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IEVADS

Eiropa rapsis ir viens no audzetakajiem kultiraugiem, ta audzeSanas
apjomi strauji palielingjusies, sakot ar 20. gadsimta beigam. Lielakas rapsa
platibas izvietotas Eiropas dienviddala. Rapsis ir vienigais kultiiraugs Eiropa,
kam nav s€jplatibas ierobezojuma. Pat vairak — to drikst audzet ta sauktajas
obligatajas papuves un sanemt par to arl atbalsta maksajumus, ta¢u Eiropa vél
aizvien ir jutams liels rap$a e]las un rausu deficits.

Ellas ieguvei Eiropa parsvara audzé Brassica napus spp. oleifera.
Nelielas platibas Skandinavija un Igaunija - Brassica campestris (turnepsi).
Lielakas rapsa platibas Eiropa aiznem ziemas rapsis, vasaras rapsi vairak audzg
zieme]u dala.

Péc Eirostat datiem', rapsa sgjplatibas 2010. - 2011. gada ir
palielinajusas par 4%, bet Francija un Polija - par 9%. Arl miisu valsti ir
verojams ziemas un vasaras rap$a sgjplatibu piecaugums, jo seviski ped&jos
gados. Salidzinot pa regioniem, joprojam lielakas platibas ar ziemas rapsi tiek
aps€tas Zemgalé. Tadel doktora darba galvena uzmaniba ir veltita $im
regionam, pétot un izvertgjot tris razojosas saimniecibas.

Latvija ir piem&rota vieta veiksmigai rapSa audz€Sanai: labveligi
klimatiskie apstakli un atbilstoSas augsnes. Rapsa audzgSanas bruto segums ir
pozitivs, iegiistot 2.5 - 3.0 t ha™ seklu razu, kas ir optimals raditajs Latvijas
apstak]os.

Paslaik rapsis strauji ir ien€mis nozimigu vietu daudzu Latvijas
lauksaimniecibas saimniecibu audzéto kultiiraugu struktiira.

So gadu laika lauksaimnieki jau ir apguvusi daudzas rap$a audz&$anas
ipatnibas, tomér nakas saskarties arvien ar jaunam problémam, galvenokart
attieciba uz slimibu un, it ipasi, kaitéklu ierobezoSanu.

P&dgjos gados Latvija novérojama arvien plasaka kaiteklu invazija, kas
saistita ar rapsa platibu palielinaSanos un bez zinatniski pamatotas augu mainas,
ka arT klimatisko apstak]u izmainam. Valsts augu aizsardzibas dienesta eksperti
apgalvo, ka pedgjos gados lietoto insekticidu apjoms rapSa s€umos ir
palielingjies, kas rada papildu slodzi uz apkartgjo vidi (mutiska komunikacija).
Daudzi rapsSa audzetaji kaitigo organismu ierobezoSanas plana nav iek]avusi
visus krustziezu kaite€klus, jo Latvija Iidz Sim nebija pétijumu par kait€klu
attistibas cikliem un kaitiguma sliekSniem. Nav novértéta arT to ekonomiska

! http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Agricultural_products
[skatits: 2011.g. 03.septembri]
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nozime. Triukst informacijas un datu par kaiteklu uzvedibu un postigumu
Latvijas agroekologiskajos apstaklos, ierobezosanas pasakumiem un ietekmi uz
vidi. Krustziezu kaitéklu ierobezo$ana konsultanti un lauksaimnieki izmanto citu
Eiropas wvalstu augu aizsardzibas sist€émas, kas, iesp&ams, Latvijas
agroekologiskajiem apstakliem nav piemérotas.

P&édgjos gados ziemas rap$a s€jumos noverota arvien lielaka krustziezu
stublaju un s€klu smecernicku (Ceutorhynchus spp.) un krustziezu pakstenu
pangodina (Dasineura brassicae) invazija, tapéc sava pétijuma pieversos tiesi
siem kaitekliem. P&tfjumos, kuri veikti Vacija, Lielbritanija un Danija, tie ir
minéti ka postosakie krustziezu kaitekli.

Izp&tot mingto kaitéklu biologiju, sastopamibu un postigumu, tika
izstradati ieteikumi lauksaimniekiem to ierobezo$ana. P&tijuma rezultati dod
iespgju ekonomiski pamatot insekticidu lietoSanas nepiecieSamibu un
izdevigumu, tie var€tu biit nozimigi integrétas augu aizsardzibas sist€mas
ievieSanai Latvija, ko Eiropas Komisija noteikusi veikt lidz 2014. gadam.

Rapsa audzetajiem trikst petfjumu par rapSa slimibu un kaiteklu
epidemiologiju un postigumu, par efektivakajam metodém to ierobezo$ana, lai
nekaitétu videi un saudzétu kultiraugus.

Tomér pozitivas tendences pedéjos gados vérojamas ari p&tijumu joma.
Arvien vairak zinatnieku, uzzinot par razotaju problémam, pievérSas ar rapSa
audz€sanu saistito jautajumu risinasana.

Saprotot un izvértgjot rapSa audzeSanas aktualitati, par doktora darba
temu izveleta postigako kait€klu izpte, ziemas rapSa audzE€Sanas pan€mienu
izverteSana, ka ari rapsa kaitéklu ietekme uz razu un kvalitati Zemgales regiona.

Pétijjuma meérkis: noskaidrot ziemas rapSa kaiteklu - krustziezu
stublaju un s€klu smecernicku (Ceutorhynchus spp.) un krustziezu pakstenu
pangodina (Dasineura brassicae) — sastopamibu, izplatibu un to ierobeZo$as
iespgjas lietojot sintétiskos insekticidus.

Pétijuma uzdevumi:

e izvertet krustziezu stublaju un s€klu smecernieku un krustziezu pakstenu
pangodina sastopamibu un izplatibu Zemgalg;

e  izpétit krustziezu stublaju un seklu smecernieku un krustziezu pakstenu
pangodina ierobezoSanas iespgjas;

. analiz€t saimniecibas lietotos kait€klu ierobezoSanas pag€mienus ziemas
rap$a s€jumos;

e veikt krustziezu kaiteklu ierobezoSanas pasakumu ekonomisko
izvertéSanu ziemas rapsa razosanas s€jumos.

Darba hipoteze: Piecaugot krustziezu kait€klu postigumam, japrecizeé to sugu
sastavs un populaciju dinamika dazados rap$a attistibas etapos, un iesp&jams,



jamaina to ierobezoSanas pasakumi, atbilstosi rapsa audz€Sanas apstakliem un

ekonomiskajiem nosacijumiem Latvija.

Pétijuma novitate:

e Latvija pirmo reizi identific€tas krustziezu stublaju un s€klu smecernieku
(Ceutorhynchus spp.) sugas ziemas rap$a sgjumos;

e izpétiti kustziezu stublaju un séklu smecernieku (Ceutorhynchus spp.) un
krustziezu pakstenu pangodina (Dasineura brassicae) attistibas cikli
Latvijas agroklimatiskajos apstaklos;

e analiz€ta petjjuma iegita informacija par kustziezu stublaju un seklu
smecernieku (Ceutorhynchus spp.) un krustziezu pakstenu pangodina
(Dasineura brassicae) postigumu Latvijas agroekologiskajos apstaklos;

e izverteti kustziezu stublaju un séklu smecernieku (Ceutorhynchus spp.) un
krustziezu pakstenu pangodina (Dasineura brassicae) ierobezoSanas
pasakumu efektivitate;

e petijuma rezultati sniedz iesp&ju ekonomiski pamatot sintetisko insekticidu
lietoSanu.

Aizstavamas tezes

e  Paliclinoties rapsa s¢jplatibu ipatsvaram kopg&ja Latvijas s€jumu struktiira
un mainoties agroklimatiskajiem apstakliem, pieaug maznozimigo
krustziezu kaitéklu izplatiba un postigums;

e  patlaban praksé lietota krustziezu kaitéklu ierobezo$ana raksturojama ka
profilaktiska, kas ne vienmer ir efektiva jo netiek nemta vera So krustziezu
kaiteklu biologija;

Petfjuma rezultati apkopoti un atspoguloti cetras, konferencu,
simpoziju un zinatnisko seminaru recenzetas starptautiskas publikacijas. Par
zinatniska darba rezultatiem sniegti devini mutiski un stenda referati.

Petijums veikts ar Eiropas Sociala Fonda apaksaktivitates ,,Atbalsts

doktora studiju programmu TstenoSanai” projekta ,,Atbalsts LLU doktora

studiju istenoSanai” merkfinanséjuma atbalstu. VienoS§anas

Nr 2009/0180/1DP/1.1.2.1.2/IPIA/VIAA/017.

PETIJUMU APSTAKLI UN METODIKA

Petfjums veikts laika no 2009. Iidz 2011. gadam. Par p&tjjuma vietu
izvéleta Latvijas centralas dala — Zemgale — intensivakais rap$a audzéSanas
novads, kura izvietoti 32% no Latvijas rapsSa platibas un tiek sarazoti 70% no
rapSa se€klu koprazas. Lai izpilditu zinatniskaja darba izvirzitos uzdevumus,
apsekotas Cetras rapSa audz€taj saimniecibas, kas atrodas dazadas Zemgales
vietas — Dobeles, Rundales, Jelgavas un Auces novada un kuru rapsa sgjplatibas
aiznem 19 — 30% no lauksaimnieciba izmantojamas zemes platibas
Saimniecibas apsaimnieko 605 — 2400 ha lauksaimnieciba izmantojamas zemes
platibas un rapsa sgjplatibu Ipatsvars s€jumu struktiira ir 20% — 45% (1.attels).



P&tijuma ieklauti min€to saimniecibu, ar konvencionalam metodém
audzg@ti, ziemas rap$a s€jumi, kuru platibas bija 3 — 59 ha.

Neviens no pétfjuma ieklautajiem ziemas rapsa s€jumiem nav atkartots
s€jums, tie ir s€ti vismaz ar divu gadu starplaiku taja pasa lauka.

Sgja veikta tulit pec augsnes pirmss€jas apstrades, Latvijas
agroklimatiskajiem apstakliem optimalakajos datumos, no 10. lidz 23.
augustam.
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1.att. Pétijuma ietverto ziemas rapsa séjumi, 2009.- 2010.
Fig. 1. Location of winter oilseed rape sowings 2009 — 2010.

Séta linij$kirne ‘Catalina’ un hibridi ‘Excalibur’ F; un “Visby’ F;. S
Skirne un hibridi neatbaida kukainus un nav pret tiem rezistenti. S€klas
kodinatas sadi: ‘Catalina’ un ‘Excalibur’ F, ar tiramu
(tetrametiltiuramdisulfids), deva 4 mL kg™ + ¢inuks (imidakloprids, 100 g L *;
beta ciflutrins, 100 g L ™), deva 20 ml kg™; ‘Visby’ F; ar modesto (beta
ciflutrins, 80 g L *; klotianidins, 400 g L ™), deva 12.5 ml kg™ + TMTD
(tetrametiltiuramdisulfids), deva 8.3 mL kg™.

Divdigllapju nezalu ierobezoSanai lietoti herbicidi butizans stars s.k.
(metazahlors, 333 g L™ kvinmeraks, 83 g L), deva 2.5 L ha™ vai sultans
(metazahlors, 500 g L™), deva 2.5 L ha™'. S&juma apstrade veikta, ziemas rapsa
augiem atrodoties otra lapinu para attistibas etapa (13 - 15 BBCH).

Viendigllapju nezalu un graudaugu sarpaugu ierobezoSanai lietoti
herbicidi fokuss ultra (cikloksidims, 100 g L), deva 1.5 L ha™ vai azils
(propakvizafops 100 g L) , deva 0.8 L ha™. Apstrade veikta, viendigllapjiem
sasniedzot trTs lapu attistibas etapu.

Rapsa raza novakta ar tie$as novaksanas panémienu, kas veikta, rapsa
augiem sasniedzot pilngatavibu.

Kaitéklu ierobeZosana. Katru gadu viena no ziemas rapSa s€jumiem
tika lietota viena no Getram krustziezu kaitéklu ierobeZoSanas shemam: 1. — 2
reizes decis mega 50 e.i. (deltametrins 50 g L) 0.15 L ha™; 2. — proteus 110
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OD s.k. (tiakloprids 100 g L™, deltametrins 10 g L") 0.75 L ha™* un fastaks 50
e.k. (alfa- cipermetrins 83 g L™) 0.25 L ha™; 3. — 2 reizes proteus 110 OD s.k.
0.75L ha'l; 4. — apstrade ar insekticidu netika veikta.

