindrically rolled, slightly chlorotic, later
brownish-red and brittle (Fig. 38). Premature budbreak and off-season growth in fall
and winter. Extended phloem necroses and decline of branches or entire trees. The root-
stocks usually survive.

European plum: infection is usually latent; however, trees grafted on Prunus marianna
may show similar symptoms to those reported for Japanese plum (Fig. 39).

Peach and nectarine: foliar yellowing or reddening (Fig. 40), rolling and curling of leaves
(Fig. 41), premature leaf drop. Veinal swelling and development of corky tissue along
the veins may occur. Reduced vigour and productivity and gradual decline within a few
or several years.

Almond: slightlv chlorotic and severelv rolled leaves which drop prematurelv. Reduced
vigour and gradual decline of the trees.

Fig. 38. Cylindrically rolled and brownish-red leaves of
Japanese plum, associated with European stone fruit yellows.

(Dr L. Guinchedi, Istituto di  Patologia Vegetale, Bologna)

Fig. 39. Symptoms of European stone fruit yellows on
Prunus domestica: smaller, slightly chlorotic and brownish-

red leaves after a premature budbreak.
(Dr L. Guinchedi, Istituto di  Patologia Vegetale, Bologna)
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Hosts
Almond, apricot, nectarine, peach, plum, Japanese plum (Prunus salicina), P. serrulata.

Geographical distribution
Mediterranean countries of Europe, Germany, Hungary, Romania, Switzerland
(Sanchez-Capuchino et al. 1976; Morvan 1977; Rumbos and Bosabalidis 1985; Ahrens et
al. 1993).

Biology and transmission
Transmitted by grafting and probably by leafhopper vectors.

Detection
Non-specifically by fluorescence microscopy and electron microscopy. Specifically by
nucleic acid hybridization and PCR. For indexing, a susceptible Japanese plum cultivar
such as ‘Ozark Premier’, ‘Red Heart’ or ‘GF305’ peach seedlings is recommended as indi-
cator. Grafting should be performed in August or September.

For further reading, see p. 102.

Fig. 40. Reddening of a peach leaf cv. Super Crimson Gold,
associated with European stone fruit yellows.

(Dr L. Guinchedi, Istituto di Patologia Vegetale, Bologna)

Fig. 41. Rolling and curling of peach leaves, associated with
European stone fruit yellows.

(Dr L. Guinchedi, Istituto di Patologia Vegetale, Bologna)
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3. Peach rosette

Cause
Phytoplasma occurring in different strains (Kirkpatrick et al. 1975).

Significance
Low incidence, with sporadic outbreaks in the past in several areas of the USA.

Symptoms
First symptoms appear in spring on part or all of the canopy. Initial symptoms are yel-
lowing and inward folding of leaves. Infected dormant shoots show premature bud-
break. The laterals are short (a few centimetres) and the few buds formed on these imme-
diately produce leaves. Compact tufts of more than 200 small leaves (rosette) develop
(Fig. 42). Blossoms rarely develop and the fruit, if formed at all, falls from the tree before
reaching maturity. Diseased trees leaf out the second year following infection and die.

Hosts
natural: peach, Japanese plum (P. salicina), plum hybrids, chickasaw plum
(P. angustifolia), P. injucunda, Acer rubrum.
experimental: wide range of Prunus spp. and hybrids, as well as herbaceous hosts.

Fig. 42. Compact tuft of peach
leaves caused by peach rosette

phytoplasma. (Dr A. Hadidi,
USDA-ARS, Beltsville)
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Geographical distribution
Peach rosette has been recognized mainly in the southern USA.

Biology and transmission
Although a natural spread of the disease has been observed, no vector could be identi-
fied. The causal agent survives in the field mostly on wild plums. The disease is graft-
transmissible to several Prunoideae and through dodder (Cuscuta campestris) to peri-

 winkle, tomato and Nicotiana glutinosa.

Detection
Non-specifically by fluorescence microscopy and electron microscopy. Specifically by
nucleic acid hybridization and PCR. For indexing, ‘GF305’ peach seedling or peach cv.
Elberta are recommended as indicator.

Treatment
The pathogen is heat-labile and was inactivated in budsticks by hot water treatment for
8 to 10 minutes at 50°C.

For further reading, see p. 102.
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4. Peach X disease

Cause
Phytoplasma (Nasu et al. 1970; Granett and Gilmer 1971).

Significance
Very important in peach and sweet and sour cherry in eastern and western USA and
Ontario, Canada. Young trees usually die within 1 to 3 years after the first symptoms
appear. Chronically infected trees set few or no fruit.

Symptoms
Water-soaked spots which develop into red or yellow blotches on leaf blades, while the
remainder turns chlorotic. Leaf margins roll upwards (Fig. 43). Affected leaves drop
prematurely, leaving only small rosetted leaf tufts at the shoot tips. Fruits are misshapen
and insipid or bitter and usually drop prematurely or fail to ripen.

Hosts
 natural: peach, sweet cherry and sour cherry are the main hosts; P. virginiana

(chokecherry) acts as a natural reservoir for the pathogen.
experimental: various herbaceous plants were infected through transmission with
dodder or by leafhopper vectors.

Geographical distribution
Canada, USA.

Biology and transmission
Transmitted by grafting, and mainly by
the leafhopper vectors Scaphytopius
acutus, Colladonus montanus, Paraphlepsius
irroratus and others.

Detection
Graft ing on peach or  chokecherry .
Serology, fluorescence microscopy,
molecular methods.

Treatment
The pathogen is heat-labile and was inac-
tivated in budsticks by hot water treat-
ment for 8 to 10 minutes at 50°C.

For further reading, see p. 102.

Fig. 43. Peach leaves showing rolling, red blotches,
and tattering due to X disease.

