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This recovery plan is one of several diseggecific documents produced as part of the
National Plant DiseadRecovery System (NPDRS) called for in Homeland Security
Presidential Directive Number 9 (HSFI). The purpose of the NPDRS is to insure that
the tools, infrastructure, communication networks, and capacity required to mitigate the
impact of high consequea plant disease outbreaks are such that a reasonable level of
crop production is maintained.

Each diseasspecific plan is intended to provide a brief primer on the disease, assess the
status of critical recovery components, and identify disease managerseach,

extension and educatioreeds. These documents are not intended to be aliamel

documents that address all of the many and varied aspects of plant disease outbreak and
all of the decisions that must beade and actiorteken to achieve eftéive response and
recovery. They are, however, documents that will help USDA guide further efforts
directed toward plant disease recovery.



Executive Summary

Plum pox virugPPV)is an important disease tfe stone fruitplums, peaches,
nectarnes apicots and almonds. The disease has existédriope for many years but
was first found irthe United States 1999 and in Canada in 2000’he disease affects
fruit quality and yield threatening the productivitgd economic profitabilitpf the
nati onds st o ®aeverd yeard of a nationdl ssvey of/stone fruit orchards
has found the disease is limited in the United States to a small region in south central
Pennsylvania. Intensive tree by tree surveys for PPV and aggressigslacdmication
effortsfrom 1999 through mid 200®@ave resulted in the removal of over 1500 acres of
stone fruit trees from Pennsylvani8ome ndividual growers in the infected PPV area
have lost all other peach and nectarine production, ending desad stone fruit
production on their family farms.

Since initiation in 1999, orchard surveys and eradication efforts have been a model of
cooperation between growers, extension educators, university and government
researchers and local, state, and fddgraernment regulatory agencielSunding
programs approved by state and federal governments have facili¢zteeld grower and
extensioreducatiorabout plum pox virusyearly orchard surveys, quarantiard
eradication programs, reseawmd grower comgnsatiorfor removed acreage, as well as
research to aid controlAs a resultthe PPV virus level in PA orchards has decreased
with each year of survey and erealion, an indicator of the potentfak theultimate
success of the PPV programt the fam level,early successes have resulted in several
guarantine zones being removed beginning0@4 after 3 consecutive years of negative
survey and testing resulir the virus Grower cooperation has been and reshaigh
throughout the PPV eradicatiefforts from 1999 through 2006 here is no evidence
thatPPVinfected plant material hantered the distribution system in the United States
since 1999.However, stone fruit trees infected with PPV were found in 2006 in
Michigan and New York states.

Some concerns remain among growers and university and government cooperators in the
PPV eradication effort that may affect the final success of the PPV eradication effort.
¢ New and more reliable testing techniques are needed to reduce the
potential for &alse reading of leaf materialid to variables in sampling,
testingand environmental influences
e Additional research is needed to address the many questions that remain
concerning the virus and its spread to stone fruit medgo develop PRV
resistat stone fruit cultivars for future distribution
e There isconcern thathe government expects BArveycosts tadecrease
ove time whengdue to replantingn quarantine aresa surveycosts will
increase.
¢ The elimination of extensiveamplingof store fruit production regions
outsideof PA area ignores aread oeal potential spread and threat to
national stone fruit production.



The PPV eradication effort is on course to successfully eliminate PPV from United States
stone fruit industry. Howevethe PPV surveynust be continued for sevesaarsin
order to ensuréheeradicaion of PPV.

There is a brief window of opportunity for the eradication of PPV. If we do not take
advantage of that window with careful, sensitive and redundant surveyerdmication

will not be achieved. To succeed with eradication, survey must be repetitive as well as
sensitive. The survey must be repeated over a number of years, even when results are
negative ad there is pressure to end the eradication effort
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Recovery Plan
for
Plum Pox Virus (Sharka) of Stone Fruits

[. Introduction

Plum pox virus (PPV) is a serious disease of stone fruits worldwide. The disease was
first observed in Bulgaria in 1915 and given the name Sharka which is Slavic for plum
pox. PPV has become an important disease problem across Edrengeit causes
significant economic loss due to a reduction in fruit quality and yield and due to
premature tree death. PPV was found in South America in 1992 and North America in
1999.

