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Outline

« Annual Survey

* Prevalence of Clubroot in ND through Quantlflcatlon studles-
2020

* Ongoing Statewide Survey program-2021
* Clubroot Management Studies

« Pathotypes of P. brassicae in North Dakota
« A nuisance pathogen?

 Summary




Weather

Month Rainfall Temperatur

Inches F

May i 5 64

June 2.19 79

July 2.71 81

August 6.06 75

e s Septembier



ound very late




Annual Clubroot Survey data of Cavalier County

Fields of Clubroot in Cavalier County with galls found on canola roots-2013-2021
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Soil pH-Map of North Dakota-2020

e 4-6.6

Soil pH

4 - 6.6 — Fields with Acidic pH

6.6 - 7.2 - Neutral pH
> 7.2- Basic pH

Note: Clubroot Pathogen

Plasmodiophora brassicae
prefers acidic soils can be found

in Neutral pH-too.

Drs. Chapara, Liu, Prochaska, Kalil, Jingwei, Shi, Del
Rio, Teboh, Chirumamilla, Knodel and Honggang




Plasmodiophora brassicae resting spores . Take home message
found in soil samples that were collected from various counties in 2020 survey
. » 26 Counties out of 44 Counties scouted
2020 Clubroot Survey in North Dakota ™ | esting spores of clubroot
pathogen
» > 80,000 spores/g will start showing
symptoms under field conditions if the
soil has acidic pH and on planting
susceptible canola variety

» Presence of resting spores doesn’t mean
disease

Measures to be followed on finding
resting spores/g of soil in a field by

molecular assays:

» Practice 4-year crop rotation
Fields with visible » Use clubroot resistant variety
galls symptoms on » Practice no-till

Canola roots were » Sanitize tillage Equipment,
Spores in Soil per Gram

Note:

found only in Planters, Swathers, Combines etc.
Cavalier County out ¢ 0 1-80,000 o > 80,001

of the 44 Counties

surveyed in the year Drs. Chapara, Liu, Prochaska, Kalil, Jingwei, Shi, Del

2020 Rio, Teboh, Chirumamilla, Knodel and Honggang




2021-Ongoing State wide Clubroot
survey

 Travis Prochaska, NCREC : 10 Counties

* Audrey Kalil, WREC: 10 Counties

» Dante Marino (Grad Student from Del Rio’s lab): 10 Counties
« My self did : 14 Counties

 BASF (Richard Johnson): 16 Samples

« St Paul, MN (Chris Mann, Frog town Farm, Saskatchewan
Ministry of Agriculture): Samples are on the way



Results obtained so far of the soll
samples-2021

Sample ID N Y County Grower Ph spores

BASF-01 - - 48.54406 -101.534227 Renville 6.03 0
BASF-02 14- 48.79904 -100.715108 Bottineau 6.81 0
BASF-03 - - 48.30306 -100.324536 McHenry 6.99 0
BASF-04 8- 48.61358 -102.082792 Ward 5.47 0
BASF-05 - - 47.96438 -101.805193 Ward 6.32 0
BASF-06 2- 48.44828 -103.728869 Williams 5.2 0




County # of fields with spores/total surveyed Resting spore range

Cass 3/10 1200-1800
Barnes 1/20 2600

Ransom 0/20 0

Lamoure 1/20 300

Richland 7/20 300-8200
Sargent 14/20 300-33.5million
Dickey 13/20 600-11.7million
Mcintosh 7/20 400-58K

Logan 7120 400-600
Stutsman 13/20 1000-248K
Kidder 8/20 500-5931100
Emmons 3/20 600-1400
Burleigh 11/20 1100-75.9millions
Morton 10/20 500-12.4489millions
Grant 2/20 700-3300

Sioux 3/20 500-700

Samples collected by Mr. Dante from Dr. Del Rio’s lab
Molecular testing done by Drs. Gongjun Shi and Liu




Clubroot Management
Studies

* Bio-safe product
evaluation on
clubroot

 Non-Traditional
Products study

* Lime with and
without Non-
traditional Produgts =4




Plot Size: 10 x 5 ft
Cultivar: L233P
Planting Date: JunelOth
Evaluated in First week of
August




Clubroot Trial Activities




Evaluation of Bio-safe Products to Manage
Clubroot

Clubroot
Incidence DSI (0-

Treatments (%) 100)
Non-treated Check 91 89
SANIDATE+OXIPHOS+TERRAGROW 10 8
GUARDA+OHIPHOS+TERRAGROW 27 23
RANMAN 22 20
EXTRACT 37 35
Mean 37 35
CV% 75 81
LSD 43 44

p-Value (0.05) 0.013* 0.014*




Non-traditional Treatments to Manage Clubroot

Clubroot

Treatments

Incidence (%)

