Occurrence of Plasmodiophora brassicae
in agricultural soils, pathotype variation
and means of clubroot control in Poland
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Diseases of oilseed rape in Poland:

- dark spot (Alternaria)

- downy mildew (Peronospora)
powdery mildew (Erysiphe)

- grey mould (Botrytis)

seedling rot (complex of pathogens)
- verticilliose (Verticillium)

light leaf spot (Pyrenopeziza)

- fusarium wilt (Fusarium oxysporum)

- white leaf spot (Pseudocercosporella)

LIRDIIIRINILY

phytoplasms

« stem canker (Leptosphaeria)<<—— weather, resistance

stem rot (Sclerotinia) <——— weather, no resistance

- clubroot (Plasmodiophora) =—— crop rotation, resistance
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Yield loss:
high
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Capsella bursa-pastoris Lepidium

Brassica napus

Sisymbrium officinale

Sinapis alba

Sinapis arvensis










Symptoms of clubroot on pennycress
(Capsella bursa pastoris), glasshouse experiment
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Symptoms of clubroot on pennycress
(Capsella bursa pastoris), glasshouse experiment










Clubroot in Polish soils

Over 3.500 samples
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Real-time PCR analysis of soil samples

Poland West Pomerania
12%
19%
8%
21%
30% 287%
N=245 N=45

safe cultivation of susceptible cultivars
safe cultivation of resistant cultivars
risk of over 10% yield loss

- cultivation of OSR not recommended



Monitoring of Plasmodiophora brassicae in soils
qPCR

Swedish recommendations according to Wallenhammar et al.
elaborated for soils of pH > 7

- safe cultivation of susceptible cultivars

safe cultivation of resistant cultivars

risk of over 10% yield loss of resistant cultivars

- cultivation of OSR is not recommended

but_.
soils in Poland are mostly acidic !
Necessary:—Polish-reccommendations



Clubroot in Polish soils based on qPCR
\

Concentration

of Pb DNA
(pg/g soil
[ Jo-o09
[ ]1-a9
[ ]5-249
[ ]25-749
[ ] 75-2400
I 250 - 9999
B 1 000-24999
B 2500-99999
I > 10000
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Pathotypes of Plasmodiophora brassicae
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Patotypes of Plasmodiophora brassicae

by Wolfgand Lueders




Patotypes of Plasmodiophora brassicae

Newest-data-on-patotypes-of Plasmodiophora-brassicae-in-Poland:
>—based-on-Williams:=8-pathotypes
» based on Somé: 2 pathotypes
>—Based-on-Buczacki:—9-pathotypes

Williams——Somé— —Buczacki soil-pH

1 Siemysl 4 P1 16/31/31 7.6
2 Ramlewo 6 P3 16/7/28 6.7
3 Karlin West Pomerania 10 P1 16/31/31 5.8
4 Tuczno 9 P1 16/31/8 4.3
5 Karsibor 4 P1 16/31/31 6.4
6 Jablonowo 4 P1 16/31/31 7.3
7 Bielnik Warmia 7 P3 16/31/29 5.4
8 Wegorzewo & Masuria 6 P3 16/14/12 6.9
9 Wrzesiny Lubusz Region 6 P3 16/14/30 7.6
10 Krotoszyn Great Poland 16 P1 16/31/8 5.9
11 Luban 12 P1 16/31/14 5.0
12 Ocice o 3 P3 16/2/14 6.2

Lower Silesia 7 P3  16/14/15 6.8
13 Bolkow
14 Dobromierz 7 P3 16/14/15 5.0
15 Opole Opole Region 6 P3 16/14/12 4.4
16 Kiczyce Upper Silesia 7 P3 16/14/15 6.8



Patotypes of Plasmodiophora brassicae

Newest-data-on-patotypes-of Plasmodiophora-brassicae-in-Poland:
>—based-on-Williams:=8-pathotypes
» based on Somé: 2 pathotypes
>—Based-on-Buczacki:—9-pathotypes