Defoliation starts at the base of the shoot.
(Dr A. L. Jones, Michigan State University,

East Lansing)
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5. Peach yellows

Cause
Phytoplasma occurring as different strains causing respectively ‘peach yellows’, ‘little
peach’ and ‘red suture’ (Jones et al. 1974a, 1974b).

Significance
It was a disease of high incidence during the 18th century and the beginning of 19th cen-
tury. Due to eradication of diseased trees the presence of peach yellows in the principal
peach-growing areas is low.

Symptoms
Peach yellows. It may be easily confused with nutritional disorders. Usually, the symp-
toms do not appear in the first year after infection. In early stages, the diseased tree may
be slightly off-colour and on close examination bunches of slender, willowy shoots may
be seen. Dormant buds often start growing immediately. Leaves developed on these
shoots are narrow, yellowish and red-spotted; they roll inward and tend to droop down-
ward (Fig. 44). The willow-like growth commonly occurs on the larger branches arising
from adventitious buds, but they may develop in a terminal position anywhere on the
tree. Terminal dieback of twigs and branches occurs in advanced stages of the disease;
the tree dies within 2 or 4 years. Fruits are frequently larger than normal and insipid.
The flesh shows reddish streaks and a decided deep-red colour around the pit.

Fig. 44. Willow-like
growth with narrow,
yellowish, rolled and

drooping leaves caused
by peach yellows

phytoplasma.
(Dr A. Hadidi, USDA-

ARS, Beltsville)
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Little peach. Fruits are reduced in size and ripen several days
mal. The willowy growth of the laterals is less conspicuous.

to 3 weeks later than nor-

Red suture. Fruits ripen and soften on the suture prematurely. On red-fruited cultivars
the suture is blotched with dark red or purple, while the other side is green and hard.
Yellow-fruited cultivars show a deeper yellow on the suture side. Leaves have a yel-
lowish-green to greenish-bronze appearance starting a few weeks after petal fall or just
before harvest.

Hosts
Peach, almond, apricot and some ornamental Prunus spp. The plum cultivars
‘Abundance’, ‘Chalco’, ‘Chabot’ and P. cerasifera are symptomless carriers of the ‘little
peach’ strain.

Geographical distribution
Peach yellows is confined to the eastern USA and Canada.

Biology and transmission
The disease is graft-transmissible to several Prunus spp. and is spread in the field by the
plum leafhopper (Macropsis trimaculata).

Detection
The disease can be identified by grafting buds to woody indicators. The incubation peri-
od in the field is 1 to 3 years; in greenhouse about 60 days. Fluorescence microscopy
(DAN) and molecular techniques are also suitable.

Treatment
The phytoplasma is inactivated by hot-water-treatment at 50°C for 10 minutes.

For further reading, see p. 103.
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Bacterial diseases

1. Bacterial canker

Cause
Pseudomonas syringae pv. morsprunorum (Wormald) Young et al., a gram-negative bac-
terium with fluorescent pigment.

Significance
As the bacterium often occurs with P. syringae pv. syringae van Hall, losses due to the
individual bacteria are difficult to estimate. Collectively, these bacteria reduce yields by
killing buds, fruiting spurs, small branches and trees.

Symptoms
Blossom and spur blight appear soon after the bloom period. Infected leaves develop
slightly angular necrotic spots (Fig. 45), become tattered, or turn yellow and fall prema-
turely. Deep, black depressions with water-soaked margins develop in the flesh and on
stems of young cherry fruit. Infected leaf and flower buds fail to open in spring.
Depressed cankers with gummosis develop at the base of dead buds, blighted spurs, and
along scaffold branches (Fig. 46). Girdling from expanding cankers results in a dieback
of shoots and branches.

Fig. 45. Angular necrotic
spots on sour cherry,

caused by Pseudomonas
syringae pv. morsprunorum.

(Dr W. Zeller, Institut für
biologischenPflanzenschutz

der Biologischenm
Bundesanstalt, Darmstadt)
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Hosts
Prunus spp., predominantly sour cherry, sweet cherry, plum and prune.

Geographical distribution
Europe (widespread), eastern North America, South Africa, Lebanon and Australia (CMI
1980; Dhanvantari 1969). Reports from Lebanon and Australia have not been confirmed.

Biology and transmission
The occurrence of abundant epiphytic populations of the pathogen on leaf and shoot sur-
faces, of autumn leaf-scar infection, of spring bud-scar infection, and systemic invasion
through the tree increase the likelihood of selecting budwood with latent bacteria.

Detection
King’s B medium is best for isolation. Colonies that produce a fluorescent pigment when
grown on King’s B are identified based on biochemical and physiological tests, the reac-
tion of immature cherry fruit to inoculation, the hypersensitive reaction of Nicotiana
tabacum to infiltration of suspensions of the bacterium, and more recently by a DNA
probe and PCR (Latorre and Jones 1979; Louws et al. 1994; Paterson and Jones 1991; Roos
and Hattingh 1987).

For further reading, see p. 103.

Dr W. Zeller, Institut für

Fig. 46. Leaf and flower

Pseudomonas syringae pv.

Bundesanstalt, Darmstadt)

buds infected with

morsprunorum
failed to open.

biologischen
Pflanzenschutz der

Biologischen
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2. Bacterial canker of almond

Cause
Pseudomonas amygdali Psallidas and Panagopoulus, a nonfluorescent bacterium.

Significance
Affected trees have dead branches and twigs as a result of girdling; if the trunk is gir-
dled by a canker the whole tree dies, so the economic damage can be considerable.

Symptoms
Cankers on branches, twigs and trunks; swellings of the bark, later cracking open and
surrounded by swollen cortex.

