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What is Pythium?
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Objectives

* Identify the species of Pythium living in tobacco greenhouses
* |dentify the sources of Pythium species
Where were they from? Isolation frequency?
* |dentify the effect of individual species on tobacco in greenhouses

Pathogen or not? Variation of symptoms?



2017 Pythium Survey

7 A greenhouses & 4 skaies
(PA: 3, MID: 4, GA: 3, VA: 31)
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Tobacco seedlings (218 samples)

Bay water (145 samples)

Weeds (29 samples)

Walkway (11 samples)

Growth medium in tray cells (7 samples)
Used float-water trays (7 samples)

Bay surface (7 samples)

New York New/Hampshire
Massachusetts

Co_rlnegtiéu?.’%

Pennsylvania

North Carolinaz. -

Georgia

Florida
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Isolate Collection



Number of
isolates

gXuemei.pdf

Groups Species
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Pythium P. dissotocum
Pythium P. myriotylum
Pythium P. catenulatum
Pythium P. coloratum
Pythium P. porphyrae
Pythium P.irrequlare
Pythium P. adhaerens
Pythium P. inflatum
Pythium P. torulosum
Pythium P. aristosporum
Pythium P. attrantheridium
Pythium  P. pectinolyticum
Pythium Pythium sp.
Other oomycetes  Saprolegnia spp.

Other oomycetes Achlya spp.
Other oomycetes  Aphanomyces spp.

Fungi Mortierella spp.
Fungi Acremonium spp.
Fungi other fungi
Fungi Epicoccum spp.
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Pythium Sources in Tobacco Greenhouses

Number of Pythium isolates from Seven Greenhouse Environments

Bay surface
Old tray
Growth medium...
Walkway
Weeds
Tobacco seedlings

Water

Pythium spp. were found in walkway, weeds, tobacco seedlings and bay water in this

survey, which could be potential contamination sources harboring Pythium in tobacco greenhouses.
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How Common Is Pythium?

* In greenhouses

* |n different environments/ sample types
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Total

Water samples

Symptomatic
tobacco seedlings

Asymptomatic
tobacco seedlings

Weeds or
walkway samples

Tobacco seedlings,
water, weeds or
walkway samples

* Percentage calculation was not based on the total number of surveyed greenhouses (41), but the number of greenhouses where each sample type was collected from.

Number of greenhouses

41

37

25

25

1]

Pythium was found

In 32 (~ 78%) greenhouses

In 28 (~ 76%) greenhouses

In 17 (~ 68%) greenhouses

In 13 (~ 52%) greenhouses

In 8 (~ 44%) greenhouses

In 5 (~ 38%) greenhouses
(all sample types were Pythium positive)
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Walkway

Weeds

Isolation Frequency of Pythium:
The chance of getting Pythium isolates from different sample types

Tobacco
seedlings

Water

Highest in water, followed by tobacco seedlings
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Isolation Frequency of Pythium:
The chance of capturing Pythium isolates from different types of tobacco seedlings

Asymptomatic Stunting only Root rot only

Stunting &
root rot

High in root rot seedlings.

Even healthy-looking seedlings
can have Pythium species!
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Water

Isolation Frequency of Pythium:
The chance of getting Pythium isolates from water samples

Direct
plating

Fescue leaf Sunflower
seeds

Hemp
seeds

Tobacco
seedlings

Direct plating was more efficient,
but baiting was necessary




Where Did We Find Individual Pythium Species?

Table 1. Presence of Pythium spp. at different locations within tobacco greenhouses.

