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AEssentiaIIv: the fungus,Verticillium
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AVascuIar Wilt Disease

A Early death

A Collethotricum (black dot)?
A Erwinia (soft rot)?

ARobs yield of large tubers

Two species,V. dahliae, V. albo-atrum
Either fungal pathogen alone,

or In conjunction with root lesion nematode,
Pratylenchus penetransg® ‘
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Vascular Symptoms




PED Symptoms
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FACTS about Potato Early Dying

Q Importance
@ Among top potato diseases
@ Concern after mid-70s in many regions
@ Manitoba concern starting late 80s
@ Varies from year-year

@ Occurs often in patches
@ Sandy spots
Q Wet areas
@ Machinery entrance points




Verticillium dahlia‘ | Cu I prItS
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Not present in Prairie Canada
but in ON, PQ, Atlantic Canad

Root Lesion Nematode
Pratylenchugsenetrans




Verticillium dahliaeLife-cycle

formation of
conidia and

systemic chlorosis,
colonization of necrosis, and

vascular system wilting of foliage

) colonization of
entry into senescing lissucs
xylem vessels

colonization of

100! cortex development of
microsclerotia in
dead tissues

direct penetration
of root tips

root exudates
stimulate
microsclerotial
germination

mirrneeclaratia frea
in 8o0il or within plant

debris EI ’

Draowing by Vickie Brewster, colored by Jesse Fwing
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Stem section Vascular discoloration
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How does Verticillium survive?

In the soill:

Microsclerotia
= resting structure

In plant tissues:

Myceliym and/or microsclerotia in tubers, leaves
aluSYaXsSuoO



Verticillium Host Range

Wide host range

Almost alldicotyledonfamilies are susceptible

ExamplesAlfalfa, Clover, Sunflower, Cabbage, Celery, Cucumber, Pepper,
Raalsﬁ, Rhubarb, Tomato

Any Immune or Resistant plants?:

Cereals (alinoncotg: immune (?)
Asparagus, lettuce: moderately resistant
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Copy #/g soil)

Old Colony Count Method to New
PCR Method foW. dahliaein soll

Colony Counts vs V. dahliae Copy Number
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Old plating method
can trick you into
dealing withVert

(A) Inoculumdensity ofVerticilliumsppas CFU-§soil.(B)
Inoculumdensity ofV. dahliaeand V. tricorpusas pg DNAY
soil.(C)Area under the wilt progress curve (AUWPC) in 2

experimental sites planted to Russet Burbank in Manitoba.

Means within a site followed by the same letter are not
significant different accordingto 2 y ¥ S KMfp¢ A Qa
comparison test>0.05). Error bars are +1 standard error.

Molina et al. in prep
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Again more
being fooled
Actual relations

to Disease In
fleld

Relationships between AUWPC arAll Y. dahliaeDNA
in soil (pg ¢ soil),(B) V. tricorpusn soil as pg DNAlg
and (C)Verticilliumpropaguledensity as CFUgsoil.

Molina et al. in prep
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ConfirmingV. tricorpusis not
Pathogenic toPoato

V. tricorpus V. dahliae

Molina et al. in prep



Nematodes

@ Several plant-parasitic nematodes involved in PED
@ Root lesion nematode (Pratylenchus)

Q P. penetrans***

@ P. neglectus

Q P. crenatus™*
@ Root knot nematode (Meloidogyne)

@ M. hapla



Annals of Applied Nematology 1:17-19. 1987,
@ The Society of Nematologists 1987.

Nematodes Associated with Potato in
Prince Edward Island and New Brunswick’

J. KiMpinsk1®

Abstract: Analysis of soil and root samples collected from potato fields across Prince Edward Island
and the Woodstock-Grand Falls region of 1

1 lant-parasitic nematoded. Pratylenchus penetrans occurred more often on Prince
Edward Island, and P. ¢renatus predominated in New Brunswick. [It was estimated that about 109%
of the sites from Prince Edward Island had population levels of Pratylenchus spp. that may have
caused economic losses.