Hosts
Host specific to almond trees.

Geographical distribution
Greece, Turkey (CMI 1978).

Biology and transmission
The bacterium overwinters in a tree canker and is disseminated by rain and wind.
Infection takes place during leaf fall from leaf scars and wounds. Transmission with
infected budwood is common.

Detection
Culturing on nutrient agar with 5% sucrose will result in typical white coloured colonies
(Psallidas and Panagopoulos 1975).

For further reading, see p. 104.
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3. Bacterial dieback of peach

Cause
Pseudomonas syringae pv. persicae (Prunier et al.) Young et al., a gram-negative bacterium
with a fluorescent pigment.

Significance
A serious disease, which destroys numerous trees every year in the central Rhone Valley
of France.

Svmptoms
On young shoots, characteristic olive-green discolouration and browning around dor-
mant buds resulting in dead buds or dieback of shoots in spring. On the trunk, brown-
ish-red lesions. On young leaves, necrotic spots with a chlorotic halo, later causing a
shot-hole effect. Fruits with necrotic spots, covered by a transparent gum.

Hosts
Peach and nectarine are the only hosts.

Geographical distribution
First described in France (Rhone Valley); Yugoslavia and New Zealand.

Biology and transmission
The bacterium enters shoots in autumn and winter through leaf scars. In spring the
pathogen spreads to young shoots and remains in an epiphytic phase, which constitutes
the inoculum reservoir.

Detection
Culturing on a selective medium (Luisetti et al. 1972).

For further reading, see p. 104.
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4. Bacterial leaf spot

Cause
Xanthomonas campestris pv. pruni (Smith) Dye, a gram-negative bacterium (Hayward and
Waterston 1965).

Significance
High incidence reduces economic life of trees and affects fruit quality.

Symptoms
Small, circular to irregular water-soaked leaf spots, which turn yellow, later purple or
brown (Fig. 47). Affected areas drop out giving a shot-hole effect, particularly on plum.
Bacterial ooze may be associated with the spots. On fruits small, circular brown spots,
often with wet dark green halos. On twigs dark to black, slightly sunken circular lesions,
resulting in dark purplish summer cankers or sunken elliptical lesions. If produced in
late summer they are perennial.

Hosts
Only Prunus spp., particularly almond, peach, cherry, plum and apricot.

Geographical distribution
Nearly cosmopolitan.

Fig. 47. Yellow peach
leaves with angular

necrotic spots and tip
necrosis caused by

Xanthomonas campestris
pv. pruni.

State University, East
Lansing)

(Dr   A. L. Jones, Michigan
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Biology and transmission
The bacterium overwinters primarily in twig lesions, and also in buds and fallen leaves
of plum. In spring bacteria spread by rain, wind and insects to young leaves, fruits and
twigs, which are infected through natural openings, leaf scars and wounds. Summer
cankers are produced and perennation cankers develop after a winter incubation peri-
od. The pathogen can persist year-round on surfaces of peach and plum trees even in
the absence of symptoms (Shepard and Zehr 1994). Material collected at any time could
be infected without showing obvious symptoms.

Detection
With a detached-leaf bioassay (Randhawa and Civerolo 1985) and by isolation on a selec-
tive medium, which clearly shows the typical water-soluble yellow pigment (Gitaitis et
al. 1988).

For further reading, see p. 104.
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5. Crown gall

Cause
Agrobacterium turnefaciens
tive bacterium.

(Smith and Townsend) Conn., mainly biovar 1, a gram-nega-

Significance
Serious disease in nurseries. Affected plants are unmarketable and cannot be exported.

Symptoms
Galls on all woody parts, particularly near the soil surface (crown), graft union and roots
(Fig. 48).

Hosts
Many dicotyledons (643 species from 331 genera). Prunus spp., roses and small fruits
(Rubus spp.) are most seriously affected. Also pome fruits.

Geographical distribution
Cosmopolitan.

Biology and transmission
Wound pathogen with saprophytic survival in vascular tissue and in infested soil. The
pathogen stimulates the parenchyma cells of the host plant to abnormal growth with the
production of galls. Transmission occurs with contaminated tools and grafting materi-
al or soil (Smith et al. 1988).

Detection
Culturing on selective media and
pathogenicity test on indicator
plants (tomato, Datura, sunflower
or Bryophyllum) (Anderson and
Moore 1979; Brisbane and Kerr
1983). New methods are based on
molecular techniques with PCR
(Dong et al. 1992).

For further reading, see p. 104.

Fig. 48. Galls on sweet cherry, caused by
Agrobacterium tumefaciens.

(Dr W. Zeller, Institut für biologischen
Pflanzenschutz der Biologischen

Bundesanstalt, Darmstadt)
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6. Phony peach, plum leaf scald, almond leaf scorch

Cause
Xylella fastidiosa Wells et al., a xylem-limited, fastidious, gram-negative bacterium. The
diseases were considered of virus etiology until the bacterium causing Pierce’s disease
was visualized and cultured. Strains of X. fastidiosa can be grouped into two or more
pathotypes. The Pierce’s disease strain causes almond leaf scorch and differs patho-
genically from the strain that causes phony peach and plum leaf scald.

Significance
Effective eradication programmes reduced the diseases to insignificance.

Symptoms
Peach trees with phony peach are compact, flattened, umbrella-like with shortened stem
internodes, dense dark green foliage and fruit about half normal size. Marginal leaf
scorching is the most diagnostic characteristic of almond leaf scorch and plum leaf scald.
It is followed by decreased productivity, general decline and subsequent death of affect-
ed trees.

Hosts
Grapevine, to a lesser extent peach, almond, plum and apricot and a wide range of annu-
al and perennial wild and cultivated plants. Many hosts are symptomless.