Disease severity Index (0-100) Yield (bu/a)

Ranman 20 fl. oz/a 87 82 23
OR-079-B 4 pts/a 95 95 12
OR 009-A 4 pts/a 86 84 20
OR-369-A 4 pts/a 92 88 17
Untreated 92 90 12
OR-079-B 4 pts/a+OR-329-H 2.8 fl. oz/a 94 89 16
Mean 91 87 16

CV (%) 12 17 47

LSD NS NS NS

p- Value (0.05) NS NS NS

Canola Cultivar: L233P




Evaluation of Non-Traditional Products
with and without lime - Results

cv. L233P Beet lime@ 10t/a

Treatments Rate CR DI
- Ranman+ORO 20 fl 0z+2 pt/A 22.5
P-value ORO Zero CHK 60
Bloc 0.0006 ORO79 TWO 2 pt/A 44
Main Plot (Lime vs without Lime) : ORO79 FOUR 4 pt/A 46
Main Plot*Bloc ORO79 EIGHT 8 pt/A 35
Sub Plots ORO09 4 pt/A 30
Main Plot*Sub Plot Mean 40
CV% 62
LSD(0.05) 14

NDSU S5 URIVERS T
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Evaluation of non-traditional products with and without Lime
on Clubroot of Canola

Non-Traditional Products

E % Incidence mDSI (0-3)



pH Changes observed in Lime applied and non-applied treatments
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Pathotypes of
P. brassica In
North Dakota

Virginia
Peppergrass or
Field
Pennycress?

Wild Mustard




Clubroot on Canola- Pathotype designations of Plasmodiphora brassicae from
North Dakota

Common Clubroot Pathotypes: 2,3,5,6 and 8
(Williams et al. 1966) - 4 differentials can separate 16
pathotypes (PA is Variant of P3)

Some et al. 1996: P1, P2, P3,P4 and P5
(3 differentials, 5 pathotypes)

Over 35 Pathotypes were ldentified in Canada so far as per Canadian Clubroot Differentials {CCD} set;

Uses 13 brassica hosts.
Pathotypes are designated as:

3A,2B,5C,3D,8E,2F,5G,3H,51,8J,5K,5L,6M,8N,30,8P and 5X

** Red font pathotypes are variants that resulted in resistance breakdown in canola CR Cultivars

Strelkov et al. 2020

European Clubroot Differential (ECD) — 15 Differentials can differentiate 35 pathotypes (16/15/15)

NDSU S53E URIVERS T




Some et al. (1996)

Williams (1966)

Strelkov et al. (2018)

P3 8 8
P3 2 2
P2 8 8
P3 8 8
P3 8 8
P3 8 8
P3 8 8D
P3 3 3B
P2 3 3D (Mutant)
P3 8 8A
P3 8 8A
P2 3 3H
P3 3 3E
P3 8 8A
P3 8 8A

Strelkov S., V. Manoli and V.
Chapara 2021



Pathotypes of ND

. Pathotypes 3E & 8H have only been reported from ND
. We found the first pathotype able to overcome first

generation CR resistance

. Pathotype 3D (sample YCR-1); this is the 2nd most

common resistance breaking pathotype on the Canadian
Prairies

. Pathotype 2C has only been found in MB and ND



to the mutant pathotype

ivar screening
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Cultivar screening to the mutant pathotype




Clubroot DSI (%0)

Canola cultivars evaluated in soils detected with mutant
pathotype of P. brassicae
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CP9978TF CP7130LL CP7144LL Resistant L234PC L340PC 1255PC L345PC LR344PC L233p
Cultivar

Canola Cultivar

Mean: 25
LSD:27
P-Value (0.05): 0.0001




A nuisance pathogen?
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Spores of the pathogen that cause
Powdery mildew were found
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Summary

* Visual surveys indicate 5% of fields surveyed has Clubroot on Canola in
Cavalier County

« Molecular studies of soil samples indicate 59% of the counties surveyed
has clubroot resting spores in ND

* Non-traditional products had an effect on Clubroot, however more testing
has to be done

« Pathotyping studies found one mutant pathotypes of P. brassicae in
Cavalier County (Courtesy: University of Alberta, Edmonton, Canada)

« Clubroot Resistant Varieties are still holding good against the pathotypes
present in ND solls except one

NDSU 5532 URIVERS T



Iterature available on clubroot from NDSU

NDSU North Dakota Agricultural Experiment Station
ST

The host range of Plasmodiophora brassicae in North Dakota
‘Venkataramana Chapara', Prochaska T_J2, and Anitha Chirmmamilla®

“North Dakota State University/Langdon Research Extension Center, Langdon. ND-58249
?North Dakota State University/North Central Research Extension Center, Minot, ND-58701
*NDSU Extension Service, Langdon, ND-58249

Corvesponding author: Venkataramana Chapara

Fax number: 7012562580

e-mail address: venkata.chapara@ndsu.edn

EXTENDING KNOWLEDGE 3 CHANGING LIVES

Sampl ,
Spores From SOII in North Dakota‘

Note: Please complete this form In Its entirety to identify the soll sample location. The Information will be
used to complie a distribution map of clubroot Infestations In North Dakota.