Key words: potato, Pratylenchus penetrans, P. crenatus, root lesion nematode, Solanum tuberosum.




TasLe 1. Frequency of occurrence (percent} of
genera and species of plant-parasitic nematodes, and
the orders of Rhabditida and Dorylaimida associated
with potato roots and soil from Prince Edward Island
(30 sites) and New Brunswick (40 sites).

Prince
Edward Mew
Island Brunswick
Roots Soil Roots  Soil
Pratylenchus penetrans 63 67 20 20
P. crenatus 23 17 40 45
Pratylenchus spp.} 14 16 g8 10
Aphelenchoides spp. [0 T00 100
Tylenchus spp. 73 5 73
Helicotylenchus spp. 40
Tylenchorhynchids 30
Aphelenchus avenae
Bastian, 1865 7 30 10
Heterodera trifolii
Goffart, 1944 10
Meloidogyne hapla
Chitwood, 1949 7 5 3
Paratylenchus spp. 3
Criconemotdes spp. 3
Rhahbditida 100
Dorylaimida 23 8

T Not identified to species (mostly juveniles),

OtherPratylenchuspecies likely presen



TasLe 2. Frequency (percent) and population density of root lesion nematodes associated with potato on
Prince Edward Island (30 sites) and New Brunswick (40 sites).

Per g dry root Per kg dry soil
Frequency Range Frequency Range
(%) (™) (%) (N)

Prince Edward Island

Pratylenchus spp? 23 10-520 20 830-510

P. penetrans D4 30-1,720 60 70-4,730

P. crenatus 13 120-310 10 170-2,330

Both species 10 490-820 7 90-1.080
New Brunswick

Pratylenchus spp.t 23 10-1,300 25 80-1,250

P. penetrans 5 850-2,130 5 5,280-7,200

P. crenatus 25 20-5,330 28 140-4,190

Both species 15 60-4,610 15 460-3,540

t Not identified to species (mostly juveniles).



Host Range of the Nematode

@ Wide host range
@ Grasses and cereals, field and vegetable crops, weeds
@ Nonhosts

@ canola, forage pearl millet, Sudan grass, broccol,
onion

@ Preferred hosts
@ corn, carrot, sugar beet, vetch, raspberry, strawberry
@ Naturally occurring in grasslands and pasture



Root lesion Nematode




Root Lesion Nematode

D. Wixted




J2 hatches from egg

!
f

First-stage juvehile (J1) moits
within egg

/

J4 molt to become adult males and femaleg;

produce eggs**; lesions become extensive
as nematodes feed.

/
/ i
J3 feeds and molts to J4 4 ¥ A
lesions expand //_,, - s L A
777 7 ‘
5 /l / ' Drawing by Vickie Brewster
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damage to plant root

y system by lesion nematode

“any life stage, second-stage juvenile (J2) to adult, can emerge and re-infect root at any point
**eggs can be laid in soil or root -- entire life cycle may occur in root

Root Lesion
Nematode

Life Cycle

@ Can be present in
Q Soll
Q Roots
Q Tubers




How Is the Nematode Involved?

@ Feeding on root promotes Verticillium to enter roots

@ Aggravating Verticillium wilt

@ Action threshold - V. dahliae alone
V. dahliae : > 12 colonies / g soll

@ Action threshold - V. dahliae & P. penetrans
V. dahliae : > 6 colonies / g soll

@ Nematode alone can cause disease (not Verticillium wilt)
@ 4007 3000 P. penetrans / kg soill
@ Yield reduction 1017 43%



So What About Potato Early Dying

Q Yield loss
@ Moderate 10-15%, severe 35-60%
@ Late season loss of 5.5-8.6 cwt/ac/day
Q Effect of vigour loss?

@ Quality loss
@ Tuber discolouration, reduce specific gravity "= s @t
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Yield (cwt.acreb)

Disease and Loss of Total Yield

390 -
370 -
350 -
330 -
310 -
290
210 7

=0

r=0.82
p<0.001
¢
¢ ? ¢
¢
0 10 20 30 40 50 60 70 8 90 100

% Disease Incidence

Molina et al.