Geographic distribution
Phony peach, southeastern USA;
(Argentina, Brazil and Paraguay);
(Smith et al. 1992).

plum leaf scald, southeastern USA and South America
almond leaf scorch, western USA (California) and India

Biology and transmission
Transmitted in a persistent manner by various leafhopper vectors and by grafting. The
bacteria are sensitive to low temperatures and this appears to restrict their geographic
distribution to areas with moderate climate.

Detection
Culturing on selective media, electron-, phase contrast and fluorescence microscopy;
ELISA, and PCR (French et al. 1977; Minsavage et al. 1994).

Therapy
Hot water treatment of dormant wood at 45°C for 3 hours (Goheen et al. 1973).

For further reading, see p. 105.
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Fungal diseases

1. Black knot

Cause
Teleomorph: Apiosporina morbosa (Schwein.:Fr) Arx, formerly Dibotryon morbosum
(Schwein.:Fr) Theiss. & Syd., anamorph: Fusicladium sp., formerly Cladosporium and
Hormodendrum.

Significance
Destructive on wild plum and on plum, prune and sour cherry in gardens near wild
hosts. Economically important in commercial plantings of plum, prune, sour cherry, and
occasionally on other Prunus spp. including ornamentals.

Symptoms
Longitudinal swellings or corky outgrowths on shoots, spurs, branches and occasional-
ly on trunks. Initially knots are greenish and soft, later hard and black but often with new
swellings developing at the ends (Fig. 49). Limbs or entire trees may be killed from
girdling as knots expand. See biology and transmission concerning symptomless bud-
sticks.

branch es with young
Fig. 49. Prune

(top) and old
(bottom) knots
by Apiosporina

morbosa.
(Dr A. L. Jones,
Michigan State
University, East

Lansing)
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Hosts
Prunus spp. Common on plum and prune, occasional on sour cherry, rare on apricot,
sweet cherry, peach and other Prunus spp.

Geographical distribution
North America (CMI 1994).

Biology and transmission
Local spread by ascospores discharged during rain from perithecia in 2-year-old knot
tissue. Infection occurs after bud break while shoots are actively growing. Symptoms
of infection visible in autumn or the following spring. Long-distance spread possible
from latent infections on bud sticks.

Detection
Fungus can be confirmed by culturing on media or by microscopic observation of
ascospores in perithecia immersed in knot tissue.

Quarantine measures
Infected wild hosts should be removed from hedges surrounding nurseries and bud-
wood orchards. Inspect trees propagated with budwood obtained from problem coun-
tries for two growing seasons for knots.

For further reading, see p. 105.
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2. Brown rot of stone fruits

Cause
Teleomorph: Monilinia fructicola (G. Wint.) Honey, formerly Sclerotinia  fructicola (G. Wint.)
Rehm, anamorph: Monilia sp.

Significance
Greatest loss is from decay of fruit in the orchard, in transit, in the market and prior to
consumption. Losses from blossom blight are minor compared with those caused by M.
laxa (Aderh. & Ruhl.) Honey.

Symptoms
Infected blossoms wilt and turn brown. Infected fruit develops circular, light brown
spots that rapidly expand to decay the flesh (Fig. 50). Spurs on peach, nectarine and apri-
cot trees may be blighted near harvest following systemic fungal invasion from infected
fruit including ‘mummies’ (shrivelled fruit).

Hosts
All species of Prunus. Occasionally infects fruit of other genera only as a fruit wound
pathogen.

Geographical distribution
Temperate regions including Argentina, Australia, Bolivia, Canada, Central America,
Egypt, Japan, New Zealand, Peru, South Africa, USA, Venezuela (Mordue 1979).

Biology and transmission
Transfer of ascospores and conidia from mummified fruits, pedicles and small cankers
is unlikely when nonbearing shoot growth is collected as budwood.

Detection
Fungus can be confirmed by microscopic
observation of conidia formed in chains in
culture or on infected tissue. M. fructicola
can be differentiated from M. laxa based on
cultural characteristics, isozyme variation
and vegetative interactions (Penrose et al.
1976; Sonoda et al. 1982).

For further reading, see p. 106.

Fig. 50. Sour cherry fruits with conidia of Monilinia
fructicola, the cause of brown rot.

(Dr A. L. Jones, Michigan State University,
East Lansing)
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3. Eutypa dieback

Cause
Teleomorph: Eutypa lata (Pers.:Fr.) Tul. & C. Tul., formerly E. armeniacae Hansf. & Carter,
anamorph Libertella blepharis A. L. Smith, formerly Cytosporina sp.

Significance
Infection develops in apricot trees of all ages, but increases from year to year as trees
become older. Dieback of limbs and trees reduces yields and economic viability of
orchards.

Svmptoms
Cankering around wounds exhibiting sapwood; gumming; dieback of branches above
cankers in summer with collapsed leaves remaining; attached for several months on affect-
ed, sometimes swollen, limbs. Light brown to dark brown sapwood extends upwards
and downwards from the canker.

Hosts
Common on apricot and grapevine (Vitis spp.), also on almond, plum, sweet cherry and
chokecherry (Prunus virginiana var. demissa). Fungus has wide host range including
approximately 90 species distributed across 28 botanical families (Carter et al. 1983).

Geographical distribution
Cosmopolitan (CMI 1982).

Biology and transmission
Perithecia develop in a stroma on dead branches and are most common in regions where
apricots and grapevines are grown with more than 600 mm of annual precipitation (sprin-
kler irrigation in orchards in semi-arid regions may also favour development of perithe-
cia (Munkvold and Marois 1994)). Airborne ascospores, or secondary dispersal of
ascospores by splashing rainwater, infect through vascular tissue exposed at fresh prun-
ing or mechanical wounds.

