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Biology, Detection, and 
Management of Plant 

Pathogens in Irrigation Water

Plant Disease volume 98: pages 1213-1220
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• Pathogen dispersal in nurseries from recycling 
irrigation water

Why sanitize irrigation water?

Capturing / routing run-off
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Capturing run-off
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Capturing run-off

Increased dependence on recycled water has 
exacerbated crop losses due to waterborne

pathogens, i.e. Phytophthora / Pythium

sporangia

zoospore

sporangia

Why?
They can swim…
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Phytophthora ZOOSPORES

Zoospore chemotaxis
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Lagenidiales: Aquatic parasites, biocontrol organisms 

Rhipidiales: Aquatic … 

Saprolegniales: Aquatic parasites

LEPTOMITALES

SAPROLEGNIALES

RHIPIDIALES

LAGENIDIALES

PERONOSPORALES

Oomycete (water mold) Evolution

Leptomitales: Aquatic saprobes

Ornamentals commonly
diagnosed with Phytophthora root rot

• Abies (esp. Fraser fir)
• Arborvitae
• Azalea
• Boxwood
• Camellia
• Chamaecyparis 
• Dogwood 
• Forsythia 
• Gardenia
• Hemlock 
• Holly (Ilex spp)
• Juniper 
• Lavender
• Pieris
• Rhododendron 
• Taxus 
• American chestnut… 

P. cinnamomi
P. nicotianae
P. drechsleri
P. cryptogea
P. citricola
P. citrophthora
P. cactorum
P. cambivora
P. gonapodyides
P. heveae
P. hydropathica
P. ramorum
P. tropicalis

• Begonia
• Blue daze
• Calibrachoa
• Dusty miller
• Easter lily
• Euphorbia
• Fuchsia
• Gerber daisy
• Ivy (Hedera spp)
• Million bells
• Nandina
• Petunia
• Verbena
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Phytophthora root rot

Phytophthora dieback 
(foliar)
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How does Phytophthora spread?

• Movement of infested plants (ornamental trade)

• Splash dispersal from infected plants / soil / debris

• Contaminated media / pots

• Irrigation water or flood events

Sporangia on leaf (J. Parke)

Irrigation water tour July-Sept 2009
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69 samples, 36 GH and nurseries
13 counties in NC

Irrigation water tour July-Sept 2009 

A large range in how water was treated (if treated at all)
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69 samples
36 GH and nurseries

13 counties in NC
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• Phytophthora not found in wells

• Phytophthora counts correlated with the amount of 
water recycling

• Higher Phytophthora counts found in natural water 
sources than in pond water, although most of these 
Phytophthora are yet to be described…

• New Phytophthora species found in both ponds and 
natural sources

Irrigation water tour July-Sept 2009 
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Which taxa of Phytophthora are present in 
irrigation water at ornamental 
nurseries in North Carolina? 

If Phytophthora is present in 
irrigation water, is using this water a 

risk on plant health?

Are Phytophthora spp. commonly 
recovered from irrigation water 

pathogens on ornamental hosts?

The Questions Sample for Phytophthora in irrigation 
water at two nurseries

Use trap plants to determine risk and 
incidence of infection 

Conduct pathogenicity assays with selection 
of recovered isolates

Objectives

Plant pathogens in irrigation water…

What are the risks?

French Broad RiverRetention basin

Nursery I Nursery II

•3 acre woody ornamental nursery

•Collects total run-off into 465 m2

pond for reuse

•15 acre woody ornamental nursery

•Pumps directly from French Broad River, 
with avg. flow rate of 66 m3/sec

Sample for Phytophthora in 
irrigation water at two 

nurseries
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Water sampling

Water collection

Filtration assay

Isolate & quantify 

Identify by morphology & DNA

Sprinkler collection

• Phytophthora consistently detected in water sources 
for two subsequent summers (every collection time, 
both nurseries)