Verticillium Soll Test After Harvest an
Disease
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% Incidence
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Verticillium Wilt and Soil Organic
Matter

90 -
80 - * o
70 4
60 - * o * *
50 - %

40 -
30 - *
20 4

Wilt Severity (%)

10 - * L 4

Soil Organic Matter (%)

data from 23 commercial potato fields across Manitoba



Manitoba Yield Variability Study

Soil Measurewith > 10% | Good Areas Relative to

Response Between Good Bad Yielding Areas (%)
and Bad Yield Areas

Verticilliumsoll 65
Nematodes 134
SOM 88

Electrical Conductivity 146

> 100% means soil measure increased in the Low Yielding Areas



Field Variation in Disease and Sol
Properties

100
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Control Options



Sudan Grass Trap Crepdaho

Need three years to be effecti

Fig. 12. Effect of a Sudan grass green manure and fallow on potato early dying of cv.
Russet Burbank after: A, three successive years of a weed-free fallow, and B, three
successive green manure crops of Sudan grass. From Davis et al. (21).

Phytopathology 86:444-453, 1966.
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A Liquids that vapourize and generally
Indiscriminately toxic to soil organisms

A Metam Sodium (Sodium N-methyldithiocarbamate)
A Chloropicrin (trichloro(nitro)methane)

A Telone Il (1,3-Dichloropropene)

A Formaldehyde

A Commonly used in potato production areas






Our First Trial
Vapam2007/

— Control

g 50-
< 40
>
>
< 30
7))

20

10 o~ {

0 —a Vapam

3 7 21

Days after application



First Trial WithVapam
Killing ofVerticillium Already in Soll

No. Verticillium per gram of soll
Treatment
Before application After application
No application 25 N 5.81 138 N 7.97




crops




Green Manure and Amendment
Studies

e Miami Trial (commercial field)
I 3 green manures
I cv. Mozart (table)

e Shilo Trial (commercial field)
I 3 green manures
I Vapam trial
I cv. Russet Burbank
I Mustard seed meal trial

e Canada Manitoba Crop Diversification Centre
I Carberry site (12 green manures/amendments)

e Canada Manitoba Crop Diversification Centre
I Winkler site (compost)



Miami Soll Trial Setup ‘

Q22007 420 PV

Block Il Block Il

Treatment =

Treatments in 2007 Treatments in 2008

1 Spring wheat 3 Mustard Mix Potato
2 Oat/Pea 4 Pearl Millet



Miami 1
Verticillium Propagules in Soil -2007

Before Manure After Manure
B spring 2007 Y Fall 2007

Control Mustards Oat/pea Pearl Millet



Miami 1
Early Dying Incidence and SPAD - 2008

Spad Readings Early Dying Incidence
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Miami i Yield 2008
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Shilo Trial 1

Green Manure

N

Block |

Block I [1I32A3 |  Aleyways

Treatment 2007 guwielels!
Mustards 4 Potato

Sorghum 3

Block Il | 12431 Oatlpeas 2

Wheat 1




Shilo Soll |
Verticillium Propagules Soil - 2007

Before Manure After Manure
B spring 2007 [ Fall 2007

-1 of soil
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Shilo Soll 1
SPAD and Early Dying Incidence - 2008
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Sand Soil T Yield 2008
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Shilo Soill T Mustard Seed
Meal 2008

Block Block Block Block |
I Il 1] I\

Treatment #— §
— 1

Plot # 16| |17 | [ 82

Treatments
0% (control)
0.25%
0.5%
1%

0.25% tarped
0.5% tarped
1 % tarped

1
2
3
4
5 O (control) tarped
6
7
8




Shilo Soll - Effect on Verticillium
germination - 2008

0 0.25 0.5 1 0 0.25 :
_ J \_ )
Y Y
Non-covered Covered
Treatments




CMCDCField Study

Wheat
Sorghum/Sudan
Wheat
Wheat
Wheat
Alfalfa

2"d year

2007

| & 7
Y

Green Manure
Amendments

Wheat
Wheat/Vapam
Wheat

Oriental mustard
Yellow mustard
Canada milk vetch
Sorghum/Sudan
Sorghum/Sudan
Oat/Peas