Detection
This pathogen should not occur on budwood material transported as recommended.

For further reading, see p. 106.
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4. Fusicoccum canker
(blight of almond and peach, constriction disease)

Cause
Anamorph: Phomopsis amygdali (Delacr.) Tuset & Portilla, comb. nov., formerly
Fusicoccum amygdali Delacr. and Phomopsis amygdalina Canonaco (Tuset and Portilla
1989).

Significance
Losses from dieback or defoliation may be quite severe in the Mediterranean region on
almond and peach trees in commercial orchards and budwood blocks. In the Mid-
Atlantic region of the USA, devastating losses occurred on highly susceptible peach
cultivars in the 1940s and early 1950s (Zehr 1995). Of negligible economic importance
in orchards of New Zealand (Atkinson 1971).

Symptoms
Elongate, brown, sunken cankers, often with a zonate pattern, form at the base of infect-
ed buds or nodes of l-year-old shoots. Twigs are blighted from girdling and from the
action of a toxin secreted by the fungus (Fig. 51). Circular or irregular, zonate, large
brown spots develop in leaves.

Hosts
Prunus spp., particularly peach and almond, occasionally apricot and rarely plum.

Fig. 51. Dieback of peach
due to constriction by a

canker, caused by
Phomopsis  amygdali, at the

base of the shoots.
(Dr A. L. Jones, Michigan

State University,
East Lansing)
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Geographical distribution
USA, particularly eastern and southeastern states; Europe, particularly Bulgaria, France,
Greece, Italy, Spain, Portugal and United Kingdom; Japan; South America, particularly
Argentina and Brazil; Tunisia; New Zealand (Atkinson 1971; Zehr 1995).

Biology and transmission
Pycnidia exude conidia in white tendrils or cirri during wet weather. Conidia spread by
rain infect through leaf scars in autumn and through buds, bud scale scars, stipule scars,
fruit scars, or directly through young shoots during the growing season. Symptoms of
infection visible in spring and infections become increasingly evident as more blighted
shoots appear through late summer.

Detection
The fungus can be confirmed by culturing on media or by microscopic observation of
pycnidia in spherical or flattened, subepidermal, erumpent, dark stroma in cankered
tissue. This pathogen should not occur on material collected from trees free of disease
symptoms and treated for transport as recommended.

For further reading, see p. 106.
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5. Leaf scorch of apricot and cherry

Cause
Teleomorph: Apiognomonia erythrostoma (Pers.) Hahn., formerly Gnomonia erythrostoma
(Pers.) Auersw., anamorph: Phomopsis stipata (Lib.) Sutton, formerly Libertina stipata (Lib.)
Hahn.

Significance
More serious on apricot than on cherry in Eastern Europe (Smith et al. 1988).

Symptoms
Irregular, yellow to reddish leaf spots that become brown as lesions expand to several
centimeters in diameter (Fig. 52). Severely infected leaves fall prematurely, although leaf
fall patterns vary according to climate. Premature fruit drop is also a feature of the dis-
ease if defoliation is severe before harvest.

Hosts
Prunus spp., particularly apricot, sweet cherry and sour cherry.

Geographical distribution
Europe, particularly Austria, Balkan Peninsula, Czech Republic, France, Italy and
Slovakia (Zehr 1995).

Biology and transmission
Inoculum confined to ascospores discharged during spring from perithecia formed in
winter in fallen leaves. Fruits and shoots are not infected.

Detection
This pathogen should not
occur on material transported
as recommended.

F o r  f u r t h e r  r e a d i n g ,  s e e
p. 107.

Fig. 52. Apricot leaves with leaf
scorch caused by Apiognomonia
erythrostoma. Note the necrosis
extending along the leaf vein.

(Dr W. Wittmann, Bundesanstalt
für Pflanzenschutz, Vienna)
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6. Leucostoma canker

Cause
Teleomorph: Leucostoma cincta (Fr.) Hahn., formerly Valsa cincta (Fr.ex Fr.) Fr., anamorph:
Leucocytospora cincta (Sacc.) Hahn., formerly Cytospora cincta Sacc. and teleomorph:
Leucostoma persoonii Hahn., formerly V. leucostoma (Pers. ex Fr.) Fr., anamorph:
Leucocytospora leucostoma (Pers.) Hahn., formerly Cytospora leucostoma Sacc.

Significance
The disease is part of the ‘apoplexy’ disease complex in Europe and the ‘peach-tree short-
life syndrome’ in the southern USA (Biggs 1995). It reduces the bearing surface and tree
longevity.

Symptoms
Elongated cankers, often with copious amber-coloured gum, typically on the trunk and
scaffold limbs and in branch crotches (Fig. 53). Dieback of short shoots and twigs in the
interior of trees, especially following winter
injury. Limb dieback, particularly on plum,
prune, apricot and sweet cherry.

Hosts
Found on cultivated and wild hosts, mostly
in the family Rosaceae. Both Leucostoma spp.
occur frequently on Prunus spp., particular-
ly on peach and apricot, less frequently on
plum, prune and sweet cherry, and infre-
quently on sour cherry.

Fig. 53. Leucostoma canker on peach, caused by
Leucostoma cincta.

(Dr A. L. Jones, Michigan State University,
East Lansing)
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Geographical distribution
Cosmopolitan (Atkinson 1971; Biggs 1995).

Biology and transmission
Both Leucostoma spp. attack host tissues damaged or weakened by low temperatures,
mechanical damage, pruning wounds and other stress factors. Pycnidia and later perithe-
cia are formed in a stroma and erupt through dead bark. Leucostoma is distinguishable
from the genus Valsa, which may be saprophytic on Prunus, based on the presence of a
black delimiting zone line or conceptacle surrounding a well-developed ascocarp.