P&c rapsa audz&taju pieredzes un konsultantu ieteikumiem, insekticidu
smidzinajums veikts, kad s€juma krustziezu kaitekli tika konstateti vai ari
profilaktiski.

Pirma apstrade (T1) - rapSa augu ziedkopas attistibas laika (BBCH 51-
55), otra apstrade (T2) - ziedésana (BBCH 59-62).

Péc modificétas Abbota formulas (1) tika aprékinata insekticida
efektivitate krustziezu smecernieku (Ceutorhynchus spp.) un krustzieZu
pakstenu pangodina (D. brassicae) ierobezosana.

BE%, — (A—B)

x100 (1)
kur

A - Tpatnu skaits pirms insekticida lietoSanas, gab.;

B - Ipatnu skaits 7 dienas p&c insekticida lietoSanas, gab.

Krustziezu kaitéklu uzskaite ziemas rapsa séjumos tika veikta visu
rapSa vegetacijas laiku.

Ziemas rapSa stublaju smecernicka un krustziezu stublaju spradza
imago sak migrét uz s€jumiem rudent , tapec, 2009. un 2010. gada, imago
uzskaiti un ievaksanu veica no augusta beigam, kad rapsa augiem izveidojusas
pirmas istas lapas (BBCH 11), lidz septembra beigam, kad diennakts vidgja
gaisa temperatiira noslidgjusi zem + 10 °C un kukainu aktivitate vairs nebija
vérojama.

Pavasari, kad gaisa vid&ja temperatiira paaugstinajas virs + 5°C un
kukainu aktivitate palielingjas lidz séklu nogatavosanas laikam (BBCH 70-80),
veikta Ceutorhynchus spp. un D. brassicae un Meligethes spp. ipatnu uzskaite
un ievaksana.

Pétijuma izmantoti dzeltenie Meérikes tipa fidensslazdi (MUS), kuri ir
dzeltena plastikata trauki (90 x 200 x 300), kurus 2/3 piepilda ar @ideni, kam
pievieno paris pilienus virsmas aktivas vielas kukainu pievilinaSanai. Trauks
tiek novietots uz metaliskiem stieniem rapSa centralas ziedkopas augstuma.

Desmit MUS tiek izvietoti sistematiski randomizeti ziemas rap3a
s€juma malas, 20 un 50 m attaluma no tam. Ar 24 m horizontalo atstarpi starp
adensslazdiem, kas sakrita ar tehnologiskajam sliedem.

Visi lauki no vienas malas robezojas ar celu (kura platums
neparsniedza 4 m.) Pargjas malas robezojas ar valgjiem melioracijas gravjiem
vai mezmalam, kurus no laukiem atdalija buferjoslas, kam platums
neparsniedza 2 m.

Neviens no laukiem nerobezojas ar citu ziemas vai vasaras rapsa
lauku.



Imago uzskaite un ievaksana tika veikta vienreiz nedéla, traukus iztirot
un papildinot ar Gideni un virsmas aktivo vielu (apméram 100 mL™), vienlaikus
pec BBCH skalas tika atzZiméti arT ziemas rap$a augu attistibas etapi.

levaktajiem  paraugiem  uzskaititi  krustziezu  smecernieki
(Ceutorhynchus spp.), kas tika atdaliti un uzglabati stikla pudelités, kas pilditas
ar 80% etanolu, lai noteiktu sugas specifiskas morfologiskas pazimes. Bez Tpasi
pétitajam krustziezu smecernieku sugam tika apskatiti arT: krustziezu stublaju
spradzis (Psylliodes chrysocephala, L.), krustziezu spiduli (Meligethes spp.),
krustziezu pakstenu pangodin$ (Dasineura brassicae, Winn.),

Ceutorhynchus  spp. identifikacija  veikta, sadarbojoties ar
entomologiem Biologijas fakultateé (Latvijas Universitaté) un Blekingenas
Tehnologiju institiita (Blekingen Institute of Technology), Zviedrija.

Klasifikacijai par pamatu nemtas divas kukainu sistematikas
datubazes: Latvijas vabolu saraksts® un Eiropas fauna.

Viens no sugu raksturojoSiem raditajiem ir populacijas relativais
blivums, ko izsaka — Tpatnu skaits septinas lamatdienas viena keramslazda
(0.03 m?). Tas tiek analizéts katrai novérotajai krustziezu kaiteklu sugai
atseviski. Attistibas dinamikas raksturoS$anai noteikta aktivo temperatiiru
summa (ATS), kuru aprékingja péc formulas (2):

ATS = X (t,— 10 °C) @)

kur
t,- diennakts videja temperatiira.

Monitoringa noteikto sugas populacijas relativo blivumu ietekm& ne
tikai gaisa diennakts vid€jo temperatiiru summa, bet arT nokriSnu daudzums
Tapec pétijuma izmantoti Dobeles HMS temperatiiras un nokrisnpu merjumu
dati — hidrotermiska koeficienta (HTK) aprékinasanai, izmantojot formulu (3):

X x10

H @)
Dt

kur

H- hidrotermiskais koeficients;

X - aprékinu perioda nokrisnu summa, mm;

2t — gaisa diennakts vidgjo temperatiiru summa aprékinu perioda, °C.

Latvijas agroklimatiskajos apstaklos nokriSni vasaras sezona ir loti
lokali, tapec HTK ietekme uz krustziezu kait€klu populacijas relativo blivumu

2 http://leb.daba.lv/checklist LV.pdf. [skatits: 21.novembrt 2010.]
8 http://www.faunaeur.org/index.php [skatits: 21.novembri 2010.]
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tika apskatita ziemas rapSa s€jumos, kuri atradas lidz 20 km attaluma no
Dobeles HMS.

Pétijuma identificeto kaiteklu nodarito bojajumu uzskaite.
Krustziezu stublaja smecernieku (C. pallidactylus, C. typhae, C. picitarsis un
C. sulcicollis) radito bojajumu apjomus nosaka, uzskaitot augus 0.5 m?
(parrekinot uz 1 m?) platiba 10 vietas. Augiem $kérsam pargrieZ stublaju, tad
uzskaita kaitek]u bojatos un nebojatos augus. Sadu uzskaiti veic divas reizes
sezona:

e pirma uzskaite - pavasari, atjaunojoties augu vegetacijai;
e  otra uzskaite - rap$a nogatavosSanas laika (BBCH 75 — 80).

Lai iegiitu krustziezu stublaju kaiteklu nodarito bojajuma apjomu, veic
aprekinus (4):

BAY = ’—Q %100 @)

kur
A — bojato stublaju skaits, gab. m?;
B — augu skaits, gab. m?

Krustziezu séklu smecernieka (C. obstrictus) un pakstena pangodina
(D. brassicae) bojato pakstenu apjomu nosaka vienreiz sezona séklu
gatavoSanas laika (BBCH 75 — 80). Uzskaita kopgjo pakstenu skaitu augiem
0.5 m? (parrekinot uz 1 m?) 10 vietas, izdalot bojatos pakstenus un atzimgjot,
kurs kait€kla kapurs bojajumus nodara.

Lai iegitu krustziezu pakstenu un s€klu kait€klu nodarito bojajuma
apjomu (5), veic aprekinus:

BP% = g x100 (5)

kur
A — C. obstrictus vai D. brassicae invadéto pakstenu skaits m?;
B — pakstenu skaits, gab. m™.

Datu matematiska izvértésana veikta, izmantojot lietotni ,,MS Exel”,
korelacijas analizu metodi - Pearson, kas ietver un atspogulo divu datu kopu
linearas saistibas pakapi. Aprékinata korelacija starp krustziezu kaiteklu Tpatnu
skaitu un to raditajiem bojajumiem, ka arT abu mingto faktoru ietekmi uz rapsa
seklu razu.
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Lai veiktu ziemas rapsSa audz€taju darbibas analizi, tiek aprékinats
bruto segums 2 - raditajs, kuru izmanto, lai salidzinatu ziemas rap$a audze$anas
pap€mienus gan vienas saimniecibas ietvaros, gan starp dazadam
saimniectbam.

PETIJUMA REZULTATI UN DISKUSIJA
Krustziezu kaiteklu identifikacija, taksonomija un izplatiba

Eiropa nozimigo krustziezu kaiteklu sugas ziemas rapsa s€jumos tiek
minétas seSas, bet to izplatiba un postijumu apjomi atSkiras starp Eiropas
valstim un pa gadiem.

Lidz $im, ka postigi krustziezu kaitekli Latvijas ziemas rapsa s€jumos
pétitas un aprakstitas divas gintis (Phylotreta spp. un Meligethes spp.) un pirms
vairak ka desmit gadiem, bet palielinoties rapsa s€jplatibu ipatsvaram kopgja
Latvijas s€jumu struktiira un mainoties agroklimatiskajiem apstakliem, pieaug
agrak par par maznozimigiem uzskatito krustziezu kaiteklu izplatiba un
postigums. Tap&c pétjums ir Joti nozimigs lauksaimniekiem un
lauksaimniecibas specialistiem, jo ir identific€tas Sobrid izplatitas krustziezu
kaiteklu sugas ziemas rapsa s€jumos.

Veicot monitoringu 12 ziemas rapsa s¢jumiem 2009., 2010. un 2011.
gada, tika ievakti 17 264 patni no divam kartam — Diptera un Coleoptera, kas
pieder ¢etram dzimtam - Chrysomelidae, Nitidulidae, Curculionidae un
Cecidomyiidae (2.attels). Lielaka dala identificéto krustziezu kaitéklu pieder
pie vabolu Coleoptera kartas. Minéta karta ir ne tikai lielaka no Insekta klases,
bet sastada arT lielako dalu no Animalia valsts. Viena no plasak sastopamajam
dzimtam ir Curculionidae, pie kuram pieder smecernieki Ceutorhynchus spp.

2009. gada no 15. aprila Iidz 29. junijam, tika ievakti 3552 ipatni no
¢etram krustziezu kaiteklu sugam.

Domingja krustziezu stublaju un s€klu smecernieku Tipatni, kas
sastadija 53% no visiem ievaktajiem Tpatpiem. Krustziezu spidulu un
pangodina bija mazak — attiecigi 23% un 19%, P. chrysocephala — tikai 5% no
ievaktajiem Tpatpiem.

2009. /2010. gada ziemas rapSa s&jumos no 2009. gada 19. septembra
lidz 2010. gada 24. junijam tika ievakti 7309 krustziezu kaiteklu Ipatni, 3095
patni jeb 42% no tiem bija Meligethes spp.. Nakama plasak novérota gints bija
Ceutorhynchus spp. — 2481 ipatni (34%), kam sekoja krustziezu pangodins —
1188 1patni (16%) un krustziezu stublaju spradzis — 545 1patni (7%).

2010. / 2011. gada ziemas rapsa s€jumos no 2010. gada 9. septembra
Iidz 2011. gada 29. jinijam, ievakti 6675 krustziezu kaiteklu Tpatni. Doming&ja
krustziezu stublaju un s€klu smecernieki — 35% no kopgja Ipatpu skaita.
Krustziezu spidulis bija otrs plasak novérotais krustziezu kaiteklis (33%),
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nedaudz atpaliek krustziezu pakstenu pangodina skaits, kas $aja razas gada
sastadija 28% un krustziezu stublaju spradzis — 4%.

Petijuma 2009. un 2011. gada visplasak noverotas divas dzimtas —
Nittidulidae un Curculionidae — 36% no kopgja ievakta imago skaita, savukart
Cecidomyiidae — 22% un Chrysomelidae — 6%.
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2. att. DomingjoSo krustziezZu kaitéklu Ipatnu skaits visas pétijumu vietas
20009. - 2011. gados izmantojot Meérikes iidensslazdus.
Fig. 2. Dominating brassica pest specimens in all study sites collected using Moerike
water traps in 2009 — 2011.

B Meligethes  spp. B Ceutorhynchus  spp.
Dasineura brassicae m Psylliodes chrysocephala

Sugu izplatibu nosaka vairaku faktoru kopums. Galvenie no tiem ir
attisttbai piemérots klimats un baribas bazes nodroSinajums. Latvijas
klimatiskie apstakli un baribas baze (rapSa s€jumu platibas) ir piemeroti
ekonomiski nozimigo krustziezu kaiteklu attistibai.