Williams——Somé— —Buczacki soil-pH

1 Siemysl 4 P1 16/31/31 7.6 =
2 Ramlewo 6 P3 16/7/28 6.7
3 Karlin West Pomerania 10 P1 16/31/31 5.8
4 Tuczno 9 P1 16/31/8 4.3
5 Karsibor 4 P1 16/31/31 6.4
6 Jablonowo 4 P1  16/31/31 7.3 ¢
7 Bielnik Warmia 7 P3 16/31/29 5.4
8 Wegorzewo & Masuria 6 P3 16/14/12 6.9
9 Wrzesiny Lubusz Region 6 P3 16/14/30 7.6 ¢
10 Krotoszyn Great Poland 16 P1 16/31/8 5.9
11 Luban 12 P1 16/31/14 5.0
12 Ocice o 3 P3 16/2/14 6.2

Lower Silesia 7 P3  16/14/15 6.8
13 Bolkow
14 Dobromierz 7 P3 16/14/15 5.0
15 Opole Opole Region 6 P3 16/14/12 4.4
16 Kiczyce Upper Silesia 7 P3 16/14/15 6.8

-0,495






Pathotype of  Plasmodiophora  brassicae
Lp. Location  Region Williams Somé Buczacki
25% 50% 25% 50% 25% 50%
1 Siemysl 4 4
2 Ramlewo 7 > 6
3 Karlin West 4 =3 10
4  Tuczno Pomerania 9 9
5 Karsibor 4 4
6 Jabtonowo 4 4
7 Bielnik Varmia & 7 7
8 Wegorzewo SR 6 6
9 Wrzesiny Lubusz Region 7 s 6
10 Krotoszyn Great Poland 9 3 16
11 Luban 4 ey 12
12 Ocice 3 3
13 Bolkéw Lower Silesia 7 -
14 Dobromierz 7 7
15 Opole Opole Region 7 ey 6
16 Kiczyce Upper Silesia 7 7

——p Identical pathotype at ID<25% and ID<50%

== different pathotype at ID<25% and ID<50%




Pathotype of  Plasmodiophora brassicae
Lp. Location  Region Williams Somé Buczacki
25% 50% 25% 50% 25% 50%

1 Siemysl PIL — P1

2 Ramlewo P3 —5 P3

3 Karlin West P1 — P1

4 Tuczno Pomerania P1 - P1

5 Karsibor P1 —> P1

6 Jabtonowo P1 - P1

7 Bielnik Varmia & P3 — P3

8 Wegorzewo Masuria P3 —> P3

9 Wrzesiny Lubusz region P3 5 P3

10 Krotoszyn Great Poland Pl 5 P1

11 Luban Pl — P1

12 Ocice P3 — P3

13 Bolkéw Lower Silesia P3 _s P3

14 Dobromierz P3 —>» P3

15 Opole Opole Region P3 — P3

16 Kiczyce Upper Silesia P3 —> P3

—==» Identical pathotype at ID<25% and ID<50% =2 different pathotype at ID<25% and ID<50%




Pathotype

Lp Location  Region

1 Siemysl

2 Ramlewo

3 Karlin West

4 Tuczno Pomerania

5 Karsibor

6 Jabtonowo

7  Bielnik Warmia &

8 Wegorzewo Masuria

9 Wrzesiny Lubusz Region
10 Krotoszyn Great Poland
11 Luban

12 Ocice

13 Bolkéw Lower Silesia
14 Dobromierz

15 Opole Opole Region
16 Kiczyce Upper Silesia

Plasmodiophora  brassicae
Buczacki

25% 50%
17/31/31 =3 16/31/31
16/7/31 — 16/7/28
17/31/31 —3 16/31/31
16/31/8 16/31/8
17/31/31 —_— 16/31/31
17/31/31 —_— 16/31/31
16/31/31 —_ 16/31/29
16/14/30 — 16/14/12
16/14/31 —3 16/14/30
16/31/8 16/31/8
16/31/14 16/31/14
16/6/31 = 16/2/14
16/14/15 16/14/15
16/14/15 16/14/15
16/14/31 —3 16/14/12
16/14/15 16/14/15

——p Identical pathotype at ID<25% and ID<50%

=3 different pathotype at ID<25% and ID<50%




Pathotype of  Plasmodiophora  brassicae
Lp Location  Region Williams Somé Buczacki
25% 50% 25% 50% 25% 50%