Detection
This pathogen is unlikely to occur on budwood transported as recommended. L. cincta
can be differentiated from L. persoonii based on isozyme variation and cultural charac-
teristics (Surve-Iyes et al. 1995).

For further reading, see p. 107.
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7. Peach leaf curl and related diseases

Cause
Several Taphrina spp. attack Prunus spp.
The most common is Taphrina deformans (Berk.) Tul. (peach leaf curl). Others include:
T. armeniacae Georgescu & Badea (witches’ broom); T. communis (Sadeb.) Giesenh. (blad-
der plum or plum pocket); T. confusa (Atk.) Giesenh.; T. farlowii Sadeb. (leaf curl); T. fla-
vorubra W.W. Ray; T. flectans Mix (leaf curl and witches’ bloom); T. jenkinsoniana Mix; T.
pruni Tul. (bladder or pocket plums); T. pruni-subcordatae (Zeller) Mix; T. thomasii Mix; T.
wiesneri (Rathay) Mix, formerly T. cerasi (Fuckel) Sadeb. (witches’ broom and leaf curl of
cherry and apricot) (Farr et al. 1989).

Significance
Potentially destructive in commercial plantings without regular chemical control. These
diseases can be very severe in wet, humid regions where bud burst extends for 2 to 7
weeks.

Symptoms
Parts of peach and nectarine leaves are swollen, distorted and curled downwards (Fig. 54).
Affected leaves first appear reddish, then turn yellowish. Also blossoms, fruits and the
current year’s twigs may be affected. In plum, the disease first appears as small white
blisters on the fruit.

Fig. 54. Peach leaf
curl on leaves and

fruit, caused by
Taphrina deformans.

(Dr A. L. Jones,
Michigan State

University,
East Lansing)
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Hosts
Prunus spp.; each Taphrina spp. is limited to one or two Prunus spp. only.

Geographical distribution
Taphrina deformans and T. wiesneri are widely distributed, other species are limited to
specific regions:
T. armeniacae: Romania
T. communis: central and eastern North America
T. confusa: temperate North America
T. farlowii: eastern North America
T. flavorubra: temperate North America
T. flectans: western North America
T. jenkinsoniana: western USA
T. pruni: temperate northern hemisphere
T. pruni-subcordatae: western North America
T. thomasii: California.

Biology and transmission
Most Taphrina spp. have a yeast-like saprophytic phase on host surfaces and a parasitic
phase inside the vegetative growth and/or fruit. Intercellular growth of the fungus caus-
es cell division and cell enlargement (hyperplasia and hypertrophy) that result in thick-
ened, curled to convoluted, or blistered leaves, shoots, or fruits.

Detection
This pathogen is unlikely to occur on budwood transported as recommended.

For further reading, see p. 107.
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8. Peach scab (freckle)

Cause
Teleomorph: Venturia carpophila E.E. Fisher, anamorph
formerly Fusicladium carpophilum (Thüm.) Oudem.

Cladosporium carpophilum Thüm.,

Significance
Economically important in regions with high rainfall, high humidity and warm tem-
peratures between bloom and harvest. Fruit lesions reduce the appearance, quality and
market value of the fruit. Usually rare in semi-arid stone fruit producing regions.

Symptoms
Circular, olivaceous to black, velvety spots produced on fruit and twigs (Fig. 55), less fre-
quently on leaves. Lesions on fruit coalesce when numerous, followed by cracking of
the fruit. Shoot and twig infections are slightly raised, circular to oval, becoming brown
with slightly raised purple margins later in the season.

Hosts
Prunus, largely apricot, plum, peach and almond. A notable exception is cherry.

Geographical distribution
Cosmopolitan (CMI 1979).

Biology and transmission
Overwintering occurs in lesions on twigs with conidial
production beginning about when shucks covering the
fruit split. When selecting budwood, note that infections
are latent for 40 to 60 days.

Detection
Microscopic observation of fungus in lesions. Isolation
by single-spore techniques only when actively sporulat-
ing.

Quarantine measures
Since incipient infection may occur, tissue culture is the
only way to avoid this problem. Trees propagated with
budwood from areas where the disease is a problem
should be observed for symptoms for 1 year.

For further reading, see p. 107.

Fig. 55. Peach scab lesions on the fruit, caused by Venturia carpophila.
(Dr A. L. Jones, Michigan State University, East Lansing)
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9. Powdery mildew

Cause
Teleomorph: Sphaerotheca pannosa (Wallr.:Fr.) Lév., anamorph: Oidium spp.

Significance
Most important on peach, apricot, almond and nectarine. Fruit infections cause the great-
est economic loss, infections to leaves and shoots can reduce vegetative growth, partic-
ularly on nursery trees.

Symptoms
Leaves and shoots superficially covered with white felt-like mycelium, later becoming
distorted and stunted. White circular spots on young fruit expand in size, later the myceli-
um may slough off, leaving a russeted patch with dead epidermal cells (Fig. 56). The
russeted area expands as the fruit enlarges.

Hosts
Prunus spp. (peach as well as apricot, almond, nectarine). Rosa spp. are also hosts of S. pan-
nosa. The mildew on each host is considered pathologically distinct (Yarwood 1939);
however, Kable et al. (1980) suggest the existence of a strain of Oidium pathogenic on rose
and peach.

Fig. 56. Peaches with
superficial, white,

powdery mildew lesions,
caused by

Sphaerotheca pannosa.
(Dr A. L. Jones, Michigan

State University,
East Lansing)
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Geographical distribution
Appears to be cosmopolitan but exact distribution on Prunus often unclear due to pos-
sible confusion with Podosphaera clandestina (Wallr.:Fr.) Lev. (formerly P. oxyacanthae
(DC.) de Bary).