KrustzieZu smecernieku izplatiba identifikacija un taksonomija

Latvija identificéti sekojosi krustziezu kaitekli — krustziezu seklu
smecernieks (C. obstrictus), krustziezu stublaju smecernieks (C. pallidactylus),
ziemas rapSa stublaju smecernieks (C. picitarsis), zilais krustzieZzu stublaju
smecernieks
(C. sulcicollis), mazais stublaju smecernieks (C. typhae), krustziezu stublaju
spradzis (P. chrysocephala), krustziezu pakstenu pangodins$ (D. brassicae) un
krustziezu spidulis (Meligethes spp.). No tam 2009. —2011. gada domingja
divas gintis — krustziezu spiduli (Meligethes spp.) un smecernieki
(Ceutorhynchus spp.). Krustziezu smecernieku sugu taksonomija apkopota 3.
attela.

Netika novérota viena no Eiropa ekonomiski nozimigdm krustziezu
smecernieku sugam — rap$a stublaju smecernieks (C. napi). Domingjosas bija
divas Ceutorhynchus spp. — krustziezu s€klu un krustziezu stublaju
smecernieki, kas literatiira tiek mingti, ka postigakie krustziezu kaitekli.
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No konstajam Ceutorhynchus spp. lielako Ipatnu skaitu sastada
krustziezu stublaju un krustziezu pakstenu smecernieki (4.attels). Krustziezu
stublaju smecernicka (C. pallidactylus) ipatni doming visos trijos pétijjuma
gados, 2009. gada wuzskaititi 1058 T1patpi, kas krietni parsniedz citu
Ceutorhynchus spp. izplatibu.

Curculionidae , Latreille, 1802
Ceutorhynchinae, Gistel, 1856
Ceutorhynchini, Gistel, 1856
Ceutorhynchus, Germar, 1824
C. pallidactylus (Marsham, 1802) =
= quadridens, Panzer,1795
=seriesetosus, Dietz, 1896
C. assimilis (Paykull, 1792) =
= obstrictus, Marsham, 1802
=alauda, Fabricius, 1792
= pleurostigma, Marsham, 1802
C. picitarsis (Gyllenhal, 1837) =
= poncyi, Stierlin, 1899
= tarsalis, Boheman, 1845
C. typhae (Herbst, 1795) =
= floralis, Paykull, 1792
= monostigma, Marsham, 1802
= palustris, Edwards, 1930
= puberulus, Le Conte, 1876
= septehtrionalis, Gullenhal, 1837
= sulculus, Marsham, 1802
C. sulcicollis (Paykull, 1800) =
= aeneipennis, Brisout, 1885
= cyanipennis, Germar 1824
= erucastri, Hoffmann, 1954
= spinicrus, Schultze, 1901

3. att. KrustzieZu smecernieku Ceutorhynchus spp. taksonomija.
Fig. 3. Taxonomy of brassica weevils Ceutorhynchus spp.

Krustziezu séklu smecernieka (C. obstrictus) lielakais Tpatnu skaits —
598 noverots 2009. gada. Mingtas divu sugu uzskaitito Tpatnu skaits pa gadiem
ir samazinajies - C. pallidactylus — par 21% un C. obstrictus - par 27%. Tris
gadu pétljumi ir par maz, lai var€tu izvertét sugas izplatibas samazinasanas
iemeslus.

Literatira minéto mazak postigo smecernieku sugu — C. picitarsis,
C. sulcicollis un C. typhae bojajumu apjoms pieaug.
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No mingtajam tris sugam vairak sastopami bija C. sulcicollis ipatni,
kuru skaits 2011. gada sasniedza 843 Ipatnus, pie noteiktiem apstakliem ta var
klat ekonomiski nozimiga. Salidzinot pa gadiem, C. sulcicollis izplatiba ir
pieaugusi 11.2 reizes.

C.typhae
C.sulcicollis

C.picitarsis

C.obstrictus

C.pallidacty..

—

0 200 400 600 800 1000 1200 1400
4.att. Ceutorhynchus spp. ipatnu skaits ¢etros konvencionalos ziemas rapsa
s€éjumos, veicot monitoringu reizi nedéla, 2009.-2011. gada.
Fig. 4. Number of Ceutorhynchus spp. specimens in four conventional winter oilseed

2011 m2010m=2009

C. picitarsis sugas ipatni arvien vairak tick novéroti Latvija. Vabolu
izlidoSana novérota no raps$a augu pirmo Tsto lapu attistibas. Noveroto ipatnu
skaits 2009. gada bija tikai 7 (japem véra, ka pétijums uzsakts 2009. gada
pavasarl), bet jau 2009./ 2010. gada tas sasniedza 348 1patpus. Tikai nedaudz
mazaks skaits noverots 2010./ 2011. gada — 304.

Latvija ziemas rap$a s€jumos C. typhae ipatni vairak noveéroti 2010.
gada — 615 patni, kas ir 4 reizes vairak neka 2009. un 2011. gada. Lai gan
literatiira ta tick mingta ka plasi sastopama ziemas rapSa s€jumos, §1 suga nav
mingta ka ekonomiski nozimiga.

Noverotais krustziezu pakstenu pangodina patnu skaits s€jumos pa
gadiem atskiras: lielaka amplitida bija 2009. gada — 4 reizes,tad 2011. gada —
2.7 reizes un 2010. gada — 1.9 reizes.

Pagaidam lauksaimniekiem ir lielaka interese tikai par kukainiem —
kaitekliem, kuri rada bojajumus iegiistamas produkcijas kvalitatei un
kvantitatei. Tas ir saistits ar maz pieejamo informaciju par entomofaunu.

Iegtta informacija par Latvija izplatitam krustziezu kait€klu sugam
palidzes integrétas kait€klu ierobeZoSanas sist€mas izstradé. Tacu krustziezu
kaiteklu sugu apzinasana ir tikai pirmais solis uz integréto kaiteklu
ierobezoSanu, nakamajos pétljumos ir japieverS uzmaniba to dabiskajiem
ienaidniekiem, kas Sobrid Latvija nav apzinati.

Petljums parada, ka krustziezu kait€klu Tpatnu skaits atSkiras pa
gadiem un to izplatibu ietekmé lauku atraSanas vieta, lielums, augu maina. Tas
norada uz monitoringa nepiecieSamibu katra s€juma.

Joprojam ir nepiecieSami pétijumi un diskusijas par audz€Sanas
tehnologiju un vides faktoru ietekmi uz krustziezu kaitéklu izplatibu.
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Krustziezu s€klu smecernieka un otras paaudzes krustziezu pakstenu
pangodina Tpatpu izlidoSana noverota gaisa temperatiirai sasniedzot +10.6
+2.3 °C rap$a augu ziedkopas attistibas etapa (BBCH 50), lidz ar to $o kaiteklu
ierobezoSana ir apvienojama ar fungicida (baltas puves, ieros. Sclerotinia
sclerotiorum, ierobezosanai) lietosanu.

Krustziezu kaitéklu skaita dinamika un sastopamiba

Izvertgjot krustziezu kaiteklu 2009. — 2011. gada monitoringa datus, to
intensiva izlidoSana Latvijas ziemas rapsa s€jumos notika vairakas reizes rapsa
augu vegetacijas laika.

Pirma izlidosana novérota rudeni, rapSa augu 1sto lapu attistibas laika
(BBCH 13 - 15). Pirmais izlido krustzieZu stublaju spradzis un ziemas rap$a
stublaju smecernieks, kuru attistibu ietekmé Latvijas agroklimatiskie apstakli.
Rudenos, kad gaisa temperatiira agri pazeminas zem +4 °C, $o divu krustziezu
kaiteklu attistiba ir apdraudéta. Lidz ar to rudens kait€klu postijumi rapsa
s€jumos ir iesp&jami tikai garos un siltos rudenos.

Pétijuma dati lauj veikt prognozes par rudens kaiteklu postijumu
apjomu. Tomér aktuals ir jautajums par rudens kaitéklu attistibas iesp&jam un
to postigumu Latvijas agroklimatiskajos apstaklos.

Pavasari, diennakts vid€jai gaisa temperatirai paaugstinoties Vvirs
+6 °C ziemas rapSa s€jumos izlido divas krustzieZu stublaju smecernieku sugas
— zilais krustziezu stublaju un mazais stublaju smecernieks un krustziezu
spiduli. Planojot krustziezu spidulu ierobezoSanu, biitiski zinat to izlidoSanas
bridi, jo matites olas dgj uzreiz pec izlidosanas, bet smecernieki — apméram
divas nedglas péc izlidoSanas. Tas ir laiks, kad veicama kait€klu ierobezosSana.

Diennakts vid€jai gaisa temperatrai sasniedzot +6.4 lidz +14 °C
novérota krustziezu stublaju smecernicka un pirmas paaudzes krustziezu
pakstenu pangodina ipatnu izlidoSana. Krustziezu stublaju smecernicka
ierobezoSana veicama apméram 10 dienu laika p&c pirmo Tpatnu izlidoSanas,
lidz matites stublajos ied€j olas. Krustziezu pakstenu pangodins, ka ari
noverotie ziemas rap$a stublaju smecernieka un krustziezu stublaju spradza
imago raps$a augiem nozimigus bojajumus $aja laika posma nenodara.

Izvertgjot krustziezu kaitek]u izlidoSanas laiku un informaciju par to
attistibu Latvijas agroklimatiskajos apstaklos, secinats, ka tie tris reizes ziemas
rapSa augu vegetacijas laika nodara bojajumus: rudeni, augiem atrodoties Tsto
lapu attistibas etapa, kad gaisa temperatiira pazeminas lidz +6 °C (stublaju
kaitekli); pavasari, gaisa temperatiirai paaugstinoties virs +6 °C, sakot no rapsa
augu centrala dzinuma stiepsanas (BBCH 33 — 39) (stublaju kaitekli), un treSo
reizi — ziedkopas attistibas un ziedé$anas etapa (BBCH 56 — 69) (pakstenu un
s€klu kaitekli).

Turpmakos pétijumos biitu nepieciesams izpétit krustziezu kaiteklu
parazitu izlidoSanas laikus un attistibas ciklus, jo viens no integrétas kaiteklu
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ierobezoSanas mérkiem ir kaiteklu ierobezoSanu veikt p€c iesp&jas mazak
ietekmgjot dabiskos ienaidniekus.

Krustziezu kaitéklu raditie bojajumi ziemas rapSa augiem

Parejot no konvencionalas lauksaimniecibas produkcijas razoSanas uz
integréto, nepiecieSsamas izmainas kultiiraugu audzé$anas tehnologijas, bet, lai
tas veiktu, agronomiem un zinatnickiem vienlaikus jaspgj rast risinajumi
veiksmigai produkcijas razoSanai.

Petijuma ieklautajas konvencionalas rapSa audz€tgju saimniecibas,
lielakoties ziemas rapsi audzeé viena augmaina ar graudaugiem un ta ir tris vai
Cetru gadu augu maina ar nelielu kultdraugu sugu skaitu un lielu rapSa
sgjplatibu Tpatsvaru. Sada augu maipa un kultiraugu struktiira veicina
krustziezu kaiteklu savairo$anos.

Krustziezu kaiteklus p&c to nodaritajiem bojajumiem rapsa augiem
iedalas tris grupas:

e boja stublajus: krustziezu stublaju spradzis (P. chrysocephala) un
ziemas rap$a stubldaju smecernieks (C. picitarsi), krustzieZzu stublaju
smecernieks (C. pallidactylus), zilais krustziezu stublaju smecernieks
(C. sulcicollis), un mazais krustziezu stublaju smecernieks (C. typhae);

e boja ziedpumpurus — krustziezu spidula kapuri (Meligethes spp.);

e boja pakstenus un s€klas — krustziezu s€klu smecernieks (C. obstrictus)
un krustziezu pakstenu pangodins (D. brassicae).

Krustziezu stublaju kaitekli ziemas rapsa augus boja sakot no isto lapu
attistibas etapa Iidz ziedkopas attistibai. Ruden pirmie ziemas rapsa s€jumos
izlido krustziezu stublaju spradzis un ziemas rapSa stublaju smecernieks. Abu
sugu matites d&j olas no kuriem izskilas kapuri, kas nodara bojajumus rapsa
augu lapu katos un stublajos. Kapuri identifikacija 1idz sugai netika veikta.

Neviena no pétamajiem ziemas rapSa s€jumiem rudeni netika veikta
minéto kaitek]u ierobezosana.

So divu krustziezu kaiteklu bojajumu apjoms dazados s&jumos bija no
1.7 — 8.8% (5.attels).

Petijuma — 2009. gada augusts un septembris raksturojas ka sauss,
nokriSnu daudzums uz pusi zemaks ka ilggadgjos datos (39.8 mm). Bojatie
stublaji 2009. gada bija 1.3 augi m™>. 2008. un 2010. gada augusta nokrisnu
daudzums bija iev€rojami augstaks neka ilggadgjie (attiecigi 140 un 147 mm)
un bojato stublaju skaits bija attiecigi 0.9 un 1.1 augi m™>. Tatad, lai arT bojato
stublaju skaits ir zems, ar nokriSpiem nabadzigajos rudenos bojajumi bija
lielaki.