Fall T Rye
Compost/Wheat
Alfalfa

2008

Y

Potato

Potato

Potato

Mustard meal/Potato
Potato

Potato

Potato

Potato

Potato

Potato

Potato
Compost/Potato
Potato



s Alfalfa

Y g‘?: Y4 o Ui g LR
, I i ;t“ % iy . 2 Y 5 4
Composted ca(gle manure
445 wet ton.ha -1
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Sorghum Sudan graés

4 -

Trap crops




Toxicity to MS

- 4‘

“22% Canada Milk Decomposition of organic

.a .
‘ amendments can release volatile

and non -volatile toxic compe na:

Biofumigation

> Use of chemical that

naturally occur in the
Brassica family of plants
to suppress soil -borne
J disease.




Verticillium Soil Population Determinations

Pathogen ¢ Verticillium dahliae

1. Inhibition of microsclerotia. (Germination %)
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Germination of Verticillium

%
rmination,,
(@)

stard meal

o

)
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20

0 -
Wheat Mustard 'Vapam bat/peas, Milk ;orghum Sorghum ' Fall rye 'Oriental ' Yellow ' Alfalfa
Control meal + Vetch ‘(2 years) (1 year) mustard mustard (2 years)
. c'\\
Treatment

e}



Verticilium  Density in Soll

-1 of soil

hSpring 2007  AFall 2007  &Spring 2008

O
Jiz

Wheat Compost Mustard Vapam OJat/peas ~ Milk Sorghum Sorghum Fall rye Oriental Yellow  Alfalfa

No. of propagules . g

I CEUNERS
Vertical bar = standard error. n=4



Verticilhum Incidence

Vapam
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abc abc
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Effect on Total Tuber
Yield
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Mustards Need Buildup of Toxic Proc
to KillVerticillium
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Compost Addition to WinklecMCDC Sa

mmmm Check
—= Compost
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Russet Umatilla Russet Umatilla
Burbank Russet Burbank Russet

Non-saline Saline

Composted - cattle manure 80 t ha -1



Compost and Mustard Meal Additio
to Winkler Soill
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Check Mustard Meal Compost

Composted cattle manure 80 t ha I-meal 10t ha -



2012 Fumigation and Compost Stud

Russet Burbank Trial:
3 sites: Neabhilg Carberryand Winkler

StandardNorland Trial:
3 sites: Near Morden, Winkler adtona




Site Locations
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Treatments

Control (standard fertilityj CON)
Composted Hog Manui20 t ha! (CHM20)
Composted Hog Manud0 t ha! (CHMA40)
Composted Hog Manui®@0 t ha! (CHMB80)
Composted Cattle Manug&® t hat! (CCM20)
Composted Cattle Manud® t hat (CCM40)
Composted Cattle ManuB® t hat! (CCM8(
High Fertility* (FERT)
Vapam40 gal acre' (VAP40)
Vapam60 gal ha! (VAP60)




VapamApplication¢ Fall 2011

Shiloand CarberryApplication

Other Applications




Can You See An Effect?

Vapam(60 gal acré)



Russet Burbank YielWinkler

Marketable yield

Treatment Non- _ Total available N/kg soil
marketable Regular Bonus Overweight Total