Species

Walkway

Weeds

Tobacco seedlings

Water

P
P
P
P
P
P.
P
P
P
P
P
P

. attrantheridium
. aristosporum

. irregulare

. adhaerens

. pectinolyticum
inflatum

. torulosum

. porphyrae

. catenulatum

. coloratum

. dissotocum

. myriotylum

X
X
X

X

X X X X

X

X X X X X X X X X

X indicates the presence of individual Pythium species.
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Finding Pythium Species from Seedlings and Water

Table 2. Presence of Pythium spp. on different types of tobacco seedling samples and different types of baits in water samples.

tobacco seedlings water
Species asymptomatic  stunted root stunted direct ~ fescue  sunflower hemp  tobacco
rot & root rot plating leaf seed seed  seedlinc

P. pectinolyticum X
P. torulosum X X X
P. inflatum X X X X
P. adhaerens X X
P. porphyrae X X X
P. catenulatum X X X X X X
P. coloratum X X X X X X X
P. dissotocum X X X X X X X X
P. myriotylum X X X X X X X X

X indicates the presence of individual Pythium species.
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Pythium = pathogens?

Pathogenicity test in lab:
* Inoculated seeds &
* 10-day-old seedlings

Test in greenhouse:
* |Inoculated at seeding

* 10 days after seeding
(when seeds germinated)

* 4 weeks after seeding
(when water roots emerged)

gXuemei.pdf

2020 _TWC46_Zhan

TWC2020(49) - Document not peer-reviewed



Pythium groups

Lab & greenhouse results

strong pathogens
always causing damages

I;J>thium spp. do not have the same level of virulence.

nonpathogens weak pathogens
no effect on tobacco seeds or seedlings jumped in between.

YOUAREVERY' SNEAKY

Don't shoot!
I'm just a simple country boy!
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Lab tests: Disease incidence on 10-day-old seedlings

Table 2. Pathogenicity of representative Pythium isolates as indicated by disease incidence after
inoculation of newly germinated seedlings of burley tobacco cultivar TN 90 in petri dish trials.

% Disease Incidence

Day 7 Day 10
Pythium species Experiment 1 Experiment 2 Experiment 1 Experiment 2
P. myriotylum 100 a 90.6 a 100 a 100 a
P. dissotocum-1 100 a 25.0 de 92.5a 64.1c
P. coloratum 63.4b 89.1a 100 a 98.4 a
FP. forulosum 3.1:d 3l.3a 41.0¢ 93.8 ab
P. irregulare 289:3¢ 469b 10.0d 93.8 ab
P. catenulatum 15.0 cd 42.2:be 67.5b 90.6 ab
P. dissotocum 0d 7.8 1 75.0b 9.4 de
P. porphyrae 0d 28.1cd 0d 91.3b
P. aristosporum 4.7d 941 4.7d 17.2d
P. attrantheridium 0d 451 0d 4.7 de
P. inflatum 0d 0f 0d Oe
P. adhaerens 0d 0f 0d Oe
P_ pectinolyticum 0d 0f 0d Oe
Non-infected control 0d 0f 0d Oe

Strong Pathogen

Nonpathogen
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Lab tests: Disease severity on 10-day-old seedlings

Table 3. Pathogenicity of representative Pythium isolates as indicated by disease severity after
inoculation of newly germinated seed of burley tobacco cultivar TN 90 in petri dish trials.

% Disease Severity

Day 7 Day 10
Pythium species Experiment 1 Experiment 2 Experiment 1 Experiment 2
P. myriotylum 67.5a 653 4 93.8a 90 a
P. coloratum 213 b 55.0ab 58.8b 81.6 ab
P. dissotocum-1 65.0a 11.6 cd 48.8 bc 47.8d
P. irregulare 17.5b 16.6 13.8d 73.8 be
P. torulosum 25¢ 438D 26.3d 52.5:4
P. catenulatum 12.5 be 19.1¢ 58.8b 63.8¢
P. porphyrae Oc 9.4 cde Oe 48.8 d
P. dissotocum 0c 2.5de 45.0c 4.4e
P. aristosporum 256 2.5.de e 4.4¢e
P. attrantheridium 0c 0.9 de Oe 09e
P. inflatum Oc Oe Oe Oe
P. adhaerens Oc Oe Oe Oe
P_pectinolvticum 0c 0e 0e Oe
Non-infected control 0c Oe Oe Oe

Strong Pathogen

Nonpathogen
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Lab tests: Seed Germination
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Table 1. Pathogenicity of representative Pythium isolates as indicated by seed germination after
inoculation of burley tobacco cultivar TN 90 in petri dish trials.