Pavasari, atsakoties vegetacijai, tika veikta augu skaita uzskaite: 2009.
gada vid&jais augu skaits s&juma bija 28 augi m?, 2010.gada — 22 augi m2; un
2011. gada — 21 augs m?, kas ir zemaks neka Vacijas zinatnieku ieteiktais.
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5. att. C. picitarsis un P. chrysocephala ipatnu raditais bojajumu apjoms ziemas
rapsa stublajiem dazados séjumos 2010. un 2011. gada.
Fig. 5. Damage in different winter oilseed rape sowings caused by C. picitarsis and
P. chrysocephala, 2010 and 2011.

Ebojajumu apjoms, % ® augu skaits, gab.m 2

Korelacijas koeficients parada, ka starp augu skaitu uz vienu m? un
bojatiem stublajiem, 2010. gada sakariba ir cieSa un pozitiva — pie lielaka augu
skaita raditais bojajumu apjoms lielaks (ry,= 0.91, p-value<0.05, n=6), bet
2011. gada ne kada sakariba netiek novérota (r= =0.12, p-value>0.05, n=6).
Tr1s petjuma gadu laika nav pieradita vienota tendence. Lidz ar to joprojam
neatbild@ts ir jautdjums, vai §is divas rudeni novérotas krustziezu kaiteklu sugas
lielakus postijumus veic sabiezinatos s€jumos vai arT otradi. Tas nozimg, ka, jo
liclaka augu bieziba, jo mazak bojajumu. Analizgjot krustziezu stublaja spradza
ipatnu skaita ietekmi uz bojato stublaju skaitu, abos gados — 2010. gada
korelacija ir nebutiska un negativa (ry= - 0.44, p-value>0.05, n=6) un 2011.
gada nebiitiska, bet pozitiva (ry= 0.26, p-value>0.05, n=6). Tas varétu biit
skaidrojams ar sugas TIpatpu  attistibai  nepiem@rotiem  Latvijas
agroklimatiskajiem apstakliem ziemas perioda.

Pavasart izlidojuso krustziezu stublaju kaiteklu bojajumi bija no 64.1
lidz 94.8% (6.attels).

Otra augu skaita uzskaite tika veikta rapsa augu seklu gatavoSanas
etapa (BBCH 80), un vidg&jais augu skaits 2008./2009. gada bija 19.4 augi m?,
bet 2009./2010. un 2010./2011. gada — 16.7 augi m™. Bitiska sakariba starp
augu skaitu uz m? un bojatiem stublajiem, neviena no pétjjuma gadiem netiek
novérota (p-value>0.05, n=12).

Analizgjot krustziezu kaiteklu Tpatnu ietekmi uz bojato augu skaitu, ta
atSkiras pa gadiem. Krustziezu stublaju smecernickam (C. pallidactylus), kur§
literatiira definéts ka ekonomiski nozimigs, 2009./2010. un 2010./2011. gada
korelacija bija butiska (attiecigi — r,= - 0.63, p-value<0.05, ry,= 0.86,
p-value<0.01, n=12), tikai viena gada pozitiva otra negativa. 2008./2009. gada
sakariba netiek novérota (p-value>0.05, n=12).
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6. att. Krustziezu stublaju kaiteklu raditais bojajumu apjoms ziemas
rapsa stublajiem daZados séjumos 2009. - 2011. gada.
Fig.6. Damage on winter oilseed rape stems in different sowings by brassica
stem pests’, 2009 — 2011.
m2011 =2010 =2009

Zilajam krustziezu stublaju smecernieckam (C.sulcicollis) ipatnu,
ietekme uz bojatiem stublajiem bitiska korelacija konstatéta tikai 2008./2009.
gada (p-value<0.05, n=12) , 2009./2010. un 2010./2011. gada korelacija
nebitiska (p-value>0.05, n=12), lidz ar to neapstiprinas §is sugas radito
postijumu nozimigums.

Literattira maz apskatitas mazajam stublaju smecerniekam (C. typhae)
ipatnu skaita ietekme uz bojatiem stublajiem, cieSa un nozimiga ve€rojama
2009. gada (r,= 0.83, p-value<0.01, n=12) un 2011. gada (p-value<0.01,
n=12), bet 2010. — sakariba nebitiska (r,= 0.93, p-value>0.05, n=12).

Petfjuma dati liek secinat, ka Sai sugai japiever§ uzmaniba, iesp&jams,
ka pie augsta sugas bltvuma ta var radit ekonomiski nozimigus kaitejumus.

Rudens krustziezu kaitekliem — C.picitarsis ietekme uz bojato stublaju
apjomu netika pieradita, neviena no pétijuma gadiem (p-value>0.05, n=12), bet
P.chrysocephala — batiska un pozitiva ietekme konstatéta 2010./2011. gada
rap$a sgjumos (ry= 0.90, p-value<0.01, n=12).

Krustziezu séklu smecernieka radito bojajumu pieaugums verojams
pedgjos divos pétijuma gados (2010. un 2011.gada), neatkarigi no insekticida
kaiteéklu ierobezosSanai. Bojato pakstenu skaits 2009. gada bija 26 paksteni uz
m?; 2010. gada — 181 pakstenis uz m? un 2009. gada — 26 paksteni uz m?

AT krustziezu s€klu pangodina bojajumi 2009. gada bija zemi — 1.4%
jeb 20 paksteni uz m?; bet 2010. gada — 7% jeb 110 paksteni uz m? un 2011.
gada — 5% jeb 86 paksteni uz m? (7. attels).

Starp krustziezu seklu smecernicka Ipatpiem un to raditajiem
bojajumiem divus no tris gadiem korelacija bija butiska un pozitiva: 2010. —
rn= 0.77, p-value<0.01, n=12; 2011. — r,= 0.91, p-value<0.01, n=12. Tas
parada, ka §is sugas Tpatni galvenokart boja rap$a augus, nevis savvalas
krustziezu augus.
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Fig. 7. Damage on winter oilseed rape pods in different sowings by brassica
pod midge, 2009 — 2011.
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Sakariba starp C. obstrictus bojato pakstenu skaitu un kopgjo pakstenu
skaitu butiska, bet negativa bija 2011. gada (ry,= - 0.70, p-value<0.05, n=12),
kas norada, ka pie lielaka pakstenu skaita vienam augam, bojajumu biis mazak,
jo kaitekli spgj invadet noteiktu apjomu. 2010. un 2009. gada korelacijas
koeficients to neapstiprina (p-value>0.05).

Tai pat laika korelacija starp augu skaitu uz m? un C. obstrictus
bojatiem paksteniem — biitiska visus tr1s pétfjuma gadus — 2009. — ry,= - 0.88;
2010. — ry,=0.77; 2011. — ry,= 0.91; p-value<0.01, n=12, kas norada, ka blivaka
s€juma krustziezu séklu smecernicka bojajumi bis lielaki.Korelacija starp
C. obstrictus un D. brassicae bojajumiem butiska, bet negativa bija 2009. gada
(ryx=-0.61, p-value<0.05, n=12).

Augu skaita saistiba ar krustzieza pakstenu pangodina bojato pakstenu
skaitu cieSa un bitiska bija 2009. un 2010. gada (attiecigi: ry,= 0.86,
p-value<0.01 un ry= 0.70, p-value<0.05, n=12), bet pakstenu skaita ietekme uz
krustziezu pakstenu pangodina bojajumu skaitu biitiska — novérota 2011. gada
(ryx=0.78, p-value<0.01, n=12) un 2010. gada ry= - 0.62, p-value<0.05, n=12).

D. brassicae ipatnu skaita saistiba ar §is paSas sugas bojatajiem
paksteniem biitiska, bet negativa bija tikai 2009. gada (ry= - 0.85,
p-value<0.05, n=12). Lidz ar to secinam, ka liela dala krustziezu pangodina
ipatnu izlido, bet neveic bojajumus, vai ar1 tos veic savvalas krustziezu nezalgs.

Krustziezu kait€klu ierobezoSanas galvenais meérkis ir nepielaut rapsa
razas zudumus. Ziemas rapsa razas tika apkopotas péc graudu kombainu borta
datora raditajiem un parrékinatas uz 8% bazes mitrumu. Salidzinot pétijuma
ieklauto s€jumu vidgjas razas pa gadiem: 2009. gada, vidgja rapSa raza
apsekotajos sg¢jumos bija 3.0 t ha, kas sakrit ar Latvijas vidgjo attieciga gada
ziemas rapsa razu, 2010. gada apsekotajos ziemas rapSa s€jumos videja seklu
raza 3.5 t ha’, kas ir par 1.1 t ha" augstaka salidzinot ar Latvijas vidgjo,
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2011.gada petijuma ziemas rapsa s€jumos 3.25 t ha™, kas salidzinot ar Latvijas
ziemas rapsa razam ir par 0.97 t ha' augstaka®.

Razas starpiba 2011. gada skaidrojama ar to, ka petfjuma apskatitie
ziemas rap$a sEumi bija veiksmigi parziemojusi (vid. augu skaits
16.7 augi m?).

Tris gadu perioda 12 raps$a s€jumos ziemas rapsa s€klas razas bija no
2.7lidz4 tha™.

Analizgjot krustziezu kaiteklu sugu Tpatnu saistibu ar séklu razu, tad
krustziezu pakstenu pangodinam, tikai 2011. gada ta ir butiska, bet negativa
(ryx= - 0.91, p-value<0.01, n=12), kas joprojam norada, ka izlidojusas Ipatnu
matites invad€ arT savvalas krustziezu augus, vai ari liela dala no izlidojuSiem
Tpatpiem ir t&vini.

No krustziezu smecernieku sugam, divus no tris pétijuma gadiem,
butiska, bet negativa korelacija konstateéta mazajam stublaju smecernickam —
2010. un 2011. gada (attiecigi — ry,= - 0.92; r,= - 0.71, p-value<0.01, n=12).

Zilajam krustziezu smecernickam visos pétijuma gados konstateta
biitiska, bet negativa korelacija — 2011. un 2009. gada (attiecigi — ry,= - 0.63;
ry= - 0.66, p-value<0.05, n=12), bet 2010. gada (ry= - 0.90, p-value<0.01,
n=12).

Ziemas rapSa stublaju smecerniekam tikai 2010. gada konstatéta
biitiska ietekme uz rapsa seklu razu (ry= 0.88, p-value<0.01, n=12).

Krustziezu stublaju smecerniekam biitiska ietekme uz rapsa seklu razu
konstateta 2011. gada (r,= - 1.00, p-value<0.01, n=12) un 2009. gada
(ryx= =0.57, p-value<0.05, n=12). Tatad §is krustziezu smecerniecka sugas
nozimigums konstatets ar1 Latvija.

Otra Eiropa ekonomiski nozimiga krustziezu smecernieku suga ir
krustziezu s€klu smecernieks un Sai sugai tikai 2010. gada konstatéta biitiska,
bet negativa korelacija ar rapSa séklu razu (ry,= - 0.94, p-value<0.01, n=12).
Lidz ar to izriet, ka §1 suga nozime pagaidam vél Latvija nav.

Izvertgjot krustziezu kaiteklu un to radito stublaju bojajumu saistibu ar
ieglito raps§a razu, viena no tris gadiem konstatéta bitiska ietekme (ry= - 0.81,
p-value<0.01, n=12). Bojato pakstenu skaita ietekme uz razu nav konstatéta
(p-value>0.05).

No aprakstita izriet, ka pie novérota krustziezu kaiteklu bojajuma
apjoma rapsa s€klas raza netika ietekméta. Tas var€tu biit skaidrojams ar to, ka
bojajums ir zems un nenozimigs un rapSa augi raditos bojajumus spgj
kompensét.

Latvijas agroklimatiskajos apstaklos, kad rudens periods ir iss un
pavasaris iestajas veélak ka Viduseiropa vai Dienvideiropa un pavasari ziemas
rapSa attistiba noris strauji — krustziezu kait€kli, nepasp€ nodarit butiskus
bojajumus.

* http://www.lIke.Iv/2id=401160&ip=400304 [skatits:201 1.g. 6.decembri]
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KrustzieZu kaitéklu skaita ierobezZoSana

Svarigi apzinat faktorus, kuri jaizvert€ pirms [émuma pienemsanas par
sintetisko insekticidu smidzinaSanu, un to efektivitate buitu augsta, ka ar1
veicinat diskusiju par smidzinasanai pieme&rotako laiku, lai lietoto preperatu
ietekme uz vidi mazinatos.