Biology and transmission
The fungus overwinters as mycelium under bud scales. Disease spread is by airborne
conidia.

Detection
The identification of S. pannosa on Prunus is difficult because ascocarps are rarely
present. The imperfect stage is distinguished by the shape and dimensions of the
conidiophore and location of the basal septum. This pathogen should not occur on
budwood collected from trees free of mildew and transported as recommenced.

For further reading, see p. 108.
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10. Stone fruit rust diseases

Cause
Tranzschelia discolor (Fuckel) Tranzschel & Litv., formerly T. pruni-spinosae (Pers.:Pers.)
Dietel var. discolor (Fuckel) Dunegan and T. pruni-spinosae (Pers.:Pers.) Dietel.

Significance
Economically important in stone fruit regions with mild winters; of minor or no eco-
nomic importance in regions with severe winters. Losses potentially severe where
orchards and nurseries are not sprayed regularly.

Symptoms
Small, yellow, irregular spots appear on the upper and lower surfaces of leaves (Fig. 57).
Those on the lower surface later turn rusty brown (Fig. 58). Leaves with numerous lesions
turn yellow and fall. Small, superficial, pale brown, slightly raised spots, which even-
tually form longitudinal splits or cankers, develop on shoots. Rarely, small circular dark
green spots formed on fruit of peach and apricot. Lesions become depressed with red-
dish margins as the fruit matures.

Hosts
T. discolor is common on almond, peach, nectarine, apricot, plum and wild Prunus spp.;
infrequent on cherry. T. pruni-spinosae is common on wild P. spinosa, infrequent on com-
mercial hosts. Anemone, especially A. coronaria and A. ranunculoides, is the alternate host.

Fig. 57. Stone fruit rust, caused by
Tranzschelia discolor, on the top and

bottom side of leaves
of Japanese plum.

(Dr A. Sztejnberg, The Hebrew
University of Jerusalem,

Rehovot, Israel)
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Geographic distribution
The distribution of these fungi is not entirely clear because both species were classified
as T. pruni-spinosae in the early literature. T. discolor is cosmopolitan, while T. pruni-
spinosae exists primarily in Europe and the USA (Laundon and Rainbow 1971a, 1971b).

Biology and transmission
Shoots infected in the autumn or early winter. Infections visible in late autumn or in
spring. Disease spreads by urediospores produced in lesions on shoots. Although
anemone plants help perpetuate the rusts where Prunus and Anemone are growing
together, cankers on shoots are sufficient for perpetuation in the absence of anemone.

Detection
Infections on budwood detected by microscopic examination for yellowish-orange spots.
T. discolor distinguished from T. pruni-spinosae based on differences in morphology of the
teliospores (Bloomer 1960). Rust pathogens should not occur on material collected from
trees free of disease symptoms and treated for transport as recommended.

For further reading, see p. 108.

Fig. 58. Stone fruit rust
on prune, caused by
Tranzschelia discolor.

Lesions with
urediospores; dark
structures may be

teliospores.
(Dr R. C. Seem, New

York State Agricultural
Experiment Station,

Geneva)
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Arthropods

The risk of introducing new arthropod pests with stone fruit germplasm is mainly due
to the occurrence of eggs or other stages not easily detected on green or especially dor-
mant budwood. The following groups may be found:

1. Aphids

Numerous species, such as Brachycaudus spp., Hyalopterus spp. and Myzus spp., belong-
ing mostly to the family Aphididae.

Significance
Depending on aphid and host plant species, ranging from almost unimportant to
highly injurious. Some species may transmit viruses.

Damage
During feeding activity toxic saliva or virus particles are injected into the plants. Also
honeydew production may occur.

Hosts
Monoecious species live exclusively on the primary host plant, such as Pterochloroides
persicae (Cholodkovsky) or Brachycaudus schwartzi (Borner) on peach. Dioecious species
live on stone fruit trees only for a part of their life cycle and migrate in summer to sec-
ondary, herbaceous host plants (examples: Brachycaudus helichrysi (Kaltenbach),
Hyalopterus spp. and Myzus spp.).

Geographical distribution
Some are cosmopolitan, such as Brachycaudus helichrysi and Myzus persicae Sulz., others
are more restricted in distribution. Hysteroneura setariae (Thomas) occurs in America,
small areas in South Africa, India, Far Eastern Asia and Oceania; Asiphonaphis pruni
Wilson & Davis in North America; Brachycaudus prunicola (Kaltenbach) in Europe;
Tuberocephalus spp. in East Asia (Blackman and Eastop 1984).

Biology
Holocyclic species, such as Hyalopterus spp. and Myzus spp., overwinter as eggs on stems
and buds of stone fruit trees.

Treatment
Infested material should be dipped in currently used aphicides or fumigated with methyl
bromide (32 g/m3 for 3 hours).

For further reading, see p. 108.
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2. Armoured scale insects

Important species include Quadraspidiotus perniciosus (Cornstock), Q. ostreaeformis
(Curtis), Pseudaulacaspis pentagona (Targioni-Tozzetti), Lepidosaphes ulmi (L.) and Parlatoria
oleae (Colvée).

Significance
Varies, from fruits losing market value owing to the occurrence of scales on the epicarp,
to plant death.

Damage
Females and male larvae mainly settle on stems and branches of their host plants (Figs. 59,
60), attacking also fruits and leaves (Fig. 61). No honeydew is produced. When occur-
ring on fruits, some species, such as Quadraspidiotus perniciosus or Parlatoria oleae, cause
round, red spots at the points of inserting their stylets.

Hosts
Generally polyphagous on various fruit
trees and other plants. Quadraspidiotus per-
niciosus is reported to occur on about 700
hosts.