% Seed Germination

Day 7 Day 10
Pythium species Experiment 1 Experiment 2 Experiment 1 Experiment 2
P. dissotocum-1 17.2h 3le Oe 0d
P. coloratum 28.1 gh l1.6e 21.9d 0d
P. irreculare 406 ¢ 14.1.d 3.1e 15.6¢
P. myriotylum 67.2:de 95.3 ab 21.9:d 87.5b
P. aristosporum 422¢g 95.3 ab A3l 93.8 ab
P. torulosum 46.9 fg 93.8 abc 79.7b 90.6 ab
P. inflatum 64.1 ef 93.8 abc 85.9 ab 95.3 ab
P. porphyrae 73.4 cde 859¢c 92.2 ab 90.6 ab
P. adhaerens 75.0 b-e 93.8 abc 90.6 ab 98.4a
P. dissotocum 84.4 a-d 90.6 bc 92.2 ab 96.9 a
P. attrantheridium 93.8 ab 93.8 abc 92.2 ab 98.4a
P. pectinolyticum 953 a 96.9 ab 953 a 96.9 a Strong Pathogen
P. catenulatum 96.9 a 93.8 abc 100 a 92.2 ab
Non-infected conirol 875 abc [00 a 05.3 ab 984 a Nonpathogen
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Table 3. The effects of loat water inoculation with Pythium species at seeding on TN LC ) tobaceo seed germination and seedling health.

Koot Koot rot Koot rot Spore count Root Koot Seedling Germination  Mortality

vigor incidence severty (per 2mm root  weight length vigor percentage percentage
Treatment {%a) {%a) {%a) tissue) (4] {cm) (Ya) (%a) (%)
Uninoculated Control 9937 a 0a Oa 0a 19.45a 2043 a B7.50a 9554 ab Oa
Prthium inflatm 9T 3T an oa T 0a [TTah 9I6a G637 ab Oh.Z6 ab Ui
Pythium porphyrae EE.05 abpd. 0w Oa () ab 17.63 ab 1853 a E3.81 ab Q890 5 Oa
Pythism aristosparum RO-03 ah 465 ab 5.00 ab T abs. T 3Ta I[13a T34 ab T by ra
Pythium dissotocum 7093 hed 5000 ghe 30,00 ab Ted 12.65 hg 1708a E9.45 ab E1.95 hed 001 a
Pythium irregulare 5714 cde 65.81 bg 3104 ab 14 d 12.23 bg 2.04a &4.41 ab GE.90 a 6.62a
Pythium terulosum 55.62 cde 50,00 ghe 20.04) ab 3 ghed 1143 ¢ 1948a 92 70 ab 94 23 abe 025a
Pythium coloratum 2841 e 9330 ¢ ELECIN 69 of 11.05¢ 17 86a 58.49 ab T3 2 cde 1110 ab
Pythium dissotocum-1 5382 de E3.36 b 350 b 20 def 1028 ¢ 1962a 40001 b 6815 de 0.8%a
P;ﬁnuumw'fanfnm 014 f 100,00 ¢ 106000 ¢ 173 f 123 d TEED l4d e 5349 ¢ 4430 b

Table 4. The effects of loat water inoculation with Pythivm species at 10 davs after seeding on TN LC W tobacce seedling health.