Analizgtajos ziemas rap$a sgjumos lauksaimnieki krustziezu kaiteklu
ierobezosanu veikusi divas reizes sezona (citas Eiropas valstts — vidgji 1-
4 reizes).

Petijjuma noskaidrots, ka, lai ari Sobrid krustziezu kaiteklu
ierobezosana tiek veikta, vadoties péc krustziezu spidula Ipatnu monitoringa un
pirmo 1patpu noveroSanas pargjiem krustziezu kaitekliem (par ko
lauksaimniekus inform& AAL komercfirmas), lielai dalai apstrazu ar insekticidu
noverota pozitiva biologiska efektivitate, tiesa gan ar lielu amplitadu — no 8 lidz
98%. Paslaik lietota krustziezu kait€klu ierobezoSana, raksturojama ka
profilaktiska un ta nav pielaujama integrétaja kaiteklu ierobezosanas sisteéma.

Tika izvertéti ziemas raps$a razoSanas s€jumos lietoto sintEtisko
piretroidu (PIR) un kombin&to piretroida + neonikotinoida (PIR + NNI)
insekticidu biologiska efektivitate un lictoSanas laiki attieciba uz krustziezu
kaiteklu sugam, ka ari veicinat diskusiju par to lictosanu.

Izvertejot $aja péetijuma iegutos Ceutorhynchus spp. monitoringa
datus, var secinat — Latvija, pirmas izlido smecernieku sugas, kuras ir mazak
postigas — C. typhae un C. sulcicollis, bet nedélu péc tam — C. pallidactylus,
kuru matites aptuveni divu ned€lu laika péc izlidoSanas dgj olas. Tapéc
nepiecieSams veikt ne tikai smecerniecku monitoringu, bet ari to sugu
identifikaciju, lai pienemtu l€mumu par to ierobezoSanu. No sint€tiskajiem
insekticidiem augstaka biologiska efektivitate krustziezu stublaju smecernieka
ierobezosanai konstateta kombingétajam PIR + NNI klases insekticidam proteus
OD.

Tac¢u krustziezu se€klu smecernieku ierobezoSanai lietotajiem
sintétiskajiem insekticidiem biologiska efektivitate novérota gan PIR+NNI, gan
PIR apaksklases insekticidiem fastakam vai decis mega, bet neviens no tiem
nav atzimgjams ar izteiktu parakumu. Tas vélreiz liek uzsvert, ka insekticida
efektivitati ietekmeé daudzi faktori — augu attistibas etaps smidzinaSanas laika,
agroklimatiskie apstakli, smidzinaSanas kvalitate, lauka vieta un lielums,
kaiteklu izplatiba un augu maina.

Krustziezu pakstenu pangodina ierobezoSana ar sintStiskajiem
insekticidiem ir pakartota krustziezu smecernieku ierobezo$anai. Tr1s gadu dati
par krustziezu pakstenu pangodina ierobezoSanu, kur analizéti otra
smidzindjuma ar insekticidu biologiska efektivitate — gan PIR + NNI, gan PIR
apaksklases insekticidiem bija pozitiva. Tacu to efektivitate atSkiras pa gadiem,
kas nelayj izcelt kadu no min&tajam apaksklasem.
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Petijuma konstatéts, ka insekticida efektivitate ir atkariga no
meteorologiskajiem apstakliem konkrétaja gada un smidzinasanas laika, ka ari
smidzinasanas kvalitates.

Kamér Latvija nav konstatéta Meligethes spp. un Ceutorhynchus spp.
rezistence pret sintétisko piretroidu klases darbigajam vielam, kaiteklu
ierobezoSana nav apgriitinata. Tomér rapsa s€jplatibas un audzesanas intensitate
nepartraukti palielinas un kaiminvalstis jau novérota rezistence pret PIR, liek
domat par sekam, pie kuram var€tu novest nesapratiga krustziezu kaiteklu
ierobeZoSana.

Efektivai krustziezu kaiteklu ierobezoSanai ir nepiecieSams veikt
s€jumu monitoringu, sekot diennakts vidgéjam gaisa temperatiiram un tikai tad
konsultativa sistéma, kas veic monitoringa datu, agroklimatisko apstaklu un
katra krustziezu kaitekla attistibas cikla izvertéSanu, lai noskaidrotu konkréta
gada Tpatnibas un palidzgtu lauksaimniekiem piegpemt l@mumu par insekticidu
lietoSanu.

Krustziezu kaitéklu ierobezoSanas iesp€jas ar sintétiskajiem
insekticidiem (PIR un PIR + NNI) ir vértétas, bet iegtitie dati par to biologisko
efektivitati ne vienmér ir parliecino$i, salidzinot ar s€jumiem, kur sintgtiskie
insekticidi netika lietoti. Tas norada, ka krustziezu kaiték]u ierobeZoSanas veidi,
kuri lietoti petfjuma ieklautajos ziemas rapsa s€jumos ir jamaina.

Krustziezu kaitéklu ierobeZoSanas ekonomiskais izvértéjums

Rapsa séklu iepirkuma cenas apskatitajos gados bija 180 Ls t* —
281 Ls ha, razibas — 2.3 — 4.4 t ha”, lidz ar to ienémumi atikiras gan pa
gadiem un s€jumiem viena gada.

Izvértéjot 2009. — 2011. gada mainigas rapSa scklas razoSanas
izmaksas vienam ha lietojot dazadus krustziezu kaiteklu irobeZoSanas veidus —
tas bija 351.85 — 440.02 Ls ha™ (starpiba 88.17 Ls ha'). Lielakas atskiribas
starp mainigajam izmaksam sastadija pesticidi (herbicidi, insekticidi un
fungicidi). Insekticidu izmaksas sastadija 1.95 — 30.4 Ls ha™. Mazakas
izmaksas bija piretroidu (PIR) klases insekticidiem, kuru preparati ir 1&taki,
salidzinot ar kombingto insekticidu piretroidu + neonikotenoidu (PIR+NNI).
Tris gados insekticidu preparatu cenas paaugstinajas: PIR — par 13%, PIR+NNI
— par 9%.

Salidzinot mainigas izmaksas starp s€jumiem, kur lietoti insekticidi un
bez tiem, bija no 1 Iidz 14%. Tomér aprékinot mainigas izmaksas vienas rapsa
s€klas tonnas razoSanai — pétijums, parada, ka nepiecieSama ripiga s€juma
izverteSana un potencialas razas noteikSana, pirms pienemt l€mumu par
veicamajiem augu aizsardzibas pasakumiem.

Ien@mumi uz katru izmaksu latu vienas rapsa s€klas tonnas razoSanai
2009. - 2011. gada bija 1.32 — 2.9 Ls.
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2009. — 2011. gada ekonomiska efektivitate visos 12 apsekotajos
ziemas rap$a s€jumos lietojot dazadus krustziezu kait€klu ierobezo$anas veidus
—bija pozitiva. Tomeér s€jumos, kur insekticidi netika lietoti, ekonomiska
efektivitate bija zemaka, neka s€jumos, kur tie tika lietoti.

Divos no trijiem pétijuma gadiem augstaka ekonomiska efektivitate
vienai rap3a séklas tonnai — 73.17 Ls t* un 173.57 Ls t* bija sejumiem, kur
krustziezu kait€klu ierobezoSanai veikta lietojot 2xPIR + NNI (porteus OD).

23



SECINAJUMI

1. Intensivajos rapsa audzgSanas apstak]os pirmo reizi Latvija aprakstitas un
precizétas krustziezu kaiteklu sugu sastavs, kas ievérojami atSkiras no
vesturiski aprakstita:

krustziezu séklu smecernieks (Ceutorhynchus obstrictus, Marsham,
syn. C. assimilis,Paykull);

krustziezu stublaju smecernieks (Ceutorhynchus pallidactylus,
Marsham, syn. C. quadridens, Panzer);

ziemas rapSa stublaju smecernieks (Ceutorhynchus picitarsis,
Gyllenhal);

zilais krustziezu stublaju smecernicks (Ceutorhynchus sulcicollis,
Paykull);

mazais stublaju smecernieks (Ceutorhynchus typhae, Herbst);
krustziezu pakstenu pangodin$ (Dasineura brassicae, Winnertz);
krustziezu spiduli (Meligethes spp.);

krustziezu stublaju spradzis (Psylliodeodes chrysocephala, Linnaeus).

2. Latvijas ziemas rapSa s€jumos intensiva krustziezu kaiteklu izlidoSana
2009. — 2010. gada notika vairakas reizes:

ruden, rapSa augiem attistot istas lapas (BBCH 11 — 13) — krustziezu
stublaju spradzis un ziemas rapsa stublaju smecernieks;

pavasari, rapsa augu centrala dzinuma stiepSanas laika (BBCH 35 —
50) — krustziezu spidulis, zilais krustziezu stublaju smecernieks,
mazais stublaju smecernieks un krustziezu stublaju smecernieks un
pirmas paaudzes krustziezu pakstenu pangodins;

vasard, rap$a augu ziedkopas attistibas un ziedéSanas laika (BBCH 56
— 69) — krustziezu séklu smecernieks un otras paaudzes krustzieZu
pakstenu pangodins.

3. Sintetisko insekticidu, kuru darbigas vielas pieder sint€tisko piretroidu un
neonikotenoidu apaksklasei, biologiska efektivitate krustziezu kaiteklu
ierobezosana konstatéta pozitiva, tiesa gan ar lielu intervalu — no 8 lidz
98% un atskirigu ietekmi uz katru no krustziezu kait€klu sugam. Paslaik
lietota krustziezu kait€klu ierobeZoSana raksturojama ka profilaktiska un
nebiis pielaujama integrétaja kait€klu ierobezosana.

Krustziezu kaiteklu monitoringa konstatéts, ka kait€klu izlidoSanas laiks

dazados sejumos ir atsSkirigs, tapec nepiecieSams sekot diennakts videéjam
gaisa temperatiram konkréta s€juma un tikai tad piegemt lémumu par
insekticida lietoSanas nepiecieSamibu.
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Divos no trijiem pétijjuma gadiem lielaka ekonomiska efektivitate vienai
rapSa se€klas tonnai bija lietojot kombingto sint€tisko piretroidu un
neonikoteonidu insekticidu —73.17 Ls t™* un 173.57 Ls t™". Lielo intervalu
starp gadiem ietekm&ja ziemas rapsa s€klu raza un iepirkuma cenas.
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INTRODUCTION

Oilseed rape is one of the most common crops in Europe. Its
cultivation has rapidly increased starting with the end of the 20™ century.
Majority of the oilseed rape cultivation is located in southern Europe. Oilseed
rape is the only crop in Europe without regulations for crop areas. It is even
allowed on so-called mandatory set-aside land and qualifies for the support
payment aid. Despite of this there is a deficit of rapeseed oil and cakes.

In Europe Brassica napus spp. oleifera. is mainly cultivated for oil
production. On small areas in Scandinavia and Estonia Brassica campestris
(turnip rape) is cultivated. Winter oilseed rape accounts for major production
share and spring oilseed rape is mainly cultivated in northern part of Europe.

According to the Eurostat data®, the oilseed rape areas in 2010 — 2011
have increased by 4%, with the biggest growth of 9% in France and Poland.
Increase of the winter and spring oilseed rape areas is observed also in our
country, especially in recent years. When comparing different regions most of
the winter oilseed rape is to be found in Zemgale. Therefore, the Doctoral thesis
is dedicated to this particular region by researching and evaluating three
commercial farms.

Latvia is suitable for successful cultivation of oilseed rape: favourable
climatic conditions and suitable soils. The oilseed rape gross margin is positive,
rapeseed yields of 2.5 - 3.0 t ha™, which is the optimum level in Latvian
conditions.

At present, oilseed rape has rapidly taken an important role in the
cropping structure of many Latvian farms.

During these years, farmers have learned many cultivation
particularities of oilseed rape, however, they face new problems, mainly in
regard to disease control and, in particular, pest control.

In recent years pest infestations can be observed in Latvia. This is
associated to an increase in oilseed rape areas and non-science-based crop
rotations, as well as climate changes. The experts from the State Plant
Protection Service have stated that in recent years the use of insecticides has
increased on oilseed rape, resulting in additional pressure on the surrounding
environment (oral communication). Many oilseed rape growers have not

® http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Agricultural_products
[viewed on: 03/09/2011]
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included all brassica pests in their pest control plans, as until now in Latvia
there have been no studies on pest development cycles and threshold values.
Also the economic importance of pests has not been assessed. There is a lack of
information and data on pest behaviour and destructiveness in Latvian agro-
ecological conditions, control measures and environmental impact. In control of
brassica pests advisors and farmers use plant protection systems developed in
other European countries, which probably are not suitable in Latvian agro-
ecological conditions.

