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Real-time PCR diagnostics:
a tool for managing
soil-borne potato diseases
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Real-time PCR diagnostics; assessing disease risk
of soil-borne potato pathogens

Real-time PCR: a tool for

e studying disease epidemiology

e developing disease risk assessments based on levels of soil inoculum

Soil-borne pathogens
» Colletotrichum coccodes — black dot
» Spongospora subterranea - powdery scab

» Rhizoctonia solani AG3- stem canker/black scurf




Reducing disease risk:
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Evaluating disease risk using real-time PCR
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Soil sampling
A suitable soil sampling strategy underpins the reliability of soil testing.
» must be representative of field scale

» must be practical (sampling and processing time and cost)

» Based on “old” PCN sampling strategy.

B Sampling area: 4ha or less. (divide larger fields)

B Sample size: 1Kg for standard testing

B Sampling points: 100 x 10g samples (0-15 cm depth)
B Sampling pattern: W pattern.




Example 1: Colletotrichum coccodes - black dot
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Black dot disease risk assessment

» Soil test result — risk

» Variety grown — Reduce/increase risk

» Likely crop duration — Reduce/increase risk

» Irrigation — Increased risk

» Chemical control — Reduce risk (may depend

on level of inoculum)
» Weather conditions  ?




Managing the risk of hlack dot
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Check varietal
rasistance to black dot -ﬂ

at www.potato.org.uk/

varieties, in the NIAB -

pocket guide, or

contact your supplier

ESTwrtaets

Perform a black dot soil test (this is
particularly whbls on rented land
with unknown

if field history is Imnwn. take this into
account e.g. crops grown in short
rotations with a of black dot,
presence of host weed populations
and high volunteer numbers may be
high risk

Avoid contaminated seed of more
susceptible varieties and avoid
planting contaminated seed in soils
not contaminated with black dot

Avoid over irrigation especially of
susceptible varieties and long-
duration crops

Althaugh the majority of pre-pack varictios are susceplible lo
black dof, ihers are a mamber of modorately reséstant
varistias. Resistance ratings vary from 2 [vary susceptiola) to
E {resistant}. The most susceptinle variaties should not ba
plantad in flelds known to be contaminated with black dot
inaeulum at kigh sk levels. Susceplible varaties inelude
Estima, King Edward, Maris Piper and Pentland Squira.

More resistant varieties include Cabaret, Saxon, and Sarta,

Sall-biame contamination is the most uﬂmlm.rﬁ!:hﬁ
s dissate, A oo best m

inaulum for

dmrrmammk muaiunumhg. 'u\ihcru
dpmrlhl arg tested, those with

the higha of soil comtamination can ba avoided.

The relationship between the amount of Back dol on seed
and dissase on daughler tubers bs comples It is widely
accented that mast black dol infection ariginates fram

Black dot Is a diseaes favoured by wet and warm soil
conditions. Whare soil inoculum ie present, imigation or high
lavels of summer rainfall will increase black dot, particularky
whare a susceptinle variety or a long-duration crop is grown.
Action should be taken to reduce risk in othar ways such as
redusing initial inoculum and harvesting as sarly as possinla,

TECHNICAL

Figure 1. Impiact of varietal resistance an
biack dut develcament

Variatal reslstance can help reduce the incidence of black dot. In Potato
Councll-funded triale iwestigating control measures against black dot, chenging
a mare susceptible variety to 2 more resistant variely resulled In 3 significant
reduction in black dot,

In fiald trials performed at sites with differant lavels of soll contamination with C.
cocoodes, growing a variaty with a high rasistance [resistance rating 7 or
higher), slgnificantly reducsd the percentags of unmarketabla tuners at eifes
with high or wary high kvels of comtarmination. AL sites with medium
confamination, changing the variety from resistance raling 3 je.g. Pentland
Squirs) to ane rated 4 {e.g. Maris Pipen) reduced the % unmarketable tubers.

Using the sail tast, the risk of disease can be spllt inta theee calegories
depending on level of soil ingcubum: low risk (0-100 pg DNA solf), medium
risk (101-1000 pg DMA/G soil} and high risk (=1000 pg DNAJG soil), As part of a
Potato Council-funded study, 130 fialds were assaszad for soil contamination.
B3% of sofls ware found to be contaminated. with 55% having a moderate ar
high risk. *

2 Efisct of Increasing sod inculum (pg DNA /g solf on e incidencs of Black dot 0 progeny
m&m 11 2004, 2005, 2006 and H007. Scwrce Polets Counch prajects F240 and R253.

Figure 5 Efect of [MEIHcn on Sy of nlack dot 1y sk
sapanie Askd fnak  Source: Potalo Cowscl Projct BB

In Figure 3, in sach of faur trlals, contaminated ssed stocks of Marls Piper and
Sante were graded by hand accarding fo the sitent of black dot symploms
covaring the luber surface. Tubers from each of the four seed categories were
plantad in frials at sites whara Rtla or no soil contamination was detectad.
g of disease In Sante crops wag significantly less than in Marls
& resistance ratings 5 and 4 respectively). There was iltle difference
Tour seed categaries in black dat incidence in the daughlar crop,
visually free from black dol symploms can cause disease in

Results show that where sofl inooulum is present irigation can encourage black
dol to develop, In field trials Erigation significantly increased black dot severily
in three oud of six trials performed batween 2004 and 2008 compared with a
nan-irrigated control (Figurs 5.

In tHiale, ssasonal verdations in Incldence of disease in association with saoll
inoeUlLm wers found, In the above aversge summers rainfall semsons of 2004 and
2007, crops had higher incidences of diseasa than in the lower than average
rainfall seasons of 2005 and 2008 al lowar sail inoculum levels

i <100 pg DA soill.




Example 2: Spongospora subterranea - powdery scab

- Biphasic life cycle:

» Resting spores which persist in soil
for many years.

~ Rapid multiplication through the
formation of secondary zoospores. E

n#n

- We set out to determine if soil inoculum levels
of Spongospora subterranea are related to
disease risk.




Monitoring of commaercial potato fields

In commercial crops there
was an increased risk of
the progeny tubers having
powdery scab from 25% to
65% based on pre-plant
levels of soil inoculum
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Effect of soil inoculum levels on powdery scab: field trials
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Example 3. Rhizoctonia solani (AG3) - black scurf
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Example 3. Rhizoctonia solani (AG3) - black scurf

Effect of soil inoculum in absence of seed (PCR) inoculum
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Rhizoctonia solani AG3

100 —_—
W —=— Minitubers
. 80 ——<1%
//‘ —0—1-10%
= —*—>10%
S 60
()
§ 40 /// Relative importance of
g // seed and soil borne
2 / inoculum.
2 0
Q 0 1:100 1:50 1:10 undiluted
©) (Sléoil inoculur$11I()e2\/)eI (pg DNASSls(()))iI) (5107)
13
1.0
Interaction between soil-borne 2 08| [
inoculum and organic matter in .
the soil g5 .
s
0.3
00 [ ==
sclerotia control sclerotia control
high-organic high-organic low-organic low-organic

Treatment




Examples of real-time PCR assays for potato pathogens

Disease Pathogen

Dry rot Fusarium spp.

Black dot Colletotrichum coccodes
Powdery scab Spongospora subterranea
Black scurf Rhizoctonia solani AG3
Silver scurf Helminthosporium solani

Common scab
Gangrene

Watery wound rot
Pink rot

Late Blight
Skinspot

Streptomyces scabies

Phoma foveata

Pythium ultimum
Phytophthora erythroseptica
Phytophthora infestans

Polyscytalum pustulans
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