In the United State?PV was onlyound in Pennsylvania begimgin 1999. PPV was
identifiedin Canada in 200 The strain of the virus identified in PA, known as PPV
infects stone fruitéPrunug including plum, peach, nectarine, almond and apasowell

as many related ornamenRiunusspecies Cherry is noknown to be infected by this
strain of the virus. How PPV was brought into PA has not been determined, however,
infected plant material for propagation is considered the most likely mode of
introduction. Once introduced into an area, the virus sptaesligh aphid feeding.

[I. Symptoms

Plum pox virus causes several different types of symptoms on different parts of the fruit
tree and at different times of the growing season. PPV symptoms are generally similar on
stone fruits (peaches, nectarines, guand apricots). Symptoms do not normally begin

to appear on the tree until about three years after the infection takes place. While visual
symptans can be very useful for diagngdise absence of symptoms is agjuarantee

of disease free fruit tregags many infected trees or cultivars may remain symptomless

The only sure method of detecting PPV is through laboratory screening tests. The PA
eradication program has therefore focused on detectiongtiteaf collection and

analysisin the laboratoryather than relying on PPV symptoms expressed in the orchard.

BlossomsThe first symptom that may be observed is blossom streaklhgracteristic
color streaking of peach flower blossoms in association with PPV infdad®been
reported in some Eupean PPV regions but not others.

This blossom streaking symptdms been observed only once in Pennsylvania although
disease level is so low in PA orchards and bloom time is so short that it makes searching
for this symptom impracticallt would be dificult for the orchard observer to detect
blossom streaking since peach blossoms are often very showy making detection of small
differences in coloring difficult to detect and since streaking is reported to vary even from
petal to petal or tree to tree.



Figure 1. Peach lmssom streaking caused by PP&ourtesy of J. B. Quiot, Southern
France.

Leaves Several types of symptoms may occur on leaves. PPV may cause leaves to have
faint light green to yellow ring spots or halalsout the size of a pencil eraser or smaller
scattered across the leaf. Leaves may also exhibit a yellow netting pattern which is often
accompanied by veins that are lighter green than normal to yellow in color. Leaves may
be distorted or twisted as @sult of infection.

Figure 2. Leaves with yellow netting and distortion caused by RFrtesy of
J.W.Travis, Adams Co., PA.



The location 6the PPV leaf symptoms is alsaportant. Symptoms appear on the first
leaves ® develop on new infected shoots in the spring. These leaves occur at the base of
new shoots and if symptoms are present, will often be visible until temperatures reach 85
to 95 degrees F in late spring and summer at which time the PPV symptoms fade and a
no longer visible. When looking for PPV leaf symptoms, scouts observe the leaves on
thelower (basal) 1/3 of the shosince leaves that are produced after early spring do not
show symptoms even if the shoot is infected and more basal leaves do Wave PP
symptoms. Not all infeetdbranches and shoots on an infected PPV tree produce leaves
with PPV symptoms Symptoms may be more pronounced and more widespread through
the tree in younger trees than old, and in plum more than peach.

Fruit. While the blesom and leaf symptoms can be easily missed, it was the bold yellow
ring spots on the red skins péach fruitof the cultivar Encor¢hat first made the PA

fruit grower who found PPV aware that there was an unusual and serious problem with
his fruit. Sone stone fruit cultivars show no symptoms after infection while others like
Encore peach display pronounced PPV symptoms about 3 years after the tree is infected.
At first only a few fruit show the symptoms but eventually nearly all e én the tree

are spottecand the symptoms become easier to see as the fruit.ripens

Figure 3. Yellow halosandring spots on peach fruit caused by PR3AurtesyR.
Welliver, Adams Co., PA.