Increasing invasion of brassica stem and pod weevil (Ceutorhynchus
spp.) and brassica pod midge (Dasineura brassicae) has been observed in
winter oilseed rape; therefore the study focuses on these particular pests. In
studies conducted in Germany, Britain and Denmark, they have been named as
the most destructive brassica pests.

After studying pest biology, occurrence and destructiveness,
recommendations on control measures have been developed for farmers. The
study results provide economical justification on the needs and benefits for use
of insecticides that may be important for implementation of an integrated pest
management system in Latvia, which the European Commission has set to be
developed by 2014.

Growers of oilseed rape lack research in oilseed rape pests and disease
epidemiology and destructiveness, efficient control methods to protect the
crops and limiting the harm to the environment.

However, positive trends in research have been observed in recent
years. More and more scientists learn about the concerns of producers and
focus on the issues related to cultivation of oilseed rape.

Understanding and evaluating the importance of oilseed rape
cultivation, the thesis topic has been chosen on pest damage research,
evaluation of winter oilseed rape cultivation practices, as well as oilseed rape
pest effects on the yield and quality in Zemgale region.

The aim of the study: to clarify the occurrence, distribution and
control options by using synthetic insecticides of winter oilseed rape pests -
brassica stem and pod weevil (Ceutorhynchus spp.) and brassica pod midge
(Dasineura brassicae).

Research objectives:
e to evaluate the occurrence and distribution of brassica stem and pod weevil
and brassica pod midge in Zemgale;
e to study control options for brassica stem and pod weevil and brassica pod
midge;
e to analyze the winter oilseed pest control measures applied in the farms;
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e to carry out economical evaluation of pest control measures for winter
oilseed rape.

Thesis hypothesis: Due to the increase of brassica pests’ damage it is

necessary to specify the species composition and population dynamics in

different oilseed rape development stages, and may have to change the control
measures according to the oilseed rape growing conditions and economic
circumstances in Latvia.

Research novelty:

o first identification of brassica stem and pod weevil (Ceutorhynchus spp.)
species in sowings of winter oilseed rape in Latvia;

e completed study on development cycles of brassica stem and pod weevil
(Ceutorhynchus spp.) and brassica pod midge (Dasineura brassicae) in
Latvian agro-climatic conditions;

¢ information obtained in the study in regard to the damage of brassica stem
and pod weevil (Ceutorhynchus spp.) and brassica pod midge (Dasineura
brassicae) in Latvian agro-ecological conditions analysed;

o effectiveness of control measures for brassica stem and pod weevil
(Ceutorhynchus spp.) and brassica pod midge (Dasineura brassicae)
evaluated;

e study results provide an opportunity to economically justify the use of
synthetic insecticides.

Research results are collected and reflected in for reviewed
international publications of international conferences, symposiums, and
scientific seminars. Research results have been reported in nine oral and
poster presentations in international scientific conferences.

Research has been developed with support of European Social Fund
activity “Support to Doctoral studies” project “Support to the implementation
of LLU doctors”. Contract No. 2009/0180/1DP/1.1.2.1.2/09/IP1A/VIAA/017.

STUDY CONDITIONS AND
METHODOLOGY

The study was done in the time period from 2009 to 2011. The central
part of Latvia has been selected for the study site - Zemgale — the region with
most intensive oilseed rape cultivation, accounting for 32% of the Latvian
oilseed rape areas and producing 70% of the oilseed rape yield (Fig.1.). Four
farms located in different places in Zemgale cultivating oilseed rape were
surveyed to fulfil the objectives of the scientific work - Dobele, Rundale,
Jelgava and Auce counties, where oilseed rape is cultivated on 19 to 30% of
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agricultural land. The involved holdings manage 605 to 2400 ha of agricultural
land and the proportion of oilseed rape sowings is 20% - 45%.

The study included winter oilseed rape sowings with the field areas 3-
59 ha which are managed by conventional cultivation methods.

None of the winter oilseed rape sowings involved in the study was
consecutive; they were sown with at least two years interval in the same field.

Seeding was done immediately after pre-sowing soil treatment, in
dates optimal in Latvian agro-climatic conditions, from August 10 to 23.

Line variety 'Catalina’ and hybrids ‘Excalibur’ F; and ‘Visby’ F; were
sown. The particular variety and hybrids do not deter insects and are not
resistant to them. Mordant application was as follows: ‘'Catalina’ and
‘Excalibur’ F1 with Thiram (tetramethiluramidsulphide) dose 4 mL kg™ +
+Chinook (imidacloprid, 100 g L *; beta-cyfluthrin, 100 g L), dose 20 ml kg™
“Visby’ F; with Modesto (beta-cyfluthrin, 80 g L™; clothianidin, 400 g L™),
dose 12.5 mL kg™ + TMTD (tetramethiluramidsulphide), dose 8.3 mL kg™.

Herbicides butizan star s.k. (metazahlor, 333 g L™ kvinmerak, 83 g L~
1), dose 2.5 L ha™ or sultan (metazahlor, 500 g L™), dose 2.5 L ha™ were used to
control dicotyledonous weeds. The herbicides were applied when the second
leaf pair unfolded of winter oilseed rape (13-15 BBCH).

Monocotyledonous weeds and cereal plants were controlled with
herbicides focus ultra (cycloxydime 100 g L™), dose 1.5 L ha® or azil
(propakvizafop 100 g L™), dose 0.8 L ha™. The pesticide was applied when the
monocotyledonous plants reached three leaf development stage.

Rapeseed harvesting was done by direct harvesting technique when
oilseed rape plants reached full maturity.

Pest control. Each year one of four brassica pest control schemes was used:
1. Two alpplications of decis mega 50 g L™ (deltamethrin 50 g L™) 0.15
L ha™;
2. Proteus 110 OD s.k. (thiacloprid 100 g L™, deltamethrin 10 g L™) 0.75
L ha™ and fastak 50 e.k. (alfa- cypermethrin 83 g L™) 0.25 L ha™;
3. Two applications of proteus 110 OD s.k. 0.75 L ha™;
4. Insecticide treatment was not performed.

According the oilseed rape growers' experiences and advisors’
recommendations insecticide spraying was done either when brassica pests
were found, or used as a prevention.

The first application (T1) — during the winter oilseed rape flower bud
development phase (BBCH 51-55), the second application (T2) — during
flowering (BBCH 59-62).

The efficiency of insecticide application was calculated by using
modified Abbots formula (1) for controlling brassica stem and pod weevil
(Ceutorhynchus spp.) and brassica pod midge (Dasineura brassicae)
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A-B
BE% = u x100 1)
where
A — number of specimens before application of insecticide, pc.

B - number of specimens 7 days after application of insecticide, pc.

The recording of brassica pests in winter oilseed rape sowings was
done during the entire vegetation season.

Imago of winter rape stem weevil and cabbage stem flea beetle start
their migration to the sowings in autumn, therefore, counting of imago in 2009
and 2010 was done starting with late August, when the first leaf unfolded
(BBCH 11) until the end of September, when the average air temperature had
dropped below + 10 °C and insect activity was no longer observed.

In spring, when the average air temperature rose above + 5 °C and
insect activity increased until the seed ripening phase (BBCH 70-80), recording
and collection of Ceutorhynchus spp., D. brassicae and Meligethes spp. was
done.

Yellow Moerike water traps (MWT) — plastic containers (90 x 200 x
300) filled 2/3 with water, where a few drops of surfactant are added to attract
the insects, were used in the study. The containers were installed on a metal rod
and set according to the height of the central flower head.

Ten MWT are placed systemically randomized 20 and 50 m from the
edges of the fields. A 24 m horizontal gap between the traps matched the
technological tracks.

All fields on one side bordered a road (its with not exceeding 4 m).
Other edges bordered with open drainage ditches or forest edges that are
separated from the fields by buffer belts of a width not exceeding 2 m.

None of the sowings bordered another winter or spring oilseed rape
field.

Recording and collection of imago was done once a week by cleaning
the containers and adding water and surfactant (approximately 100 mL™), at the
same time development stages of winter oilseed rape were marked according to
the BBCH scale.

The collected specimens were counted by separating brassica stem and
pod weevils (Ceutorhynchus spp.) which were stored in glass bottles, filled
with 80% ethanol to determine the species-specific morphological features.
Without specifically studied brassica stem and pod weevil species also others
were observed: cabbage stem flea beetle (Psylliodes chrysocephala, L.), pollen
beetles (Meligethes spp.) and brassica pod midge (Dasineura brassicae,
Winn.).
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Identification of Ceutorhynchus spp. was done in cooperation with
entomologists from the Faculty of Biology (University of Latvia) and the
Blekingen Institute of Technology, Sweden.

Two insect taxonomy databases were used as the basis for the
classification: List of Latvian beetles® and European fauna’.

One of the indicators describing the species is the relative population
density which is expressed as the number of specimens during seven trap-days
in one trap (0.03 m?). It is separately analyzed for each observed brassica pest
species.

The development dynamics are characterized by the sum of the
accumulated effective temperatures (AET), which were calculated by the
formula (2):

AET = X (t,— 10 °C) 2

where
t,— average daily temperature.

The relative density of the monitored species population is
affected not only by the sum of the accumulated effective temperatures, but
also by the amount of rainfall. Therefore, the study used the Dobele HMS
temperature and rainfall measurement data to calculate (HTC) using the
formula (3):

~ Xx10

z " @)

H

where,

H — hydrothermal coefficient;

X — amount of rainfall in the accounting period, mm;

2t —sum of daily average temperatures in the accounting period, °C.

Summer precipitation is very local in Latvian agro-climatic conditions;
therefore, the impact of HTC on the brassica pest population relative density
was examined for winter oilseed rape sowings, which were located in 20 km
distance from the Dobele HMS.

Damage recording of the pests identified by the study. Damage caused
by the brassica stem and pod weevils (C. pallidactylus, C. typhae, C. picitarsis
and C. sulcicollis) is determined by evaluating the plants in 0.5 m? areas

® http://leb.daba.lv/checklist_LV.pdf [viewed on: 21/11/2010]
" http://www.faunaeur.org/index.php [viewed on: 21/11/2010]
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(calculating per 1 m?) in ten locations. The plants are cut across the stem and
pest damaged and intact plants are counted. Such records are conducted two
times in a season:
e first recording - in spring upon resuming of plant vegetation;
e second recording — during ripening of rapeseed (BBCH 75 — 80).

In order to estimate the damage amount caused by brassica stem and
pod weevil a calculation is made (4):

BAY = g %100 @)

where
A — number of damaged stems, pc. m?;
B — number of plants, pc. m™.

The amount of pod damage by cabbage seed weevil (C. obstrictus)
and brassica pod midge (D. brassicae) is recorded one time per season during
ripening of seed (BBCH 75 — 80). The total number of pods is counted on the
plants in 0.5 m? areas (calculating per 1 m?) in ten locations, by separating the
damaged pods and noting which pest larvae is causing the damage.

In order to estimate the damage amount caused by brassica pod and
seed pests a calculation is made (5):

BP% = g x100 (5)

where
A — number of pods invaded by C. obstrictus or D. brassicae pc., m?;
B — number of pods, pc. m™.

Mathematical data analysis was done using the "MS Exel”,
correlation analysis - Pearson, which includes and reflects the linear degree of
commitment of two data sets. Correlation between the number of brassica pests
and caused damage, as well as the influence of the two factors on rape seed
harvest were calculated.

The gross margin 2 is calculated in order to evaluate the performance
of the oilseed rape growers which is used to compare cultivation of winter
oilseed rape within a single holding and between different farms.
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STUDY RESULTS AND DISCUSSION
Brassica pest identification, taxonomy and distribution

Six important brassica pest species are mentioned in European
literature in sowings of winter oilseed rape, but the prevalence and
destructiveness varies between the European countries and over the years.

Until now in Latvia two genera have been studied and described as
destructive in winter oilseed rape sowings (Phylotreta spp. and Meligethes
spp.) — more than ten years ago. However, with the increase of oilseed rape
share in the cropping structure and changing agro-climatic conditions there is
an increase of brassica pests with lesser previous prevalence and
destructiveness. Therefore, the study is very important for farmers and
agricultural experts, as prevailing brassica pest species in winter oilseed rape
sowings have been identified.

Monitoring of 12 winter oilseed rape sowings in 2009, 2010 and 2011
17264 specimens were collected from two orders - Diptera and Coleoptera,
belonging to four families - Chrysomelidae, Nitidulidae, Curculionidae and
Cecidomyiidae (Fig.2.).