CON 44 N 05 97 N 07 159 N 28 25 N 07 324 N 38 453 N 57

CCM20 56 N 06 137 N 05 131 N 23 41 N 1.3 403 N 3.0

CCM40 46 N 06 98 N 09 137 N 19 50 N 15 453 N 7.2
@ 45 N 04 125 N 06 153 N 20 38 N 0.9 435 N 5.1

F 47 N 04 122 N 07 133 N 28 24 N 05 460 N 11.2

VAP40 41 N 05 11.7 N 14 176 N 25 51 N 08 475 N 5.2
\_ VAP60 45 N 05 114 N 14 201 N 27 58 N 1.2 493 N 7.2




Russet Burbank Yield®hilo

Marketable yield

Treatment Incidence (%)
Non-marketable Regular Bonus Overweight Total
CON 6.7 N 0.7 202 N 26 177 N 25 40 N 1.3
CCM20 48 N 0.8 184 N 16 199 N 22 32 N 08
@ 71 N 13 202 N 09 210 N 1.3 6.1 N 20
CCM80 63 N 0.8 1712 N 16 196 N 3.3 41 N 1.8
FERT 74 N 1.1 188 N 26 173 N 21 35 N 05
@ 81 N 1.8 198 N 26 245 N 20 37 N 16
VAP60 76 N 1.1 186 N 19 197 N 1.1 48 N 20




Our Past Fumigation Results

A Three previous trials with Metam Sodium
A 40-70% reduction in Verticillium soil levels
A Yield responses variable

A No compelling evidence to improve yield
A But growers and processers interested



MB Fumigation Trial 2016

A Three fields fumigated late fall 2015 with Busan

A Two fields done with commercial applicator
(Fields 1 and 3)

A One field done with plot applicator (Field 2)

A Soil samples taken pre-treatment, following
spring and at harvest

A Vert counts, gPCR V. dahliae and V. tricorpus
A Visual disease ratings prior to harvest
A Hand digs for yield, classes and quality



Field Fumigation -
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Harvest 2016

Vasc. Gross yield Net yield
Field Treatment Vert #/g Wilt Colour cwt/ac cwt/ac
1 Busan 16 497 422
Control 29 466 396
2 Busan 414 0.48 0.69 481 458
Control 522 2.9 3.14 397 372
3 Busan 65 1.77 0.70 431 366
Control 149 2.20 1.65 447 380

* Value pairs in boxes are significantly different at P< 0.05




Field 2V. dahliaePCR
(copy #/g)

Treatment Fall 2015 Spring 2016 Fall 2016 Spring 2017
Fumigated 87,035 60,207 132,129 468,667
Non-fumigated 110,765 195,801 349,637 407,759

Potato Crop Year

Before fumigation Spring After Potato



Fumigation Trials 201¢ Site 1
V. dahliaecopy #/g soll

Prior to fumigation

Locatior Fumigate« Un-fumigatec
1 31077 25316¢
2 14259¢ 145191
3 33732 21211¢
4 10340¢ 15134¢
5 23510: 22799¢
6 10046¢ 15919:
7 4155¢ 6340z
8 8784¢ 2023¢
9 3901« 3967

10 778¢ 14587
11 16432 BC

12 20907¢ 4933~



Fumigation Trials 201 Site 2
V. dahliaecopy #/g soll

Locatior Fumigate« Un-fumigatec
1 1138<4 1262¢
2 2185¢ 2891~
3 68767 7056¢
4 16238¢ 47784
S 9162¢ 12849
6 4445° 7973¢
7 6597( 112972
8 394¢ 67537
9 2185¢ 2165¢

10 2760¢ 2392(
11 1968¢ 5114¢

12 7704¢ 11882¢



Fumigation Conclusions

A 1 of 3 fields had very high Verticillium dahliae soil levels

A 2 of 3 fields Busan fumigation reduced Verticillium dahliae
levels in soll

A Field with very high Verticillium had reduced disease and
Increased yield with fumigation

A Yield loss due to Early Dying from Verticillium was 19%
reduction in 1 of 3 fields

A Verticillium levels bounce back year after potato
A Fumigation may rescue fields with high Verticillium levels
A Fumigation in other fields is likely waste of $

A Outstanding question i would fumigation be required every
year for rescued fields?



Controlling Root Lesion Nematode



Marigold Green Manures
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Fig. 1. Decline of the density of Pratylenchus penetrans over
time during marigeld cultivation. The dots represent the avergge
couriis over seven soil depths per plot. The solid line is the futed
exponential function Y = ae™ 0, where Y = square root of the
fumbers of P penetrang / 100 g soil sample and T = time in
days; a = the intercept and b = the slope parameter.