The yell ow hal os o-detpé ramodedwiththesgin,onl y Oskin
howeverdue to the blemishhe fruit is worthless for fresh fruit sales. The symptoms

become easier to see as the fruit ripens. On some fruit cultivars, the fruits are abnormally

formed and distorted by PPV infeatio Some apricots also have distinct PPV yellow

halos on the seeds. Premature fruit drop that occurs as the fruit are beginning to ripen is



another devastating symptom of PPV infection in fruit tréldge ground undePPV
infectedfruit trees may becovered with fruitlostjust before harvest.

Fruit Trees.The final and most devastating symptom to fruit growers and fruit
production in a region is premature tree death. Estimates from Europe indicate that in
areas where PPV is not eradicated, the fmatgr can expect a 5% per year tree death
from the disease. The impact of a 5% loss ge®eral years is easy to calculateten

year old fruit orchard which should be productive for 25 years, will suffer 50% tree loss
in the first ten yearsReplantng thetrees that die as a resultl®PV is not a practical
solution due tawomplications fronroot disease replant problemsd the shading of

young trees that occurs in a mature orchard.

lll. History and Spreadof PPV in Pennsylvania

PPV is spread natally by aphid vectors and through graft transmission as a human
activity. There is general agreement that the original source of PPV to the United States
ard more specifically PAccurred through infected plant material. However, the actual
incident andocation of the original infection has not been conclusively identified. Based
on initial finds and expected followp spread by aphids, the original orchard infection
probably occurred in northern Adams County, iRAr beforel991. PPV was first

positvely identified in September of 1999 in Pennsylvania by the PA Department of
Agriculture and verified by the USDAHowever, as early as 1995 an Adams county

fruit grower had recognized unusual spotting symptoms developing on his Encore
peaches and hdaded unsuccessfully to learn the cause. Because Plum Pox had never
occurred in the U.S, very few industry personnel or academic researchers associated with
the stone fruit industry were familiar with PPV symptoms and the disease remained
unreported. 111999, after seeing the symptoms for several seasons and with no success
in learning the cause, the grower sent infected fruit to a New Jersey fruit extension
specialist who had seen PPV in Eurapel suspected PPVExtension personnel from

PA simultaneasly contactedhe PA Department of Agriculturevho forwarded fruit to

the USDA quarantine facility for definitive identification.

Once introduced in an area the primary risk of spread of the virus is by &phidsee

to treeand throughdistributionof infectednursery plant material. Initially nursery stock
was believed to be at risk of having spread PPV infected plant material since fruit bud
wood had been cut by tw®A commercial nurseries from orchards in the area where PPV
had been identifiedHowever after extensive nursery stock surveys and tracking new
orchards established from nursery material over the previous several years, it became
evident that the local nurseries did not spread PPV through the sale of infected nursery
material. The alence of nursery spread was very fortunate and one of the most
important factors that will contribute to the ultimate success PPV eradication in the
United States. Although every state with a stone fruit industry was surveyed intensively
for 3 years, no dter infected PPV orchards have been found outside of Pennsylvania.
Through 2005, only the three highest risk states adjacent toftfged sureying for

PPV. In 2000,wo of thecommercial nurserieig the quarantinarea moed theirstone



fruit plant propagatiorto a neaiby state where PPV was not found to prevent any
additional risk of spreafiftom the nursery trees

Following the initial introduction of infected planting material to Pphids spread the

virus from the original infected orchatd adjacent orchardsAphids are poor flyers, so

the spread occurred in the direction of prevailing wind currents. Several species of
aphids common to Adams county PA have been identified that are capable of spreading
the virus. However, recent reseanctiicates that aphids are not efficient carriers or
transmitters of the virus. Fortunately for local and US fruit industry, aphid spread of the
virus was at a slow rate and did not progress far from the original PPV infected orchard.
This has permitteche eradication efforts to concentrate on a limited geographical area
greatly increasing the potential for success. In contrast, PPV has become endemic in
extended fruit producing regions in France and Sgagventingeradication of infected
treesresuling in thecontinued spreadf the virus disease by aphids. This has resulted in
devastating losses in production and profitability to the fruit indwsttigese countries

In some regions, alternative crops were required to replace stone fruit ppaducti

Following the initial detection of PPV in Adams County, PA, there easeern that

aphids might sprea@PV into wild plant hosts including several common weed species.