Most of the identified brassica pests belong to the beetle order
Coleoptera. This order is not only the largest of the insect class, but accounts
for the majority of the Animalia kingdom. One of the most common families is
Curculionidae, which includes weevils Ceutorhynchus spp.

From April 15 to June 29, 2009, 3552 specimens were collected from
four brassica pest species.

Crucifer stem and seed weevil dominated representing 53% of all
collected specimens. Pollen beetles and brassica pod midge were less common
- 23% and 19%, P. chrysocephala - only 5% of the collected specimens.

In 2009 / 2010 winter oilseed rape sowings from September 19, 2009
until June 24, 2010, 7309 brassica pest specimens were collected, 3095
specimens, or 42% of them were Meligethes spp.. The next widely observed
genus was Ceutorhynchus spp. - 2481 specimens (34%), followed by brassica
pod midge - 1188 specimens (16%) and cabbage stem flea beetle - 545
specimens (7%).

In 2010 / 2011 winter oilseed rape sowings from September 9, 2010
until June 29, 2011, 6675 brassica pest specimens were collected. Crucifer stem
and seed weevil dominated - 35% of the total number of specimens. Pollen
beetle was the second (33%), followed by brassica pod midge accounting for
28% in this particular year and cabbage stem flea beetle — 4%.

In 2009 and 2011 two families were observed most commonly -
Nittidulidae and Curculionidae — 36% of the total number of the collected
imago, while Cecidomyiidae - 22% and Chrysomelidae - 6%.
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Species distribution is determined by a combination of several factors.
The most important among them are the climate and suitable food base for the
development of the species. Latvian climatic conditions and the food base (rape
sowings) are suitable for economically important brassica pest development.

Distribution, identification and taxonomy of brassica weevils

The following brassica pests have been identified in Latvia; cabbage
seed weevil (C. obstrictus), cabbage stem weevil (C. pallidactylus), winter rape
stem weevil (C. picitarsis), blue stem weevil (C. sulcicollis), C. typhae,
cabbage stem flea beetle (P. chrysocephala), pod gall midge (D. brassicae) and
pollen beetles (Meligethes spp.). In 2009 — 2011 two genuses dominated -
pollen beetles (Meligethes spp.) and weevils (Ceutorhynchus spp.).

One of the economically important brassica weevil species in Europe -
rape stem weevil (C. napi) was not observed. Two species of Ceutorhynchus
spp. dominated - cabbage seed weevil and cabbage stem weevil, which in
literature are referred to as the most destructive brassica pests. The taxonomy of
brassica weevil species is summarized in Fig. 3.

The majority of identified specimens of Ceutorhynchus spp. were
brassica stem and pod weevils (Fig.4.).

The specimens of cabbage stem weevil (C. pallidactylus) dominated in
all three study years; in 2009 the number of the specimens reached 1058
significantly exceeding the number of other Ceutorhynchus spp. species.

The biggest amount of cabbage seed weevil (C. obstrictus) specimens
was observed in 2009 — 598 specimens. Observations of the following two
species have decreased over the years - C. pallidactylus — 21% and
C. obstrictus - 27%. Three year studies are insufficient to assess the reasons for
the decline in the species distribution.

The damage of the less destructive species C. picitarsis, C. sulcicollis
and C. typhae increases according to the literature. Of these three species
C. sulcicollis specimens were more common, the number in 2011 amounted to
843 and under certain conditions it may become economically significant.
Compared by years, the prevalence of C. sulcicollis has increased 11.2 times.

Observations of C. picitarsis specimens in Latvia increase. Beetle
emergence from the oilseed rape plants is observed starting with the first true
leaf development. The observed number of specimens in 2009 was only 7 (note
that a study was launched in spring of 2009), but already in 2009 / 2010 it
reached 348 specimens. Only a slightly lower number was observed in 2010 /
2011 - 304.

The largest number of C. typhae specimens in winter oilseed rape in
Latvia was observed in 2010 - 615 specimens, which was 4 times more than in
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2009 and 2011. Although in literature it is referred to as a widespread in winter
oilseed rape sowings, this species is not listed as economically significant.

Observations of brassica pod midge specimens differ trough the years:
the largest amplitude was in 2009 - 4 times, then in 2011 - 2.7 times and in
2010 - 1.9 times.

Until now, the farmers are more interested in insects - pests which
cause damage to the yield quality and quantity. This is due to little available
information on entomofauna.

The collected information on the distribution of brassica pest species
in Latvia will help to develop the integrated pest management system.
However, identification of pest species is only the first step towards integrated
pest management and future studies should focus on the natural enemies of
pests that currently have not been identified in Latvia.

The study shows that the number of specimens of brassica pests varies
year by year and that their distribution is influenced by the field location, size
and crop rotation. This stresses the need for monitoring of each individual
sowing.

There is still a need for research and discussion about the cultivation
technology and the impact of the environmental factors on the distribution of
brassica pests.

Dynamics and distribution of brassica pests

Evaluating the data of brassica pest monitoring in 2009 — 2011 it can
be noted that intensive emergence in winter oilseed rape occurred several times
during the vegetation period.

The first emergence was observed in the autumn, during the
development of true leaves of the oilseed rape plants (BBCH 13-15). Cabbage
stem flea beetle and winter rape stem weevil emerged first. Their development
is influenced by Latvian agri-climatic conditions - in autumns, when the air
temperature falls below +4 °C early enough, development of these two brassica
pests is at risk. Therefore, damage from autumn pests is possible only in long
and warm autumns.

The data collected in the study permit forecasting of the damage levels
by autumn pests. However, the issue of the autumn pest development
opportunities and destructiveness in Latvian agro-climatic conditions is still
important.

In spring when the average daily air temperatures rises above +6 °C
two brassica stem weevil species emerge in the winter oilseed rape sowings —
blue stem weevil and C. typhae along with pollen beetle. When planning the
pollen beetle control measures it is essential to know its emergence time, as
females lay their eggs immediately after emergence, but weevils - about two
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weeks after emergence. This is the time when the control measures should be
implemented.

As the daily average air temperature reaches +4.6 to +14 ° C, the first
emergence of cabbage stem weevil and the first generation of brassica pod
midge specimens are observed.

Control of cabbage stem weevil shall be carried out about 10 days
after the emergence of the first specimens, before females lay eggs in the stems.
Brassica pod midge as well as winter rape stem weevil and cabbage stem flea
beetle imago do not cause significant damage to oilseed rape plants during this
period.

Emergence of cabbage seed weevil and the second generation of
brassica pod midge specimens is observed in the air temperature of +10.6 + 2.3
°C in the oilseed rape plant inflorescence development stage (BBCH 50),
therefore, control for this pest should be made together with fungicide
applications (to limit white mould caused by Sclerotinia sclerotiorum).

By assessing the brassica pest emergence times and information on
their development in Latvian agro-climatic conditions, it is concluded that they
cause damage three times in winter oilseed rape plants during the vegetation
period: in the autumn, when the plants are in the true leaf stage of development
and when the air temperature drops to +6 ° C (stem pests); in spring, when the
air temperatures rise above +6 ° C, starting from the elongation of the central
shoot of the of oilseed rape plant (BBCH 33-39) (stem pests); and the third time
- inflorescence emergence and flowering stage (BBCH 56-69) (pod and seed
pests ).

Future studies should investigate emergence times of the brassica
pests’ parasites and their development cycles, as one of the goals of integrated
pest management is to implement control measures with the least possible
impact on natural enemies.

Brassica pest damage to winter oilseed rape plants

Switching from conventional agricultural production to integrated
production requires changes in cultivation technologies, but to do so,
agronomists and scientists at the same time should be able to find solutions for
successful production.

Conventional farms producing oilseed rape involved in the study
mainly cultivate winter oilseed rape in crop rotation with cereals and it is a
three-or four-year rotation with a small number of crop species and a large
proportion of oilseed rape. Such crop rotation and crop structure promote
proliferation of brassica pests.

According to damage to the oilseed rape plants crucifer pests are

divided into three groups:
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. damages stems: cabbage stem flea beetle (P. chrysocephala) and
winter rape stem weevils (C. picitarsis), cabbage stem weevil
(C. pallidactylus), blue stem weevil (C. sulcicollis) and C. typhae;

. damages buds - pollen beetle larvae (Meligethes spp.);

. damages pods and seeds - cabbage seed weevil (C. obstrictus) and
brassica pod midge (D. brassicae).

Brassica stem pests damage the winter oilseed rape plants starting
from the true leaf stage until inflorescence development. Cabbage stem flea
beetle and winter rape stem weevil are the first to depart in winter oilseed rape
in the autumn. Females of both species lay eggs from which larvae hatch,
creating damage to the oilseed rape leafs and stems. Identification of larvae
species was not performed.

None of the studied winter oilseed rape sowings had pest control
measures carried out in the autumn.

The damage of these two brassica pests in different sowings was from
7 —8.8% (Fig. 5).

During the study August and September in 2009 are characterized as
dry, rainfall was less than half of the longtime data (39.8 mm). Damaged stems
in 2009 were 1.3 plants m™. In August of 2008 and 2010 the amount of rainfall
was significantly higher than the longtime data (140 and 147 mm respectively)
and the number of damaged stems was 0.9 and 1.1 plants m2. Although the
number of the damaged stems is rather low, it was grater in the autumns with
less rainfall.

In spring, after the vegetation resumed, the number of plants was
recorded: in 2009 the average number of plants was 28 plants m?, in 2010 - 22
plants m? and in 2011 - 21 plant m; which is lower than recommended by the
German scientists.

The correlation coefficient shows that the relation between the humber
of plants per m? and damaged stems in 2010 is strong and positive — at a
greater number of the damage volume is higher (ry,= 0.91, p-value<0.05, n=6),
however, in 2011 no correlation is observed (ry= 0.12, p-value>0.05, n=6).

The three-year study period does not show a single trend. So, the
question is still unanswered whether these two brassica pest species observed in
the autumn damage thickened sowings or vice versa. This means that the higher
the plant density, the less the damage.

When analyzing the impact of cabbage stem flea beetle specimens on
the number of the damaged stems in both years — in 2010 the correlation is not
significant and negative (ryx= - 0.44, p-value>0.05, n=6) and in 2011 it was
insignificant, but positive (r,= 0.26, p-value>0.05, n=6). This could be
explained by unsuitable winter agro-climatic conditions in Latvia for
development of particular species.

The damage from brassica stem pests emerging in spring ranged from
64.11094.8% .
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The second recording of the number of plants was done during the
seed ripening stage of the oilseed rape plants (BBCH 80), and the average
number of the plants in 2008 /2009 was 19.4 plants m™, but in 2009 / 2010 and
2010/ 2011. - 16.7 plants m™. A significant correlation between the number of
the plants per m? and damaged stems in any of the years of the study was not
identified (p-value> 0.05, n = 12).

The impact of brassica pest specimens on the number of the damaged
plants differs over the years. Cabbage stem weevil (C. pallidactylus) which in
the literature is defined as an economically important pest in 2009 / 2010 and
2010 / 2011 the correlation was significant (respectively— ry= - 0.63,
p-value<0.05, ry,= 0.86, p-value<0.01, n=12), only in one year it was positive
and the other negative. In 2008 /2009 no correlation is observed (p-value> 0.05,
n=12).

Significant correlation of blue stem weevil (C. sulcicollis) specimens
on the number of damaged stems was found only in 2008 /2009 (p-value <0.05,
n = 12), in 2009 / 2010 and 2010 / 2011 the correlation was not significant
(p-value> 0.05, n = 12), therefore, the damage importance of this species has
not been approved.

The literature contains little information on the impact of the specimen
numbers of C. typhae to the damaged stems, there is a strong and significant
impact in 2009 (r,= 0.83, p-value<0.01, n=12) and 2011
(p-value <0.01, n = 12), however in 2010 the correlation is not significant (ry.=
0.93, p-value>0.05, n=12).

The study data suggest that this species should be taken into account
and with a high species density it can possibly cause economically significant
damage.

Of autumn brassica pests — the impact of C. picitarsis on the amount
of the damaged stems was not approved in any of the study years (p-value>
0.05, n = 12), but for P. chrysocephala a significant and positive effect was
recorded in 2010 / 2011 oilseed rape sowings (ry,= 0.90, p-value<0.01, n=12).

Increase in the damage caused by cabbage seed weevil was observed
in the last two study years (2010 and 2011), regardless the use of insecticide for
pest control. The number of damaged pods in 2009 was 26 pods per m?, in 2010
- 181 pods per m? and in 2009 - 26 pods per m? (Fig. 6).