1 Siemysl 4 4 P1 — P1 17/31/31 =3 16/31/31
2 Ramlewo 73 6 P3 —5 P3 16/7/31 —> 16/7/28
3 Karlin zachodnio- 4 =310 Pl — P1 17/31/31 —> 16/31/31
4 Tuczno pomorskie 9 9 P1 _y Pt 16/31/8 16/31/8
5 Karsibor 4 4 P1 —> P1 17/31/31 —_ 16/31/31
6 Jabtonowo 4 4 P1 - P1 17/31/31 —_ 16/31/31
7 Bielnik warmifsko- 7 7 P3 —> P3 16/31/31 _y 16/31/29
B R mozurskie 6 6 P3 —> P3 16/14/30 3 16/14/12
9  Wrzesiny lubuskie 7> 6 P3 5 P3 16/14/31 —> 16/14/30
10 Krotoszyn wielkopolskie 9 —3 16 Pl 5 P1 16/31/8 16/31/8
11 Luban 4 ey 12 P1 —> P1 16/31/14 16/31/14
12 Ocice 3 3 P3 — P3 16/6/31 =3 16/2/14
13 Bolkéw dolnoslaskie 7 P3 —5 P3 16/14/15 16/14/15
14 Dobromierz 7 7 P3 —> P3 16/14/15 16/14/15
15 Opole opolskie 7—> 6 P3 _5 P3 16/14/31 ——3 16/14/12
16 Kiczyce $lgskie 7 7 P3 —>» P3 16/14/15 16/14/15

——p Identical pathotype at ID<25% and ID<50%

|

different pathotype at ID<25% and ID<50%




Designation of the pathotype of Plasmodiophora
brassicae depends on:

1) classification system and

2) threshold of the Disease Index.

The change of these parameters may completely
change the result.

There are at least 9 pathotypes of this pathogen in
Poland.




Sequencing of the ITS1-5,8s-ITS2 fragment

A crecancTezcccToacaTecacatazacarrBectallercanccrzcscascaazfatranc-acacTocecccecsrTacsecras cccnzarlanc cecczaacte = carrrrecasccatcozaccoeaaacacRaciaascrreBaracazacas
12 T ECAASTETESSTOARCATESASATATALETTY EEEZZARAZ A.'I.A'I'IAAE-ACB\\'.'I\'. semzTAZEZERTES & sozzEzAaZTR = SATTTTILSAAZEATE 1 AC!LAA.:'!'I-..A'!ACA'!ACB\'!
3 czocsicrczcccicacazocscaznzaccrrBeconBescanccrcccoiscoasBatzanc ncacrscccecscoracesoros c cizcccaczccazcscecrosrzcmzzszecancoaze z

TS YT CTCCRACTCTCCCTCACATCCRCATRTACCTTMCETRANCTEARECToCCCARCCRTMATTAAC - ACRCTCCECCCECCTRCECETEC < CCCCCCACTCCRGCTCEETCTITCATTITICCAACCATED

16, ¥1203207GCRAGTETGCGTCACATECACATATACGTT rcarccraccaracearlATIAC - ACAGTGEGCEEECETAGE GETES c CCGECGACTECAGCTGEGTETITCRATTITCGAACCATE

11. FX0111 CTCCRACTETCCCTCRCATECACATRTACGTT crececanccaTlaTranc-acacra ceccTRGCECTEC c GCEECEACTOCRGCT CATTTICCRARCCRTE

12 EFIBS3CTECRAGTITACGTORCATACACATATASETT crzoza cRiTiaccizeceTAzEsoTas : Gezaconcrocacor cRrmTrecinccaTe

13. AB0SISCTCCRACTCTCCCTCRCATECACATRTACGTT crccccancerTlaTranc-acacre ccccrRccacTae ccenterlanc CCCCCCACTCCAGCTISCGTSITICATTTICCAACCATE acraaacrrclatacaracar
14, AEOMFCTIGCRAGTETGCETCRACATGCARCATRATACGTT CIGCGECRARG i\.'l.ﬁ'lIJ\kC'iCi\\"'l\" GCCCTRGCGCTIGC c R'IG'(.S\JA\: GCGGECCACTCCAGCTG CRATTTICGAACCATC AClLALGIILlJ\IJ\CRIhCi\I
G5 aE3803CTECRAGTITEIETCRCATACACATATASETT fraces fRizcoccisiciTaciccrac : Cizaccasiceaceia fRrzTIecanicaTe