If PPV were to become established in indigenous native plants and weeds, eradicati
would become impossible. Fortunatelytensive surveys conducted annualler a 6

year period of potential wilglant hosts have identified mald plant species infected

with the PPV. It was also recognized early that if infected fruit had h#ied ¢rom

local PA fruit packing lines and dumped in outside cull piles that aphids may be capable
of spreading the virus from the infected fruit to heahlbgrby stone fruit orchards

Some circumstantial evidence suggested that this could have hdmgpeaesmall scale.

For this reason, steps have been taken to prevent the potential spread from fruit culls.

IV. Economic Impact and Compensation

Stone fruit production is an i mportant part
agricultural economy. In 1999, the yearly value of production of peaches, nectarines,

plums, apricots, and almonds ioatally was approximately $1.8 billion PA ranks fifth

nationally in peach production with about 6,500 acres in 1999 (PA Agric. Statistics

Service). In 1999,lmout 44% of the PA stone fruit acreage was located in Adams County

were PPV was found. The annual value of PA stone fruissapproximately $22.3 hh

1999.

Soon after PPWas discovered in Adams County PA and state and federal destruction
orders werassued, growers began working with local and state Penn State Cooperative
Extension personnel to develop an indemnification programpensating growefesr

thelost production ofrees that were destroyed due to PPV. The first orchards were
removed prioto any guarantee of compensation programs being approved by state or
federal governments. This evidence of the high degree of grower cooperation in the
eradication of PPV from the United States has been demonstrated throughout the PPV
eradication process



The Pennsylvania legislature led by local state legislators responded very quickly by
enacting the Drought, Orchard, and Nursery Indemnity and Flood Relief Act on
December 13, 1999. The act provided $ 2 M ($3.0M4Ay 2000) for indemnification

and renoval and destruction of trees. The state funding has been renewed each year
since its initiation.

The indemnification program is based on the value of the tree that takes into account the
remainder of the average life of a productive commercialasccim Pennsylvania. A
grower/extension formula for compensation was slightly modified and adopted by the
USDA in November 2000.

The destruction oefs given to growers provides thé@ndays to begin to remove the

trees. There has been much apprecitdxbility by PDA and USDA in allowing

growers to harvest their crop before removing the trees if harvest occurs within a few
weeks of the destruction order. Some growers harvested the crop and removed the trees
immediately after receiving the destructiorders while others removed the trees with a

full crop on the trees. Growers are compensated for tree removal, pest control prior to
removal, site preparation, cover crops establishment and estimated orchard productivity
over the remainder of the lit#f the orchard. The federal government passed legislation

to pay $15M in PPV indemnity payments as part of the Agricultural Risk Protection Act

in June 2000. A payment program was published in the Federal Register in September
2000. The USDA has prowd 85% of the indemnification funds while PDA is providing
15% ofthe funding. To date (2006), over Bbdollarshave been paid to growers for
indemnification from state and federal sources. Some of the first growers to remove trees
in the winter of 200@vere still not permitted to replant in the sprirf2606. However,

the quarantinéas been removed in some areas and growers have been permitted to
replant stone fruits with the last two years.

In 2000, Penn State Cooperative Extension performed anoedo impact study that
determined that the economic loss to the community, not including growers for every
1000 acres of trees removed would be $1.6M per year. This impact is in jobs, taxes paid
to school districts, townships and the county. It alsowaats for the effect on equipment
dealers, fuel suppliers and suppliers to the growers. Nearly 1500 acres of stone fruits
have been destroyed in PA due to PPV through the fall of 2005, 6 years since PPV was
first identified. Therefore the approximate ttwssthe community, excluding the fruit

growers has been about $ 14.4 M over the last 6 years.