Emergence of brassica pod midge from puparies takes place at
different stages of oilseed rape plant development. Females, which emerge
during the oilseed rape pod formation stage, use bores made in the pods by
cabbage seed weevil to lay 20 to 30 eggs, from which within 3 - 4 days hatch
larvae that feed on the ovules.

Also brassica pod midge damage in 2009 was low - 1.4%, or 20 pods
per m?, but in 2010 - 7% or 110 pods per m? and in 2011 - 5%, or 86 pods per
m? (Fig. 7.).

Among cabbage seed weevil specimens and their damage in two of the
three years the correlation was significant and positive: 2010. — ry,= 0.77,
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p-value<0.01, n=12; 2011. — ry,= 0.91, p-value<0.01, n=12. This indicates that
specimens of this species mainly damage rapeseed plants and not wild crucifer
plants.

The relationship between the damaged pods by C. obstrictus and the
total number of pods was significant, but negative in 2011 (r ,x =- 0.70, p-value
<0.05, n = 12), indicating that the higher the number of pods per plant, the less
the damage, since pests are able to infest a certain amount. In 2010 and 2009
the correlation coefficient does not confirm this (p-value> 0.05). At the same
time, the correlation between the number of plants per m? and pods damaged
by C. obstrictus is significant in all three study years — 2009. — r,= - 0.88;
2010. — ry= 0.77; 2011. — r,= 0.91; p-value<0.01, n=12, indicating that in a
dense sowing the damage of cabbage seed weevil will be higher.

The correlation between damage of C obstrictus and D. brassicae was
significant, but negative in 2009 (r,x =- 0.61, p-value <0.05, n = 12).

In 2009 and 2010 there was a close and significant relation between
the number of plants associated with brassica pod midge damage (accordingly:
ry= 0.86, p-value<0.01 un ry= 0.70, p-value<0.05, n=12), but a significant
relation between the number of pods and brassica pod midge damage was
observed in 2011 (ryx = 0.78, p-value <0.01, n = 12) and 2010. The (ry= - 0.62,
p-value<0.05, n=12).

The number of D. brassicae specimens in relation of the damaged
pods by the same species was significant, but negative only in 2009 (ry.= - 0.85,
p-value<0.05, n=12). Therefore, we conclude that most of the brassica pod
midge specimens emerge, but create no damage or damage wild crucifer weeds.
The main purpose of pest control on brassicas is to prevent the losses of
rapeseed yields. The winter oilseed rape yield data were obtained from the on-
board computer of the grain combine harvester and recalculated to 8% base
moisture. Comparing the average yield of the sowings involved in the study by
years: in 2009 the average winter oilseed rape yield in the monitored sowings
was 3.0 t ha!, which matches the average Latvian winter oilseed rape yield for
the respective year, in 2010 the average winter oilseed rape yield in the
monitored sowings was 3.5 t ha!, which is by 1.1 t ha™ higher when compared
with the Latvian average, in 2011 the yield in the study sowings of winter
oilseed rape was t ha™!, which is 0.97 t ha™* higher that the national average®.

The yield difference in 2011 may be explained by successful wintering
of sowings of winter oilseed rape involved in the study (the average number of
16.7 plants m?).

In the three-year period 12 winter oilseed rape sowing yields were
from2.7to4tha™.

When analyzing the brassica pest species relation to the seed yield,
then only in 2011 the influence of brassica pod midge is significant but

8 http://www.llkc.Iv/?id=401160&ip=400304 [viewed on: 6/12/2011]
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negative (ryx= - 0.91, p-value<0.01, n=12), which still indicates that emerging
females infect also the wild crucifer plants, or many of the emerging specimens
are males.

From brassica weevil species in two of the three study years
significant but negative correlation was identified for C. typhae — in 2010 and
2011 (accordingly — ry= - 0.92; ry,= - 0.71, p-value<0.01, n=12).

Blue stem weevil in all years of the study had a significant but
negative correlation — in 2011 and 2009 (accordingly — ry= - 0.63; ry= - 0.66,
p-value<0.05, n=12), but in 2010 (ryx= - 0.90, p-value<0.01, n=12).

For winter rape stem weevil only in 2010 the impact was found to be
significant on the oilseed rape yield (ryx= 0.88, p-value<0.01, n=12).

Cabbage stem weevil had a significant impact on the oilseed rape yield
in 2011 (ry= - 1.00, p-value<0.01, n=12) and 2009 (r,= 0.57, p-value<0.05,
n=12). Therefore, the importance of this particular brassica weevil species in
Latvia has been approved.

Another economically important brassica weevil specie in Europe is
cabbage seed weevil and for this species in 2010 a significant but negative
correlation with the oilseed rape seed yield was identified (r,= - 0.94,
p-value<0.01, n=12). Therefore, it may be concluded that the role of this
species in Latvia is not yet significant.

Assessing the connection between brassica pests and the resulting
stem damage in relation to the harvested rapeseed yield in one of the three
years a significant impact was found (r,= - 0.81, p-value<0.01, n=12). The
impact of the damaged pods on the yield was not identified (p-value> 0.05).

Therefore, it can be concluded that the observed brassica pest damage
did not impact the rapeseed yield. This could be explained by the fact that the
damage level is low and insignificant and oilseed rape plants are able to
compensate the damage.

In Latvian agro-climatic conditions when the autumn period is short
and spring comes later than in the central or southern Europe and the
development of winter oilseed rape is rapid - brassica pests do not have enough
time to cause substantial damage.

Control of brassica pests

It is important to identify the factors that need to be evaluated before
deciding on the application of synthetic insecticide sprays and ensuring high
efficiency of their usage, as well as to stimulate discussion about appropriate
spray timing to reduce the environmental impact.

In the analyzed winter oilseed rape sowings the farmers carried out
control measures for brassica pests twice during the season (in other European
countries the average is 1 - 4 times).
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The study found that, although currently brassica pest limitation is
performed according to the monitoring of pollen beetles and appearance of the
first specimens of other brassica pests (the farmers are informed by the
companies selling), for a large number of insecticide treatments a positive
biological efficiency was observed, albeit with a great range - from 8 to 98%.
The current application of brassica pest control may be described as preventive
which is not permitted in the integrated pest management system.

The biological efficiency and application time for usage of synthetic
pyrethroid (PIR) and combined pyrethroid + neonicotonoid (PIR + NNI) were
evaluated for winter oilseed rape pest species, as well as to stimulate discussion
about their use.

Evaluating the monitoring data of Ceutorhynchus spp. obtained within
this study it can be concluded that in Latvia the damaging species emerge first -
C. typhae and C. sulcicollis, but a week later - C. pallidactylus emerges whose
females lay eggs about two weeks after the emergence. Therefore, it is not only
necessary to monitor the weevils, but also to identify the species in order to
decide on the control measures. From synthetic insecticides the highest
biological efficiency for cabbage stem weevil control was identified for
combined PIR + NNI class insecticide Proteus OD.

However, biological efficiency for the use of synthetic insecticides for
control of cabbage seed weevil has been observed for both PIR + NNI and PIR
subclasses of insecticides fastac or decis mega, but none of them can be noted
with a clear superiority. This again shows that the effectiveness of the
insecticide is affected by many factors - plant development stage during the
spray, agri-climatic conditions, spray quality, field location and size,
distribution of pests and crop rotation.

Control of brassica pod midge with synthetic insecticides is connected
to control of brassica weevils. The three year data on the brassica pod midge
control, which analyze the biological efficiency of second insecticide spraying
both with PIR + NNI and PIR subclasses of insecticides were positive.
However, their effectiveness varied over the years, which does not single out
any of the insecticide subclasses.

The study found that the insecticide effectiveness depends on the
meteorological conditions in a given year and the spray time as well as the
spray quality.

As long as there are no observations in Latvia on Meligethes spp. and
Ceutorhynchus spp. resistance to the synthetic pyrethroid class of active
substances, pest control is not complicated. However, there is a continuous
increase of oilseed rape areas and cropping intensity and also the neighbouring
countries have observed resistance to the PIR, therefore, it is suggested to think
about the consequences that may result from unreasonable control of brassica
pests.

Crop monitoring is necessary for effective brassica pest control,
paying attention to the daily average air temperatures and only then the
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decision on the need for insecticide use should be made. An advisory system
should be arranged in Latvia performing analyses of the monitoring data, agro-
climatic conditions and of development cycle assessment of each particular
brassica pest, to find out the specific features of each year and to help farmers
decide on the use of insecticides.

Brassica pest control options with synthetic insecticides (PIR and PIR
+ NNI) are assessed, but the data on their biological effectiveness are not
always convincing if compared to the sowings where synthetic insecticides
have not been used. This indicates that the brassica pest control measure types
that are applied in the winter oilseed rape sowings included in the study have to
be changed.

Economic evaluation of brassica pest control

The rapeseed purchase prices in the reviewed years were 180 Ls t -
281 Lst ™, yields - 2.3 — 4.4 t ha, therefore, there are variances in revenues
between the years and sowings within a single year.

Evaluating the variable costs in 2009 - 2011 per hectare with different
applications of brassica pest control measures were 351.85 — 440.02 Ls ha ™
(difference 88.17 Ls ha ™). The greatest variations in the variable costs were
linked to pesticides (herbicides, insecticides and fungicides). The costs of
insecticides summed up to 1.95 — 30.4 Ls ha . Pyrethroid (PIR) class
insecticides had lower costs, as these products are cheaper when compared to
combined insecticide pyrethroid + neonicotonoid (PIR+NNI). In the three year
period the product prices increased: PIR — by 13%, PIR+NNI — by 9%.

Comparing the variable costs between the sowings, with and without
insecticide applications, they ranged from 1 to 14%. However, after
recalculating the variable costs per one tonne of rapeseed production the study
shows that there is a need for careful assessment of the sowing and potential
yield forecasting before deciding on plant protection measures.

The revenue on each Latvian lat cost in 2009 — 2011 ranged from 1.32
—2.9Ls.

The economic efficiency for the time period 2009 — 2011 in all 12
studied sowings with different applications of pest control measures was
positive. However, in the sowings where insecticides were not used the
economic efficiency was lower than in the sowings with insecticide
applications.

In two of the three study years the highest economic efficiency per
tonne of rape seed - 73.17 Ls t " and 173.57 Ls t * was in the sowings where
pest control was implemented using 2xPIR + NNI (Proteus OD).
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CONCLUSIONS

1. The Latvian brassica pest species composition in intensive rapeseed
growing conditions in Latvia has been described and specified for the first time
differing significantly from the historically described:

cabbage seed weevils (Ceutorhynchus obstrictus, Marsham, syn.
C. assimilis,Paykull);

cabbage stem weevil (Ceutorhynchus pallidactylus, Marsham,
syn. C. quadridens, Panzer);

winter rape stem weevil (Ceutorhynchus picitarsis, Gyllenhal);
blue stem weevil (Ceutorhynchus sulcicollis, Paykull);

C. typhae, Herbst;

brassica pod midge (Dasineura brassicae, Winnertz);

pollen beetle (Meligethes spp.);

cabbage stem flea beetle (Psylliodeodes chrysocephala,
Linnaeus).

2. In the Latvian winter oilseed rape sowings intensive brassica pest
emergence in 2009 — 2010 was observed several times:

in the autumn, development of true leaves of the oilseed rape
plants (BBCH 11 — 13) — cabbage stem flea beetle and winter
rape stem weevil;

in spring, elongation of the central shoot of the oilseed rape plant
(BBCH 35 — 50) — pollen beetle, blue stem weevil,
C. typhae un cabbage stem weeviland first generation of brassica
pod midge;

in summer, inflorescence emergence and flowering (BBCH 56 —
69) — cabbage seed weevil un second generation of brassica pod
midge.

3. The biological efficiency for use of synthetic insecticides, with the
active substances of synthetic pyrethroid and neonicotonoid subclass, for
brassica pest control was positive, albeit with a large interval — from 8 up to
98% and had different impact on each of the brassica pest species. The
currently used pest control measures are characterized as prophylactic and will
not be permitted in integrated pest management.

4. During the crucifer pest monitoring it was clarified, that pest
emergence in different sowings was variable, therefore, it is necessary to follow
the daily average air temperatures in particular sowings and only then make the
decision on the need for insecticide application.
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5. In two of the three study years, the highest economic efficiency per
tonne of rape seed was in the sowings where combined synthetic pyrethroid and
neonicotonoid insecticide was used - 73.17 Ls t* and 173.57 Ls t*. The
difference between the years was influenced by the winter oilseed rape yield
and purchase price.
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