1€. JBOMSCTCORAACTCTCCCTCACATCCAD cTT cTEee :LAC\_A.’I.A'II)H\C-ACRD’IC CCCCTACCECTCO e A'IC'[.A).C CCCCCCACTCOACCTCCCTCITTICATTTICCAACCATE

7. amosescTacARcTETEISTEACATEGAC CzicccasccazBaTraac-acacTicecicecsTacsecrac cozazatBasc [ caTTrricasccaTeazace

18, 430343.07GCAAGTGTGEGTCACATECAS crecae CAGTGEECEEECETAGEGETEE c GoceceacTccaseTa CATTTICGAACCATECTAGE

5. smasiscTacAicTITocEToAcATAcAC - GaiTisccizeccTacsecTos cozazirBaac CEICCEACTCEARCIISETETTICATITISCAASCATEETARC iaicrreBaTacazacas
[z0. moi1crecarcreracaToacaTacac P cRcTeGeccEcceTAGE GETES cceararlaac ccaecarcrocacer carrTTecAAccaTeCTAGE sarcrrcMazacazacar
2. arasiscrocaicTGTECGTCACATGERE cr CAGTGGECGECCCTRGEGETEE c GCGECGACTCCAGET CATTTTCGAACCATCCTAGE wazcrrcBaTacaTacar
[22- arsssscracarcraracaTcacaracac crncer cRGTGGeccEcCETAGE GETaS cocazarBaac ccaccoacTecasct carrrrocasccarcorase car
2 Tacizerracasfrorrac = crocacaaceareaacaac ccasaaTTeacTeAATCATCRAATCTTIGAACGCAAGTTGC G crerzreasrar ccacac
2 TaciTETTA G CT-CACRACGATGRAGAAC GCAGARTTCAGTGAATCATCAAATCITIGRACGCARGTTGCGHTT TCTTTGAGTGT cecaeae
5 sacizozracasBrcsrac - Cricacaaccazomacanc SoacrazroacroaarcarcasatczzooascccassrooccBers rersroacros ccacac
TR T TACITCTTACAANICITACCIATCCATATINTNCTTCT - CACANCCATCRRCAAC CCACIRTICACTCINTCLTCRAATCTTTCRICCCRLACTTICCCH TCrITcacTCTCoCTTICTCITNCITICCCCEE Scecee
1o mzanzaciTarTa craraa CTocAcAACEATIAAGAAR SCACEATTIAGTSAATCATIAAATCTTIAAACECAAcTTECCE rirzraacTar Geacac
11, momyracaTerTacaallrerTaccans CT-CACAACCATCARSARC CCACAATICACTCAATCATCRARICTTIGCARCcCAAcTTCCCH TeTTTERETET cceece
12 meissizacitarricaiBrocracoiar Cricacaicoazoaicaac BEAGAATTAAGTEAATEATAAAATCITIARACICAASTTEECH riroraacrar Geacac
23 szaseszacazerracaiBicszacaaat CT-cACRACEATEAAGAAC CEACAATIIACTEAATCATIAAATEITIEAAcccaacTTeccl rirzreacTar coacec
14 ﬂﬂlﬂl'.liu:)\.lGITRCAJ\.'XCZIS\GCARI CT-CACRACCRIGRAGARC \',CJ\.GJ\A'II'CJAGIDA.)'(\:h.'l'\:RJ\J\TCIIZGS\ACG—CJ\.AG!'{GCG. TCTITGRGTGET GCGcec
1=l amoseszacizozTacasBrozzaccant Crocaiasccazomscanc CEACAATIIACTEAATCATIAAATEITIAAAcicaacTToccl rirzzeacTar e
1€. ABOMSTACATCTITACAR CITAGCAAT CT-CACAACCATGAARGCAAC \',C.LGAA'll-C).G’[GLA’lCL’[CAAAT:']T'ZGALCGCLAGl'IG:;. TCTITCARGTGT coceeoae
7. amoseszacizeTTacasBrozzaccant crBencasccazonncanc CEACAATIIACTEAATCATIAAATEITIEAAcicaacTToccE rirzreacTar cececc
b0, azoseszacazerracasBrczraccant CT-CACAACGATGAAGAAC GCAGAATICAGIGAATCATCAAATCITIGAACGCAAGTTECG rerTreaGTar ccacac
1o. asusiszacazcrracasBrczTaccant CT-CACAMCCATCAACAAC CCACAATICACTCAATCATCAAATCITICAACEcAAcTTECCE rerTroacrTer cececce
fo. momicacarerracasBrosraccanras Cricacaacoaromrcanc GcacaaTToAGTGAATCATCRAATCTTIGAACGCAAGTTGC Gl rerzroacrar ccacac
22 arasisTacizcTTR G CT-CACRACGATGRAGAAC GCAGAATTCAGTGAATCATCAAATCTITIGAACGCAAGTTGEG TCTTTGAGTGT Geacae
22- arsssscacizarracaslrczracernrceazatBrrlerreT-cacarconTeArGAAC GCAGARTTCAGTGAATCATCRAATCTTIGAACGCAAGTTGEGN rerzroacTar ceacac
2 CTEECCEATASCTIGARCEARGEEAG e cicccarorsccoscaaTeaca 9 ARASATEICARATEAG heccccraiATITAAGE