V. Surveys and Detection

Summary of Past Survey Results

Surveys began in the fall of 1999 soon after PPV was positively identified in an Encore
peach orcharth Adams County, PA. After testing by the PA Department of Agriculture
and the USDAAPHIS-PPQ laboratory in Beltsville, MD theeaches were proveo be
infected with the Dstrain of plum powirus. State and federal quarantingere placed

on townshipsn PA where PPV was detected permitting no replanting or removal of




stone fruitseedling or vegetatiy@lant materl from the area. When PR¥fectedtrees
for PPV were found it required the removal of whole orchard blasksell agesidential
and wildPrunustrees.
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Figure 4. Removal of Prunustrees. Courtesy of J.W.Travis, Adams Co., PA.
In 2001, the eradication zone was extended to include a 500 meter buffer around infected
trees and orchards. In 2000 surveys were conducted in all thestwagerfruit growing

states (MI, NY, SC, NC, MD, CAwith the most concentrated efforts occurring in PA.
Fortunately for the US stone fruit industry, PPV was not wvgjppleead being detected only

in a small fruit production region in southern PA a few miterth of Gettysburg.

Commercial orchard samples are tracked by a number referring to the county, grower,
and orchard block using barcode tags in the orchards and on leaf sample bags for
identification. A hierarchical survey protocol (two, eight leaf gk® from 25% of the

orchard trees) was followed for areas more than 5 miles from quarantined areas. Within
guarantine areas, recently rescinded quarantine areas and areas up to 5 miles from a
guarantine zone sampling, every tree was sampled at eithé léaves per tree

depending on the proximity of the orchard to a quarantine Zassue samples are

collected from commercial orchard trees, residential properties, nursery and budwood
source trees, sentinel trees and wild trees. The sampling god0byas to sample

every tree in commercial orchards and residential properties in the quaram@sand
surrounding areas on a yearly basis and to saRmpleusorchards outside the quarantine
area on a three year rotation. Sampling generally begaeriyn May and concludes the

end of August. A total of 213,005 leaf samples were collected émnmercial orchards

in 2005. Initially, all stone fruit orchards in the state of PA were surveyed collecting
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samples from every fourth tree orchard outsiel the quarantinarea with every tree
sampled inside thguarantinezone. Ovethe next 6 years, the quarantzene was
extended to portions of 3 other countidfpaing Adams County. None of the additional
trees found to be positive for PPV were mitv@n50 milesfrom the original PPV
guarantineone.

In 2001, the first PPV positive trees were found outside commercial orchards on a
residential property. Extensive surveys of stone fruit trees in residential properties were
also systematically caad-out in the PPV in the quarantine areas and within 5 miles of
the quarantine. Leaf samples consist of eight leaves from each ideRtifieason the
property. In 2005, 66,478 residential properties were visited with 50,609 trees sampled
for PPV. Fron 2001 through 2005, several positive PPV homeowner trees were
identified which in sme cases expanded the quarandirea and resulted in additional
commercial orchard removal.

After six years of sampling and testing, no plum pox virus has been fouind United
States outside of the quarantine zone in PA and foelyn@PV did not enter the United
States nursery distribution system. The PA gquarantine once included about 250 square
miles but has been reduced in size due to 3 consecutive years \ifhagitive to bBout

200 square miles. In 2005 and by mid season 2006, only pof&tive trees in

commerdal orchards andesidential trees were found. From 1999 through 2005, 1,598
acres of commercial orchard and trees on approximately 190 realgeoperties had

been destroyed. Commercial fruit growers and the community have made a significant
sacrifice to rid the United States of this disease.

Nursery production oPrunushas been suspended in, 1.) quarantine zones, 2.) within
areas 11.5 krfrom a positive tree found in the previous three years, and 3.) quarantine
areas for three years after the primary quarantine has been rescinded. In addition,
propagators of susceptidRrunuswithin PA must have albud woodsources tested for
PPV. Dueo these restriction®runusnursery production is limited to areas outside
Adams County and in some cases has been moved to nearby states. In 26G08&ntir
propagation nurseries, located in and outside PA, were tested with all nursery and
budwood surces testing negative for PPV.

