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National Clean Plant Network (NCPN)

MISSION
The Network produces and distributes asexually 

propagated plant material free of targeted 
graft-transmissible plant pathogens to ensure the 

global competitiveness of specialty crop producers and 
to protect the environment.



• Implemented in 2009 

• APHIS, ARS, and NIFA

• Supports clean plant centers 
throughout the U.S.

• Fruit trees, grapes, citrus, 
berries, hops, roses, 
and sweet potato

• Fruit tree centers at Prosser WA, Davis CA, and Clemson SC

• Members: researchers, regulators (fed and state), growers, nurseries

National Clean Plant Network 
(NCPN)



Why is virus prevention important?

Damage to Orchards
•Reduced yield

•Reduced fruit quality

•Tree weakening

• Interaction with other pathogens

Economic Losses
•Cost of tree removal and replacement

•Time until new orchard becomes 
productive

•Weakened trees 🡪 lost revenue

Once infected with a virus, a tree remains infected for life. 

Management options are limited once viruses are present in the 
orchard.



Which viruses* are important?

*And other graft-transmissible pathogens



Major Graft-transmissible Diseases of Peach in the Southeast

Peach stunt disease

• Synergy between prune dwarf virus 
and Prunus necrotic ringspot virus

•Disease severity varies by cultivar

Phony peach disease
• Xylella fastidiosa
• Re-surging in some areas
• Sharpshooter-vectored
• Graft-transmissible (?)
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Prune dwarf virus (PDV) is 
graft and pollen-transmitted

•Widespread globally in stone fruits

• Symptoms: stunting, shortened internodes, 
gumming, bark splitting

•Preliminary evidence of increased 
susceptibility to bacterial spot in 
PDV-infected trees



Prunus necrotic ringspot virus 
(PNRSV) is graft and 
pollen-transmitted 
•Widespread

• Symptoms: initial shock symptoms are 
severe, chronic symptoms usually less 
conspicuous

Shot-holing usually only observed in early shock phase, 
easily mistaken for copper damage



Plum pox virus (PPV) has not been detected in the 
Southeast, but we must remain vigilant

•Potyvirus (aphid-vectored)
•Detected in Pennsylvania in 1999, 

then in Michigan and New York
•Now “eradicated” from U.S.
•Extremely devastating, harsh 

eradication procedures
•Can kill the tree



Tomato ringspot virus (ToRSV)

•Nematode-vectored

•Can persist in weeds and 
nematode populations

•Thickened, necrotic bark, stem 
pitting, decline of orchard

•Rare in southeastern stone 
fruits?

Photo: 
https://www.canr.msu.edu/news/fruit_trees_in_a_sea_of_viruses



X-Disease Phytoplasma in Peach in the PNW

Late Stage XDPEarly Stage XDPHealthy

Photos: Dr. Scott Harper, WSU



Heavily PDV-infected peach block Sporadic virus infections

Viruses should be easily prevented, but can quickly spread if 
inoculum is high



Clemson Clean Plant Center – 
1. Southeastern Budwood Program virus diagnostics

Blocks of 50-100 trees/cultivar 
are established on farms in 
South Carolina and Georgia

Leaf samples are collected in 
spring and tested for PDV, 
PNRSV and PPV by ELISA

Maps of the blocks with virus 
infection status are produced and 
provided to participating nurseries



The Budwood Program has resulted in lower virus incidence in 
SC and GA over the last two decades



Southeastern Budwood 
Program in 2021

•38 peach cultivars tested for PDV, 
PNRSV, and PPV
•2,700 trees tested

Results
•3.6% infected with PNRSV
•0.6% infected with PDV
•No PPV



What is a clean plant?

•Not every state has a certification 
program

• SE Budwood Program trees are 
negative for 3 viruses

‘Clean’ plants are negative for all 
viruses known to cause damage

G1
‘Clean Plant’

G2
‘Nursery Mother Block’

G3 & G4
‘Production Plants’

NCPN Centers

State Dept.’s of 
Agriculture



G1: Foundation
Trees maintained at clean 

plant centers, rigorous 
testing for pathogens

G2: Mother blocks
Stock produced from foundation, 
conditions to minimize infection, 

frequently maintained by 
nurseries

G3: Increase blocks
From G2, usually maintained 

in secondary increase 
blocks/certified nursery blocks

G4: Production trees
Propagated from G3, 

certified plants destined for 
delivery to the grower

Regulations (required testing, visual inspections, etc.)