B CTECCCCATAGCTTZARCCARGTEAC c ceccearcrecceccaarcecacaTcclllacACaCACACATCARACATETCARATEAC AcccecTCAATITAAGE

B CTGCGGCRTAGCTIGARCGARGCEAC c ciccenTcTacocaeaaTCacacaTcclMlACACACKCACATCARAGATETCARATEAG hoccozraiAzzzasce
T TTETEETRTISETTIARCEARCEERT G TETTERTETITECECRITCACASITES . ICiTICRCATRTCIRICITITEARITERT TETEETSIATITINET

0. izana CTGCGGCATAGCTTGARCGARGEEAC c CCCCGATETECECECAATCGEAGAT OG- - ACACACA CACATCARAGATCTE AR AT GAG secceeraaaTITAAGE

13 monnn CTECGGCATAGCTIGARCGARGEEAC = CECCGRTETECCEACAATCGCAGATOG--ACACACACACRTCARACATETCARAT GRS heccacTaiaTITAAGE

12. IF1853 CTCCCCCATRCCTICARCCARCCCAC cc CCCCCRATCTCCCCCCAATCCCACATCC- - ACACACACACRATCARACATCTCARKRTCAC CCCCCTCAATTITARACE

33 azascs CTECCEEATASETIGARCEARGEEAG : CEEECRTETECCEEcAATCECAGAIEG--ACACACACAGATEARACATITEARATGAS hEccccraiATITAAcE

24l azascs CTECCCEATAGETIGARCEARGEEAG : caze CEAGATEG--ACASACACACAICAAACATIIARATEAG heccccraiATITAAcE

2= azascs CTECccoATAGETIGARCEARGEEAG o= zize CEAGATEG--ACASACACACAICAAACATIICARATIAG heccccraiATzTaace

26, azascs GCTCCECCATAGETTCAACEARGEGAC < cece CCCACGATCG-ACACACACACATCARACATETCARATEAG AcccccToAATITAACE

17, amasss ITTECTEEGCERTAGCTICARCCARGEEAC e ccce CCAGATEG--ACACACACACAICARACATEICARKTEAGE KESCCETEAATITAAGE

Sa. azasss TTTGCTECGEOATAGCTIGARCGARGEEAC c cace GCAGATCG--ACACACACACATCARAGATCTEARATGAG ACCCGCTIAATITAAGE

15 azosis TTTOCTECGECATAGETTOARCEARCEEAS : cace cexcame CiAAGATATEARATEAG ccccercaxrrTaice

20, mr011 ITTGCTECGECATAGCTIGARCGARGEEAC e cece coacaze CARAGATSTEARATGA ACCCGCTEAATITAAGE

(22 xeacas TTTCTECGECATASETITAARCEARGEEAR s face Zonzaze CinaicaTeroarazans foccercaaTrTaice

|22 arasas TTTGCTECGECATAGCT TG ARCGARGEEAC c cece coacircoBBacacacacacaTcaaicaTorcamaTaac secceeraaaTITAAGE

> Among 107 isolates of P. brassicae we have found only three types of plymorpisms of ITS1-5,85-TTS2,
each variant was a single nucleotide change. In NCBI 14 types of polymorphisms have been described.

> One variant found in Poland was unique (not described in NCBI).
> The proportions between the variants were similar in samples originating from 2016 and 2017.

2016 2017

L1
m2.
@ 3.