PPV was detected in Canada in the Niagara Peninsula in 2000. There were concerns that
the stone fruit growing areas in Michigan and N&ar Ontario could also hefected

with the virus. The region was intensivelyseyed from 2000 through 2005 with no

trees testing positive for PPMn 2006, PPV was found in both Michigan and New York
State. The virus was found in 2 locations in Niagara County, New York on July 10, and
August 21, 2006 A plumtreewas also founda be infected with PPV at the Southwest
Michigan Research and Experiment Center on August 11, 2006. Extensive testing
followed these 2 finds but no additional stone fruit trees were found to be infected with

the virus.

Detection
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Orchards were sampledli#ing a hierarchicalgrid (Gottwald USDA, 2000. In PA

during 2000 and 200bnefourth of all trees in an orchard were sampled in a specific
pattern, with the quadnabeing sampled randomly chosen each ydaees were marked

with a bar code whictdentified the grower and tree number. Four leaves were collected
from each of the four compass points on the tree. All 16 leaves were placed into a plastic
bag receiving the same bar code identification as the tree. This permitted accurate
identification of each tree in the event that awe resulttriggered additionadampling

to affirm a positive PPV tree. Leaf samples were placed into plastic bags and placed in
ice chests to be taken to a cold room storage fathéysame day. Samples were
sydematcally tested using first a sepgical techniqué&nown as ELISA followed by

PCR if a positive result occurred from ELISA. During 2002, the third year of sampling

in PA, all the trees in the quarantine areas were sampled but continuing the hiararchic
sampling scheme for the remainder of the state outside the quarantine area. A sentinel
tree system was established in the quarantine area in 2002. In 2003, the sample size per
tree in the quarantine zone was increased to 8 leaves per tree and pusifikge for

PPV was found in a nursery late in the season.

A sentinel tree program was begun in 2002 as a warning system for PPV in quarantine
zones. The sentinel trees are highly susceptible trees to PPV and are useful for detection
since many of th@runustrees in a quarantine zone have been removed. By 2005, 197
sites with over 500 sentinel trees were established in critical PPV areas. Each tree is
sampledwice a yearand to date all sentinel trees have tested negative to PPV. Ina
related effot, regrowth root sprouts from removed trees and seedlings at stone fruit dump
sites have been sampled, tested and found negative for PPV.

Figure . sprouts aetrerO\Gurtesy of .W.Travis, dam Co., PA.
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Growers lave been instructed to controlot sprouts after tree removal and eliminate
fruit cull piles to reducette risk of these sites serving as a sourc®Ry.

Weeds have been surveyed for 6 years in the vicinity of PPV infected orchards. Leaves

of weeds and wild trees are sampled weekly during the growing season and tested for
PPV. Over the six years, 65,461 samples have been tested and found negative for PPV.
Since 2002, 23,498 herbaceous bait plants have been located in PPV quarantine areas and
later tested with all found to be negative for PPV.

Monitoring and Identification of Aphid Populations in the Vicinity of PA Prunus

Monitoring of aphid populations has been conducted in commercial orchards, residential
properties and in sentinel treegybming in 2000 and continuing through 2006. The

project objectives are to identify potential aphid vectors of PPV and determine seasonal
variation. In summary, 29 different species of aphids were identified with the fewest
number of aphid species ocdag in commerciaPrunusorchards as a result of effective

pest management programs. Higher numbers of aphid species were collected on sentinel
trees which receive less intense pest management than commercial orchards. Because of
higher aphid numbers, tlsentinel trees may serve their intended purpose and be the first
indicators of PPV resurgence or reintroduction into the area. The peak time for aphid
species collection in commercial orchard occurs in late June andAhtys spiraecola

(picture below) the aphidspeciesassumed to blne mostignificant vector of PPV in PA

due to its prevalence in orchamisring the growing season and its efficiency as a vector.

Figure 6. AphidAphis spiraecolacommonvector of PPV.Courtesy ofFred Gildow,
Penn State University
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