Canola Diseases:

Clubroot

Fleid Identity A s o 3 3 Madeleine Semith, NDSU Exension Agert, Pembing County
LN Township | R Section | % e .
| Range | Section | % | PN N Loy ey 0 e et ooy

s el by
Acsictant,

County: Grower's name: Phone:
will remain connidential)

Abstract

nadon Research
Léxt%nsmn Center

Plasmodiophora brassicas causes clubroot on brassica crops and is a new emerging disease on
rapeseed in North Dakota. A two-year study was conducted to document the host range and
e o symptomology on various brassica hosts to P. brassicae infections in field conditions. The
<tk Petbolosct, Depaimant o Plar Pablogy results indicated that out of the 13 brassica hosts tested, 12 of them developed ellipsoidal zalls on
s : 3 p Wil Birion e e, Depmimer o lr ey roots exhibiting the clubroot symptomology with a disease index (DI) ranging from 41 to 100%.
. ; False flax/ camelina (Camelina saffva) showed the least susceptibility among the brassica hosts
tested. Symptomology of chibroot on various brassica hosts will serve as a pictorial puide in the
firture to educate growers and in choosing non brassica cover crops in chubroot infected fields

94 3/ Latitude and longitude In decimal degrees Is preferred. _
Research Repor t No. Example: N: 48.659444 W: 98.24444 (GPS coordinates) - GPS coordinates can be obtained through 3 Cliibeoot s 2 serions discase freat b couol
emm

Annual ber 2019 » ’ “preferences or other “setup" functions within the systems software.

Prevalent Pathotypes of Plasmodiophora brassicae in North Dakota

Survey P

1. walk In a W~ pattern In the field starting from the main 2. At each sample point, clear away

wosusmeeay NS | -

Chapara, et o J Agran Agh Sc 2015, Z 008

HSOA Journal of

fEnars Agronomy and Agricultural Science

Short Communication

Prevalence of Clubroot on
Canola in North Dakota

(Chapara V. Kanwar N, Lubanow L and CRIrumamila &*

Researc

P 34 4 i

(Wallenkamsmear 1096). Thres-year survey was conducted by a survey
o consstng ees ck paiclogs, o xtsion pecalts

don, North Dakota and
nm!‘msﬂ}msmpﬂmﬂnfmmnmmvy Noth Dakoa

o Langaion, US4
“NDSU Extansion Service, Langdon, ND-58248, USA

Abstract
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Tower
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s five Bmes more than I was In 2017, Contrasingly. no

e e B e
Norlh Dakota trat were surveyed. Confinucus survey in coming

mmumm-smLm indiustry and commority group
‘suveys done i Cavalier Counry North Dl (Figure 2). Selction-
of cauntes 10 survey was danshased on cancla acreage plamed in

Pian of cubroot slong Wi exensive outreach achities thrcughout
dsese, e biclogy of the pafiogen, i prevalence and prevention
s needed

Keyworss: Ganola; CUDIOt PISSmOTpOr brassicae.

Ciubroot of canola caused by Plasmodiophora brassicae (Ware-
Yoty

frouzn
of Cavalier.

in Cavalier Cowstyfian
451064 (Data pot shown) Likewise,

2014). Clu b
diszase that causes swellings, o Eall om the planiroots of Brassicas
family (Dison 3009). These galls canse oafirm premature ripeminz

of canola plases and vield Jss in the canla (Suelkow et al 2005).

at rpid acein Nerth Dakiota and has been confimzd i1
mznls.mnwnmsmmnnmmlmmn
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sols (Tewar L. 2005, Howreves. et s roved

sccurin allane sols(Sielkoe o L 47 The lghest
cinbroot o pHS![PILmIDﬁ]] H
brassicaeis scuhmohhgmpms thrives in the sail as resting
spores that can remmain viable I the soll up 1o 17.3 years inficating
thor: Verikatacamans Choger, Lo
o, Noh Doetn ik Uy umquw uslm =
TUT2SE2SR o 31 TOVZSAES: £ verko

was foundio be an important arsezal in sducativg.
palace of oot n Nt ek n Canla T prealece
with ocher available cub-

 Kabeae N, Lubernow

Roceived: Februssy 11, 2019; Accsptod: Februaey 14,2019 Publizhedt March
01,2008

e s o adcteprcet sy om o
o o e s 0 cege chbrot g
Remora o puemialy coermiar

V.etal.