1.
n2
=3




Susceptibility of selected forms to clubroot (2016)

no symptoms small clubs big clubs, root still existing

Very resistant Moderately resistant |[Moderately susceptible| Very susceptible

Restlt gonoiypes | REUT  genotypes | REUT  genoiypes | RS gongiyes
0 0 1 0 2 1 3 10
0,1 0 11 0 2,1 1 3.1 8
0,2 1 1,2 1 2,2 Br j-2 Mendel 3,2 15
0,3 0 1,3 0 2,3 2 3.3 13
04 0 14 1 2,4 0 34 20
05 2 15 0 2,5 2 35 26
0,6 0] 1,6 Tosca 2,6 Br 08.006.169 3,6 24
0,7 0 17 1 2,7 1 3,7 35
0,8 1 18 2 2,8 4 3.8 41
09 0 19 2 2,9 6 3.9 44
4 42

Root changed to club







[ R——

>}

SV




]

[l o
16
45
a4
N
yAY)

19}




T ]
|
o,




Gatwuny
PULS

icea-anrta




nnnnnnnn

A = Archaea

= —— = V= Viruses

Gatwuny - Mutawki —— Gatwuny - Mutawki — E=Eukaryota
PULS B PULS - SLU B SLU




= — = V-=Viruses
Gatwuny - Mutawki —— Gatwuny - Mutawki — E=Eukaryota
PULS B PULS - SLU B SLU






















Most of

Polish soils

are acidic!

20-40 %

of acidic or

very acidic soils

41-60 %

of acidic or

very acidic soils

61-80 %

of acidic or

very acidic soils










Cultivars of WOSR resistant to clubroot
currently registered in Poland

Cultivar Breeding company Year of
registration
Alasco Limagrain Europe s.a. 2017
Archimedes  Limagrain Europe s.a. 2016
Augusta Limagrain Europe s.a. 2018
DK Platinium Monsanto Technology LLC/ 2016

Monsanto SAS Centre de Recherche

Norddeutsche Pflanzenzucht
Mentor Hans-Georg Lembke KG 2015
Syngenta Seeds GmbH/
Syngenta Participations AG
Syngenta Seeds GmbH/

Syngenta Crop Protection AG

SY Alibaba 2018

SY Alister 2014

Presently 18 new cultivars of WOSR have been submitted by the
breeding companies and they are being tested for clubroot resistance
by the Institute of Plant Protection from Poznan using a soil fest



Cultivars of WOSR resistant to clubroot
currently registered in the UE

Country Cultivar
Alasco, Archimedes, Aristoteles, Mendelson,
Denmark .
Mendel, Mentor, PT 235, PT 242, SY Alibaba
Estonia Mentor
France Croquet, DK Platon, SY Alibaba
Lithuania Mentor
Andromeda, Mentor, Mendel, PT 242, SY
Germany :
Alister
Alasco, Archimedes, Augusta, DK Platinium,
Poland

Mentor, SY Alister, SY Alibaba

Archimedes, Cracker, DK Pliny, Mendel, Mentor,

Great Britain PT 235, SY Alister










Control of clubroot in Poland

1. Regulation of soil pH (fraditional and novel types of pH regulators
a)—calcium-—carbonates natural -CaCO3{(chalk _calcite _limestone)
b)—calcium—carbonate—=sugarbeet-waste-lime(byproduct-in—sugar—production)
c) calcium oxide CaO (quick lime, burnt lime)
d)—calcium-cyanamide—+fertiliser—Perlka:-—50% calcium-oxide—+20%N
soil=sterilant—effect —environmentally-friendly-(microbes)
e)—calcium—hydrate-OrCal— the fertilizer from-chicken-feather

2. Resistant cultivars
3. Pr'oper' agr'otechnology, mainly proper crop rotation (at least one in 3 years)

4. Research programmes funded by the Ministry of Agriculture:
a)Institute—of Plant-Genetics PAS =—search-for—sources—of resistance, —pathotyping
b)Institute of Plant Protection NRI - monitoring and testing of the cultivars
c)Institute-of Plant-Breeding—and-Acclimatisation-NRI—=—breeding-of - WOSR
d)Institute-of Horticulfure—=breeding-of vegetable-brassicas

5. Hygiene-of machinery 6. Biocontrol 7. Beit—crops
8. Seoil-mapping/site—specificpathotyping 9. Manipulationof—+he—sowing-date
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