Fig. 59. First instar larvae ('black cap' phase) of the
San José scale Quadraspidiotus perniciosus on the

bark of a peach tree. (Dr C. Rapisarda, Istituto di
Entomologia Agraria, Catania)

Fig. 60. Peach tree infested with the white peach
scale Pseudaulacaspis pentagona. (Dr  C. Rapisarda,

Istituto di Entomologia Agraria, Catania)
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Geographical distribution
Some species almost cosmopolitan, such as Pseudaulacaspis pentagona or Quadraspidiotus
perniciosus (Kosztarab and Kozar 1988; Kozar 1990). Others are restricted: Lepidosaphes
ulmi to Central and South Europe, Central and East Asia, North and South America, as
well as some areas of Oceania, or Parlatoria oleae to the Mediterranean region, Central
India and South America (Kozar 1990).

Biology
Most species with winged adult males and apterous females and young males. Apterous
forms have their body covered by a protective ‘scale’ whose shape, dimensions, colour
and location of ecdysis are all important characters for identification. Most of the species
are polyvoltine with up to 4 to 5 generations per year, according to climatic conditions.
Some species are strictly viviparous (e.g. Quadraspidiotus perniciosus) but most are
oviparous. Winter diapause is facultative for some species, obligate for others and spent
in different stages (egg for Lepidosaphes ulmi, larva for Parlatoria oleae, Q. perniciosus, Q.
ostreaefoumis, adult female for P. oleae, Pseudaulacaspis pentagona).

Treatment

For further reading, see p. 109.

Fig. 61. Young larvae of the brown scale
Parthenolecanium corni on a bud.

di Entol

with methyl bromideFumigation of material 
(32 g/m3 for 3 hours).

(Dr C. Rapisarda, Istituto
nologia Agraria, Catania)
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3. Mites

Different mite species occur on stone fruit trees. Most important are Tetranychidae, such
as the brown mite Bryobia rubrioculus (Scheuten) and the European red mite Panonychus
ulmi (Koch) as well as Eriophyidae, such as the plum rust mite Aculus fockeui (Nalepa
and Trouessart), and the peach silver mite A. cornutus (Banks).

Significance
Highly variable, according to the species. Panonychus ulmi is the most important mite
and one of the main pests in stone fruit orchards.

Damage
Mites injure plants directly by feeding on the leaves. Withdrawal of lymph and chloro-
phyll initially causes discolouration in infested leaf areas. Later, leaves may turn bronze
and, in some cases, they may be rolled or distorted. Early leaf fall may result. Mites in
the family Eriophyidae may transmit viruses (Oldfield 1970).

Hosts
Most species are polyphagous on deciduous fruit trees.

Geographical distribution
Brown and European red mites are
a limited distribution (Jeppson et al.

cosmopolitan (CIE 1972, 1984). Other species have
1975).

Biology
Nearly all mites feeding on stone fruits are polyvoltine. Some of them, such as Bryobia
rubrioculus or Panonychus ulmi, overwinter as red and onion-shaped eggs on budwood,
whereas Eriophyidae hibernate as adult females in bark crevices or under loose bud
scales.

Treatment
Budwood infested by mites should be dipped in acaricides, preferably ovicides, such as
clofentezine, or larvo-adulticides, such as dicofol or fenbutatin oxide.

For further reading, see p. 109.
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4. Planthoppers (sensu latO)

A number of species belonging to various families of Homoptera Auchenorrhyncha, such
as Stictocephala bisonia Koppe & Yonk (Membracidae), Metcalfa pruinosa (Say) (Flatidae),
Cicadella viridis (L.), Edwardsiana rosae (L.), Empoasca decedens Paoli and Zygina spp.
(Cicadellidae).

Significance
Some species are important as virus vectors.

Damage
Injuries occur by feeding and by eggs laid in wounds created with the ovipositor along
twigs and stems. Infested leaves show discoloured areas.

Hosts
Widely polyphagous on cultivated and wild plants.

Geographical distribution
Widespread in temperate regions. Some species are spreading, for example the flatid
planthopper Metcalfa pruinosa, recently introduced into southern France and Italy (CIE
1992).

Biology
Species overwinter in the egg stage. Up to four generations may occur in spring and
summer.

For further reading, see p. 109.
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5. Soft scale insects

This group includes several species of the family Coccidae; the most important ones are
Eulecanium tiliae (L.), Parthenolecanium corni (Bouché) and P. persicae (Fabricius).

Significance
Ranges from almost unimportant to highly injurious. Parthenolecanium corni may become
a serious pest in stone fruits.

Damage
Soft scale insects weaken infested plants. Infested leaves and fruits are covered with sooty
moulds, which develop on honeydew.

Hosts
Most species are polyphagous.

Geographical distribution
The mentioned Parthenolecanium spp. are diffused almost worldwide, both occurring
nearly throughout the Palaearctic region, Australasia, North and South America, Indian
region (Ben-Dov 1993); Eulecanium tiliae is reported only from Palaearctic and Indian
region, North America and Tasmania (Kosztarab and Kozar 1988). Several other, sec-
ondary species have a more restricted diffusion (Kosztarab and Kozar 1988; Ben-Dov
1993).

Biology
The three species mentioned above have only one generation per year and overwinter
as second-stage larvae on bark.

Treatment
Fumigation of infested material with methyl bromide (32 g/m3 for 3 hours).

For further reading, see p. 109.
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9

Nematodes

Many nematode species may be found associated with soil surrounding plant roots or
in the roots. Some of them, such as Longidorus spp. or Xiphinema spp., may transmit virus-
es. The risk of introducing these pests with stone fruit germplasm is low when materi-
al is handled as recommended in these guidelines and no germplasm is moved as root-
ed plant material.
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