ALL certified material originates at foundation (tested for all viruses, highest sanitary 
standards, true to type)

G2-G3 level can 
be blurred

G1-G4 Certification Model



Clemson Clean Plant Center – 
2. Prunus panel diagnostics and virus elimination therapy

Virus elimination therapy using 
thermotherapy and tissue culture

Advanced diagnostics for 26 viruses, viroids, 
and graft-transmissible bacteria using high 

throughput sequencing and PCR



The diagnostic process targets harmful 
and economically important pathogens 
at the optimal times of detection and 
tests multiple times before declaring a 

plant clean.



Diagnostics for Prunus 
viruses and 
graft-transmissible 
pathogens

Shifting to entirely molecular methods
• High throughput sequencing
• qRT-PCR
• qPCR

✔  Higher sensitivity

✔  Better specificity

✔  Can test for multiple pathogens at 
once

Prunus Panel 

Prune dwarf virus
Prunus necrotic ringspot virus

Plum pox virus
Tomato ringspot virus
Tobacco ringspot virus

Peach latent mosaic viroid
Cherry leafroll virus

Cherry mottle leaf virus
Cherry twisted leaf-associated virus

Hop stunt viroid
Peach mosaic virus

Cherry rasp leaf virus
Arabis mosaic virus

Cherry virus A
Little cherry virus 1
Little cherry virus 2

Cherry necrotic rusty mottle virus
Cherry green ring mottle virus
Apple chlorotic leaf spot virus

Apple mosaic virus
Cherry rusty mottle-associated virus

Nectarine stem pitting virus
Nectarine virus M

Plum bark necrosis stem pitting associated virus
Xylella fastidiosa

Universal phytoplasma



•Thermotherapy 

•Meristem tip tissue 
culture

Virus elimination therapies 
can be conducted on 
infected selections



Clemson Clean Plant Center – 
3. Prunus Foundation

Virus-negative, clean Prunus cultivars 
important to the Southeast are 

maintained in indoor and outdoor 
Foundation collections under conditions 

that minimize the risk of re-infection. 

Foundations are tested annually for a 
subset of the Prunus panel pathogens.

This Foundation collection serves 
as a source of clean, nuclear stock 

available for propagation.



Prunus Foundation- Indoor Potted

PNRSV
PDV
PPV
PLMVd
Xylella fastidiosa
Phytoplasmas
1/5 by HTS each year



Prunus Foundation- Outdoor Block

PNRSV
PDV
PPV
ToRSV
TRSV
PLMVd
NeVM
Xylella fastidiosa
Phytoplasmas



Current Prunus Foundation at Musser Farm
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PEACH CULTIVARS
•Big Red
•Carymac
•Cresthaven
•E. Augustprince
•Flameprince
•Juneprince
•O’Henry
•Redglobe

•Rubyprince
•Summergold
•Winblo
•Belle of Georgia
•Flavorich
•Flavorcrest
•Harvester
•Carored

PLUMS
• Ruby Queen 
• Spring Satin

ROOTSTOCKS
• Nemaguard
• Nemared
• Flordaguard
• Lovell
• Guardian 



Budwood Program Foundation (G1)

4 participating nurseries and several 
participating growers each year

Public program, can be used by anyone

Mother trees tested for PPV, PNRSV, and 
PDV

Mother trees tested for 26 
viruses/viroids/bacteria

Budwood source trees (50-100/block) are 
full-size, providing maximum amount of 

budwood

Foundation plants (2-3 indoor) are in pots 
and provide small amounts of budwood

Time to establish a budwood block is a 
couple weeks

Making a clean plant can take several years



Is Xylella fastidiosa transmissible through 
grafting in peach?

T-budding completed in summer 2021.

Chip budding will occur in winter 2021-2022.

Chip Budding T-Budding 



Economic studies highlighted the critical nature of NCPN centers for the 
sustainability of viticulture and fruit tree production with documented 
returns on public investments ranging from 10:1 to 150:1 

(Fuchs et al. 2021)
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