Tetied e Grutn,
b s s e .

d soil from feld equipment is an deal one if practiced (Seelkoy
3L 20D, Likewss eneth of oo st with cancs can e
with the knowladge of detection of clubroot in 2 el

entrance of the field (approach), low spots or flooded
areas, low pH spots and areas of diseased patches as
shown In the figure below.

Precautlions: Do not drive Into the field. wear
disposable boots and gloves, and disinfect your
soll sampling equipment In the field.

NORTH DAKOTA AGRICULTURAL
EXPERIMENT STATION

North Dakota State University, Fargo, North Dakota

residue on the soll surface and collect
soll core or scoop from the top 3 to 6
inches (a representative sample Is five
scoops or cores from each field). Be
sure to maintaln 300 feet from point
to point of soll collection.

Alr-dry the soll samples Indoors in
paper boxes and send or drop them
off at one of the following address:

Zhaohul Liu

Department of Plant Pathology
NDSU Department 7660

P.O. Box 6050

Fargo, ND 58108-6050

UPS/FEDEX to

Zhaohul Liu

Department of Plant Pathology
Walster Hall 306

Fargo, ND 58102

Venkat Chapara

Langdon Research Extension Center
9280 107th Ave. NE.

Langdon, ND 58249

EXTENSION

North Dakots State University, Fargo, North Dekote
Decemer 2020

Venkat Chapara', and Stephen E. Strelkov?

Langdon Research Extension Center, North Dakota State University, Langdon, ND, 58249 USA.,

ABSTRACT

2University of Alberta, Edmonton, AB, Alberta T6G 2P5, Canada.

MATERIALS & METHODS

| preferably camying resistance to novel pathotypes of P. brassicae, is

Clubraot (Plasmodiophora brassicae) on canola (Brassica napus) is
spreading faster than expected in North Dakota, causing significant

economic losses. An integrated management approach, including
longer crop rotations, sanitation and cultivar resistance, are
recommended to minimize the impact of this disease. Currently,

* Clubbed galls from 32 canola fields were collected in annual survey of clubroot in North Dakota, USA
* Pathotyping was done under greenhouse conditions

* Six representative samples were evaluated for pathotype designation on the Canadian Clubroot Differential (CCD) set
* Thirteen differentials were inoculated with resting spores of P. brassicae and the experiment was repeated

cultivar resistance is the main management tool sought by growers for | * Galls on the differentials were evaluated after 45 days with clubroot

clubroot management, without longer rotations out of host crops. Short |

rotations with clubroot resistant (CR) canola in clubroot-infested
regions may lead to resistance breakdown, eventually leading to a
decline in canola hectares. The development of new CR cultivars,

| therefore important. To obtain cultivars resistant to the prevalent

{ and representative samples were tested for pathotype designation on
the hosts of the Canadian Clubroot Differential set. The P. brassicae

pathotypes, knowledge of pathotype distribution is necessary. Clubbed

canola roots were collected from 32 infested fields in North Dakota,

 pathotype composition in North Dakota was quite distinct from that

reported previously from Alberta, Canada, where the clubroot outbreak
is most severe. None of the pathotypes identfied could overcome first

generation resistance, and in North Dakata, clubroot may still be

il managed by planting CR canola in a minimum 3-year rotation.

INTRODUCTION

- Plasmodiophora brassicae causes clubroot on canola and is an
emerging disease in North Dakota

+ Can cause significant yield losses under favorable condibons (low pH

soils, susceptble cultivar)

+ Cultivar resistance, crop rotation and equipment samballoﬂ are some of

ommon recommended practices {o manage clubro

+ Planting resistant cultivars at shorter intervals increases (he chences of |
of P

resistance breakdown and development of novel pathotypes of
brassicae

+ Knowledge on the prevalent pathotypes in an area helps breeders to

develop resistant cultivars and to develop integrated disease
management guidelines

pe o
gnaticn o 2
e CLD s Inchos il o leril o Sond et . (1908, demonaons oo

'RESULTS ) _ ,,B,'SQUsﬁ'éN

* The P, brassicae pathotype composition in North Dakota
1 was quite distinct from that reported previously from Alberta,
CwsdmCuteet | Canada, where the clubroot outbreak is most severe.
Dfewiase | * None of the pathotypes identified could overcome first
generation resistance, and
* In North Dakota, clubroot may still be managed by planting
CR canola in a minimum 3-year rotation

+ The objective of this tesearch L determine the prevalent pathotypes f

of P. brassicae in North Daki
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