:|1|l1'r||lua!| mdlmgs Koot rod incidence 15 the F-:Tcnntag_l. -al'tul:laLLu :l.l.dhngs with symplomabic waler rools among all xr.'ml'lmgs m a tray. Seedling vigor rLl'l-r-rIs the size and greenness of the entine
w rod severily 15 the percentage of waler rools affected by rool rot oo 5 individual seedlings m a tray. Maoriality rate shows be percentage of dead seedlmgs among germimated plants ina tray.
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Treatrment Root Root rot Root rot Spore count Seedling Mortality
vigor incidence severity {per Zmmroot  Root weight  Root length  vigor percentage
{%a) (%) (%) tissue (g {cm) (%o} (%)
Uninoculated control 8. 75a Oa Oa Oa 2243 ab 238la 10000 a Oa
qmmﬂ porplyrae 97.50a Oa Oa Oa 28.10a 26.06 ab 9375 ab 0.01 ab
M AFiSIOSportm 96252 30,00 ab 2500 ab ia 2388 ab 2400 ab 100.00 a Ua
Pythium catenulatum g2.50a 2500 ab 2500 ab 12b 2313 ab 24.50 ab 10000 a Oa
Pythium frregulare 76.25 ab S0L00 ab 44 00 ab b 14.93 e 23094 a 9375 ab 0.01 ab
Pythivum torulosum 66.25 abg 5000 ab 401001 ab R 17.10 g, 2456 ab 97.50 ab Oa
Pythivm dissotocum-1 46.25 by 05 00 ¢ 5700 bg 12b 11.53 ed 238D 63.75 ab 203 by
Nonpathogen Pythivm coloratum 3875 ed T5.00 hg 6500 by XMk 10.98 cd 2244 ab GO0 by 774 ced
j j 6.25d 100,00 100,00 4 1.75d 13.97 2500 40.70 4
Strong Pathogen Fythiun myriotylum . ~ . _ . _
Trealment means 1olcwes By The Same JEHEN &) Were Mol SIEmlicantly GIEjerenl. PEMCEmage Jaka were AIcaie Iansierned DEICTe analysis. Laka analveel USng MmO e A Wil FIsher s Lol or Wilcoxen (o = 0.05),

All root measurements were based on the entire roct ball of individual seedlings. oot rot incidence reflects the percentage of tobacco seedlings with sympiomatic water roods ameng all the seedlings in a tray. Root |
ral severity shows the percentage of waler rools affected by root rot on 5 individual seedlings m a tray. Morality rate is the pereentage of dead seedlings amoeng permanated plants in a tray.
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Where do Pythium pathogens stay?

Table 1. Presence of Pythium spp. at different locations within tobacco greenhouses.

Species

Walkway

Weeds

Tobacco seedlings

Water

. attrantheridium

X

. aristosporum

. irregulare

X
X

. adhaerens
. pectinolyticum

. inflatum

. torulosum
. porphyrae

. catenulatum

. coloratum

. dissotocum *

W U UV)|JU U Uy U U UV U V| O

. myriotylum

X

X XX X

X

X X XX X X| X X X

X indicates the presence of individual Pythium species.

Nonpathogen
Strong Pathogen

* Subgroup:
Virulence variation within
P. dissotocum
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summaries

Survey Results
* Pythium was common in tobacco greenhouses
* 4 potential contamination sources Considering weed control

e 12 described Pythium species Wost common: P. dissotocum.
The wost common in root rot seedlings: P. imyriotylum

* 194%-1949 NC state, root rot seedlings ouly:

P. irregulare (most common), P. myriotylum & P. dissotocum
* 2015-2016 Zimbabwe, root rot seedlings only:

P. myriotylum (most common)
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Pathogenicity results / WMost aggressive, also n NC & Zivmbabwe studies

* Strong pathogens: P. myriotylum, P. dissotocum & P. coloratum
Beaw, Corn, Lettuce & Grass. Roots, seed, soil & water

 Weak Pathogens: P. aristosporum, P. irregulare, P. torulosum, P. porphyrae & P. catenulatum
No above-tray symptoms Diverse hosts.  Soil, roots, plant debris & water

* Nonpathogens: P. attrantheridium, P. adhaerens, P. inflatum & P. pectinolyticum

Diverse hosts, mostly grass.
Soll & roots
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Questions

o What is Pythium?
o0 2017 Pythium survey

e Sampling plan

e |solate collection

e What were found?

e Where were they?

e How common are they?

e Source of individual species

o Concerns

o Are they all pathogens?
e Do they cause the same symptoms?

e Groups and subgroups

o Where do pathogenic species stay?

o Summaries
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