• Seven unique taxa identified based on DNA sequence

– Some known species; some undescribed species

• Nursery II (river water) had more diversity than 
Nursery I (pond water) 

• Dilution of spores occurred from source to sprinkler

Sample for Phytophthora in 
irrigation water at two 

nurseries
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A

B

A. Pieris japonica
‘Mountain Fire’ (2011 & 2012)

B. Rhododendron sp.
‘Nova Zembla’(2011)

‘English Roseum’(2012)

Use trap plants to 
determine risk and 

incidence of infection 

In situ detection assay  

Use trap plants to 
determine risk and 

incidence of infection 
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Sampling the plants

Sample roots with 

soil probe

Infected foliage 

plated on media

Identify

Use trap plants to 
determine risk and 

incidence of infection 

+

• Phytophthora infections detected on 2 of 384 
‘trap’ plants (<1%) over both growing seasons

– PgChlamydo and P. hydropathica

• Baiting and flooding trap plants yielded no 
detection of latent infections

Use trap plants to 
determine risk and 

incidence of infection 
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Are they pathogens?

The hosts used

P. sp. BF4

P. hydropathica

P. pini (citricola)

P.  taxon ‘PgChlamydo’

Taxa tested

Conduct pathogenicity 
assays with selection of 

recovered isolates

P. hydropathica

P. hydropathicaP. pini (citricola)

P. taxon ‘PgChlamydo’

Are they pathogens?

YES!!!



2/14/2018

17

Concentrate and inoculate
Diseased plants

Irrigate in situ

Healthy plants

Conduct pathogenicity assays with selection of recovered isolates

Use trap plants to determine risk and incidence of infection 

in vivo

in situ

What IS GOING ON???

Mitchell et al. 1978

IT’S 
A

NUMBERS
GAME
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Nursery I Nursery II

2011 2 6

2012 1 3
Sprinkler collection

Average # of zoospores deposited into 
container daily

IT’S 
A

NUMBERS
GAME

The Risks…

• We found little risk over two growing season from our 
in situ detection assay
– Although… P. hydropathica and P. pini were commonly 

found at Nursery I (retention basin) and Nursery II 
(river water), respectively. 

• Dependent on a number of factors… 
– inoculum concentration
– which Phytophthora species are present
– recycled/surface water vs. ‘natural’ water sources
– relative host susceptibility to Phytophthora 
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CRITICAL CONTROL POINT II: Ground

Pot placement on ground

Limit splash dispersal

• Rhododendrons on bare ground

– Lesions 2 feet above ground

• Rhododendrons on gravel base

– No lesions

Data: Mike Benson, NCSU

CRITICAL CONTROL POINT II: Ground



2/14/2018

20

CRITICAL CONTROL POINT II: Ground
Grow in areas that have good drainage

Sanitize pots

CRITICAL CONTROL POINT III: Pots
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Exclusion: purchase disease free plants

source: Nursery Industry BMPs P. ramorum, CA

CRITICAL CONTROL POINT IV: Plants

source: Nursery Industry BMPs P. ramorum, CA

Exclusion: inspect buy-ins

CRITICAL CONTROL POINT IV: Plants
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Do I need to treat my irrigation water?

• Depends on your nursery and your practices…

• Have you had a history of Phytophthora? 
Don’t fix something that isn’t broken

• What are your risk factors?
– History of P. ramorum? 

– Flood floors?

– Do your areas flood / experience flood waters?

Water treatment options…

• Physical barriers (pond design)

• Chlorination (gas, tablets, or liquid bleach)

• Slow sand filtration

• Commercial Peroxidases

• Copper ionization

• Ozone

• UV
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Phytophthora management

• Do not over-water; use well drained mix and pots

• Irrigation / water management

• Disinfectants for surfaces and equipment between crops

• Sanitize pots if you reuse them

• Grow on benches or use an impermiable protective barrier

• Try your hardest to EXCLUDE the introduction of Phytophthora
into your nursery

• Preventative fungicides - drenches & sprays

This research was funded by…


